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Abstract: The ionic liquids, BMIM PF; or BMIM
NTTf,, are used successfully for the palladium-cata-
lyzed cyclocarbonylation of 2-allylphenols and ani-
lines, 2-vinylphenols, and 2-aminostyrenes. The reac-
tion proceeds cleanly and efficiently to afford high
yields of lactones or lactams with good or excellent

selectivity for one isomer. The ionic liquid containing
the palladium catalyst, and ligand, is recyclable in all
cases.
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Introduction

Recently, cyclocarbonylation reactions catalyzed by
transition metal complexes have attracted considera-
ble interest as a method to prepare heterocycles,!
some of which are of pharmacological interest.”) We
have previously reported that the regioselective cyclo-
carbonylation of 2-allylphenols and anilines, 2-vinyl-
phenols, and 2-aminostyrenes, using palladium cata-
lysts such as Pd(OAc), or Pd(PCy;),(H)(H,O)*BF,,
affords five-, six- or seven-membered ring lactones or
lactams in excellent yield and selectivity.”! The selec-
tivity depends on the nature of the catalyst, ligand,
relative pressure of gases and the solvent. As catalyst
recyclability is a valuable reaction property, we have
developed cyclocarbonylation processes using dendri-
mer-palladium complexes as catalysts, which could be
recycled for 3-8 runs.&4

Ionic liquids (IL)P! have excellent properties in-
cluding non-volatility, high stability and easy recycla-
bility, and have been widely used as environmentally
benign reaction media for catalyst recovery and recy-
cling.!! We now report that the ionic liquids, 1-butyl-
3-methylimidazolium hexafluorophosphate (BMIM
PF,) and 1-butyl-3-methylimidazolium bis(trifluoro-
methylsulfonyl)imides (BMIM NTf,), can be em-
ployed for the selective synthesis of five-, six- or
seven-membered ring lactones or lactams by palladi-
um-catalyzed cyclocarbonylation. The reaction pro-
ceeds cleanly and efficiently to afford high yields of
lactones or lactams with good or excellent selectivity
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for one isomer. The ionic liquid containing the palla-
dium catalyst, and ligand, is recyclable in all cases.

Results and Discussion
Cyclocarbonylation of 2-Allylphenols

Initially, 2-allylphenol 1a was selected as the model
substrate for reaction optimization (Scheme 1). Reac-
tion of 2-allylphenol 1a with a 1/1 ratio of CO and H,,
2% mol of Pd,(dab);:CHCl;, and 8% mol of 1,4-bis-
(diphenylphosphino)butane (dppb) in BMIM PF, at
90°C for 20 h afforded lactones in 84 % yield, with
77 % selectivity for the seven-membered ring lactone
4a and 23 % of the 5- and 6-membered ring isomers
(Table 1, entry 3). Although other palladium catalysts
such as Pd(OAc),, PAdCL,(PPh;),, Pd(PPh;),, and PdCl,

=
(I\/
OH
1a
o o~ o o)
2a 3a 4a 0

Scheme 1. Reaction conditions: Pd,(dba),CHCl; (2% ), dppb
(8%), CO (300 psi), H, (300 psi), IL, 7, 20 h.
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Table 1. Cyclocarbonylation of 2-allylphenol in various ionic
liquids (IL).[

Entry IL T  Conversion Yield Product
(amount) [°C] [%] [%]®  Distribution
[%][C]
2 3 4
1 BMIM PF, 120 100 52 15 33 52
(13g)
2 BMIM PFy 120 100 83 12 45 43
(25¢)
3 BMIM PF; 90 100 84 8§ 15 77
(25¢)
4 BMIM BF, 90 100 80 18 60 22
(25¢)
5 BMIM 90 100 70 3 39 58
NTY, (2.5 g)
6 BMIMCl 90 NRM
(25¢)

(&l Reaction conditions: 2-allylphenol (0.5 mmol), Pd,(dba), -
CHCI; (0.01 mmol), dppb (0.04 mmol), CO (300 psi), H,
(300 psi), reaction time (20 h).

] Isolated yield.

[l The ratio of 2/3/4 was determined by "H NMR spectros-

copy.
[ No reaction.

Table 2. Cyclocarbonylation of 2-allylphenols in BMIM PF,.1"

(PhCN), could be employed for this reaction, Pd,
(dba);-CHCIl; was the most effective cyclocarbonyla-
tion catalyst.

Other ionic liquids were also investigated for the
cyclocarbonylation reaction (Table 1). While the reac-
tion did not occur in BMIM CI, the cyclocarbonyla-
tion of 2-allylphenol proceeded smoothly in BMIM
PF;, BMIM BF, and BMIM NTf, to generate lactones
in good total yield. However, only BMIM PF, at
90°C gave good product selectivity for the seven-
membered lactone (Table 1, entries 3-6). This differ-
ent product distribution may be due to the sensitivity
of the isomerization reaction of 2-allylphenol to sol-
vent polarity,* which could result in the formation of
5- or 6-membered ring lactones. The optimized condi-
tions, involving the wuse of 2% mol of Pd,
(dba);-CHCI;, and 8% mol of dppb in BMIM PF; at
90°C, were employed to study the recyclability of the
system of catalyst, ligand and ionic liquid. After isola-
tion of the product by simple extraction with toluene,
the ionic liquid containing the palladium catalyst and
ligand was reused for next run. It can be recycled 4
times with only a slight loss of activity (Table 2, en-
tries 4-7).

The cyclocarbonylation reaction in BMIM PF, was
applied to a variety of 2-allylic phenols, and the re-
sults are presented in Table 2. 2-Allylphenols 1b and
1¢, each containing a methyl group on the allyl chains

Entry  Substrate Run  Time [h]  Conversion [%]  Yield [%]®  Product Distribution [% ]!
2 3 4
1 = la 1 20 100 84 8 15 77
2 ©f\/ 2 20 100 93 3 37 60
3 OH 3 20 100 72 9 60 31
4 1 20 90 80 1 26 73
5 2 20 100 88 3 37 60
6 30 20 100 84 15 53 32
7 4 45 100 70 18 65 17
8 m 1 24 100 92 0 5 95
9 = 2 24 100 97 0 5 95
10 3 24 100 85 0 6 94
11 OH 4 45 100 86 0 11 89
12 5 45 100 80 0 23 77
13 1c 1M 48 89 88 4 0 96
14 m 20 48 98 97 6 0 94
15 OH 3ld] 52 95 78 9 0 91
16 44 52 100 73 23 0 77
17 1 46 98 95 7 0 93
18 % 1d 1 24 100 91 0 20 80
19 2 24 100 95 0 20 80
20 OH 3 24 100 95 0 20 80
21 4 37 100 90 0 20 80
22 5 45 100 96 0 20 80
23 6 45 100 90 0 22 78
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Table 2. (Continued)

Entry  Substrate Run Time [h]  Conversion [%]  Yield [%]®  Product Distribution [% ]
2 3 4
24 Z le 1 45 100 91 0 15 85
25 2 45 100 94 0 15 85
26 OH 3 45 100 94 0 15 85
27 Oute 4 63 100 89 0 20 80
28 5 68 100 89 0 21 79
29 6 68 100 89 0 21 79
30 7 68 86 78 2 22 76
31 Cl = 1f 1 24 100 93 0 17 83
32 \E;(\/ 2 24 100 92 0 24 74
33 OH 3 24 100 95 2 36 62
34 4 45 100 94 3 46 51
35 A 1g 1 24 100 92 0 13 87
36 OH 2 24 100 96 0 17 83
37 3 24 100 97 0 19 81
38 OO 4 45 100 90 0 19 81

[l Reaction conditions: substrate (0.5 mmol), Pd,(dba), - CHCI,; (0.01 mmol), dppb (0.04 mmol), CO (300 psi), H, (300 psi),

temperature (90°C).
) Isolated yield.

[l The ratio of 2/3/4 was determined by '"H NMR spectroscopy.

@ CO (500 psi), H, (100 psi).

were converted into seven-membered ring lactones in
excellent yield and selectivity with small amounts of
six-membered or five-membered ring lactones as by-
products. The reaction of 2-allylphenols 1d and 1le
containing a methyl or methoxy group in the 6-posi-
tion gave lactones in good selectivity for the seven-
membered ring product, while the selectivity was ap-
preciably lower using 2-allyl-4-chlorophenol 1f as the
reactant. Fine selectivity for the seven-membered ring
lactone was also obtained for 1-allyl-2-naphthol 1g. In
all cases, the ionic liquid containing the catalyst and
ligand could be recycled and reused for 4-7 runs. In-
terestingly, after recycling, the product distribution
changed substantially, especially for allylphenols 1a
and 1f It is conceivable that an N-heterocyclic car-
bene complex of palladium!®’ was formed during the
reaction, which facilitated the isomerization of some
allylphenol to form the 5- or 6-membered ring lact-
one.F?

Cyclocarbonylation of 2-Vinylphenols

The cyclocarbonylation reaction was next applied to
2-vinylphenols. The reactions in an ionic liquid were
investigated at 120°C and the results are presented in
Table 3. Although treatment of 2-vinylphenol Sa with
a 5/1 mixture of CO/H,, 2% mol of Pd,(dba);-CHCl,,
and 8 % mol of dppb in BMIM PF; at 120°C for 45 h
produced 6a and 7a in a ratio of 1/1 and in 74%
yield, the cyclocarbonylation of the 2-isopropenylphe-
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nol 5b under the same conditions resulted in the gen-
eration of the six-membered ring lactone as the sole
product in 73-80% yield. Other isopropenylphenols
also gave 7 in good yields. In contrast, the reaction of
2-propenylphenol Se in BMIM PF, gave lower reac-
tion selectivity and yield (Table 3, entries 17 and 18).
Using BMIM NTT, as the ionic liquid gave higher lac-
tone yields, good recyclability for five runs, but with
similar 5/6-membered ring selectivity (Table 3, en-
tries 19-23). Ring-substituted 2-propenylphenols, 5f
and 5g, gave similar results to Se. Interestingly, the
1,1-disubstituted phenolic olefin Sh gave the five-
membered lactone in excellent yield and selectivity
(Table 3, entries 33-37).

Cyclocarbonylation of 2-Aminostyrenes and 2-
Allylanilines

The effectiveness of the system of palladium catalyst/
ionic liquid was further demonstrated with the recy-
clable synthesis of lactams by cyclocarbonylation of 2-
aminostyrenes and 2-allylanilines. The six-membered
ring lactam is the major product of these carbonyla-
tion reactions and the results are presented in Table 4
and Table 5.

While the cyclocarbonylation reaction of 2-amino-
styrene 8a gave lower yields of the lactams 9a and 10a
using a 5/1 mixture of CO and H,, in the absence of
hydrogen, treatment of 2-aminostyrene 8a with CO,
Pd,(dba);-CHCI; and dppb in BMIM PF, at 90°C for
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Table 3. Cyclocarbonylation of 2-vinylphenols in BMIM PF or BMIM NT¥,.[*l

R2 Pd,(dba)sCHCl3 (2%), RS - R?
dppb (8%), ) R,
| XX’ €0 (500 psi), Hy (100 psi) | N R | SN R
> o +
RS °C. i
R// oH IL, 120 °C, time R1// g R1// X0
5 6 7
Entry Substrate IL Run Time [h] Conversion [%] Yield [%]®" Product Distribution [% ]
6 7
1 A 52 BMIM PF, 19 45 35 14 >98
2 ©f\ 1 45 100 74 50 50
3 OH BMIM NTf, 1 45 100 81 45 55
4 2 45 100 85 45 55
5 3 45 100 81 50 50
6 4 64 100 78 50 50
7 5b BMIM PF, 1 45 84 73 0 100
8 2 45 100 75 0 100
9 3 45 100 80 0 100
10 OH 4 68 100 80 0 100
11 5¢ BMIM PF, 1 45 89 77 0 100
12 2 45 100 80 0 100
13 3 45 100 85 0 100
OH
14 5d BMIM PF, 1 45 87 83 0 100
15 cl 2 45 98 89 0 100
16 3 45 93 70 0 100
OH
ol
17 X 5S¢ BMIM PF, 1 45 68 52 61 39
18 C[\/ 2 45 52 41 59 41
19 OH BMIM NTf, 1 45 100 88 63 37
20 2 45 100 91 75 25
21 3 45 100 88 64 36
22 4 60 100 86 72 28
23 5 60 100 89 72 28
24 X 5f BMIM NTf, 1 45 100 92 72 28
25 2 45 100 89 72 28
26 OH 3 45 100 93 72 28
27 4 60 86 78 72 28
28 MeO X 5¢ BMIM NTf, 1 45 100 89 76 24
29 \CK\/ 2 45 100 89 66 34
30 OH 3 45 100 86 66 34
31 4 60 100 90 68 32
32 5 60 100 88 71 29
33 A Sh BMIM NTf, 1 60 95 90 87 13 (4¢)
34 m 2 60 95 92 87 13 (4c)
35 OH 360 93 88 85 15 (4c)
36 4 70 90 85 85 15 (4¢)
37 5 70 85 80 88 12 (4c)

41 Reaction conditions: substrate (0.5 mmol), Pd,(dba); - CHCI; (0.01 mmol), dppb (0.04 mmol), CO (500 psi), H, (100 psi),
temperature (120°C).

] Tsolated yield.

[C]J The ratio of 6/7 was determined by '"H NMR spectroscopy.

4 90°C.
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Table 4. Cyclocarbonylation of 2-aminostyrenes in BMIM PF,; or BMIM NTf,.[*!

RS

R? Pd,(dba);'CHCI3 (2%), R?
R®  dppb(8%), 3
| XY CO (500 psi), H, (100 psi) AN R? | A R
o O +
BMIM PFg, T, time P
CQN | N (NN
R R H R H
8 9 10
Entry  Substrate Run T[°C] Time [h] Conversion[%] Yield [%]® Product Distribution [% ]
9 10
1 A 8a 1 90 45 100 78 21 79
2 14 90 45 100 87 20 80
3 NH, 20 90 45 100 95 20 80
4 3 90 45 100 95 20 80
5 4l 90 64 100 90 20 80
6 8 1 90 45 100 91 0 100
7 2 90 45 100 95 0 100
8 3 90 45 100 90 0 100
9 NH, 4 90 45 100 86 0 100
10 Ph 8 1 120 45 93 87 0 100
11 2 120 45 100 96 0 100
12 3 120 45 100 96 0 100
13 NH, 4 120 64 63 60 0 100
14 8d 1 90 45 100 86 0 100
15 2 90 45 100 91 0 100
16 3 90 45 100 94 0 100
17 NH, 4 90 64 100 91 0 100
18 OMe 5 90 68 100 91 0 100
19 6 90 68 100 88 0 100
10 A 8¢ 1 120 45 100 94 42 58
21 2 120 45 100 95 v} 58
22 NH, 3 120 45 100 93 42 58
23 OMe 1 120 45 100 82 32 68
24 2Ll 120 45 100 87 32 68
25 3¢l 120 45 100 85 32 68
26 NH, 8t 1 90 45 100 90 15 85
27 N 2 90 45 100 93 15 85
28 OO 3 90 45 100 93 17 83
29 4 90 64 100 89 20 80
30 5 90 68 100 89 20 80

Isolated yield.

The ratio of 9/10 was determined by '"H NMR spectroscopy.
Only CO (600 psi).

In BMIM NTf,.

45 h resulted in the formation of the six-membered
ring lactam 10a in fine yield and good selectivity
(Table 4, entries 2-5). Using a 5/1 mixture of CO and
H,, the reaction of isopropenylanilines 8b—d afforded
the six-membered ring lactams in excellent yield and
good recyclability. However, the cyclocarbonylation
of 2-propenylaniline 8e was less selective than those
of 8a—d either in BMIM PF, or in BMIM NTf,. 1-
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Reaction conditions: substrate (0.5 mmol), Pd,(dba); - CHCIl; (0.01 mmol), dppb (0.04 mmol), CO (500 psi), H, (100 psi).

Amino-2-vinylnaphthalene 8f showed analogous reac-
tivity, selectivity and recyclability to 8a.

Finally, the reaction of 2-allylanilines, 11a and 11b,
using a 1/1 mixture of CO and H, at 90°C, gave lac-
tams in excellent yields, but in rather low selectivity
for the six-membered ring product (Table 5).
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Table 5. Cyclocarbonylation of 2-allylanilines in BMIM PF.[

R = R
\@(\/_»
NH,

11

12

R R
N (6]
N
H N NN,
13 14

Entry  Substrate Run  Time [h]  Conversion [%]  Yield [%]®  Product Distribution [%]"
12 13 14
1 Z 11a 1 45 100 86 14 57 29
2 @f\/ 2 45 100 96 18 61 21
3 NH, 3 45 100 94 17 64 19
4 4 64 100 93 16 66 18
5 = 11b 1 45 100 90 10 53 37
6 \©\/\/ 2 45 100 94 16 60 24
7 NH, 3 45 100 98 18 58 24
8 4 64 100 96 18 55 27

(2] Reaction conditions: substrate (0.5 mmol), Pd,(dba); - CHCI; (0.01 mmol), dppb (0.04 mmol), CO (300 psi), H, (300 psi),

temperature (90°C).
] Isolated yield.

[ The ratio of 12/13/14 was determined by "H NMR spectroscopy.

Conclusions

In conclusion, the ionic liquids, BMIM PF, or BMIM
NTI1,, are excellent reaction media for the palladium-
catalyzed cyclocarbonylation of 2-allylphenols and
anilines, 2-vinylphenols, and 2-aminostyrenes. Differ-
ent ring sizes were favoured, subject to the nature of
the reactant, and to steric effects. The ability to recy-
cle these reactants, with little deleterious effects, is
noteworthy.

Experimental Section

Representative Procedure for the Cyclocarbonylation
Reaction

A mixture of 2-allylphenol 1la (67 mg, 0.5 mmol), Pd,
(dba);CHCIl; (10 mg, 0.01 mmol), 1,4-bis(diphenylphosphi-
no)butane (17 mg, 0.04 mmol), and BMIM PF; (2.5 g) was
charged to a 45 mL autoclave. The autoclave was purged,
pressurized with CO (300 psi) and H, (300 psi), and stirred
at 90°C for 20 h. The reaction mixture was cooled to room
temperature, extracted with toluene (8 times), and concen-
trated by rotary evaporation to afford the mixture of lac-
tones 2a, 3a, and 4a (68 mg, 84 % ). The mixture was further
purified by preparative TLC using a 1/9 mixture of ethyl
acetate and hexane as eluent to afford the following prod-
ucts in the indicated, isolated yields: 4a (49 mg, 60 %), 3a
(10 mg, 12%), and 2a (5 mg, 6 % ). After removal of toluene
under vacuum, the ionic liquid containing catalyst and
ligand was reused for subsequent cycles.

The following lactones and lactams are known compounds
and their NMR spectral data were consistent with the litera-
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ture data: 2a—d, 2f, g, 3a-d, 3f, g, 4a—d, 4f, g, 9a, 10a, 9e,
10e, 12a, b, 13a, b, 14a, b;1*! 7b—d ;! 10b-d;(* and 10£®

Characterization Data for New Compounds

8-Methoxy-3-methylchroman-2-one Be): '"H NMR
(300 MHz, CDCly): 6=1.37 (d, /=63 Hz, 3H), 2.72-2.99
(m, 3H), 3.88 (s, 3H), 6.75 (d, J=8.7Hz, 1H), 6.85 (d, /=
8.4 Hz, 1H), 7.03 (t, J=7.8 Hz, 1H); ¥ CNMR (75 MHz,
CDCl,): 6=15.3, 31.8, 34.0, 56.0, 110.9, 119.4, 124.0. 124.1,
140.9, 147.4, 170.9; HR-MS (EI): m/z =192.0803, calcd. for
C1H,,05: 192.0786.

9-Methoxy-4,5-dihydro-3H-benzo[ b]oxepin-2-one (4e):
'"H NMR (400 MHz, CDCLy): 6=2.14-2.21 (m, 2H), 2.48 (t,
J=72Hz, 2H), 2.82 (t, J=7.2Hz, 2H), 3.86 (s, 3H), 6.77
(dd, J=7.6Hz, 1.6 Hz, 1H), 6.88 (dd, /=84 Hz, 1.2 Hz,
1H), 7.10 (t, J=8.0 Hz, 1H); * CNMR (100 MHz, CDCl,):
0=26.5, 28.2, 31.1, 56.0, 111.4, 121.0, 126.0, 131.4, 140.6,
149.6, 171.3; HR-MS (EI): m/z=192.0779, calcd. for
C1H,,05: 192.0786.

3-Ethyl-5-methoxy-3H-benzofuran-2-one (6g): 'H NMR
(400 MHz, CDCl;): 6=0.96 (t, /J=7.4Hz, 3H), 1.97-2.13
(m, 2H), 3.69 (t, J=6.1 Hz, 1H), 6.79-6.82 (m, 2H), 7.01-
7.03 (m, 1H); ®*CNMR (100 MHz, CDCl;): §=10.1, 24.2,
45.2,55.8, 1104, 111.0, 113.3, 128.1, 147.8, 156.5, 177.5; HR-
MS (EI): m/z=192.0780, calcd. for C;;H;,05: 192.0786.

6-Methoxy-3-methylchroman-2-one (7g): 'HNMR
(400 MHz, CDCL): 6=1.36 (d, /J=6.4Hz, 3H), 2.71-2.83
(m, 2H), 2.87-2.94 (m, 1H), 3.78 (s, 3H), 6.69 (d, /=2.8 Hz,
1H), 6.76 (dd, /=9.0Hz, 2.8 Hz, 1H), 6.96 (d, /=8.8 Hz,
1H); ¥ CNMR (100 MHz, CDCl;): 6 =15.4, 31.9. 34.1, 55.6,
113.0, 113.1, 117.3, 123.8, 145.7, 156.0, 171.7; HR-MS (EI):
m/z=192.0788, calcd. for C;{H;,0;: 192.0786.

Adv. Synth. Catal. 2006, 348, 1855-1861


www.asc.wiley-vch.de

Lactones and Lactams by Cyclocarbonylation in Ionic Liquids

FULL PAPERS

Acknowledgements

We are grateful to the Natural Sciences and Engineering Re-
search Council of Canada (NSERC) for support of this re-
search.

References

[1] For reviews, see: a)J. Muzart, Tetrahedron 2005, 61,
9423-9463; b)F. Alonso, 1.P. Beletskaya, M. Yus,
Chem. Rev. 2004, 104, 3079-3160; c) G. Zeni, R.C.
Larock, Chem. Rev. 2004, 104, 2285-2309; d) I. Naka-
mura, Y. Yamamoto, Chem. Rev. 2004, 104, 2127-2198;
e) B. Gabriele, G. Salerno, M. Costa, Synlett 2004, 2468 —
2483; f)S. A. Vizer, K.B. Yerzhanov, A.A.A. Al
Quntar, V. M. Dembitssky, Tetrahedron 2004, 60, 5499—
5538; g) B. Gabriele, G. Salerno, M. Costa, G. P. Chiuso-
li, Curr. Org. Chem. 2004, 8, 919-946; h) B. El-Ali, H.
Alper, in: Transition Metals for Organic Synthesis:
Building Blocks and Fine Chemicals, Vol. 1 (Eds.: M.
Beller, C. Bolm), Wiley-VCH, Weinheim, 1998, pp. 49—
67; 1) I. Ojima, M. Tzamarioudaki, Z. Li, R. J. Donovan,
Chem. Rev. 1996, 96, 635-662.

[2] a) G. C. Paddon-Jones, C. S. P. McErlean, P. Hayes, C. J.
Moore, W. A. Konig, W. Kitching, J. Org. Chem. 2001,
66, 7487-7495; b) K. L. Dueholm, E. B. Pederson, Syn-
thesis 1992, 1-22; c) B. Leroy, R. Dumeunier, I. E.
Marko, Tetrahedron Lett. 2000, 41, 10215-10218; d) H.
Yoda, T. Uemura, K. Takabe, Tetrahedron Lett. 2003, 44,
977-979; e) A. Lei, J. P. Waldkirch, M. He, X. Zhang,
Angew. Chem. Int. Ed. 2002, 41, 4526-4529; f) A. E.
Taggi, A. M. Hafez, T. Lectka, Acc. Chem. Res. 2003, 36,
10-19; g) B. Alcaide, P. Almendros, J. M. Alonso, M. F.
Aly, C. Pardo, E. Saez, M. R. Torres, J. Org. Chem. 2002,
67, 7004-7013; h) K. Tanaka, T. Fujiwara, Z. Urban-
czyk-Lipkowska, Org. Lett. 2002, 4, 3255-3257.

[3] a) B. E. Ali, K. Okuro, G. Vasapollo, H. Alper, J. Am.
Chem. Soc. 1996, 118, 4264—-4270; b) K. Okuro, H. Kai,

[8]

H. Alper, Tetrahedron: Asymmetry 1997, 8, 2307-2309;
¢) A. Orejon, H. Alper, J. Mol. Cat.: A 1999, 143, 137-
142; d) C. Dong, H. Alper, J. Org. Chem. 2004, 69,
5011-5014; e) C. Dong, H. Alper, Tetrahedron: Asym-
metry 2004, 15, 35-40; f) R. Chanthateyanonth, H.
Alper, Adv. Synth. Catal. 2004, 346, 1375-1384; g) R.
Touzani, H. Alper, J. Mol. Cat.: A 2005, 227, 197-207.
a) S. C. Bourque, F. Maltais, W.-J. Xiao, O. Tardif, H.
Alper, P. Arya, L. E. Manzer, J. Am. Chem. Soc. 1999,
121, 3035-3038; b)S.C. Bourque, H. Alper, L.E.
Manzer, P. Arya, J. Am. Chem. Soc. 2000, 122, 956957,
c)S. Antebi, P. Arya, L. E. Manzer, H. Alper, J. Org,
Chem. 2002, 67, 6623-6631; d) S. Lu, H. Alper, J. Am.
Chem. Soc. 2005, 127, 14776—-14784.

For reviews: a) A.R. Sethi, P. Smith, N. Srinivasa, T.
Welton, R. D. Rogers, K. R. Seddon, S. Volkov, Green
Industrial Applications of Ionic Liquids; Vol. 12, (Eds.:
NATO Science), Kluwer, Boston, 2002; b)J. Dupont,
R.F. de Souza, P. A. Z. Suarez, Chem. Rev. 2002, 102,
3667-3692; c) R. Sheldon, Chem. Commun. 2001, 2399 -
2407; d) P. Wasserscheid, W. Keim, Angew. Chem. Int.
Ed. 2000, 39, 3772-3789.

For recent reports, see: a) R. Wang, B. Twarmley, J. M.
Shreeve, J. Org. Chem. 2006, 71, 426-429; b)B.C.
Ranu, R. Jana, Adv. Synth. Catal. 2005, 347, 1811-1818;
¢) Y. R. Jorapur, D.Y. Chi, J. Org. Chem. 2005, 70,
10774-10777; d) X. Mi, S. Luo, J.-P. Cheng, J. Org.
Chem. 2005, 70, 2338-2341; e¢) H. Sun, K. Harms, J. Sun-
dermeyer, J. Am. Chem. Soc. 2004, 126, 9550—9551.

a) B. B. Toure, B. S. Lane, D. Sames, Org. Lett. 2006, 8,
1979-1982; b)L.C. Campeau, P. Thansandote, K.
Fagnou, Org. Lett. 2005, 7, 1857-1860; c) S. Liu, T. Fu-
kuyama, M. Sato, I. Ryu, Synlerr 2004, 1814-1816;
d) W. A. Herrmann, Angew. Chem. Int. Ed. 2002, 41,
1290-1309.

a) W. Wendelin, H. Keimelmayr, E. Goessnitzer, D.
Abou El Ella, Pharmazie 1996, 51, 816—-822; b) 1. Nino-
miya, C. Hashimoto, T. Kiguchi, T. Naito, J. Chem. Soc.,
Perkin Trans. 1 1983, 2967-2971.

Adv. Synth. Catal. 2006, 348, 1855-1861 © 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.asc.wiley-vch.de 1861


www.asc.wiley-vch.de

