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A general and efficient procedure for the synthesis of N-aryl-substituted 4-piperidones was developed. The two
step syntheses proceeded with an overall yield of 60%—83% using L-proline as the ligand for the Cu(l)-catalyzed
Ullmann amination followed by subsequent hydrolysis of resulting ketals.
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Introduction

Piperidones are attractive synthetic targets due to
their interesting pharmacological properties.' They are
aso used as precursors to the piperidine ring, which isa
frequently encountered heterocyclic unit in natural
compounds and drug candidates.**3 As a consequence,
considerable interest is centered on the synthesis of
piperidones in general, and N-substituted 4-piperi-
dones®*® in particular. The latter are most notably
prevalent in many central nervous system, antiallergic,
and cardiovascular agents.

For N-aryl substituted 4-piperidones, the genera
method for their synthesis is a classical three-step se-
guence, involving a bis-Michael addition of substituted
anilines to ethyl acrylate, with the generated suitable
amino diesters followed by Dieckman cyclization and
base-catalyzed decarboxylation.®® But these reactions
often result in very poor yields, requiring long reaction
time and strong bases such as sodium alkoxide.

In 1999, an dternative approach to N-aryl substi-
tuted 4-piperidones was reported by Tortolani and
Poss.® The construction of the N-aryl 4-piperidones was
conveniently achieved by the exchange reaction be-
tween N-methyl-N-benzyl-4-oxopiperidinium iodide
and the desired aniline. In their process the troublesome
bis-Michael addition is avoided, however, the major
shortcoming of this approach is that exchange reactions
frequently do not go to completion due to unfavorable
equilibria>

The imino Diels-Alder reaction is also one of the
most powerful and useful tools used to prepare hetero-
cycles containing the piperidine nucleus, however, this
reaction of 2-siloxydienes or 3-unsubstituted 2-amino-
dienes with N-arylated aldimines provides the corre-
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sponding 4-preridones only with limited substrates or
in low yields. >

Recent advance in Ullmann-type reactions provided
the opportunity for the development of new method-
ologies to prepare N-aryl substituted heterocycles. >4’
Taking advantage of the mild conditions applied to
amino acid-promoted Ullmann-type reactions, our group
has recently established some processes for N-arylation
of nitrogen nucleophiles.? Continuing our efforts in this
area, we became interested in the coupling reaction of
aryl bromides with 4-piperidone or the corresponding
4-piperidone ethylene ketal to find a new protocol for
the facile synthesis of N-aryl substituted 4-piperidones.
Here, we described our result on the synthesis of this
class of compounds by copper-catalyzed amination of
different aryl bromides using L-proline as the ligand and
K>CO3 as the base.

Experimental

General consider ations

All reactions were carried out in Schlenk tubes and
run under an atmosphere of argon. DMSO, DMF, THF,
and dioxane were freshly distilled from CaH,. Aryl bro-
mides, amino acids, Cs,CO;, K,CO3 and KsPO, were
purchased from commercia sources and used without
further purification. Copper(l) iodide was used after
being washed with THF. Flash column chromatography
was performed using silica gel H (10—40 p). Melting
points were recorded on a WRS-1 melting point
apparatus. *H NMR and **C NMR spectra were re-
corded on a Varian 300 MHz instrument and a
DPX-400 MHz instrument respectively, with chemica
shifts reported relative to TMS using residual deuterated
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solvent signals or TMS as an internal standard. LRMS
(low resolution mass spectrum) (EI) was recorded on a
HP5989A mass spectrometer and HRMS (high resolu-
tion mass spectrum) (EI) on a Waters Micromass GCT
mass spectrometer. Unknown compounds were deter-
mined by their *H NMR, *C NMR, MS and HRMS data.
Compounds previously described in the literature were
characterized by comparing their '*H NMR spectra to
published data. All yields reported in this publication
refer to isolated ones (average of at least two independ-
ent runs) of compounds and their purity was determined
by *H NMR.

General procedure for the synthesis of 8-aryl-
1,4-dioxo-8-azaspir o[4.5]decane (3)

An oven-dried Schlenk tube was charged with 10
mol% Cul, 20 mol% L-proline, 2 equiv. K,COs, 4 mmol
aryl bromide (if solid) and 1.5 equiv. 1,4-dioxa-8-azas-
piro[4.5]decane, evacuated and backfilled with argon (3
cycles). 4 mmol aryl bromide (if liquid) and 5 mL
DMSO were added by syringe at room temperature un-
der argon. The capped tube was put into the oil bath that
was preheated to 90 ‘C and the reaction mixture was
stirred for the time specified. The cooled mixture was
partitioned between ethyl acetate (20 mL) and water (20
mL). The organic layer was separated, and the aqueous
layer was extracted with 10 mL EtOAc each time until
TLC showed no trace of product left in the aqueous
layer. The combined organic layers were washed with
brine, dried over Na,SO, and concentrated in vacuo.
Purification of the residue by flash chromatography on
slica gel (2XX20 cm, petroleum ether (30—60 C)/ethyl
acetate) gave the desired product.

8-Phenyl-1,4-dioxo-8-azaspir o[4.5]decane (3a)
Colorless oil; '"H NMR (300 MHz, CDCls) 6: 7.24—
7.27 (m, 2H), 6.96—7.22 (m, 2H), 6.83—6.94 (m, 1H),
3.98 gs, 4H), 3.32 (t, J=5.7 Hz, 4H), 1.84 (t, J=5.7 Hz,
4H):;C NMR (100 MHz, CDCl3) §: 151.2, 129.4 (2C),
119.7, 116.9 (2C), 107.4, 64.6 (2C), 48.0 (2C), 34.8
(2C); MS (El) m/iz 219 (M) ", 189, 174, 158, 132, 105,
91, 77; HRMS (El) calcd for CigH1/NO, 219.1259 (M),
found 219.1257.

8-p-Tolyl-1,4-dioxo-8-azaspiro[4.5]decane  (3b)
White solid, m.p. 64.6—65.6 C (Lit.” 64.8—65.6 C);
'H NMR (300 MHz, CDCls) d: 7.06 (d, J=8.7 Hz, 2H),
6.86—6.89 (m, 2H), 3.99 (s, 4H), 3.27 (t, J=5.2 Hz,
4H), 2.27 (s, 3H), 1.85 (t, J=5.2 Hz, 4H); *C NMR
(100 MHz, CDClj3) d: 129.9 (2C), 117.3 (2C), 103.7,
64.5 (2C), 48.6 (2C), 34.8 (2C), 20.7; MS (El) m/z 233
(M)", 234 (M+1)", 203, 188, 172, 146, 119, 118;
HRMS (El) caled for CraH1gNO,233.1416 (M), found
233.1413.

8-m-Tolyl-1,4-dioxo-8-azaspiro[4.5]decane  (3c)
Colorless ail; *H NMR (300 MHz, CDCl3) &: 7.11—
7.17 (m, 1H), 6.66—6.78 (m, 3H), 3.99 (s, 4H), 3.31 (t,
J=5.6 Hz, 4H), 2.31 (s, 3H), 1.84 (t, J=5.6 Hz, 4H);
3C NMR (100 MHz, CDCl3) §: 151.3, 139.0, 129.2,
120.6, 117.8, 114,0, 107.5, 64.6 (2C), 48.1 (2C), 34.9
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(2C), 22.1; MS (El) m/z 233 (M), 219, 188, 172, 159,
146, 119, 91; HRMS (E|) cacd for C14H19NOZ
233.1416 (M) ", found 233.1420.

8-(4-Nitrophenyl)-1,4-dioxo-8-azaspiro[4.5]de-
cane (3¢) Yellow solid, m.p. 156—157 ‘C (Lit."°155
—156 ‘C);*H NMR (300 MHz, CDCls) 6: 8.12 (d, J=
9.5 Hz, 2H), 6.84 (d, J=9.5 Hz, 2H), 4.01 (s, 4H), 3.58
(t, J=5.7 Hz, 4H), 1.81 (t, J=5.7 Hz, 4H); °C NMR
(100 MHz, CDCls) ¢: 154.1, 137.9, 126.0 (2C), 112.6
(2C), 106.7, 64.4 (2C), 45.6 (2C), 34.3 (2C); MS (El)
miz. 264 (M)", 248, 234, 219, 203, 177, 150, 120,
HRMS (El) calcd for CisHigN,Os 264.1110 (M),
found 264.1112.

4-(1,4-Dioxo-8-azaspir o[ 4.5]decan-8-yl)benzoni-
trile (3f) White solid, m.p. 135.5—135.9 ‘C (Lit."°
132—133 °C); *H NMR (300 MHz, CDCl3) 6: 7.48 (d,
J=9.0 Hz, 2H), 6.88 (d, J=9.0 Hz, 2H), 4.00 (s, 4H),
3.48 (t, J=5.8 Hz, 4H), 1.80 (t, J=5.8 Hz, 4H); **C
NMR (100 MHz, CDCl3) §: 152.5, 133.4 (2C), 120.0,
114.2 (2C), 106.7, 99.5, 64.4 (2C), 45.6 (2C), 34.1 (2C);
MS (El) m/z. 244 (M)", 199, 183, 171, 157, 130, 116,
102; HRMS (EI) caled for CiaH1gN,0, 244.1212 (M),
found 244.1204.

8-(3-(Trifluoromethyl)phenyl)-1,4-dioxo-8-
azaspiro[4.5]decane (3g) White solid, m.p. 76.1—
77.2 C; *H NMR (300 MHz, CDCl3) 6: 7.30—7.36 (m,
1H), 7.04—7.14 (m, 3H), 4.00 (s, 4H), 3.78 (t, J=5.7
Hz, 4H), 1.84 (t, J=5.7 Hz, 4H); *C NMR (100 MHz,
CDCl3) d: 151.2, 131.6 (g, J=31.3 Hz), 129.8, 124.6 (q,
J=271 Hz), 1195, 115.6 (d, J=3.7 Hz), 112.7 (d, J=
3.7 Hz), 107.1, 64.6 (2C), 47.5 (2C), 34.6 (2C); MS (El)
m/iz. 287 (M)", 268, 242, 226, 200, 173, 145, 99, 86;
HRMS (El) cacd for CuHigNOF; 287.1133 (M),
found 287.1126.

8-(4-M ethoxyphenyl)—l,4—dioxo-8—azaspiro[4.5l—
decane (3h) White solid, m.p. 60.2—61.1 C (Lit.”™
60—61 °C);*H NMR (300 MHz, CDCl3) 6: 6.81—6.96
(m, 4H), 3.99 (s, 4H), 3.77 (s, 3H), 3.19 (t, J=5.4 Hz,
4H), 1.87 (t, J=5.4 Hz, 4H); °C NMR (100 MHz,
CDCl3) 6: 153.8, 119.0 (2C), 114.3 (2C), 107.0, 64.3
(2C), 55.3, 49.4 (2C), 34.8 (2C); MS (El) mVz 249 (M),
234, 219, 204, 188, 162, 135, 120; HRMS (El) calcd for
C1H1sNO3249.1365 (M) ¥, found 249.1366.

3-(1,4-Dioxo-8-azaspir o[4.5]decan-8-yl)aniline (3i)
White solid, m.p. 84.2—85.5 “C; 'H NMR (300 MHz,
CDCl3) §: 7.01—7.06 (m, 1H), 6.20—6.42 (m, 3H),
3.99 (s, 4H), 3.80—3.95 (brs, 2H), 3.30 (t, J=57 Hz,
4H), 1.84 (t, J=5.7 Hz, 4H); °C NMR (100 MHz,
CDCl3) d: 152.0, 147.4, 129.9, 107.3, 106.8, 103.4, 64.3
(2C), 47.6 (2C), 34.5 (2C); MS (El) m/z: 234 (M), 206,
189, 173, 161, 147, 120, 99; HRMS (El) calcd for
CisH1sN20, 234.1368 (M), found 234.1373.

8-(2,4-Dimethoxyphenyl)-1,4-dioxo-8-azaspir o-
[4.5]decane (3j) White solid, m.p. 69.8—70.2 C; 'H
NMR (300 MHz, CDCls) §: 6.89—6.91 (m, 1H), 6.40—
6.48 (m, 2H), 3.99 (s, 4H), 3.85 (s, 3H), 3.78 (s, 3H),
3.06 (t, J=5.4 Hz, 4H), 1.91 (t, J=5.4 Hz, 4H); *°C
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NMR (100 MHz, CDCl3) 6: 156.1, 153.3, 135.4, 118.9,
107.1, 103.3, 99.7, 64.2 (2C), 55.5, 55.4, 49.6 (2C), 35.3
(2C); MS (El) miz 279 (M), 264, 249, 234, 192, 178,
165, 150; HRMS (El) calcd for CisH.NO, 279.1471
(M), found 279.1470.

General procedure for the synthesis of 4-phenyl-
cyclo-hexanone (4)*

A solution of la (219 mg, 1 mmol) in anhydrous
acetone (5 mL) was magneticaly stirred at room
temperature in the presence of a catalytic amount of
p-toluenesulfonic acid for 36 h, quenched by the addi-
tion of a few drops of triethylamine and concentrated.
The residue was purified by silica gel chromatography
(elution with 5 : 1 hexanes-ether) to give the desired
product.

1-Phenylpiperidin-4-one (4a) White solid, m.p.
36.5—37.2 C (Lit.**37—38 'C ); 'H NMR (300 MHz,
CDCl3) ¢: 7.26—7.33 (m, 2H), 7.00—7.01 (m, 2H),
6.87—6.92 (m, 1H), 3.61 (t, J=5.9 Hz, 4H), 2.56 (t,
J=5.9 Hz, 4H); MS (EI) m/z 175 (M)", 176, 174,
132,105, 104, 77, 51.

1-p-Tolylpiperidin-4-one (4b) Colorless oil; *
NMR (300 MHz, CDCl3) é: 7.11 (d, J=8.4 Hz, 2H),
6.91 (d, J=8.4 Hz, 2H), 3.55 (t, J=6.0 Hz, 4H), 2.55 (t,
J=6.0 Hz, 4H), 2.29 (s, 3H); MS (El) m/z: 189 (M) ",
188, 146, 119, 118, 91, 77, 65.

1-m-Tolylpiperidin-4-one (4c) Colorless oil; *
NMR (300 MHz, CDCl3) §: 7.18—7.23 (m, 1H), 6.70—
6.85 (m, 3H), 359gt J=6.0 Hz, 4H), 2.55 (t, J=6.0 Hz,
4H), 2.33 (s, 3H); °C NMR (100 MHz, CDCl3) : 149.2,
139.2, 129.3, 120.8, 116.7, 1130 48.9 (2C), 40.8 (2C),
21.8;MS (El) m/z 189 (M), 188, 146, 119, 118 91, 65;

HRMS (EI) calcd for C12H15NO 189.1154 (M) found
189.1157.
1-(4-Nitrophenyl)piperidin-4-one (4e)  Yellow

solid, m.p. 167.0—167.5 °C (Lit. ** 167—169 °C); *H
NMR (300 MHz, CDCl3) §: 8.16 (d, J=9.0 Hz, 2H),
6.86 (d, J=9.0 Hz, 2H), 3.83 (t, J=6.2 Hz, 4H), 3.64 (t,
J=6.2 Hz, 4H); MS (El) m/z. 220 (M) ", 219, 204, 190,
177, 150, 132,120.

4-(4-Oxopiperidin-1-yl)benzonitrile (4f)  White
solid, m.p. 97.5—98.3 ‘C (Lit.”® 98—100 C); H
NMR (300 MHz, CDCl3) §: 7.54 (d, J=9.0 Hz, 2H),
6.91 (d, J=9.0 Hz, 2H), 3.75 (t, J=6.0 Hz, 4H), 2.59 (t,
J=6.0 Hz, 4H); MS (El) m/z. 200 (M), 199, 157, 130,
129, 116, 102, 89, 75.

1-[3-(Trifluoromethyl)phenyl]piperidin-4-one (4g)
White solid, m.p. 49.5—50.7 ‘C; *H NMR (300 MHz,
CDCl3) 6: 7.36—7.39 (m, 1H), 7.10—7.15 (m, 3H),
3.65 (t, J=6.0 Hz, 4H), 2.56 (t, J=6.0 Hz, 4H); MS (El)
m/z. 243 (M) ", 226, 200, 173, 149, 145, 86, 43.

1-(4-M ethoxyphenyl)piperidin-4-one (4h) White
solid, m.p. 64.3—65.1 °‘C (Lit.** 64—65 C);*H NMR
(300 MHz, CDCl3) 6: 6.97 (d, J=9.0 Hz, 2H), 6.87 (d,
J=9.0 Hz, 2H), 3.78 (s, 3H), 3.46 (t, J=5.8 Hz, 4H),
2.57 (t, J=5.8 Hz, 4H); MS (El) m/z 205 (M), 190,
162, 135, 120, 107, 92, 77.
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1-(2,4-Dimethoxyphenyl)piperidin-4-one (4j) Col-
orless oil; *H NMR (300 MHz, CDCl5) d: 6.88—6.91 (m,
1H), 6.51—6.52 (m, 1H), 6.42—6.45 (m, 1H), 3.88 (s,
3H), 3.79 (s, 3H), 3.28 (t, J=6.0 Hz, 4H), 2.63 (t, J=
6.0 Hz, 4H); *C NMR (100 MHz, CDCl3) &: 209.0,
156.5, 153.4, 134.1, 119.3, 103.4, 99.9, 55.5, 55.4, 51.4
(2C), 41.9 (2C); MS (El) m/z: 235 (M)*, 236 (M +1)*,
220, 192, 178, 164, 151, 150; HRMS (El) calcd for
C1sH17N O3 235.1208 (M) ", found 235.1203.

Results and discussion

At first, we attempted the reaction of bromobenzene
with 4-piperidone monohydrochloride monohydrate
under the reaction conditions of Cul/L-proline as the
cataytic system, K,CO; as the base and DMSO as the
solvent at 90 ‘C. The desired N-aryl substituted
4-piperidone was isolated in 33% yield (Table 1, Entry
1). Increasing the amount of 4-piperidone monohydro-
chloride monohydrate gave the better result (Entry 2).
But under other various conditions, the yields were
lower and even no desired product was observed due to
the self-condensation of the 4-piperidone monohydrate
(Entries 4—8). So, we carried out the synthesis by an
dternate approach using 1,4-dioxo-8-azaspiro[4,5]-
decane (4-piperidone ethylene ketal) followed by hy-
drolysis of the resulting N-aryl-4-piperidone ethylene
ketal which gave N-aryl-4-piperidone.

Table 1 Conditions screened for the coupling of 4-piperidone
monohydrochl oride monohydrate with bromobenzene

QBr . HN/\:>: Cul 10 mol% QND:O
L proline 20 mol%
HCl 90 °C, 24 h
4 mmol 1.5 equw
Entry Base  Ligand Solvent Yield¥%
1 K,CO; L-proline DMSO 33
2 K,CO; L-proline DMSO 54°
3 K,CO; N,N-dimethylglycine  DMSO Noreaction
4 K,CO; L-proline DMF 17
5 K,CO; L-proline THF Trace
6 K,CO; L-proline dioxane Trace
7 K3PO, L-proline DMSO Noreaction
8 Cs,CO; L-praline DMSO Noreaction

3 |solated yield. ? 4-Piperidone monohydrochloride monohydrate
3.0 equiv.

Then we tested the reaction of bromobenzene with
1,4-dioxo-8-azaspiro[4,5]decane under the same reac-
tions as Table 1, Entry 1. Fortunately, the coupling
product was isolated in 92% yield this time, and the re-
action scope with different aryl bromides was further
investigated. The results are summarized in Table 2. To
our delight, aryl bromides with either electron-
withdrawing or electron-donating substituents at various
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Table2 Synthesisof N-aryl-4-piperidone ethylene ketals

R o Cul 10 mol% R o
q L-proline 20 mol% q
O O "0
— o K>,CO3 2 equiv. — '}
DMSO, 90 °C
1 (4 mmol) 2 (1.5 equiv.) 3
Entry Aryl bromide Product 3 Time/h Yield of 3%%

0

; er
. er
5 OQN@Br
6 NC Br

7¢

'I'I
w
O

[00]
~o
o

T
S

©
z
o ;
@

10

~o
o

o]
OO0, .
07 3a
o]
OO, 2
07 3b
o]
(X
Q O] 48 85
3c
o]
QNQOJ 48 Trace
3d

0
a0, .
07 3e
0
OO0, .
0™ 3f

0
N
Q \/:><oj 36 84
F3C 39
6]
o{ >*NC>< j
4 07 3h
O
N
Q C><oj 48 88

\O
0 100 74°
o{ /}NC>< j

48 89

3| solated yield. ® 17% 1-bromo-2,4-dimethoxybenzene was recovered.

positions on the benzene rings could give the corre-
sponding piperidone ketals 3 in good to excellent yields.
For the sterically hindered aryl bromide 1-bromo-2-
methylbenzene, a higher temperature and a prolonged
time did not give 3d in satisfactory yield (Entry 4), but
3j was obtained in the yield of 74% when extending the
reaction time from 48 h to 100 h (Entry 10). Further-
more, aryl substituted 4-piperidone ketals upon hy-
drolysis catalyzed by TsOHeH,O in acetone/H,O
(V:V=10:1) a 60 ‘C for 24 h gave the corre-
sponding aryl substituted 4-piperidones in good yields
too (Table 3). However, 1-(3-aminophenyl)-piperidin-

4-one (4i) was not observed due to the condensation of
free amino group of the aryl moiety with the depro-
tec}?d keto group of the piperidine ring (Table 3, Entry
8).

In summary, we have developed an efficient, mild
and economic two-step procedure for the synthesis of
N-aryl substituted piperid-4-ones from aryl bromides
and 4-piperidone ethylene ketals. In most cases, the key
amination step proceeded well with a variety of aryl
bromides, including those with electron-withdrawing
and electron-donating groups. Given these attributes, it
should find applications to many other derivatives.
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Table3 Synthesis of substituted N-aryl piperidones

O - 4
N (0]
— e} acetone:H,0=10:1 —

60°C,24 h

3 4
Entry Ketal 3 Product 4 Yield of 4%% Overall yield of two steps®%

4a
2 3b *@NQ:O 93 66
4b

3 3c QND:O ) 78
4c
b e o o . o
4e
e e . .
4f

Ore
6 3g Q 87 73
F3C 4g
/ 4h
. Ore
8 3i Q No product
HaN 4
\
o]
9 3 85 63
oo
/ 4

| solated yield.

References rat, E.; Diez, A. Piperidine. Sructure, Preparation and
Synthetic Applications of Piperidine and Its Derivatives,
Elsevier, Amsterdam, 1991.

3 (8 Watson, P. S.; Jiang, B.; Scott, B. Org. Lett. 2000, 2,

1 See for example:
(@) Pel, Z.; Li, X.; von Geldern, T. W.; Longenecker, K.;
Pireh, D.; Stewart, K. D.; Backes, B. J,; Lai, C.; Libben, T.

3679.
H.; Ballaron, S. ‘]"_ Beno, D. W. A.; Kempf-Grote, A. J; (b) Brooks, C. A.; Comins, D. L. Tetrahedron Lett. 2000, 41,
Sham, H. L.; Trevillyan, J. M. J. Med. Chem. 2007, 50, 3551

1983.
(b) Das, U.; Das, S.; Bandy, B.; Stables, J. P.; Dimmaock, J.
R. Bioorg. Med. Chem. 2008, 16, 3602.
(c) Jha, A.; Mukherjee, C.; Prasad, A. K.; Parmar, V. S;; De
Clercq, E.; Balzarini, J.; Stables, J. P.; Manavathu, E. K.;
Shrivastav, A.; Sharma, R. K.; Nienaber, K. H.; Zdllo, G. A.;
Dimmock, J. R. Bioorg. Med. Chem. 2007, 15, 5854.
(d) Aridoss, G.; Balasubtamanian, S.; Parthiban, D.; Kabilan,
S. Eur. J. Med. Chem. 2006, 41, 268.
(e) Mukhtar, T. A.; Wright, G. D. Chem. Rev. 2005, 105,
529.

2 For agenera review on piperidines, see: Rubirdta, M.; Gi-

(c) Girard, N.; Hurvois, J.-P.; Moinet, C.; Toupet, L. Eur. J.
Org. Chem. 2005, 2269.

(d) Hu, B.; Ellingboe, J.; Han, S,; Largis, E.; Lim, K.; Ma-
lamas, M.; Mulvey, R.; Niu, C.; Oliphant, A.; Pelletier, J;
Singanallore, T.; Sum, F. W.; Tillett, J.; Wong, V. Bioorg.
Med. Chem. 2001, 9, 2045.

(e) Matasi, J. J.; Caldwell, J. P.; Zhang, H.; Fawzi, A.; Hig-
gins, G. A.; Cohen-Williams, M. E.; Varty, G. B.; Tulshian,
D. B. Bioorg. Med. Chem. Lett. 2005, 15, 3675.

(f) Weintraub, P. M.; Sabal, J. S.; Kane, J. M.; Borcherding,
D. R. Tetrahedron 2003, 59, 2953.

(g) Buffat, M. G. P. Tetrahedron 2004, 60, 1701.

© 2009 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



2000 Chin. J. Chem,, 2009, Vol. 27, No. 10

4

(a) Clarke, P. A.; Zaytsev, A. V.; Morgan, T. W.; Whitwood,
A.C.; Claire, W. Org. Lett. 2008, 10, 2877.

(b) Rosiak, A.; Hoenke, C.; Christoffers, J. Eur. J. Org.
Chem. 2007, 26, 4376.

(c) Carballo, R. M.; Ramirez, M. A.; Rodriguez, M. L.;
Martin, V. S.; Padrén, J. 1. Org. Lett. 2006, 8, 3837.

(d) Davis, F. A.; Chao, B.; Rao, A. Org. Lett. 2001, 3, 3169.
(a) Deshmukh, M. N.; Sampath Kumar, U.; RamaRao, A. V.
Synth. Commun. 1995, 25, 177.

(b) Tortolani, D. R.; Poss, M. A. Org. Lett. 1999, 1, 1261.
(c) Amato, J. S.; Chung, J.; Cvetovich, R. J.; Reamer, R. A;
Zhao, D.; Zhou, G.; Gong, X. Org. Process. Res. Develop.
2004, 8, 939.

(d) Takasu, K.; Shindoh, N.; Tokuyama, H.; Ihara, M. Tet-
rahedron 2006, 62, 11900.

(e) Aznar, F.; Garcia, A. B.; Cabal, M. P. Adv. Synth. Catal.
2006, 348, 2443.

(f) Schéen, U.; Messinger, J.; Buckendahl, M.; Prabhu, M.
S.; Konda, A. Tetrahedron Lett. 2007, 48, 2519.

(g) Quach, T. D.; Batey, R. A. Org. Lett. 2003, 5, 4397.

For selected examples, see:

(a) Mino, T.; Harada, Y .; Shindo, H.; Sakamoto, M.; Fujita,
T. Synlett 2008, 614.

(b) Tubaro, C.; Biffis, A.; Scattolin, E.; Basato, M. Tetra-
hedron 2008, 64, 4187.

(o) Yang, M; Liu, F. J. Org. Chem. 2007, 72, 8969.

(d) Béellina, F.; Calandri, C.; Cauteruccio, S.; Rossi, R. Eur.
J. Org. Chem. 2007, 13, 2147.

(e) Correa, A.; Bolm, C. Angew. Chem., Int. Ed. 2007, 46,
8862.

(f) Hasegawa, K.; Kimura, N.; Arai, S.; Nishida, A. J. Org.
Chem. 2008, 73, 6363.

10
11

12
13

14

GENG et al.

(g) Ma, H. C.; Jiang, X. Z. J. Org. Chem. 2007, 72, 8943.
(h) Zzhu, L.; Guo, P.; Li, G.; Lan, J.; Xie, R.; You, J. J. Org.
Chem. 2007, 72, 8535.

(i) Taillefer, M.; Xia, N.; Ouali, A. Angew. Chem,, Int. Ed.
2007, 46, 934.

(j) Choudary, B. M.; Sridhar, C.; Kantam, M. L.; Venkanna,
G. T.; Sreedhar, B. J. Am. Chem. Soc. 2005, 127, 9948.

(k) Antilla, J. C.; Baskin, J. M.; Barder, T. E.; Buchwald, S.
L. J. Org. Chem. 2004, 69, 5578.

(1) Kunz, K.; Scholz, U.; Ganzer, D. Synlett 2003, 2428.

(@ Ma, D.; Zhang, Y.; Yao, J;; Wu, S; Tao, F. J. Am. Chem.
Soc. 1998, 120, 12459.

(b) Ma, D.; Cai, Q. Synlett 2004, 128.

(c) Zou, B.; Yuan, Q.; Ma, D. Angew. Chem., Int. Ed. 2007,
46, 2598.

(d) Zhang, H.; Cai, Q.; Ma, D. J. Org. Chem. 2005, 70,
5164.

(@) Ma, D.; Cai, Q.; Zhang, H. Org. Lett. 2003, 5, 2453.

(b) Zhang, H.; Cao, W. G.; Ma, D. W. Synth. Commun.
2007, 37, 25.

(c) Zhang, H.; Cao, W. G.; Ma, D. W. Synthlet 2007, 243.
Manolikakes, G. J. Org. Chem. 2008, 73, 1429.

Taylor, E. C. Synthesis 1981, 606.

Scherer, T.; Hielkema, W.; Knjnen, B.; Hermant, R. Recl.
Trav. Chim. Pays-Bas 1993, 112, 535.

Massa, S.; Mai, A. Synth. Commun. 1990, 20, 3537.
Krijnen, B.; Beverloo, H. J. Am. Chem. Soc. 1989, 111,
4433.

Hu, B.; Ellingboe, J.; Han, S.; Largis, E.; Lim, K.; Malamas,
M.; Mulvey, R.; Niu, C.; Oliphant, A.; Pelletier, J.; Singa-
nallore, T.; Sum, F.-W.; Tillettb, J.; Wonga, V. Bioorg. Med.
Chem. 2001, 9, 2045.

(E0904161 Cheng, F; Dong, H.)

© 2009 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



