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Abstract: A highly enantioselective synthesis of optically active a-substituted ketones can be achieved by using a reaction sequence
involving a stereoselective anti-Sy2’-allylic substitution in the presence of CuCN-2LiCl, followed by the oxidation of the intermediate
cycloalkenyllithium species using B(MeO),/NaBO;-4H,0O. The substitution reaction proceeds with a perfect transfer of chirality.
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Procedure 1
PentyZn (2.2 equiv)
CuCN-2LiClI (1.1 equiv)

THF-NMP (3:1),
-30°Ct0-10°C, 14 h

(Et0),(0)PO

1: 98% ee

Procedure 2

CeF50CO,, c-HexZnl (2 equiv)

CuCN-2LiCl (2 equiv)

THF-NMP (3:1),
-30°Cto-10°C, 16 h

3:98% ee

Scheme 1

Optically active a-substituted ketones are versatile build-
ing blocks for the synthesis of natural products.! A num-
ber of methods for the synthesis of this class of
compounds have been reported, for example stereoselec-
tive a-alkylation? and enantioselective protonation of eno-
lates and enols.* For the performance of alkylation
reactions of ketone enolates, the regio- and stereoselectiv-
ity of enolate formation is essential for the overall selec-
tivity of the reaction. The regioselectivity of ketone
deprotonation was extensively investigated.*

Here, we describe a highly regio- and enantioselective
synthesis of optically active a-substituted ketones using a
reaction sequence involving a stereoselective anti-S\2’-
allylic substitution of 2-iodocycloallylic benzoates or
phosphates’ in the presence of CuCN-2LiCl followed by
the oxidation of an intermediate cycloalkenyllithium spe-
cies using B(MeO);/NaBO;-4H,0. A high enantiomeric
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2: 80%; 97% ee

4: 87%; 98% ee

Procedure 3
5: 86%; 98% ee
1. +-BuLi (2 equiv)
—78°C, 30 min

2. B(OMe)3 (2.5 equiv)
—-78°Ctor.t., 24 h then o
NaBO34H,0, r.t.,, 24 h

6: 86%; 98% ee

purity of a-substituted ketones could be obtained via these
highly stereoselective anti-Sy2’-allylic substitutions.

Thus, the anti-S\2’-allylic substitution reaction between
the chiral allylic phosphate 1 (98% ee) and dipentylzinc
(Procedure 1)° in the presence of CuCN-2LiCl provided
the chiral cyclohexenyl iodide 2 in 80% yield with 97% ee
(Scheme 1). Similarly, treatment of the chiral allylic pen-
tafluorobenzoate 3 (98% ee) with cyclohexylzinc iodide
gave the desired anti-Sy2’ product cycloheptenyl iodide 4
in 87% yield and 98% ee (Procedure 2).” Cycloalkenyl
iodides 2 and 4 were converted into ketones 5 and 6, re-
spectively, using a one-pot oxidation reaction (Procedure
3).” Thus, treatment of the cycloalkenyl iodides 2 and 4
with 7-BuLi (2 equiv) at —78 °C followed by reaction with
B(OMe), and further oxidation using NaBO;-4H,O pro-
vided both ketones 5 and 6 in 86% yield and 98% ee
(Scheme 1).

The method has a broad scope for the preparation of a va-
riety of chiral a-substituted cyclohexanones and cyclo-
heptanones in high enantiomeric purity.® Furthermore,
this procedure can be applied to five-membered rings as
well. Thus, the stereoselective anti-Sy2’ substitution of
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I
PentoZn (2.24 equiv)
(EtO)2(O)PO.... CuCN-2LiCl (1.12 equiv)

THF-NMP (3:1), —30 °C to
-10°C, 14 h

>

7:95% ee

Scheme 2

the allylic phosphate 7 with dipentylzinc gave the chiral
cyclopentenyl iodide 8 in 96% yield with 94% ee
(Scheme 2). Using a one-pot oxidation reaction, the cy-
clopentanone (S)-9 was obtained in 86% overall yield
with 81% ee starting from the allylic phosphate 7. This
optically pure cyclopentanone and its enantiomer are use-
ful perfumes with a jasmine-like odor. They are also valu-
able precursors for the synthesis of tetrahydro-6-pentyl-
2H-pyran-2-one.’

Interestingly, this method also allows a practical regiose-
lective synthesis of ketones bearing a quaternary center at
the a-position to the carbonyl group with high enantiose-
lectivity (Scheme 3). Thus, the reaction of the pentafluo-
robenzoate 10 with dipentylzinc (2.4 equiv) and
CuCN-2LiCl (1.2 equiv) in THF for four hours at 25 °C
provided the anti-S\2’ substitution product 11 in 93%
yield and 95% ee. Transmetalation of the resulting cy-
cloalkenyllithium species with B(OMe); and further oxi-
dation using NaBO;-4H,0 afforded the chiral ketone 12 in
70% yield and 95% ee.”

In summary, we have developed a short, highly enantiose-
lective synthetic sequence allowing the preparation of
various chiral ketones with an a-stereogenic center.

(6R)-1-Iodo-5,5-dimethyl-6-pentylcyclohex-1-ene (2);° Typical
Procedure 1

A flame-dried round-bottomed flask equipped with a magnetic stir-
ring bar, an argon inlet, and a rubber septum was charged with a
CuCN-2LiCl solution (1.0 M in THF, 0.56 mL, 0.56 mmol, 1.12
equiv) and NMP (1.30 mL) and the mixture was cooled to —30 °C.
Dipentylzinc (4.80 M in THF, 0.23 mL, 1.12 mmol, 2.24 equiv) was
added dropwise and the mixture was stirred at —30 °C for 30 min.
Then diethyl (1R)-2-iodo-4,4-dimethylcyclohex-2-en-1-yl phos-
phate (1; 194 mg, 0.50 mmol, 1.0 equiv) was added dropwise as a
solution in THF (0.8 mL). The mixture was stirred at —30 to —10 °C
for 14 h. A sat. aq NH,CI solution (20 mL) was added followed by
25% aq NH; solution (1 mL). The mixture was stirred at 25 °C until
the copper salts had dissolved, then extracted with Et,O (3 x 20
mL). The combined organic phases were washed with brine (10
mL) and dried (Na,SO,). Purification by column chromatography
(silica gel, pentane) afforded the product (R)-2 as a colorless oil;
yield: 122 mg (80%); 97% ee; [a]p®® +60.2 (¢ = 1.25, CH,Cl,).

Penty,Zn (2.4 equiv) Me
(Et0)2(O)PO... Me  CuCN-2LiCl (1.2 equiv) s Pent

THF, rt., 4 h
10: 96% ee

Scheme 3

8: 96%; 94% ee

11: 93%; 95% ee

(0]

P 1. tBuLi (2 equiv), =78 °C
ent 30 min Pent

2. B(OMe)3 (2.5 equiv)
-78°C tor.t., 24 h; then

9: 90%; 81% ee
NaBO34H,0, r.t., 24 h

GC (Chiraldex B-PH, 30 mm % 0.25 mm); conditions: 125 °C con-
stant: fz (min) = 19.079 (minor), 19.965 (major).

IR (film): 2955 (s), 2929 (s), 2870 (s), 1466 (m), 1385 (w), 1365
(W), 924 (w), 828 (w), 742 cm™ (w).

'H NMR (CDCls, 300 MHz): § =6.12 (t, J=3.8 Hz, 1 H), 2.05—
1.95 (m, 2 H), 1.92-1.86 (m, 1 H), 1.50-1.38 (m, 3 H), 1.38-1.10
(m, 7 H), 0.92 (s, 3 H), 0.88 (s, 3 H), 0.83 (t, J = 6.7 Hz, 3 H).

13C NMR (CDCl,, 75 MHz): & = 136.3, 106.0, 56.8, 35.5, 32.9,
32.3,30.8, 29.6, 28.4, 28.0, 27.4,22.9, 14.5.

MS (EL, 70 eV): m/z (%) = 306 (M*, 29), 251 (10), 250 (98), 236
(40), 180 (22), 179 (12), 123 (22), 109 (31), 93 (33), 81 (100), 67
(79), 55 (19).

HRMS (EI): m/z calcd for C,3H,;1: 306.0844; found: 306.0818.

Anal. Caled for C;3Hy;I (306.22): C, 50.99; H, 7.57. Found: C,
51.19; H, 7.68.

(55)-1-Iodo-5-pentylcyclopent-1-ene (8)

[a]lp® +13 (¢ = 0.31, CH,CL,).

GC (Chirasil-Dex CB, 25 mm X 0.25 mm); conditions: 60 °C (1
min), ramp of 5 °C/min to 160 °C; #z (min) = 16.296 (major),
16.446 (minor); 94% ee.

IR (film): 2956 (s), 2926 (s), 2854 (s), 1466 (m), 1378 cm™! (w).

'HNMR (CDCls, 300 MHz): § = 6.10-6.00 (m, 1 H), 2.68-2.47 (m,
1 H), 2.35-2.10 (m, 2 H), 2.08-1.90 (m, 2 H), 1.68-1.42 (m, 3 H),
1.40-0.98 (m, 5 H), 0.92-0.75 (m, 3 H).

3C NMR (CDCl,;, 75 MHz): 8 = 139.6, 102.6, 52.4, 34.9, 33.7,
32.4,28.7,26.6,23.0, 14.5.

MS (EL 70 eV): mlz (%) = 264 (M*, 45), 194 (37), 193 (38), 137
(21), 95 (21), 81 (43), 67 (96), 66 (100).

HRMS (EI): m/z calced for C,yH,;1: 264.0375; found: 264.0382.
(55)-1-Iodo-5-methyl-5-pentylcyclopent-1-ene (11)
[a]p? +6.2 (¢ = 0.26, CH,Cl,).

GC (Chirasil-Dex CB, 25 mm X 0.25 mm); conditions: 60 °C (1
min), ramp of 20 °C/min to 160 °C; #z (min) = 7.057 (major), 7.151
(minor); 95% ee.

IR (film): 2954 (s), 2925 (s), 2849 (s), 1738 (m), 1455 (m), 1374
(m), 1217 cm™! (m).

'H NMR (CDCl,, 300 MHz): 6 =5.95 (t, J = 2.54 Hz, 1 H), 2.32—
2.12 (m, 2 H), 1.90-1.78 (m, 1 H), 1.66-1.54 (m, 1 H), 1.32-1.04
(m, 8 H), 0.91 (s, 3 H), 0.82 (t, / = 6.91 Hz, 3 H).

(0]

Me
. Pent

12: 70%; 95% ee

1. tBuLi (2 equiv), =78 °C
30 min

2. B(OMe)3 (2.5 equiv)
—-78°C tor.t., 24 h; then
NaBO3-4H,0, r.t., 24 h
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13C NMR (CDCl,;, 75 MHz): § = 138.3, 111.0, 52.5, 40.6, 33.6,
32.8,32.3,27.6,24.4,23.0, 14.5.

MS (EL 70 eV): m/z (%) = 278 (M*, 16), 207 (100), 192 (2), 151 (3),
91 (3), 80 (77).

HRMS (EI): m/z caled for C, H,ol: 278.053; found: 278.0544.

(7R)-7-Cyclohexyl-1-iodocyclohept-1-ene (4);” Typical Proce-
dure 2

A flame-dried round-bottomed flask equipped with a magnetic stir-
ring bar, an argon inlet, and a rubber septum was charged with a
CuCN-2LiCl solution (1.0 M in THF, 2.0 mL, 2.0 mmol, 2.0 equiv)
and cooled to -30 °C. Cyclohexylzinc iodide!® (1.0 M in THF, 2.0
mL, 2.0 mmol, 2.0 equiv) was added dropwise to the resulting solu-
tion. The mixture was stirred at —30 °C for 30 min, then (15)-2-io-
docyclohept-2-en-1-yl pentafluorobenzoate (3; 432 mg, 1.0 mmol)
was added dropwise as a solution in NMP (1.3 mL). The mixture
was stirred at —30 to —10 °C for 16 h. A sat. aq NH,CI solution (20
mL) was added followed by 25% aq NHj; solution. The mixture was
stirred at 25 °C until the copper salts had dissolved, and then ex-
tracted with Et,0 (3 x 20 mL). The combined organic phase was
washed with brine (10 mL) and dried (Na,SO,). Purification by col-
umn chromatography (silica gel, pentane) afforded the product (R)-
4 as a colorless oil; yield: 264 mg (87%); 98% ee; [0]p>° —19.4 (¢ =
0.31, CH,Cl,).

IR (film): 2922 (s), 2850 (s), 1446 cm™ (s).

"HNMR (CDCl;, 300 MHz): § = 6.60-6.50 (m, 1 H), 2.58-2.48 (m,
1 H), 2.30-2.16 (m, 1 H), 2.10-2.00 (m, 1 H), 1.96-1.52 (m, 11 H),
1.48-1.10 (m, 5 H), 0.96-0.80 (m, 1 H).

13C NMR (CDCl,;, 75 MHz): 8 = 141.8, 107.4, 59.6, 39.3, 324,
30.7,30.4,27.2,26.9 (2 C), 26.71, 26.68, 25.5.

MS (EL 70 eV): m/z (%) = 304 (M*, 32), 222 (44), 177 (13), 121 (6),
95 (100), 83 (47).

HRMS (EI): m/z calcd for C,5H,,I: 304.0688; found: 304.0702.

(25)-2-Pentylcyclopentanone (9);”®° Typical Procedure 3

A flame-dried round-bottomed flask equipped with a magnetic stir-
ring bar, an argon inlet, and a rubber septum was charged with cy-
clopentenyl iodide (8; 132 mg, 0.50 mmol, 1.0 equiv) and THF (4.0
mL). The mixture was cooled to —78 °C, and then #-BuLi (1.60 M in
pentane, 0.63 mL, 1.0 mmol, 2.0 equiv) was added dropwise. The
mixture was stirred at —78 °C for 30 min, then B(OMe); (0.14 mL,
1.25 mmol, 2.50 equiv) was added dropwise. The mixture was
stirred and allowed to warm to 25 °C for 24 h, then a suspension of
NaBO;-4H,0 (10 equiv, 769 mg, 5.0 mmol) in H,O (6 mL) was
added at 25 °C. After stirring at 25 °C for 24 h, the mixture was
poured into H,O and extracted with Et,O (3 X 25 mL). The com-
bined organic phases were washed with brine (10 mL) and dried
(MgSO,). The solvents were evaporated and the crude product was
purified by column chromatography (silica gel, 10% Et,O—pentane)
to give the chiral ketone (S)-9 as a colorless oil; yield: 69 mg (90%);
81% ee.

IR (film): 2959 (m), 2930 (m), 2858 (m), 1739 (s), 1454 (w), 1154
cm™! (m).

'H NMR (CDCls, 300 MHz): § = 2.30-1.87 (m, 6 H), 1.85-1.60 (m,
2 H), 1.55-1.38 (m, 1 H), 1.35-1.10 (m, 6 H), 0.90-0.75 (m, 3 H).

13C NMR (CDCls, 75 MHz): § = 221.9,49.5, 38.5,32.1,30.0 (2 C),
27.6,22.9,21.1, 14.4.

MS (EL, 70 eV): m/z (%) = 154 M*, 7), 112 (1), 111 (1), 97 (13), 84
(100), 69 (4), 55 (9).

HRMS (EI): m/z caled for C,jH;30O: 154.1358; found: 154.1362.

(2R)-3,3-Dimethyl-2-pentylcyclohexanone (5)
[a]lp?® —23 (c = 0.41, Et,0).
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GC (Chirasil-Dex CB, 25 mm X 0.25 mm); conditions: 60 °C (1
min), ramp of 10 °C/min to 160 °C; fz (min) = 10.991 (minor),
11.080 (major).

IR (film): 2956 (s), 2872 (m), 1711 (s), 1460 (m), 1369 (w), 1261
(w), 1079 cm™ (w).

'HNMR (CDCls, 300 MHz): § = 2.27-2.05 (m, 2 H), 2.00-1.90 (m,
1 H), 1.83-1.63 (m, 2 H), 1.62—1.40 (m, 3 H), 1.25-1.05 (m, 6 H),
1.04-0.83 (m, 4 H), 0.82-0.70 (m, 3 H), 0.66 (s, 3 H).

13C NMR (CDCl,, 75 MHz): § = 212.2, 59.6, 39.2, 37.9, 36.9, 30.4,
27.6,27.0,22.7,21.5,21.1,20.9, 12.4.

MS (EI 70 eV): m/z (%) = 196 (M*, 1), 181 (12), 153 (3), 139 (4),
126 (18), 111 (100), 83 (3), 69 (7).

HRMS (EI): m/z caled for C,3H,,0: 196.1827; found: 196.1831.

(2R)-2-Cyclohexylcycloheptanone (6)

[a]p? +87 (c = 0.284, CH,Cl,).

GC (Chirasil-Dex CB, 25 mm X 0.25 mm); conditions: 60 °C (1
min), ramp of 2 °C/min to 160 °C; #z (min) =44.308 (minor),
44.411 (major).

IR (film): 2924 (s), 2852 (s), 1702 (s), 1450 (s), 1342 (m), 1323 (m),
1166 (m), 936 cm™" (m).

"H NMR (CDCl,, 300 MHz): & = 2.45 (dt, J = 2.88, 12.0 Hz, 1 H),
2.32-2.21 (m, 1 H), 2.19-2.07 (m, 1 H), 1.94-1.72 (m, 4 H), 1.71-
1.38 (m, 7 H), 1.38-1.00 (m, 6 H), 1.00-0.80 (m, 2 H).

13C NMR (CDCl,, 75 MHz): § = 217.5, 59.6,43.1, 40.9, 31.7, 30.5,
30.3, 28.2, 28.1, 26.76 (2 C), 26.73, 26.0.

MS (EIL, 70 eV): m/z (%) = 194 (M*, 1), 151 (3), 123 (3), 112 (100),
97 (11), 84 (14), 67 (8).

HRMS (EI): m/z calcd for C3H,,0: 194.1671; found: 194.1740.

(25)-2-Methyl-2-pentylcyclopentanone (12)’

Compound 12 was prepared on a 0.78 mmol scale (217 mg) accord-
ing to typical procedure 3; yield: 92 mg (70%); 95% ee; [a]p>° +53
(c =0.24, CH,Cl,).

GC (Chirasil-Dex CB, 25 mm X 0.25 mm); conditions: 60 °C (1
min), ramp of 5 °C/min to 160 °C; #; (min) = 14.223 (minor),
14.336 (major).

IR (film): 2958 (s), 2931 (s), 2860 (m), 1738 (s), 1461 (m), 1161
cm™! (w).

'HNMR (CDCls, 300 MHz): § = 2.28-2.02 (m, 2 H), 1.72 (m, 3 H),
1.70-1.58 (m, 1 H), 1.40-1.00 (m, 8 H), 0.92 (s, 3 H), 0.80 (t,
J=6.97Hz, 3 H).

13C NMR (CDCly, 75 MHz): § = 224.3,48.7, 38.1, 37.0, 36.0, 32.8,
24.3,22.9,22.2,19.1, 14.4.

MS (EL 70 eV): m/z (%) =99 (5), 98 (100), 83 (5), 69 (7), 56 (26).
HRMS (EI): m/z calced for C,;H,,0: 168.1514; found: 168.1516.

Acknowledgment

We thank the Fonds der Chemischen Industrie and the DFG for fi-
nancial support and Chemetall GmbH (Frankfurt) and BASF AG
(Ludwigshafen) for the generous gift of chemicals.

References

(1) (a) Fey, P.; Hartwig, W. In Stereoselective Synthesis, Vol 2;
Helmchen, G.; Hoffmann, R. W.; Mulzer, J.; Schaumann, E.,
Eds.; Thieme Verlag: Stuttgart, 1996, 969. (b) Fey, P.;
Hartwig, W. In Stereoselective Synthesis, Vol 2; Helmchen,

Downloaded by: University of Liverpool. Copyrighted material.



PRACTICAL SYNTHETIC PROCEDURES

Synthesis of Optically Active a-Substituted Ketones 641

@

3
C)

G.; Hoffmann, R. W.; Mulzer, J.; Schaumann, E., Eds.;
Thieme Verlag: Stuttgart, 1996, 994. (c) Mori, K.; Ebata, T.
Tetrahedron 1986, 42, 4413. (d) Corey, E. J.; Enders, D.
Chem. Ber. 1978, 111, 1337. (e) Corey, E. J.; Enders, D.
Chem. Ber. 1978, 111, 1362. (f) Doyle, A. G.; Jacobsen, E.
N. J. Am. Chem. Soc. 2005, 127, 62. (g) Luchaco-Cullis, C.
A.; Hoveyda, A. H. J. Am. Chem. Soc. 2002, 124, 8192.
(h) Liao, S.; Collum, D. B. J. Am. Chem. Soc. 2003, 125,
15114. (i) Job, A.; Janeck, C. F.; Bettray, W.; Peters, R.;
Enders, D. Tetrahedron 2002, 58, 2253. (j) Myers, A. G.;
Yang, B. H.; Chen, H.; McKinstry, L.; Kopecky, D. J.;
Gleason, J. L. J. Am. Chem. Soc. 1997, 119, 6496.

(k) Nakamura, M.; Hatakeyama, T.; Hara, K.; Nakamura, E.
J. Am. Chem. Soc. 2003, 125, 6362. (1) Hirata, T.; Shimoda,
K.; Kawano, T. Tetrahedron: Asymmetry 2000, 11, 1063.
(m) Ohta, T.; Miyake, T.; Seido, N.; Kumobayashi, H.;
Takata, S. J. Org. Chem. 1995, 60, 357. (n) Chae, J.; Yun,
J.; Buchwald, S. L. Org. Lett. 2004, 6, 4809.

(a) Murakata, M.; Nakajima, M.; Koga, K. J. Chem. Soc.,
Chem. Commun. 1990, 1657. (b) Sonnet, P. E.; Heath, R. R.
J. Org. Chem. 1980, 45, 3137. (c) Evans, D. A.; Takacs, J.
M. Tetrahedron Lett. 1980, 21, 4233. (d) Helmchen, G.;
Weirchowski, R. Angew. Chem., Int. Ed. Engl. 1984, 23, 60.
(e) Enders, D.; Eichenauer, H.; Baus, U.; Schubert, H.;
Kremer, K. A. M. Tetrahedron 1984, 40, 1345.

Fehr, C. Angew. Chem., Int. Ed. Engl. 1996, 35, 2566.

(a) Evans, D. A. In Asymmetric Synthesis, Vol. 3; Morrison,
J. D., Ed.; Academic Press: New York, 1984, 1; and
references cited therein. (b) d’ Angelo, J. Tetrahedron 1976,
32, 2979. (c) Caine, D. In Carbon-Carbon Bond Formation,
Vol. 1; Augustine, R. L., Ed.; Marcel Dekker: New York,
1979, 85. (d) Pollack, R. M. Tetrahedron 1989, 45, 4913;
and references cited therein. (e) House, H. O. Modern
Synthetic Reactions, 2nd ed.; Benjamin/Cummings: Menlo
Park, California, 1972, Chap. 9, 492. (f) Carey, F. A.;
Sundberg, R. J. Advanced Organic Chemistry, Part B:

)

(6)
O]

®)

®

10)

Reactions and Synthesis, 2nd ed.; Plenum Press: New York,
1983, Chap. 1, 1.

(a) Harrington-Frost, N.; Leuser, H.; Calaza, M. L.; Kneisel,
F. F.; Knochel, P. Org. Lett. 2003, 5, 2111. (b) Calaza, M.
I.; Hupe, E.; Knochel, P. Org. Lett. 2003, 5, 1059.

(c) Alexakis, A.; Croset, K. Org. Lett. 2002, 4, 4147.

(d) Tissot-Croset, K.; Polet, D.; Alexakis, A. Angew. Chem.
Int. Ed. 2004, 43, 2426. (e) Alexakis, A.; Polet, D. Org. Lett.
2004, 6, 3529. (f) Tissot-Croset, K.; Alexakis, A.
Tetrahedron Lett. 2004, 45, 7375. (g) Alexakis, A.;
Tomassini, A.; Andrey, O.; Bernardinelli, G. Eur. J. Org.
Chem. 2005, 1332. (h) Polet, D.; Alexakis, A. Org. Lett.
2005, 7, 1621. (i) Leuser, H.; Perrone, S.; Liron, F.; Kneisel,
F. F.; Knochel, P. Angew. Chem. Int. Ed. 2005, 44, 4627.
(j) Breit, B.; Demel, P.; Studte, C. Angew. Chem. Int. Ed.
2004, 43, 3785. (k) Breit, B.; Herber, C. Angew. Chem. Int.
Ed. 2004, 43, 3790.

Soorukram, D.; Knochel, P. Org. Lett. 2004, 6, 2409.
Soorukram, D.; Knochel, P. Angew. Chem. Int. Ed. 2006, 45,
3686.

For the preparation of a-chiral ketones by other methods, see
for example: (a) Meyers, A. I.; Williams, D. R.; Erickson, G.
W.; White, S.; Druelinger, M. J. J. Am. Chem. Soc. 1981,
103, 3081. (b) Meyers, A. L.; Williams, D. R.; White, S.;
Erickson, G. W. J. Am. Chem. Soc. 1981, 103, 3088; see also
references 1, 2 and 4 cited therein.

(a) Bauer, K.; Garbe, D.; Suburg, H. Common Fragrance
and Flavor Materials; Wiley-VCH: Weinheim, 1997.

(b) Corma, A.; Iborra, S.; Mifsud, M.; Renz, M.; Susarte, M.
Adv. Synth. Catal. 2004, 346, 257.

(a) Knochel, P.; Millot, N.; Rodriguez, A. L. Org. React.
2001, 58, 417. (b) Yeh, M. C. P.; Knochel, P. Tetrahedron
Lett. 1988, 29, 2395. (c) Knochel, P.; Singer, R. D. Chem.
Rev. 1993, 93, 2117. (d) Knochel, P.; Jones, P. Organozinc
Reagents. A Practical Approach; Oxford University Press:
Oxford, 1999. (e) Rao, S. A.; Knochel, P. J. Am. Chem. Soc.
1991, 713, 5735.

Synthesis 2007, No. 4, 638—641 © Thieme Stuttgart - New York

Downloaded by: University of Liverpool. Copyrighted material.



