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General Experimental Section:

Analytic methods. All the reactions were carried out under argon or nitrogen atmosphere. 'H
NMR (400 MHz), and '3C NMR (100 MHz) were recorded on Bruker AV400 NMR spectrometer with
CDCl; as solvent. Chemical shifts of 'H and '*C NMR spectra are reported in parts per million (ppm)

with TMS as an internal standard. Column chromatography was performed on silica gel 300 - 400

mesh. Analytical thin layer chromatography (TLC) was performed on pre-coated, glass-backed silica
gel plates. Visualization of the developed chromatogram was performed by UV absorbance (254 nm).
GC-MS experiments were performed with an Agilent 6890N GC system equipped with a 5973N mass-

selective detector.

Compound characterization: Tabulated 'H and '*C NMR data and copies of 'H and '3C spectra
are given for all ketone products. For new compounds, 3j, 9b~9e, 99, HRMS data is provided. The
other compounds have previously been reported in the literature. Spectral data obtained herein were in

agreement with literature data.

General Procedure Al: Preparation of polyfunctional arylzinc reagents by using magnesium in

the presence of LiCl and ZnCl;.

A dry and argon-flushed Schlenk-flask, equipped with a magnetic stirrer and a septum, was charged
with magnesium turnings (0.17g, 7 mmol). ZnCl, (0.54g, 4 mmol), and LiCl (0.21g, 5 mmol) was
added and the magnesium was activated with iBuxAlH (0.4 mL, 0.04 mmol). After 5 min of stirring the

aryl bromide (5.0 mmol) was added dropwise at room temperature and was stirred for 3 h.

General Procedure A2: preparation of functionalized organozinc reagents by Mg/l exchange

reaction

Preparation of the reagent iPrMgCl-LiCl: Magnesium turnings (0.17g, 7.0 mmol) and anhydrous
LiCl (0.21g, 5.0 mmol) were placed in an Ar-flushed flask, and THF (5 mL) was added. A solution of
iPrCI(5.0 mmol) in THF (5 mL) was slowly added at room temperature. The reaction started within a

few minutes. After the addition, the reaction mixture was stirred for 12 h at room temperature.

A dry and argon-flushed 10-mL flask equipped with a magnetic stirrer and a septum was charged
with iPrMgCI-LiCl (5 mmol). The reaction mixture was cooled to -40 °C, and aryl halide (5.0 mmol)
was added in one portion. The reaction temperature was increased to -10 °C, and the /Mg exchange
was complete after 15 min (checked by GC analysis of reaction aliquots, the conversion was more than

98%). ZnCl; (4 mmol) was then added and the reaction mixture was stirred for additional 0.5h .
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General Procedure B: Reaction of Organozinc Reagents with aldehydes:

Diorganozinc (4.0 mmol) or organozinc reagent prepared above was added slowly to a solution of
substrate aldehyde (2.0 mmol) and pivaldehyde (0.34g, 4.0 mmol) in 10 ml THF at RT. After the
reaction mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by
aqueous NH4ClI (10 mL). 10 mL of ethyl acetate was then added and the organic phase was separated,
washed with 10 mL of water and then with 10 ml of brine. The water phase was extracted with ethyl
acetate (2x10 mL). The organic phase was combined, dried (Na>SO4) and concentrated under reduced
pressure. The ketone was obtained by column chromatography on silica gel using petroleum/ethyl

acetate as an eluent. All products were characterized by 'H NMR, and '*C NMR.

3a: Ethyl 4-methoxyphenyl ketonel!l

0 (0]
/@)H_| EtoZn' MgBry LiCl _ /©)La
ivaldehyde (2.0equiv
MeO p yde ( quiv) MeO

THE.RT,2h €

Diethylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr; (0.74g, 4.0 mmol), 4-methoxybenzaldehyde (0.27 g, 2 mmol), pivaldehyde (0.34g,
4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2S04) and concentrated under reduced pressure. Ethyl 4-methoxyphenyl ketone 3a was obtained by
column chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.28 g, 84% yield. 'H
NMR (400 MHz, CDCl3) é (ppm): 1.21 (t,J = 7.2 Hz, 3H), 2.94 (q, J = 7.2 Hz, 2H), 3.87 (s, 3H), 6.93
(d, J = 8.8 Hz, 2H), 7.95 (d, J = 8.8 Hz, 2H); *C NMR (100 MHz, CDCls) J (ppm): 8.4, 31.4, 55.4,
113.6, 130.0, 130.2, 163.3, 199.5.

3b: Methyl 4-methoxyphenyl ketone ['-2!
O

O
Me,Zn- MgBr,- LiCl
H Me
pivaldehyde (2.0equiv)
MeO THF,RT,2h MeO

Dimethylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)

containing MgBr; (0.74g, 4.0 mmol), 4-methoxybenzaldehyde (0.27 g, 2 mmol), pivaldehyde (0.34g,
4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4CI (10 mL). 10 mL of ethyl acetate was then added

and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
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water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2S04) and concentrated under reduced pressure. Mthyl 4-methoxyphenyl ketone 3b was obtained by
column chromatography on silica gel using petroleum/ethyl acetate as an eluent. White solid (0.22 g,
72% yield). '"H NMR (400 MHz, CDCl3) ¢ (ppm): 2.56 (s, 3H), 3.88 (s, 3H), 6.94 (d, J = 8.0 Hz, 2H),
7.94 (d, J = 8.0 Hz, 2H); *C NMR (150 MHz, CDCls) ¢ (ppm): 26.3, 55.4, 113.7, 130.3, 130.6, 163.5,
196.7.

3c: Methyl 4-chlorophenyl ketone!?!
O

O
Me,Zn- MgBr,- LiCl
H Me
pivaldehyde (2.0equiv)
Cl THF,RT,2h Cl

Dimethylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr; (0.74g, 4.0 mmol), 4-chlorobenzaldehyde (0.28 g, 2 mmol), pivaldehyde (0.34g,

4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4CI (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2S04) and concentrated under reduced pressure. Mthyl 4-chlorophenyl ketone 3¢ was obtained by
column chromatography on silica gel using petroleum/ethyl acetate as an eluent. White solid (0.24 g,
77% yield). '"H NMR (600 MHz, CDCls) J (ppm): 2.59 (s, 3H), 7.44 (d, J = 8.5 Hz, 2H), 7.89 (d, J =
8.5 Hz, 2H); '*C NMR (150 MHz, CDCIls) 6 (ppm): 26.5, 128.9, 129.7, 135.4, 139.5, 196.8.

3d: Methyl 4-bromophenyl ketone 2]
0]

)
Me,Zn- MgBr,- LiCl
H Me
pivaldehyde (2.0equiv)
Br THF,RT,2h Br

Dimethylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)

containing MgBr; (0.74g, 4.0 mmol), 4-bromobenzaldehyde (0.37 g, 2 mmol), pivaldehyde (0.34g,
4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4CI (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na»S04) and concentrated under reduced pressure. Mthyl 4-bromophenyl ketone 3d was obtained by
column chromatography on silica gel using petroleum/ethyl acetate as an eluent. White solid (0.29 g,
74% yield). '"H NMR (600 MHz, CDCls) J (ppm): 2.59 (s, 3H), 7.61 (d, J = 8.4 Hz, 2H), 7.82 (d, J =
8.4 Hz, 2H); *C NMR (150 MHz, CDCIls) 6 (ppm): 26.5, 128.3, 129.8, 131.8, 135.8, 196.9.
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3e: 1-Benzo[1,3]dioxol-5-yl-propan-1-one Bl

O
Et,Zn- MgBr,* LiCl
Et
pivaldehyde (2.0equiv)
0 THF,RT,2h 0
-0 0

Diethylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr (0.74g, 4.0 mmol), piperonal (2.0 mmol, 0.30 g), pivaldehyde (0.34g, 4mmol) under
ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours, the reaction
mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added and the
organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The water
phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried (Na;SO4)
and concentrated under reduced pressure. 1-(4-Methoxyphenyl)propan-1-one 3e was obtained by
column chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0. 28g, 80% yield. 'H
NMR (400 MHz, CDCI3) ¢ (ppm): 1.22 (dd, J = 17.5, 10.3 Hz, 3H), 2.92 (dd, J = 14.4, 7.2 Hz, 2H),
6.05 (d, J = 16.7 Hz, 2H), 6.84 (d, J = 8.1 Hz, 1H), 7.44 (s, 1H), 7.56 (d, J = 6.7 Hz, 1H). 3C NMR
(101 MHz, CDCl3) 0 (ppm): 8.4,31.4,101.7, 107.7, 107.8, 124.0, 131.7, 148.0, 151.4, 198.8.
3f: 1-(3,4,5-Trimethoxy-phenyl)-propan-1-one 1

O
MeO Et,Zn- MgBr,* LiCl MeO Et
pivaldehyde (2.0equiv)
MeO THF,RT,2h MeO

OMe OMe

Diethylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr; (0.74g, 4.0 mmol), 3,4,5-trimethoxybenzaldehyde (2.0 mmol, 0.39 g), pivaldehyde
(0.34g, 4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2
hours, the reaction mixture was quenched by aqueous NH4Cl1 (10 mL). 10 mL of ethyl acetate was then
added and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine.
The water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2SOg4) and concentrated under reduced pressure. 1-(3,4,5-trimethoxyphenyl)propan-1-one 3f was
obtained by column chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.35g,
78% yield. '"H NMR (400 MHz, CDCIl3) ¢ (ppm):1.34-1.13 (m, 3H), 2.98 (d, /= 7.1 Hz, 2H), 3.92 (s,
9H), 7.25 (d, J = 11.4 Hz, 2H). *C NMR (101 MHz, CDCI3) ¢ (ppm): 8.4, 31.5, 56.3, 60.8, 105.6,
132.3, 142.4, 153.1, 199.6.
3g: 1-Thiophen-2-yl-propan-1-one I
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* Et,Zn* MgBr,- LiCl 9
S . S c
\ | pivaldehyde (2.0equiv) \ | t
THF.RT,2h

Diethylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr; (0.74g, 4.0 mmol), 3,4,5-trimethoxybenzaldehyde (2.0 mmol, 0.39 g), pivaldehyde
(0.34g, 4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2
hours, the reaction mixture was quenched by aqueous NH4Cl1 (10 mL). 10 mL of ethyl acetate was then
added and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine.
The water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2S04) and concentrated under reduced pressure. 1-Thiophen-2-yl-propan-1-one 39 was obtained by
column chromatography on silica gel using petroleum/ethyl acetate as an eluent. 1-(4-
Methoxyphenyl)propan-1-one was obtained by column chromatography on silica gel using
petroleum/ethyl acetate as an eluent. 0.17g, 63% yield. 'H NMR (400 MHz, CDCls) é (ppm): 1.22 (dd,
J=1.3,4.8 Hz, 3H), 2.93 (dt, J= 7.3, 6.1 Hz, 2H), 7.11 (t, J = 4.3 Hz, 1H), 7.60 (d, J = 4.9 Hz, 1H),
7.72-7.68 (m, 1H). 3C NMR (151 MHz, CDCl3) 6 (ppm): 8.5, 32.5, 127.9, 131.5, 133.1, 144.1, 193.8.

3h: 4-methoxybenzophenone ]
(@) 0]

/@)J\H Ph,Zn* MgBr,- LiCl Ph
pivaldehyde (2.0 equiv)
MeO MeO

THF, 0°C to RT, 2h

Diphenylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr (0.74g, 4.0 mmol), 4-methoxybenzaldehyde (2.0 mmol, 0.27 g), pivaldehyde (0.34g,
4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2S04) and concentrated under reduced pressure. 4-Methoxyphenone 3h was obtained by column
chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.35g, 82% yield. 'H NMR
(400 MHz, CDCl3) 6 (ppm): 3.89 (s, 3H), 6.96 (d, J = 8.0 Hz, 2H), 7.48 (t,J = 7.2 Hz, 2H), 7.57 (t,J =
7.2 Hz, 1H), 7.76 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H); '3C NMR (100 MHz, CDCI;) 6 (ppm):
55.5,113.5,128.1,129.7, 130.1, 131.8, 132.5, 138.2, 163.2, 195.5.

3i: 4-Dimethylaminobenzophenone!®

O 0
/@)kH Ph,Zn* MgBr,* LiCl Q)Lph
Me,N pivaldehyde (2.0 equiv) Moo

THF, 0°C to RT, 2h
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Diphenylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr; (0.74g, 4.0 mmol), 4-dimethylaminobenzaldehyde (2.0 mmol, 0.30 g), pivaldehyde
(0.34g, 4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2
hours, the reaction mixture was quenched by aqueous NH4Cl1 (10 mL). 10 mL of ethyl acetate was then
added and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine.
The water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2S04) and concentrated under reduced pressure. The ketone 4-dimethylaminobenzophenone 3i was
obtained by column chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.31 g,
71% yield. '"H NMR (400 MHz, CDCl3) 8 (ppm): 3.08 (s, 6H), 6.69 (d, J= 8.6 Hz, 2H), 7.46 (d, J=7.3
Hz, 2H), 7.53 (s, 1H), 7.73 (d, J= 7.5 Hz, 2H), 7.81 (d, J = 8.5 Hz, 2H). 3C NMR (151 MHz, CDCl5) &
(ppm): 39.9, 110.4, 139.2, 127.4, 129.3, 127.9, 131.0, 132.6, 153.2, 190.2.
3j: 3-methoxy-4-(tert-butyl) benzophenone

O 0
Meojij/u\l_i Ph,Zn* MgBr,- LiCl MeO : I Bh
BocO pivaldehyde (2.0 equiv)

THF, 0°C to RT, 2h BocO

Diphenylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr; (0.74g, 4.0 mmol), tert-butyl 4-formyl-2-methoxyphenyl carbonate (2.0 mmol, 0.52
g), pivaldehyde (0.34g, 4mmol) under ice-water bath. After the reaction mixture was stirred at room
temperature for 2 hours, the reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of
ethyl acetate was then added and the organic phase was separated, washed with 10 mL of water and
then with 10 ml of brine. The water phase was extracted with ethyl acetate (2x10 mL). The organic
phase was combined, dried (NaxSO4) and concentrated under reduced pressure. The ketone 3j The
ketone was obtained by column chromatography on silica gel using petroleum/ethyl acetate as an eluent.
0.40 g, 62% yield. '"H NMR (400 MHz, CDCl3) & (ppm): 1.57 (s, 9H), 3.92 (s, 3H), 7.22 (s, 1H), 7.34
(d, J= 7.1 Hz, 1H), 7.50 (d, J = 10.5 Hz, 3H), 7.59 (d, J = 7.2 Hz, 1H), 7.80 (d, J = 7.1 Hz, 2H); 13C
NMR (101 MHz, CDCl3) & (ppm): 29.6, 56.1, 83.9, 113.5, 122.0, 123.7, 128.2, 129.9, 132.4, 136.0,
137.5, 143.6, 151.1, 151.6, 152.2, 195.5. HRMS-ESI: calcd for Ci9H20NaOs [M + Na]™: 351.1208.
Found: 351.1209.
3k: 4-Nitrobenzophenone "]

O 0
/@)ﬁ Ph,Zn* MgBr,-* LiCl Q)Lph
ON pivaldehyde (2.0 equiv) ON

THF, 0°C to RT, 2h

Diphenylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr, (0.74g, 4.0 mmol), 4-nitrobenzaldehyde (2.0 mmol, 030 g), pivaldehyde (0.34g,
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4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2S0O4) and concentrated under reduced pressure. The ketone 3k was obtained by column
chromatography on silica gel using petroleum/ethyl acetate as an eluent, 0.33 g, 72% yield. '"H NMR
(400 MHz, CDCI3) & (ppm): 7.53 (t,J = 8.0 Hz, 2H), 7.66 (t, J=7.6 Hz, 1H), 7.80 (d, J = 7.2 Hz, 2H),
7.94 (dt, J = 8.8, 2.0 Hz, 2H), 8.34 (dt, J = 8.8, 2.0 Hz, 2H); '3C NMR (100 MHz, CDCl3) & (ppm):
123.5, 128.6, 130.0, 130.6, 133.4, 136.2, 142.8, 149.8, 194.7.

3l: furan-2-yl(phenyl)methanonel”!
O O

Ph,Zn* MgBr," LiCl
O~y O~~"ph
\ pivaldehyde (2.0 equiv) \ |

THF, 0°C to RT, 2h

Diphenylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)

containing MgBr, (0.74g, 4.0 mmol), furfural (2.0 mmol, 0.19 g), pivaldehyde (0.34g, 4mmol) under
ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours, the reaction
mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added and the
organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The water
phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried (Na:SO4)
and concentrated under reduced pressure. The ketone 3l was obtained by column chromatography on
silica gel using petroleum/ethyl acetate as an eluent. Oil, 0.19 g, 54% yield. '"H NMR (400 MHz, CDCl5)
o (ppm): 6.60 (q, J = 2.0 Hz, 1H), 7.24 (dd, J = 3.2, 0.8 Hz, 1H), 7.50 (t, J = 7.2 Hz, 2H), 7.60 (tt, J =
7.2, 0.8 Hz, 1H), 7.715-7.717(m, 1H), 7.94-7.99(dd, J = 7.6, 1.2 Hz, 2H); *C NMR (100 MHz, CDCl5)
o (ppm): 112.1, 120.5, 128.3, 129.2, 132.5, 137.2, 147.0, 152.2, 182.5.

3m: phenyl(thiophen-3-yl)methanone [

O O

Ph,Zn* MgBr," LiCl
S~ “H S~~"ph
\ | pivaldehyde (2.0 equiv) \ |

THF, 0°C to RT, 2h

Diphenylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr, (0.74g, 4.0 mmol), 2-thiophenaldehyde (2.0 mmol, 0.22 g), pivaldehyde (0.34g,

4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried

(NaxSO4) and concentrated under reduced pressure. The ketone 3m was obtained by column
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chromatography on silica gel using petroleum/ethyl acetate as an eluent. Oil, 0.28 g, 75% yield. 'H
NMR (400 MHz, CDCIl3) 6 (ppm): 7.39 (dd, J=4.8, 3.2 Hz, 1H), 7.49 (t,J = 7.6 Hz, 2H), 7.58 (dt, J =
7.6, 2.4 Hz, 1H), 7.61 (dd, J=4.8, 0.8 Hz, 1H), 7.85 (dt, /= 8.0, 1.6 Hz, 2H), 7.94 (dd, J= 3.6, 1.2 Hz,
1H); 3C NMR (100 MHz, CDCls) ¢ (ppm): 126.1, 128.3, 128.5, 128.6, 129.3, 132.2, 132.3, 133.9,
138.5, 141.2, 189.9.
3n: phenyl(pyridin-3-yl)methanone!®!

o Ph,Zn* MgBr,* LiCl o
O e ("

N N

Diphenylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr> (0.74g, 4.0 mmol), 3-pyridinecarboxaldehyde (2.0 mmol, 0.21 g), pivaldehyde
(0.34g, 4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2
hours, the reaction mixture was quenched by aqueous NH4Cl1 (10 mL). 10 mL of ethyl acetate was then
added and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine.
The water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(NaxSO4) and concentrated under reduced pressure. The ketone 3n was obtained by column
chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.27 g, 74% yield. 'H NMR
(600 MHz, CDCls) 6 (ppm): 7.47 (dd, J= 7.3, 5.3 Hz, 1H), 7.52 (t, J = 7.4 Hz, 2H), 7.64 (t,J = 7.3 Hz,
1H), 7.82 (d, J= 7.7 Hz, 2H), 8.17-8.11 (m, 1H), 8.82 (d, J = 4.8 Hz, 1H), 9.00 (s, 1H). 3C NMR (151
MHz, CDCl) 0 (ppm):120.2, 123.4, 128.6, 129.5, 130.0, 136.6, 137.2, 150.8, 152.6, 194.8.

30: 3-(4-Methoxy-phenyl)-3-oxo-propionic acid ethyl ester !

MeOOCHO Q o

AOL ZnBrMgBryLiCl ——————» "
pivaldehyde(2.0equiv)
THF,RT,2h CHO
Anhydrous LiCl (0.21g, 5 mmol) was placed in an Ar-flushed flask and dried for 20 min at 150—
170°C under high vacuum (1 mbar). Zinc powder (0.46g, 7 mmol) was added under Ar and the
heterogeneous mixture of Zn and LiCl was dried again for 10-20 min at 150—170°C under high vacuum
(1 mbar). The reaction flask was evacuated and refilled with argon three times. THF (5 mL) was added
and the Zn was activated with BrCH>CH:Br (5 mol%) and Me;SiCl (1 mol%). Ethyl-2-bromoacetate
(0.84g, 5 mmol), MgBr>(0.74g, 4mmol), 4-methoxybenzaldehyde (2.0 mmol, 0.27 g), pivaldehyde
(0.30g, 4.0 mmol,) were then added neat at room temperature. After the reaction mixture was stirred at
room temperature for 2 hours. the reaction mixture was quenched by aqueous NH4CI (10 mL). 10 mL
of ethyl acetate was then added and the organic phase was separated, washed with 10 mL of water and

then with 10 ml of brine. The water phase was extracted with ethyl acetate (2x10 mL). The organic

phase was combined, dried (Na;SO4) and concentrated under reduced pressure. The ketone was
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obtained by column chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.34 g,
76% yield. 'H NMR (600 MHz, CDCIs) ¢ (ppm): 1.25 (dd, J = 7.8, 6.3 Hz, 3H), 3.88 (s, 3H), 3.94 (s,
2H), 4.21 (d, J = 7.2 Hz, 2H), 6.95 (d, J = 8.5 Hz, 2H), 7.93 (d, J = 8.5 Hz, 2H)."*C NMR (151 MHz,
CDCl) o (ppm): 14.1,45.8,55.5,61.4,113.9, 129.1, 130.9, 163.9, 167.9, 190.9.

3p: Acetylferrocene [

O
O
akH Me,Zn* MgBr,* LiCl
C Me
|
|

Fe pivaldehyde (2.0 equiv)
:- THF, 0°C to RT, 2h Fe

N

Dimethylzinc (4.0 ml, 4.0 mmol, 1.0 M in toluene) was added slowly to a THF solution (10 ml)
containing MgBr; (0.74g, 4.0 mmol), ferrocenecarboxaldehyde (2.0 mmol, 0.19 g), pivaldehyde (0.34g,
4mmol) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2SO4) and concentrated under reduced pressure. The ketone acetylferrocene 3p was obtained by
column chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.33 g, 72% yield. 'H
NMR (600 MHz, CDCls) é (ppm): 2.39 (s, 3H), 4.16 (s, 1H), 4.21(s, 4H), 4.50 (s, 2H), 4.77 (s, 2H). *C
NMR (151 MHz, CDCls) 6 (ppm): 27.4, 67.9, 69.6, 69.8, 72.3, 202.0.

6a: benzo[d][1,3]dioxol-5-yl(phenyl)methanonel®!
o] o]
H PhznBrMgCl,LiCl Ph

o pivaldehyde(2.0equiv) 0
0 THF,RT,2h 0

According to general procedure B: The phenylzinc reagent prepared by general procedure Al
(about 4.0 mmol) was added slowly to a THF solution (10 ml) containing piperonal (2.0 mmol, 0.30 g)
and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction mixture was
stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous NH4ClI (10 mL).
10 mL of ethyl acetate was then added and the organic phase was separated, washed with 10 mL of
water and then with 10 ml of brine. The water phase was extracted with ethyl acetate (2x10 mL). The
organic phase was combined, dried (Na2SO4) and concentrated under reduced pressure. 0.36g, 79%

yield of 6a was obtained after column chromatography on silica gel using petroleum/ethyl acetate as an

eluent. 'H NMR (400 MHz, CDCls) & (ppm): 6.07 (s, 2H), 6.85 (dt, J = 8.4, 0.8 Hz, 1H), 7.30-7.40 (m,
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2H), 7.47 (t, J = 8.0 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.74 (d, J = 7.2 Hz, 2H); *C NMR (100 MHz,
CDCL) & (ppm): 101.9, 107.9, 109.7, 126.6, 127.7, 128.7, 129.6, 138.0, 147.6, 151.4, 195.1.

6b: 2-Methylbenzaldehyde 1
Me O Me O

Y PhzZnBr-MgCl, LiCl . Ph
pivaldehyde(2.0equiv)

THF,RT,2h

According to general procedure B: The phenylzinc reagent prepared by general procedure Al
(about 4.0 mmol) was added slowly to a THF solution (10 ml) containing 2-methylbenzaldehyde (2.0
mmol, 0.24 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction
mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous
NH4CI (10 mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed
with 10 mL of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate
(2x10 mL). The organic phase was combined, dried (Na;SO4) and concentrated under reduced pressure.
0.33 g, 84% yield of 6b was obtained after column chromatography on silica gel using petroleum/ethyl
acetate as an eluent. "H NMR (600 MHz, CDCI3) 6 (ppm): 2.33 (s, 3H), 7.24 (d, J = 7.5 Hz, 1H), 7.29
(d, J=17.7Hz, 1H), 7.31 (d, J="7.5 Hz, 1H), 7.39 (t,J = 7.5 Hz, 1H), 7.46 (t,J= 7.6 Hz, 2H), 7.58 (t, J
= 7.2 Hz, 1H), 7.80 (d, J = 7.6 Hz, 2H). *C NMR (151 MHz, CDCI3) & (ppm): 19.9, 125.1, 128.4,
128.4, 130.1, 130.2, 130.9, 133.0, 136.7, 137.7, 138.6, 198.6.

6c: 2-Methoxybenzaldehyde [*!

PhZnBr-MgCl,LiCl

pivaldehyde (2.0 equiv) Ph
THF, 0 °C to RT, 2h
According to general procedure B: The phenylzinc reagent prepared by general procedure Al

(about 4.0 mmol) was added slowly to a THF solution (10 ml) containing 2-methoybenzaldehyde (2.0
mmol, 0.27 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction
mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous
NH4ClI (10 mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed
with 10 mL of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate
(2x10 mL). The organic phase was combined, dried (Na>SO4) and concentrated under reduced pressure.
0.32 g, 76% yield of 6¢ was obtained after column chromatography on silica gel using petroleum/ethyl
acetate as an eluent. "H NMR (600 MHz, CDCI3) 6 (ppm): 3.76 (s, 3H), 7.00 (d, J= 8.4 Hz, 1H), 7.04 (t,
J="17.8Hz, 1H), 7.36 (d, /= 6.6 Hz, 1H), 7.42 (t, J= 7.8 Hz, 2H), 7.47 (t,J = 7.2 Hz, 1H), 7.55 (t, J =
7.8 Hz, 1), 7.81 (d, J = 7.2 Hz, 2H). 3C NMR (151 MHz, CDCI3) & (ppm): 55.6, 111.4, 120.5, 128.2,
128.9, 129.6, 129.8, 131.8, 132.9, 137.7, 157.6, 196.6.

6d: 4-Fluorobenzophenonel®!
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0] 0]

/@)LH PhZnBr-MgCl, LiCl _ ﬁPh
. pivaldehyde(2.0equiv) E

THF,RT,2h

According to general procedure B: The phenylzinc reagent prepared by general procedure Al (about
4.0 mmol) was added slowly to a THF solution (10 ml) containing 4-fluorobenzaldehyde (2.0 mmol,
0.25 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction mixture
was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous NH4ClI (10
mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed with 10 mL
of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate (2x10 mL).
The organic phase was combined, dried (Na2SO4) and concentrated under reduced pressure. 0.32g, 80%
yield of 4-Fluorobenzophenone 6d was obtained after column chromatography on silica gel using
petroleum/ethyl acetate as an eluent. 'H NMR (400 MHz, CDCls) & (ppm): 7.16 (t, J = 8.4 Hz, 2H),
7.49 (t,J=8.0 Hz, 2H), 7.60 (t, J = 7.6 Hz, 1H), 7.77 (ttd, /= 6.8, 1.6, 0.4 Hz, 2H), 7.82-7.87 (m, 2H);
F NMR (376 MHz, CDCl3) 8 (ppm): -106.4. 3C NMR (100 MHz, CDCl3) 8 (ppm): 115.4 (d, J=21.7
Hz), 128.3, 129.8, 132.4, 132.6 (d, J = 9.1 Hz), 133.7 (d, J = 3.0 Hz), 137.4, 165.3 (d, J = 252.6 Hz),
195.1.

6e: 4-Chlorobenzophenone 'l
o o)

ﬁ‘ﬂ PhZnBr-MgCl,'LiCl Q)Lph
cl pivaldehyde(2.0equiv) cl

THF,RT,2h

According to general procedure B: The phenylzinc reagent prepared by general procedure Al
(about 4.0 mmol) was added slowly to a THF solution (10 ml) containing 4-chlorobenzaldehyde (2.0
mmol, 0.28 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction
mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous
NH4CI (10 mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed
with 10 mL of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate
(2x10 mL). The organic phase was combined, dried (Na>SO4) and concentrated under reduced pressure.
0.35 g, 81% yield of 4-chlorobenzophenone 6e was obtained after column chromatography on silica gel
using petroleum/ethyl acetate as an eluent. 'H NMR (400 MHz, CDCls) 6 (ppm): 7.44-7.53 (m, 4H),
7.61 (tt, J = 7.6, 2.0 Hz, 1H), 7.75-7.80 (m, 4H); '*C NMR (100 MHz, CDCls) 8 (ppm): 128.3, 128.6,
129.9, 131.4, 132.6, 135.8, 137.1, 138.8, 195.5.

6f: 2-Chlorobenzophenone )
Cl O Cl O
H PhzZnBr-MgCl,LiCl Ph

pivaldehyde(2.0equiv)
THE.RT,2h
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According to general procedure B: The phenylzinc reagent prepared by general procedure Al
(about 4.0 mmol) was added slowly to a THF solution (10 ml) containing 2-chlorobenzaldehyde (2.0
mmol, 0.28 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction
mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous
NH4CI (10 mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed
with 10 mL of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate
(2x10 mL). The organic phase was combined, dried (Na;SO4) and concentrated under reduced pressure.
0. 32g, 75% yield of 2-chlorobenzophenone 6f was obtained after column chromatography on silica gel
using petroleum/ethyl acetate as an eluent. 'H NMR (400 MHz, CDCl3) & (ppm): 7.36-
7.40 (m, 2H), 7.45-7.50 (m, 4H), 7.61 (t, J = 7.2 Hz, 1H), 7.82 (dd, J = 8.4, 1.2 Hz, 2H); 3C NMR
(100 MHz, CDCl3) 8 (ppm): 126.7, 128.6, 129.1, 130.1, 131.1, 133.7, 136.5, 138.6, 195.2.

69: 3-Nitrobenzophenonel”!
o) o}

O,N H PhZnBr-MgCl,LiCl >OzN Ph
pivaldehyde(2.0equiv)

THF,RT,2h

According to general procedure B: The phenylzinc reagent prepared by general procedure Al
(about 4.0 mmol) was added slowly to a THF solution (10 ml) containing 3-nitrobenzaldehyde (2.0
mmol, 0.30 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction
mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous
NH4Cl (10 mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed
with 10 mL of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate
(2x10 mL). The organic phase was combined, dried (Na2SO4) and concentrated under reduced pressure.
0.35 g, 77% yield of 3-nitrobenzophenone 69 was obtained after column chromatography on silica gel
using petroleum/ethyl acetate as an eluent. '"H NMR (400 MHz, CDCl3) 6 (ppm): 7.54 (t, J = 7.2 Hz,
2H), 7.67 (tt, J = 7.6, 2.0 Hz, 2H), 7.71(t, J = 8.0 Hz, 1H), 7.79-7.83 (m, 1H), 8.15 (ddd, J = 7.6, 1.6,
1.2 Hz, 1H), 8.45 (ddd, J = 8.4, 2.4, 1.2 Hz, 1H), 8.63 (td, J = 2.0, 0.4 Hz, 1H); '3C NMR (100 MHz,
CDCl3) 6 (ppm): 124.7,126.7, 128.7, 129.6, 129.9, 133.3, 135.4, 136.2, 139.0, 148.0, 194.1.

6h: 4-Cyanobenzophenone!®!
o 0

ivaldehyde(2.0equiv
NC P yde(2.0equiv) NG

THF,RT,2h

According to general procedure B: The phenylzinc reagent prepared by general procedure Al
(about 4.0 mmol) was added slowly to a THF solution (10 ml) containing 4-cyanobenzaldehyde (2.0
mmol, 0.26 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction

mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous
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NH4CI (10 mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed
with 10 mL of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate
(2x10 mL). The organic phase was combined, dried (Na;SO4) and concentrated under reduced pressure.
0.31 g, 75% yield of 4-cyanobenzophenone 6h was obtained after column chromatography on silica gel
using petroleum/ethyl acetate as an eluent. 'H NMR (400 MHz, CDCls) 8 (ppm): 7.52 (t, J = 7.6 Hz,
2H), 7.65 (tt, J = 7.6, 1.6 Hz, 1H), 7.77-7.83 (m, 4H), 7.89 (dt, J = 8.8, 2.0 Hz, 2H). '*C NMR (100
MHz, CDCls) 6 (ppm): 115.6, 118.0, 128.6, 130.1, 130.2, 132.0, 133.3, 136.33, 141.3, 195.0.

6i: Methyl-4-acetylbenzoatel!!l

O 0
PhZnBr-MgCl,LiCl
H 2 > Ph
pivaldehyde(2.0equiv)
MeO,C THF,RT,2h MeO,C

According to general procedure B: The phenylzinc reagent prepared by general procedure Al (about
4.0 mmol) was added slowly to a THF solution (10 ml) containing methyl 4-formylbenzoate (2.0 mmol,
0.33 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction mixture
was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous NH4Cl (10
mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed with 10 mL
of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate (2x10 mL).
The organic phase was combined, dried (Na;SO4) and concentrated under reduced pressure. 0.33 g,
70% yield of methyl-4-acetylbenzoate 6i was obtained after column chromatography on silica gel using
petroleum/ethyl acetate as an eluent. '"H NMR (600 MHz, CDCls) 8 (ppm): 3.97 (d, J = 0.6 Hz, 3H),
7.50 (s, 2H), 7.62 (s, 1H), 7.83 (dd, J = 22.6, 5.6 Hz, 4H), 8.15 (d, J = 6.0 Hz, 2H). '*C NMR (151
MHz, CDCl) 6 (ppm): 52.4, 128.4, 129.4, 129.7, 130.0, 132.9, 133.2, 136.9, 141.3, 166.3, 196.0.

6j: 4,4’-Dichlorobenzophenone 2!

Znl-MgClyLiCl C'@ ' JL l
CI/©/ plvaldehyde20equw cl O cl

THF,RT,2h

According to general procedure B: The 4-chlorophenylzinciodide prepared by general procedure
A1l (about 4.0 mmol) was added slowly to a THF solution (10 ml) containing 4-chlorobenzoate (2.0
mmol, 0.28 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction
mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous
NH4CI (10 mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed
with 10 mL of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate
(2x10 mL). The organic phase was combined, dried (Na2SO4) and concentrated under reduced pressure.

0.36 g, 71% yield of 4,4’-Dichlorobenzophenone 6j was obtained after column chromatography on
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silica gel using petroleum/ethyl acetate as an eluent. '"H NMR (400 MHz, CDCI3) & (ppm): 7.47 (d, J =
8.0 Hz, 4H), 7.73 (d, J = 8.0 Hz, 4H); '3C NMR (100 MHz, CDCI3) & (ppm): 128.7, 131.2, 135.5,
139.1, 194.1.

6k: 2-benzoylfuran ]

1. MgBr,/ZnCl
0 BULI Li g 2 2
. Cr
-78 0C

To a to a dry, three-necked 100 mL round-bottomed flask equipped with an argon inlet, an

addition funnel was placed a magnetic stirring bar and the air in the reaction system was then changed
to argon. Furan (0.27g, 0.29 mL, 4.0 mmol) in 5 ml of THF was added and the reaction system was
cooled to -78 °C. n-BuLi in hexane (2.5 M, 1.6 mL, 4.0 mmol) was then added and the reaction
temperature was raise to -40 °C gradually. MgBr; and ZnCl, in THF prepared according to general
procedure A was then added and the reaction mixture was stirred until the reaction temperature reached
room temperature.

The above prepared methoxyl 2-furanyl methylzincate was added slowly to a THF solution (10 ml)
containing benzaldehyde (2.0 mmol, 0.21g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-
water bath. After the reaction mixture was stirred at room temperature for 2 hours, the reaction mixture
was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added and the organic
phase was separated, washed with 10 mL of water and then with 10 ml of brine. The water phase was
extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried (Na2SOs) and
concentrated under reduced pressure. The pure product 6k was obtained as a yellowish liquid (0.24 g,
68%) after purification on silica gel (10:1~5:1 petroleum ether: EtOAc). IR (KBr) v (cm™): 2924, 2852,
1647, 1599, 1561, 1463, 1390, 1297, 1226, 1178, 1148, 1080, 1020, 956; 'H NMR (400 MHz, CDCls)
o (ppm): 6.60 (q, J = 2.0 Hz, 1H), 7.24 (dd, J = 3.2, 0.8 Hz, 1H), 7.50 (t, J= 7.2 Hz, 2H), 7.60 (tt, J =
7.2, 0.8 Hz, 1H), 7.715-7.717(m, 1H), 7.96 (dd, J = 7.6, 1.2 Hz, 2H); '*C NMR (100 MHz, CDCls) §
(ppm): 112.2, 120.5, 128.3, 129.2, 132.5, 137.2, 147.0, 152.2, 182.5.

6l: (4-Dimethylamino-phenyl)-thiophen-2-yl-methanone 3]

\ o)
S. _ZnBrMgClyLiCl /NOCHO S
: . N/

pivaldehyde(2.0equiv)
THF,RT,2h ‘

According to general procedure B: The 2-thienylzinc reagent prepared by general procedure Al
(about 4.0 mmol) was added slowly to a THF solution (10 ml) containing 4-dimethylamino
benzaldehyde (2.0 mmol, 0.30 g) and pivaldehyde (0.34g, 4.0 mmol, 0.43 ml) under ice-water bath.

After the reaction mixture was stirred at room temperature for 2 hours, the reaction mixture was
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quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added and the organic phase
was separated, washed with 10 mL of water and then with 10 ml of brine. The water phase was
extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried (Na;SO4) and
concentrated under reduced pressure. The ketone 6] was obtained by column chromatography on silica
gel using petroleum/ethyl acetate as an eluent. 0.29 g, 65% yield. "'H NMR (600 MHz, CDCls) J (ppm):
3.08 (d, J= 1.7 Hz, 6H), 6.71 (dd, J = 8.9, 1.8 Hz, 2H), 7.26 (m, 1H), 7.63 (m, 2H), 7.90 (m, 2H). 13C
NMR (151 MHz, CDCl3) 6 (ppm): 40.6, 111.5,120.9, 127.7, 131.1, 132.0, 132.5, 133.2, 144.5, 186.4.
6m: 3-(4-nitrobenzoyl) thiophene ']

02N
S&ZnBr'MgCIZ'LiCI
— pivaldehyde(2. Oequw)

THF,RT,2h

According to general procedure B: The 3-thienylzinc reagent prepared by general procedure Al
(about 4.0 mmol) was added slowly to a THF solution (10 ml) containing 4-nitrobenzaldehyde (2.0
mmol, 0.21 g) and pivaldehyde (0.30g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction
mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous
NH4CI (10 mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed
with 10 mL of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate
(2x10 mL). The organic phase was combined, dried (Na>SO4) and concentrated under reduced pressure.
0.26 g, 56% yield of 3-(4’-Nitrobenzoyl) thiophene 6m was obtained after column chromatography on
silica gel using petroleum/ethyl acetate as an eluent. "H NMR (400 MHz, CDCI3) 6 (ppm): 7.21 (dd, J =
4.8,4.0 Hz, 1H), 7.62 (dd, J= 3.6, 1.2 Hz, 1H), 7.83 (dd, J= 5.2, 1.2 Hz, 1H), 8.00 (dt, J = 8.0, 2.4 Hz,
2H), 8.37 (dt, J = 8.8, 2.0 Hz, 2H); '3C NMR (100 MHz, CDCl3) J (ppm): 123.7, 128.4, 129.8, 129.9,
135.4, 135.6, 142.6, 143.3, 149.8, 186.2.

6n: Benzoylferrocene !

Q o)
H Ph
PhZnBr- MgCl,* LiCl

Fle pivaldehyde (2.0 equiv) Fle
: THF 0°C to RT, 2h .
=7

According to general procedure B: The phenylzinc reagent prepared by general procedure Al (about
4.0 mmol) was added slowly to a THF solution (10 ml) containing ferrocenecarboxaldehyde (2.0 mmol,
0.19 g) and pivaldehyde (0.30g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction mixture
was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous NH4Cl (10
mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed with 10 mL
of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate (2x10 mL).

The organic phase was combined, dried (Na2SO4) and concentrated under reduced pressure. 0.52 g,
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82% vyield of benzoylferrocene 6n was obtained after column chromatography on silica gel using
petroleum/ethyl acetate as an eluent. 'H NMR (600 MHz, CDCls) 6 (ppm): 4.19 (s, 4H), 4.57 (s, 2H),
4.89 (s, 2H), 7.30 (s, 1H), 7.45 (s, 2H), 7.53 (s, 1H), 7.88 (s, 2H); '3*C NMR (100 MHz, CDCl5) & (ppm):
70.2,71.5,72.5,78.2, 128.0, 128.2, 131.4, 139.8, 199.1.

60: i-Butyrylferrocene [

0] 0]
H
i-PrZnBr- MgCl," LiCl

Fle pivaldehyde (2.0 equiv) Fle

' THF 0°C to RT, 2h '
= =

According to general procedure B: The phenylzinc reagent prepared by general procedure Al (about

4.0 mmol) was added slowly to a THF solution (10 ml) containing ferrocenecarboxaldehyde (2.0 mmol,
0.19 g) and pivaldehyde (0.30g, 4.0 mmol, 0.43 ml) under ice-water bath. After the reaction mixture
was stirred at room temperature for 2 hours, the reaction mixture was quenched by aqueous NH4ClI (10
mL). 10 mL of ethyl acetate was then added and the organic phase was separated, washed with 10 mL
of water and then with 10 ml of brine. The water phase was extracted with ethyl acetate (2x10 mL).
The organic phase was combined, dried (Na>SO4) and concentrated under reduced pressure. 0.42 g,
74% yield of i-butyrylferrocene 60 was obtained after column chromatography on silica gel using
petroleum/ethyl acetate as an eluent. 'H NMR (600 MHz, CDCls) 6 (ppm): 4.19 (s, 4H), 4.57 (s, 2H),
4.89 (s, 2H), 7.30 (s, 1H), 7.45 (s, 2H), 7.53 (s, 1H), 7.88 (s, 2H); '3*C NMR (100 MHz, CDC]l5) & (ppm):
70.2,71.5,72.5,78.2, 128.0, 128.2, 131.4, 139.8, 199.1.

9a: 4-(4-Methoxy-benzoyl)-benzoic acid ethyl ester ['4]

o)
/©/l 1) i-PrMgCl- LiCl/ZnCl,
EtO,C 2) MeO@—CHo EtO,C OMe

According to general procedure B: The (4-(ethoxycarbonyl)phenyl)zinc iodide prepared from

ethyl 4-iodobenzoate by general procedure A2 (about 4.0 mmol) was added slowly to a THF solution
(10 ml) containing 4-methoxybenzaldehyde (2.0 mmol, 0.27 g), pivaldehyde (0.34g, 4.0 mmol, 0.43
ml) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours, the
reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2SO4) and concentrated under reduced pressure. The ketone 9a was obtained by column
chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.40 g, 70% yield. 'H NMR
(400 MHz, CDCl3) 6 (ppm): 1.26 (t,J= 7.1 Hz, 3H), 3.90 (s, 3H), 4.43 (q, /= 7.1 Hz, 2H), 6.97 (d, J =
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8.7 Hz, 2H), 7.80 (dd, J = 14.1, 8.4 Hz, 4H), 8.14 (d, J = 8.1 Hz, 2H). 3C NMR (151 MHz, CDCL) &
(ppm): 14.3,55.5,61.3, 113.7, 129.3, 129.6, 132.6, 133.1, 142.1, 163.6, 165.9, 194.8.

9b: 4-(3,4-Dimethoxy-benzoyl)-benzoic acid ethyl ester

o]
@/ 1) i-PrMgClI- LiCl/ZnCl, O O
EtO,C 2) MeO@CHO EtO,C OMe

OMe

MeO

According to general procedure B: The (4-(ethoxycarbonyl)phenyl)zinc iodide prepared from
ethyl 4-iodobenzoate by general procedure A2 (about 4.0 mmol) was added slowly to a THF solution
(10 ml) containing 3,4-dimethoxybenzaldehyde (2.0 mmol, 0.33 g), pivaldehyde (0.34g, 4.0 mmol,
0.43 ml) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na2SO4) and concentrated under reduced pressure. The ketone 9b was obtained by column
chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.42 g, 74% yield. 'H NMR
(600 MHz, CDCI3) 6 (ppm): 1.43 (t, J = 7.1 Hz, 3H), 3.96 (d, J = 13.8 Hz, 6H), 4.43 (q, J = 7.1 Hz,
2H), 6.89 (d, J = 8.3 Hz, 1H), 7.36-7.33 (m, 1H), 7.50 (d, J = 1.7 Hz, 1H), 7.79 (d, J = 8.2 Hz, 2H),
8.15 (d, J = 8.2 Hz, 2H)."*C NMR (151 MHz, CDCl3) J (ppm): 14.3, 56.1, 61.3, 109.8, 111.9, 125.6,
129.3, 129.6, 133.1, 142.0, 149.1, 153.4, 165.9, 194.8. HRMS-ESI: calcd for CisHi1sNaOs [M + Na]':
337.1052. Found: 337.1050.

9c: Carbonyl-4-ethyl-(4'-methyl-carbonyl)-benzophenone

0]
/@/' 1) i-PrMgClI- LiCl/ZnCl,
EtO,C 2) MeOZCOCHO EtO,C CO,Me

According to general procedure B: The (4-(ethoxycarbonyl)phenyl)zinc iodide prepared from

ethyl 4-iodobenzoate by general procedure A2 (about 4.0 mmol) was added slowly to a THF solution
(10 ml) containing methyl 4-acetylbenzoate (2.0 mmol, 0.36 g), pivaldehyde (0.34g, 4.0 mmol, 0.43 ml)
under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours, the
reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added and
the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The water
phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried (Na>xSOx)
and concentrated under reduced pressure. The ketone 9¢ was obtained by column chromatography on

silica gel using petroleum/ethyl acetate as an eluent. 0.47 g, 75% yield. '"H NMR (600 MHz, CDCls) &
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(ppm): 4.07 (s, 3H), 7.65 (t, J = 7.8 Hz, 1H), 7.85 (d, J= 8.3 Hz, 2H), 7.88 (d, J = 7.8 Hz, 1H), 7.98 (d,
J=17.8 Hz, 1H), 8.07 (s, 1H), 8.19 (d, J = 8.3 Hz, 2H),8.19 (d, J = 8.3 Hz, 2H).!3C NMR (151 MHz,
CDCl3) 0 (ppm): 14.3, 52.5, 61.5, 129.5, 129.6, 129.7, 129.8, 133.9, 134.0, 140.4, 140.6, 165.9, 166.1,
195.3. HRMS-ESI: calcd for CisHisNaOs [M + Na]*: 335.0895. Found: 335.0892.
9d: 4-(3-Trifluoromethyl-benzoyl)-benzoic acid methyl ester

O

FsC | 1) iPrMgCI'LiCl/ZnCl, FiC
10 - U
2) MeOZCOCHO CO,Me

According to general procedure B: The 3-trifluoromethylphenylzinc iodide prepared from 1-iodo-

3-(trifluoromethyl)benzene by general procedure A2 (about 4.0 mmol) was added slowly to a THF
solution (10 ml) containing Methyl 4-acetylbenzoate (2.0 mmol, 0.36 g), pivaldehyde (0.34g, 4.0 mmol,
0.43 ml) under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours,
the reaction mixture was quenched by aqueous NH4CI (10 mL). 10 mL of ethyl acetate was then added
and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The
water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(Na;SO4) and concentrated under reduced pressure. The ketone 9d was obtained by column
chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.49 g, 80% yield. 'H NMR
(600 MHz, CDCls) 0 (ppm): 4.07 (s, 3H), 7.65 (t, J=7.8 Hz, 1H), 7.85 (d, J= 8.3 Hz, 2H), 7.88 (d, J =
7.8 Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 8.07 (s, 1H), 8.19 (d, J = 8.3 Hz, 2H), 8.19 (d, J = 8.3 Hz, 2H).
“F NMR (376 MHz, CDCl5) § (ppm): -63.2. 3C NMR (151 MHz, CDCls) J (ppm): 74.7, 123.5 (q, J =
271.1 Hz, CF3), 126.7 (q, J = 3.5 Hz), 129.1, 129.3 (q, /= 3.0 Hz), 129.6, 129.7, 131.2 (q, J = 32.6 Hz),
133.1, 134.2, 137.6, 140.2, 165.6, 194.5. HRMS-ESI: calcd for CisHi1F3sNaOs [M + Na]*: 331.0558.
Found: 331.0554.

9e: (3-(trifluoromethyl)phenyl)(3,4,5-trimethoxyphenyl)methanone

(0]
FaC | 1) i-PrMgClI- LiCl/ZnCl, FsC OMe
e " Oe
OMe

2) MeO CHO OMe

MeO

According to general procedure B: The 3-trifluoromethylphenylzinc iodide prepared from 1-iodo-
3-(trifluoromethyl)benzene by general procedure A2 (about 4.0 mmol) was added slowly to a THF
solution (10 ml) containing 3,4,5-trimethoxybenzaldehyde (2.0 mmol, 0.39 g), pivaldehyde (0.34g, 4.0
mmol, 0.43 ml) under ice-water bath. After the reaction mixture was stirred at room temperature for 2

hours, the reaction mixture was quenched by aqueous NH4Cl1 (10 mL). 10 mL of ethyl acetate was then
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added and the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine.
The water phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried
(NaxSO4) and concentrated under reduced pressure. The ketone 9e was obtained by column
chromatography on silica gel using petroleum/ethyl acetate as an eluent. 0.57 g, 84% yield. 'H NMR
(600 MHz, CDCI3) 6 (ppm): 3.88 (s, 6H), 3.96 (s, 3H), 7.05 (s, 2H), 7.64 (t, J = 7.8 Hz, 2H), 7.85 (d, J
= 7.8 Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 8.06 (s, 1H). '°F NMR (376 MHz, CDCls) § (ppm): -63.1. 13C
NMR (151 MHz, CDCls) é (ppm): 56.3, 61.0, 107.8, 123.6 (q, J = 270.6 Hz, CF3), 126.7 (q, J = 3.6 Hz),
128.6 (q, J = 3.8 Hz), 128.9, 130.8 (q, J = 33.0 Hz), 131.6, 132.9, 138.5, 142.6, 153.0, 194.1. HRMS-
ESI: caled for Ci7HisF3sNaOs [M + Na]™: 363.0820. Found: 363.0814.

9f: bis(4-fluorophenyl)methanone ['3]

o)
| 1) i-PrMgClI- LiCl/ZnCl,
F/©/ 2) FOCHO F F

According to general procedure B: The 4-fluorophenylzinc iodide prepared from 4-

fluoroiodobenzene by general procedure A2 (about 4.0 mmol) was added slowly to a THF solution (10
ml) containing 4-fluorobenzaldehyde (2.0 mmol, 0.39 g), pivaldehyde (0.34g, 4.0 mmol, 0.43 ml)
under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours, the
reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added and
the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The water
phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried (Na>SOs)
and concentrated under reduced pressure. The ketone 9f was obtained by column chromatography on
silica gel using petroleum/ethyl acetate as an eluent. 0.34 g, 78% yield. 'H NMR (600 MHz, CDCls) &
(ppm): 7.17 (t, J = 8.6 Hz, 4H), 7.79-7.84 (m, 4H). '°F NMR (376 MHz, CDCl3) § (ppm): -106.0. 13C
NMR (150 MHz, CDCL) ¢ (ppm): 115 (d, J = 21 Hz), 132.4 (d, J = 9.0 Hz), 133.7 (q, J = 3.0 Hz),
165.3 (d, J=252 Hz), 193.8.

99: 4-(3,4,5-trimethoxybenzoyl)benzonitrile

OMe

1) i-PrMgBr-LiCl/ZnCl, 0
OMe
< OC
NC
2) MeO CHO OMe

MeO
According to general procedure B: The 4-cyanophenylzinc iodide prepared from 4-
iodobenzonitrile by general procedure A2 (about 4.0 mmol) was added slowly to a THF solution (10 ml)
containing 3,4,5-trimethoxybenzaldehyde (2.0 mmol, 0.39 g), pivaldehyde (0.34g, 4.0 mmol, 0.43 ml)

under ice-water bath. After the reaction mixture was stirred at room temperature for 2 hours, the
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reaction mixture was quenched by aqueous NH4Cl (10 mL). 10 mL of ethyl acetate was then added and
the organic phase was separated, washed with 10 mL of water and then with 10 ml of brine. The water
phase was extracted with ethyl acetate (2x10 mL). The organic phase was combined, dried (Na>xSOx)
and concentrated under reduced pressure. The ketone 99 was obtained by column chromatography on
silica gel using petroleum/ethyl acetate as an eluent. 0.43 g, 72% yield. '"H NMR (600 MHz, CDCls) 6
(ppm): 3.86 (s, 6H), 3.95 (s, 3H), 7.01 (s, 2H), 7.79 (d, J = 8.6 Hz, 2H), 7.84 (d, J = 8.4 Hz, 2H). 13C
NMR (150 MHz, CDCl3) ¢ (ppm): 56.4, 61.0, 107.8, 115.5, 117.9, 130.0, 131.2, 132.1, 141.6, 142.9,
153.1, 194.0. HRMS-ESI: calcd for Ci7HisNNaO4 [M + Na]*: 320.0899. Found: 320.0897.

10: (4-Fluoro-phenyl)-thiophen-2-yl-methanonel!®!

O
S ZnBrMgClyLiCl FOCHO s
U »
F

pivaldehyde(2.0equiv)
THF,RT,2h

According to general procedure B: The 2-thienylzinc reagent prepared by general procedure Al
from 2-bromothiophene (4.89g, 30 mmol), magnesium turnings (0.9 g, 37 mmol). ZnCl, (4.1g, 30
mmol), and LiCl (1.3g, 30 mmol) was added slowly to a THF solution (100 ml) containing 4-
fluorobenzaldehyde (20 mmol, 2.5 g), pivaldehyde (3.0g, 40 mmol, 4.3 ml) under ice-water bath. After
the reaction mixture was stirred at room temperature for 2 hours, the reaction mixture was quenched by
aqueous NH4CI (100 mL). 100 mL of ethyl acetate was then added and the organic phase was separated,
washed with 100 mL of water and then with 100 ml of brine. The water phase was extracted with ethyl
acetate (2x100 mL). The organic phase was combined, dried (Na>SO4) and concentrated under reduced
pressure. 2-(4’-4-fluorobenzoyl) thiophene was obtained by column chromatography on silica gel using
petroleum/ethyl acetate as an eluent. 3.2 g, 78% yield. 'H NMR (600 MHz, CDCI3) 6 (ppm): 7.18 (dd, J
=10.3, 6.7 Hz, 3H), 7.63 (d, J = 2.9 Hz, 1H), 7.73 (d, J = 4.1 Hz, 1H), 7.91 (dd, J = 8.5, 5.5 Hz, 2H).
YF NMR (376 MHz, CDCl3) 8 (ppm): -106.6. 3C NMR (101 MHz, CDCls) é (ppm): 115.5 (d, J = 21
Hz), 127.9, 131.6 (d, J=9.0 Hz), 134.2, 134.6, 143.3, 165.7 (d, J = 252.3 Hz), 186.6.
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