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ABSTRACT. This paper presents the first general examples of selective palladium-catalyzed mono-o-
arylation of aryl and heteroaryl ketones with aryl phosphates. The catalyst system, consisting of [Pd(2-
butenyl)Cl]> and MorDalPhos, exhibited high catalytic reactivity towards this reaction. A wide range of
aryl phosphates were efficiently coupled with aryl and heteroaryl ketones with good selectivity.
Excellent-to-good product yields were afforded. The gram-scale reaction was conducted smoothly.

Reductive elimination or transmetalation might be a rate-determining step in this reaction.
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Introduction

o-Arylated carbonyl motifs are commonly found in natural products and pharmaceutically active
molecules.! Palladium-catalyzed a-arylation of carbonyl compounds is one of the most powerful and
attractive methodologies for the construction of C(sp?)-C(sp?) bonds to access these valuable products.?
Since the research groups of Miura,® Buchwald,* and Hartwig® independently disclosed their findings
on palladium-catalyzed a-arylation of ketones, substantial effort has been made to advance this

technology, including fine-tuning ligands, precatalysts, and other reaction parameters.>®

Aryl halides are commonly employed as electrophiles in palladium-catalyzed o-arylation of
ketone derivatives due to their easy oxidative addition (Scheme 1A).® However, halogenated compounds
are not readily available in the field of medicinal chemistry. Additional steps are required to synthesize
aryl halides from naturally occurring aromatic compounds. Indeed, aryl electrophiles generated from
phenolic compounds are highly desirable complements because they are easier to prepare from
commercially available phenols, they have a higher stability towards air and moisture, are more cost-
effective, have larger substitution patterns that are not easily accessible with their halide counterparts,
and exhibit higher crystallinity allowing for simpler isolation and purification.” In the past few years,
aryl sulfonates, such as triflates, tosylates, and mesylates, were found to be successful substrates for
palladium-catalyzed o-arylation of ketone derivatives (Scheme 1A).8 Moreover, aryl phosphates derived
from phenols also have similar advantages; and in general, they are a biologically important functional
group. To the best of our knowledge, no previous study has investigated the transition metal-catalyzed

a-arylation of ketone derivatives using aryl phosphates as electrophilic partners.’

The application of aryl phosphates on palladium catalysis is limited by their inherently high
stability, indicating that it is difficult for them to undergo oxidative addition with Pd (0) species
(Scheme 2A). Additionally, several challenges are associated with the reaction: 1) further arylation
would occur due to the increased acidity of the remaining o.-C-H bonds after the first step of arylation of
the ketones, resulting in undesired a,c-diarylated products; 2) the complete hydrolysis would occur
under harsh reaction conditions; and 3) the demanding balance between the oxidative addition of the
aryl phosphates and the reductive elimination of the aryl-Pd-ketone enolate species must be tackled by

effective supporting ligands (Scheme 2B).
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Scheme 2. Persistent challenges in palladium-catalyzed mono-a-arylation

To address this challenging circumstance, it is important to develop a general and active catalyst
system. In the past decade, state-of-the-art ligands have been developed and selected for tackling the
electrophiles that are considered to be extremely difficult, such as aryl chlorides, tosylates, and
mesylates in palladium-catalyzed a-arylation of ketones.>®® As a continuation of our research interest in
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electrophiles,®*3¢1! this paper presents the first palladium-catalyzed a-arylation of aryl and heteroaryl

ketones with aryl phosphates (Scheme 1B).
Results and Discussion

To address the challenges in palladium-catalyzed o-arylation of aryl ketones with aryl
phosphates, we first investigated the catalytic efficacy of a library of electronically and sterically diverse
phosphine ligands using triphenyl phosphate and acetophenone as model substrates (See Supporting
Information, Table S1). A total of 20 state-of-the-art ligands with diverse scaffolds, which are
commercially available and/or effective in C-O bond activation reactions, were tested. PPhs and PCys
showed no product yields. Biphosphine ligands, such as dppf, XantPhos, NiXantPhos, and BINAP, were
found to be inactive towards this reaction. The reaction results for Buchwald-type ligands, such as Cy-
JohnPhos, DavePhos, SPhos, RuPhos, XPhos, BrettPhos, and tBuXPhos, were also poor. Moreover,
CM-Phos and PhMezole-Phos ligands failed in this reaction. No conversion occurred with the Beller
group ligands, such as cataCXium®A and cataCXium®ABn. To our delight, Stradiotto’s P,N-type
phosphine ligand MorDalPhos was outstanding in this survey. According to previous reports,
MorDalPhos has an excellent performance in a-arylation of carbonyl compounds via C(sp?)-O bond
cleavage.®®! With our preliminary reaction condition, we found that MorDalPhos produced a
monoarylated product yield of 43%. Yet, PPh,-MorDalPhos and PCy;-MorDalPhos failed to afford the
desired product. We believe that the superior performance of MorDalPhos is attributed to the electron-

richness and steric hindrance provided by the -P(1-Ad), group and the aryl-amine scaffold, respectively.

Encouraged by the initial ligand screening results, we conducted a series of investigations to
optimize the reaction conditions (Table 1). Commonly used inorganic bases were screened (Table 1,
entries 1-7). Mild base K>COs, which minimized the aryl phosphate hydrolysis, was found to be
superior to the other bases that were screened. Among the surveyed organic solvents, hexane provided a
better product yield than dioxane, THF, CPME, +~-BuOH, DMF, and toluene (Table 1, entries 1 and 8—
13). We found that the decomposition of aryl phosphate to phenol occurred when polar solvents, such as
t-BuOH and DMF, were used. After investigating the palladium sources, [Pd(2-butenyl)Cl]> was found
to be the most suitable palladium precursor for this coupling reaction; the desired product yield was
81% (Table 1, entries 1 and 14-19). In our reaction temperature study, decreasing the reaction
temperature reduced the desired product yield (Table 1, entries 1 and 20). The best product yield was
obtained at a temperature of 130 °C; thus, it was chosen as the reaction temperature for further study.
Excellent product yield (96%) was achieved by prolonging the reaction time to 10 h (Table 1, entries 1

and 21). Increasing the ketone equivalents to 5 equiv. was found to be the suitable ratio to preserve this
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coupling reaction because of the reduction in the occurrence of the undesired diarylation reaction (Table
1, entries 21-24). After reducing the use of triphenyl phosphate to 0.067 mmol, the product yield
decreased to 29%. This result indicates that only one aryl group was utilized in the reaction (Table 1,
entry 25).

Table 1. Reaction condition optimization®

o 0] Pd source o] ©\P(1-Ad)2
T MorDalPhos N
o Me  base, solvent [ j
Temp., 4 h o

1a 2a 3aa MorDalPhos
Entry | Pd source (mol%) base solvent %yield”
1 Pd(OAc) (3) K2CO3 Dioxane | 42
2 Pd(OAc): (3) Na;CO;3 Dioxane | 28
3 Pd(OAc): (3) Cs2C03 Dioxane | 30
4 Pd(OAc): (3) K3POq4 Dioxane |23
5 Pd(OAc) (3) KOAc Dioxane | 32
6 Pd(OAc) (3) KF Dioxane | 26
7 Pd(OAc): (3) NaO#-Bu | Dioxane | 17
8 Pd(OAc): (3) K>COs THF 12
9 Pd(OAc): (3) K2COs CPME 0
10 Pd(OAc): (3) K2COs +-BuOH | 10
11 Pd(OAc): (3) K>COs DMF 0
12 Pd(OAc): (3) K>CO;s Toluene | 0
13 Pd(OAc) (3) K>CO;s Hexane 54
14 Pd(TFA)2 (3) K2COs Dioxane |29
15 Pd(acac)> (3) K>CO;s Dioxane |41
16 PdCIx(CH3CN)2 (3) K>COs3 Dioxane |41
17 [Pd(m-cinamyl)Cl]> (1.5) | K2COs Dioxane | 64
18 [Pd(2-butenyl)Cl]2 (1.5) | K2COs Dioxane | 81
19 Pd>dbas (1.5) K>CO;s Dioxane |7




20 Pd(OAc) (3) Ko,COs | Hexane |28

21 [Pd(2-butenyl)Cl]> (1.5) | K2CO;3 Hexane | 967

22 [Pd(2-butenyl)Cl]> (1.5) | K2CO;3 Hexane |73%¢

23 [Pd(2-butenyl)C1]2(1.5) | K2COs Hexane | 954/

24 [Pd(2-butenyl)Cl]> (1.5) | K2COs Hexane | 98 (90)¢¢

25 [Pd(2-buteny])Cl]2 (1.5) | KoCOs Hexane | 29"

“Reaction condition: triphenyl phosphate (0.2 mmol), acetophenone (0.3 mmol), Pd/MorDalPhos =
1:1.5, base (0.6 mmol) and solvent (1.0 ml) were stirred at 130 °C under N for 4 h. ®Calibrated GC
yields were reported using dodecane as the internal standard. Isolated yield is shown in parentheses.
“The reaction was performed at 120 °C. “The reaction time was 10 h. acetophenone (0.2 mmol) was
used. /acetophenone (0.4 mmol) was used. Sacetophenone (1.0 mmol) was used. “triphenylphosphate

(0.067mmol) and acetophenone (0.2 mmol) were used and the reaction time was 12 h.

With the optimized reactions in hand, we then probed the substrate scope using the newly
developed [Pd(2-butenyl)Cl]2/MorDalPhos catalyst system. We examined a wide range of non-activated
and activated aryl phosphates, and the results are shown in Table 2. Electron-neutral (4-H, 4-Me, 3,5-
diMe, 3,4,5-triMe, and 4-£-Bu) and -rich (3-OMe and 4-OMe) aryl phosphates were converted to the
corresponding products in good-to-excellent yields (Table 2, compounds 3aa, 3ba, 3cf, 3ea, 3fa, 3ga,
and 3ha). Aryl phosphate bearing slightly electron-withdrawing substituent (4-F) also worked well in
this reaction condition (Table 2, compound 3ia and 3id). Other aryl phosphates with functional groups,
such as 4-CF3, 4-CN, 4-COOMe and 4-NO; were attempted. However, poor or even no product yields
were obtained. Sterically hindered tris(1-naphthyl)phosphate and tris(2-tolyl)phosphate were found to
be applicable substrates and afforded the desired products in good yields (Table 2, compounds 3ja and
3ka). A diverse library of aryl methyl ketones was investigated as cross-coupling partners. Electron-
poor (4-CF3), -neutral (4-Me, 4-Ph and 3-Me), and -rich (4-OMe) aryl methyl ketones were effective
substrates, and a-arylated smoothly in good-to-excellent product yields (Table 2, compounds 3ab, 3ac,
3ad, 3ae, 3af, 3bc, 3bd, 3bf, 3cf, 3cd, 3dd, 3fd, 3hd, and 3jd). 2-Acetonapthone derivatives also
proceeded successfully (Table 2, compounds 3ag and 3ah). Sterically hindered aryl methyl ketones
were able to couple with aryl phosphates and give good product yields. (Table 2, compounds 3ai, 3aj,
3ak, 3al, 3an, 3bi and 3ci). Heteroaryl ketones, such as 3-acetyl-2,5-dimethylfuran and 2-
acetylthiophenone were monoarylated smoothly and the heterocyclic substituents were well tolerated

under this reaction condition (Table 2, compound 3ao, 3bo and 3cq). Moreover, a-Tetralone was found



to be a feasible cross-coupling partner (Table 2, compound 3ap). Propiophenone was also coupled with

tris(3-methoxyphenyl) phosphate smoothly and afforded excellent product yield (Table 2, compound
3cr).

Table 2. Palladium-catalyzed a-arylation of aryl and heteroaryl ketones with aryl phosphates®

[Pd(2-butenyl)Cl]2

R' (0]
| (0] R" (1.5 mol%)
7 N\\_olb + XXy"“Me MorDalPhos
— 3 | _ K,CO3, Hexane
1 ) 130°C, 12 h
81% R= H 69%
B = @E90% 3ag p - OMe, 85%
3""bR Me38%1/° Sah
g ZR OMe, 80%
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Table 2. (Continued)

R o [Pd(2-butenyl)Cl]2 R\\ o
\ ) R" (1.5 mol%) \
</:\>»O B+ XX Me MorDalPhos % S
— 3 | _ K,COj3, Hexane | /_R
o]
] ) 130°C, 12 h 3
Me
D
" g
R
R =H, 859 -
3da 85% 3ea 00 %0e . 85% afa R~ 1 90%e og0
= 0,
3dd R = OMe, 90% R = OMe, 79%
3fd
F
‘\)a‘ ClLE l
:‘/\k‘ .
5 60%¢ o R=H,62%, 3ia } = H: 82%;
, 92% 82%
3hd % R = OMe, 99% 3id R = OMe, 72%"
gaR=H 89% 0%

3jd R = OMe, 83%

“Reaction condition: aryl phosphate (0.2 mmol), aryl ketone (1.0 mmol), [Pd(2-butenyl)Cl]> (1.5 mol%),
MorDalPhos (4.5 mol%), K2COs3 (0.6 mmol), and hexane (1.0 ml) were stirred at 130 °C under N; for
12 h. Isolated yields were reported. °[Pd(2-butenyl)Cl]> (2.0 mol%) was used. “Pd(2-butenyl)Cl]> (2.5

mol%) was used. “36 h was conducted. ¢aryl ketone (0.3 mmol) was used. /24 h was conducted.

To test the feasibility of scaling up the current reaction conditions, a gram-scale o-arylation of
aryl ketone with aryl phosphate was conducted (Scheme 3). Triphenyl phosphate and acetophenone was
directly scaled up 50 times to give the coupling product in 80% yield.

o [Pd(2-buteny!)ClJ2 o
12 . (1.5 mol%) O
@O Me “MorDalPhos
3 K,CO3, Hexane
1a 2a 130°C, 24 h 3aa

10 mmol 50 mmol 80% (1.57 g)

Scheme 3. Gram-scale a-arylation of aryl ketone with aryl phosphate (Reaction condition: triphenyl
phosphate (10 mmol), acetophenone (50 mmol), [Pd(2-butenyl)Cl]> (1.5 mol%), MorDalPhos (4.5
mol%), K2CO3 (30 mmol), and hexane (50 ml) were stirred at 130 °C under N> for 24 h. Isolated yields
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were reported.)
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Scheme 4. Reaction rate study of electronically different aryl phosphate in a-arylation of aryl ketones

Table 3. Competition experiment of different aryl phosphates”

R‘ Rll
< R <:> O>b O 3mol% [Pd(2-butenyl)Cl], ‘ ‘
3 MorDalPhos
' : Me  K,CO,, Hexane o /o)
o 130 °C, 30 min
<R..~©—o b O O
3

Entry |substrate 1 | %yield” | substrate2 | %yield”

1 R = OMe 24 R” =Me 31

2 R =CF; 7 R =Me 0

“Reaction condition: ('fArO);P(O) (0.1 mmol), ((ArO);P(O) (0.1 mmol), acetophenone (1.0 mmol),
Pd/MorDalPhos = 1:1.5, K2CO3 (0.6 mmol) and hexane (1.0 ml) were stirred at 130 °C under N> for 30
min. °Calibrated GC yields were reported using dodecane as the internal standard. Maximum yield for

each substrate in the reaction mixture is 50%.

To obtain a more mechanistic insight into this o-arylation of aryl phosphate reaction under a
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[Pd(2-butenyl)Cl]> and MorDalPhos catalyst system, competition experiments were conducted in
combination with studies of initial reaction rates for a series of aryl phosphates. Tris(4-anisyl)phosphate,
tris(4-tolyl)phosphate, and tris(4-trifluorophenyl)phosphate were selected to study the electronic effect
with respect to the initial rates of the reaction (Scheme 4). We found that electron-rich tris(4-
anisyl)phosphate proceeded at the fastest rate, while electron-deficient tris(4-trifluorophenyl)phosphate
proceeded at the slowest rate. We have also used a combination of different aryl phosphates in the
competition reactions. The mixtures of more electron-rich aryl phosphates proceeded at an overall
higher conversion (Table 3, entry 1) than those of electron-poor substrates (Table 3, entry 2). Moreover,
although the electron-rich substrate showed a faster reaction rate in the individual rate studies, the
favored product in each competition experiment came from the more electron-deficient aryl phosphates.
Furthermore, the presence of electron-poor aryl phosphate inhibited the oa-arylation of more electron-
rich substrates. More rapid oxidative addition of the electron-poor aryl phosphate followed by a slow
reductive elimination may inhibit the catalyst from reacting with electron-rich aryl phosphate. These
results suggest that either the transmetalation or reductive elimination may be the rate-limiting step for

the [Pd(2-butenyl)Cl]> and MorDalPhos catalyst system using aryl phosphate as the electrophile.
Conclusion

In summary, we demonstrated the first palladium-catalyzed mono-a-arylation of aryl and
heteroaryl ketones using aryl phosphates. The combination of [Pd(2-butenyl)Cl]> and MorDalPhos as
the catalyst system exhibited excellent chemo- and monoselectivity towards this reaction. A wide range
of aryl phosphates bearing electron-rich, -neutral, and -poor substituents were well coupled with the aryl
ketones, and they afforded the corresponding products in good-to-excellent yields. Moreover, sterically
hindered aryl phosphates were smoothly monoarylated. Heteroaryl ketones were shown to be applicable
substrates using this approach. The gram-scale reaction was also conducted smoothly. Further
investigation of the development of phosphine ligands for challenging aryl phosphate coupling is now

underway in our laboratory.
Experimental Section

General Information. Unless otherwise noted, all reagents were purchased from commercial suppliers
and used without purification. All arylation reactions were performed in resealable screw-capped
Schlenk flask (approx. 20 mL volume) in the presence of Teflon-coated magnetic stirrer bar (5 mm X 10
mm). Dioxane, tetrahydrofuran (THF), cyclopentyl methyl ether (CPME) and toluene were freshly

distilled from sodium and sodium benzophenone ketyl under nitrogen. '> Anhydrous N, N-
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dimethylacetamide (DMF) in Sure/Seal bottles was purchased from Aldrich and used directly. Hexane
and fert-butanol (--BuOH) was freshly distilled from anhydrous CaH; under nitrogen. K3PO4, NaxCOs3,
K2CO3, Cs2CO3, KOAc, KF and NaO#-Bu were purchased from commercial suppliers and used as
received. Pd(OAc),, PACl2(CH3CN)», [Pd(n-cinamyl)Cl]>, and Pdx(dba); were purchased from Strem.
Pd(TFA), Pd(acac), and [Pd(2-butenyl)Cl]> was purchased from Aldrich. Indolyl phosphine ligand
CM-Phos was prepared according to the reported literature.'’ PhMezole-Phos was prepared according
to the reported literature.!”® PPh,-MorDalPhos and PCy>-MorDalPhos were prepared according to the
reported literature.®® PCys, PPhs, dppf, XantPhos, NiXantPhos, BINAP, Cy-JohnPhos, DavePhos, SPhos,
RuPhos, XPhos, BrettPhos, ~-BuXPhos, cataCXium®A, cataCXium®ABn and MorDalPhos, were
purchased from commercial suppliers. Known aryl phosphates (triphenyl phosphate, tris(4-
methoxyphenyl) phosphate, tris(3-methoxyphenyl) phosphate, tri-m-tolyl phosphate, tri-p-tolyl
phosphate, tris(3,5-dimethylphenyl) phosphate, tris(4-(tert-butyl)phenyl) phosphate, tris(4-fluorophenyl)
phosphate, tri-o-tolyl phosphate, and tri(naphthalen-1-yl) phosphate) were prepared according to the
reported procedure. ' Thin layer chromatography was conducted on Merck pre-coated silica gel 60 F254
plates. Silica gel (Merck, 230-400 mesh) was used for column chromatography. Melting points were
measured on an uncorrected Biichi Melting Point B-545 instrument. NMR spectra were obtained on a
Briiker spectrometer (400 MHz for 'H, 100 MHz for '3C, 376 MHz for '°F, 162 MHz for 'P). Spectra
were referenced internally to the residual proton resonance in CDCIl3 (6 7.26 ppm), or with
tetramethylsilane (TMS, 6 0.00 ppm) acted as the internal standard. Chemical shifts (8) were reported as
part per million (ppm) in & scale downfield from TMS. '3C NMR spectra were referenced to CDCls (5
77.0 ppm, the middle peak). '°F NMR chemical shifts were determined relative to CFCls as the external
standard and low field is positive. *'P NMR spectra were referenced to 85% H3PO4 externally.
Coupling constants (J) were reported in Hertz (Hz). Mass spectra (EI-MS and ESI-MS) were recorded
on a HP 5989B Mass Spectrometer. High-resolution mass spectra (HRMS) were obtained on a Briiker
APEX 47e FTICR mass spectrometer (ESI-MS). GC-MS analysis was performed on a HP 5977A GCD
system using a HPSMS column (30 m x 0.25 mm). The products reported in GC yield were referred to
the authentic samples/dodecane calibration standard from HP 78990B GC-FID system. All isolated
yield of compounds were estimated to be greater than 95% purity according to capillary gas
chromatography (GC) or 'H NMR measurement. Compounds described in the literature were
characterized by comparison of their 'H, *C and/or ’F NMR spectra to the previously reported data.
The procedures in this section are representative, and thus the yields may differ from those reports in

tables.
General procedure for initial ligand screenings: A stock solution of PA(OAc), (0.06 mmol) in freshly
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distilled 10 mL dioxane (3.0 mol% Pd per 1.0 mL stock solution) was first prepared under N». Ligands
(6.0 mol% without specific notice), triphenyl phosphate (0.20 mmol) and K>CO3 (0.60 mmol) were
added into an array of Schlenk tubes that charged with Teflon-coated magnetic stir bar (5 mm % 10 mm),
and equipped with screw cap. The tubes were carefully evacuated and flushed with nitrogen (3 cycles).
Acetophenone (0.30 mmol) was then added via syringe. The corresponding volume of stock solution of
Pd(OAc), were finally added to the array of Schlenk tubes via syringe. The reaction mixture was stirred
for 1 min at room temperature. The batch of Schlenk tubes were sealed and magnetically stirred in a
preheated 130 °C oil bath for 4 h. The reactions were then allowed to reach room temperature. Ethyl
acetate (~8 mL), dodecane (45.2 pL, internal standard) and water (~4 mL) were added. The organic
layer was subjected to GC analysis. The GC yield was previously calibrated by authentic

sample/dodecane calibration curve.

General procedure for reaction condition screening: Palladium sources (3 mol%), MorDalPhos (4.5
mol%), triphenyl phosphate (0.20 mmol) and base (0.60 mmol) were added into an array of Schlenk
tubes that charged with Teflon-coated magnetic stir bar (5 mm % 10 mm), and equipped with screw cap.
The tubes were carefully evacuated and flushed with nitrogen (3 cycles). Acetophenone (0.30-1.0 mmol)
and solvent (1.0 mL) were added via syringes. The reaction mixtures were stirred for 1 min at room
temperature. The batch of Schlenk tubes were sealed and magnetically stirred in a preheated 120-130 °C
oil bath for 4-10 h. The reactions were then allowed to reach room temperature. Ethyl acetate (~8 mL),
dodecane (45.2 pL, internal standard) and water (~4 mL) were added. The organic layer was subjected

to GC analysis. The GC yield was previously calibrated by authentic sample/dodecane calibration curve.

General procedure for a-arylation of aryl and heteroaryl ketones with aryl phosphates: [Pd(2-
butenyl)Cl]> (1.5-2.5 mol%), MorDalPhos (4.5-7.5 mol%), aryl phosphate (0.20 mmol, if solid), aryl or
heteroaryl ketone (0.3-1.0 mmol, if solid) and K>COs3 (0.60 mmol) were added into the Schlenk tube that
charged with Teflon-coated magnetic stir bar (5 mm % 10 mm), and equipped with screw cap. The tube
was carefully evacuated and flushed with nitrogen (3 cycles). Aryl phosphate (0.2 mmol, if liquid), aryl
or heteroaryl ketone (0.30-1.0 mmol, if liquid), and hexane (1.0 mL) were added via syringes to the tube.
The reaction mixture was stirred for 1 min at room temperature. The Schlenk tube was sealed and
magnetically stirred in a preheated 130 °C oil bath for 12-36 h. After the completion of the reaction, the
Schlenk tube was allowed to reach room temperature. Ethyl acetate (~8 mL) and water (~4 mL) were
added. The organic layer was subjected to GC analysis. The organic layer was then separated and the
aqueous layer was washed with ethyl acetate. The filtrate was concentrated under reduced pressure. The
crude products were purified by flash column chromatography on silica gel (230-400 mesh) to afford
the desired product.
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General procedure for gram-scale o-arylation of acetophenone with triphenyl phosphate: [Pd(2-
butenyl)Cl]> (1.5 mol%), MorDalPhos (4.5 mol%), triphenyl phosphate (10 mmol), and K>CO3 (30
mmol) were added into the 250 mL Schlenk flask that charged with Teflon-coated magnetic stir bar (8
mm X 30 mm), and equipped with screw cap. The tube was carefully evacuated and flushed with
nitrogen (3 cycles). Acetophenone (50 mmol), and hexane (50 mL) were added via syringes to the flask.
The reaction mixture was stirred for 1 min at room temperature. The Schlenk flask was sealed and
magnetically stirred in a preheated 130 °C oil bath for 24 h. After the completion of the reaction, the
Schlenk tube was allowed to reach room temperature. Ethyl acetate and water were added. The organic
layer was subjected to GC analysis. The organic layer was then separated and the aqueous layer was
washed with ethyl acetate. The filtrate was concentrated under reduced pressure. The crude product was
subjected to vacuum distillation and further purified by flash column chromatography on silica gel (230-
400 mesh) to afford the desired product.

Tris(3,4,5-trimethylphenyl) phosphate

Tris(3,4,5-trimethylphenyl) phosphate, was synthesized according to general procedure.!* To 3.4,5-
trimethylphenol (30.0 mmol) and EtsN (or NaH) (100.0 mmol) in toluene (50 mL) was slowly added
POCI3 (11.0 mmol) at 0 °C under vigorous stirring. Then reaction mixture was stirred at room
temperature for 3 h. A solution of NaOH (10.0 g) in water (30 mL) was added to the reaction mixture.
The organic layer was separated and the aqueous layer was extracted with toluene (5 x 50 mL). The
combined organic layers were washed with saturated brine (3 x 15 mL), and dried over anhydrous
NaxSOs4. Solvent was removed under the reduced pressure, and the final product was recrystallized from
methanol affording tris(3,4,5-trimethylphenyl) phosphate as a white solid 4.08 g (82%). m.p.= 114.8—
115.3 °C; 'H NMR (400 MHz, CDCls) & 2.12 (s, 3H), 2.25 (s, 6H), 6.89 (s, 2H); *C{'H}
NMR (100 MHz, CDCl3) § 14.8, 20.6, 118.9 (d, J = 5.2 Hz), 132.1, 137.9, 147.8 (d, J = 7.3 Hz); *'P
NMR (162 MHz, CDCl3) 8 -16.70; MS (EI): m/z (relative intensity) 452.3 (M", 100), 221.2 (14), 135.1
(13), 91.1 (14); HRMS (ESI-TOF) m/z: [M + H]" Calcd for C27H3404P: 453.2181; Found 453.2189.
1,2-Diphenylethan-1-one (Table 2, compound 3aa)'*

Yield: 90% (35.3 mg). Eluents (Toluene, R= 0.50) was used for flash column chromatography. 'H
NMR (400 MHz, CDCls) ¢ 4.32 (s, 2H), 7.27-7.38 (m, SH), 7.49 (t, J= 7.4 Hz, 2H), 7.59 (t, J= 7.4 Hz,
1H), 8.05 (d, J= 7.2 Hz, 2H); *C{'H} NMR (100 MHz, CDCls) § 45.5, 126.8, 128.57, 128.60, 128.63,
129.4, 133.1, 134.5, 136.6, 197.6; MS (EI): m/z (relative intensity) 196.1 (M", 6), 165.1 (3), 105.1 (100),
91.1(7), 77.1 (33).

2-Phenyl-1-(4-(trifluoromethyl)phenyl)ethan-1-one (Table 2, compound 3ab)'*
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Yield: 81% (42.2 mg). Eluents (EA: Hexane = 1: 20, R= 0.30) was used for flash column
chromatography. '"H NMR (400 MHz, CDCls) § 4.31 (s, 2H), 7.25-7.29 (m, 3H), 7.33-7.36 (m, 2H),
7.72 (d, J= 8.2 Hz, 2H), 8.11 (d, J= 8.1 Hz, 2H); 3C{'H} NMR (100 MHz, CDCl;) § 45.8, 123.5 (q, J=
274 Hz), 125.7 (q, J= 3.7 Hz), 127.2, 128.8, 128.9, 129.4, 133.8, 134.4 (q, J= 36.2 Hz), 139.2, 196.6;
F NMR (376 MHz, CDCls) § -63.1; MS (EI): m/z (relative intensity) 264.0 (M", 7), 173.0 (100), 145.0
(33), 91.1 (12).

2-Phenyl-1-(p-tolyl)ethan-1-one (Table 2, compound 3ac)"’

Yield: 80% (33.6 mg). Eluents (Toluene, R= 0.60) was used for flash column chromatography. 'H
NMR (400 MHz, CDCl3) 6 2.44 (s, 3H), 4.29 (s, 2H), 7.26-7.37 (m, 7H), 7.95 (d, J= 8.2 Hz, 2H);
BC{'H} NMR (100 MHz, CDCls) § 21.6, 45.4, 126.8, 128.6, 128.7, 129.3, 129.4, 134.1, 134.7, 143.9,
197.2; MS (EI): m/z (relative intensity) 210.1 (M", 3), 119.1 (100), 91.1 (34), 65.0 (12).

1-(4-Methoxyphenyl)-2-phenylethan-1-one (Table 2, compound 3ad)'

Yield: 80% (36.2 mg). Eluents (Toluene, Ri= 0.40) was used for flash column chromatography. 'H
NMR (400 MHz, CDCls) 6 3.86 (s, 3H), 4.24 (s, 2H), 6.93 (d, J= 8.8 Hz, 2H), 7.24-7.34 (m, 5H), 8.00
(d, J= 8.9 Hz, 2H); 3C{'H} NMR (100 MHz, CDCl3) § 45.2, 55.4, 113.8, 126.7, 128.6, 129.4, 129.6,
130.9, 134.9, 163.5, 196.2; MS (EI): m/z (relative intensity) 226.1 (M, 3), 135.0 (100), 107.0 (7), 92.0
(8),77.0 (9)

1-([1,1'-Biphenyl]-4-yl)-2-phenylethan-1-one (Table 2, compound 3ae)'¢

Yield: 78% (42.4 mg). Eluents (Toluene, Ri= 0.40) was used for flash column chromatography. 'H
NMR (400 MHz, CDCls) & 4.33 (s, 2H), 7.26-7.43 (m, 6H), 7.46-7.50 (m, 2H), 7.63 (d, J= 6.8 Hz, 2H),
7.69 (d, J= 8.4 Hz, 2H), 8.10 (d, J= 8.4 Hz, 2H); *C{'H} NMR (100 MHz, CDCls) & 45.5, 126.9,
127.22, 127.24, 128.2, 128.7, 128.9, 129.2, 129.4, 134.6, 135.2, 139.8, 145.8, 197.2; MS (EI): m/z
(relative intensity) 272.1 (M", 2), 181.1 (100), 152.1 (37), 91.1 (5).

2-Phenyl-1-(m-tolyl)ethan-1-one (Table 2, compound 3af)'®

Yield: 81% (34.0 mg). Eluents (Toluene, Ri= 0.60) was used for flash column chromatography. 'H
NMR (400 MHz, CDC13) & 2.41 (s, 3H), 4.28 (s, 2H), 7.26-7.27 (m, 3H), 7.31-7.38 (m, 4H), 7.80-7.82
(m, 2H); 3C{'H} NMR (100 MHz, CDCls) § 21.4, 45.5, 125.8, 126.8, 128.5, 128.6, 129.1, 129.4, 133.9,
134.6, 136.6, 138.4, 197.8; MS (EI): m/z (relative intensity) 210.1 (M, 2), 119.0 (100), 91.0 (32), 65.1

).
1-(Naphthalen-2-yl)-2-phenylethan-1-one (Table 2, compound 3ag)'*

Yield: 69% (33.9 mg). Eluents (EA: Hexane = 1: 20, R= 0.30) was used for flash column
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chromatography. '"H NMR (400 MHz, CDCls) § 4.42 (s, 2H), 7.25-7.28 (m, 1H), 7.31-7.37 (m, 4H),
7.54-7.62 (m, 2H), 7.87-7.90 (m, 2H), 7.97 (d, J= 8.0 Hz, 1H), 8.07 (d, J= 8.6 Hz, 1H), 8.55 (s, 1H);
BC{'H} NMR (100 MHz, CDCl5) § 45.5, 124.2, 126.8, 126.9, 127.7, 128.49, 128.52, 128.7, 129.5,
129.6, 130.4, 132.5, 133.9, 134.6, 135.6, 197.6; MS (EI): m/z (relative intensity) 246.1 (M", 7), 155.0
(100), 127.0 (54), 91.1 (4), 77.1 (5).

1-(6-Methoxynaphthalen-2-yl)-2-phenylethan-1-one (Table 2, compound 3ah)'’

Yield: 85% (46.9 mg). Eluents (Toluene, Ri= 0.40) was used for flash column chromatography. 'H
NMR (400 MHz, CDCI3) 6 3.94 (s, 3H), 4.39 (s, 2H), 7.14 (d, /= 2.2 Hz, 1H), 7.21 (dd, /= 9.1 Hz, 2.4
Hz, 1H), 7.24-7.28 (m, 1H), 7.32-7.37 (m, 4H), 7.76 (d, J= 8.6 Hz, 1H), 7.85 (d, J= 9.0 Hz, 1H), 8.05
(dd, J= 8.5 Hz, 1.6 Hz, 1H), 8.48 (s, 1H); *C{'H} NMR (100 MHz, CDCI3) § 45.3, 55.4, 105.7, 119.7,
125.0, 126.8, 127.1, 127.8, 128.6, 129.4, 130.2, 131.1, 132.0, 134.9, 137.3, 159.8, 197.3; MS (EI): m/z
(relative intensity) 276.1 (M, 7), 185.0 (100), 157.0 (23), 142.0 (10), 114.0 (10).

1-(2-Methoxyphenyl)-2-phenylethan-1-one (Table 2, compound 3ai)'®

Yield: 89% (40.2 mg). Eluents (EA: Hexane = 1: 20, R= 0.30) was used for flash column
chromatography. "H NMR (400 MHz, CDCls) § 3.92 (s, 3H), 4.31 (s, 2H), 6.95-7.01 (m, 2H), 7.23-7.26
(m, 3H), 7.29-7.33 (m, 2H), 7.46 (t, J= 7.8 Hz, 1H), 7.68 (d, J= 7.6 Hz, 1H); *C{'H} NMR (100 MHz,
CDCh) 6 50.1, 55.4, 111.4, 120.7, 126.5, 128.2, 128.3, 129.6, 130.6, 133.4, 135.2, 158.3, 200.1; MS
(EX): m/z (relative intensity) 226.1 (M*, 1), 135.0 (100), 92.0 (10), 77 (19).

1-(2,5-Dimethoxyphenyl)-2-phenylethan-1-one (Table 2, compound 3aj)"

Yield: 71% (36.4 mg). Eluents (Toluene, R~ 0.40) was used for flash column chromatography. 'H
NMR (400 MHz, CDCls) ¢ 3.77 (s, 3H), 3.87 (s, 3H), 4.32 (s, 2H), 6.90 (d, J= 9.0 Hz, 1H), 7.00-7.03
(m, 1H), 7.22-7.26 (m, 4H), 7.29-7.32 (m, 2H); *C{'H} NMR (100 MHz, CDCI3) & 50.1, 55.7, 55.9,
113.0, 114.2, 120.1, 126.5, 128.3, 129.6, 135.2, 152.9, 153.4, 199.7; MS (EI): m/z (relative intensity)
256.1 (M", 9), 165.0 (100), 150.0 (5), 122.0 (6), 107.0 (8).

1-(Naphthalen-1-yl)-2-phenylethan-1-one (Table 2, compound 3ak)?’

Yield: 50% (24.6 mg). Eluents (Toluene, R~= 0.50) was used for flash column chromatography. 'H
NMR (400 MHz, CDCI3) 6 4.38 (s, 2H), 7.24-7.27 (m, 1H), 7.29-7.35 (m, 4H), 7.45-7.59 (m, 3H), 7.86
(d, J=7.6 Hz, 1H), 7.97 (t, J= 7.5 Hz, 2H), 8.6 (d, J= 8.4 Hz, 1H); *C{'H} NMR (100 MHz, CDCl;) &
48.9, 124.3, 125.8, 126.5, 126.9, 127.9, 128.0, 128.4, 128.7, 129.5, 130.4, 132.7, 134.0, 134.5, 135.6,
201.5; MS (EI): m/z (relative intensity) 246.1 (M", 6), 155.1 (100), 127.1 (51).

1-(4-Methoxynaphthalen-1-yl)-2-phenylethan-1-one (Table 2, compound 3al)?!
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Yield: 99% (54.7 mg). Eluents (Toluene, R~ 0.40) was used for flash column chromatography. 'H
NMR (400 MHz, CDCI3) 6 4.05 (s, 3H), 4.37 (s, 2H), 6.78 (d, J= 8.2 Hz, 1H), 7.22-7.28 (m, 1H), 7.32-
7.35 (m, 4H), 7.51 (t, J= 8.0 Hz, 1H), 7.61 (t, J= 7.6 Hz, 1H), 8.09 (d, J= 8.2 Hz, 1H), 8.31 (d, J= 8.6
Hz, 1H), 8.93 (d, J= 8.6 Hz, 1H); *C{'H} NMR (100 MHz, CDCl3) § 48.0, 55.7, 102.0, 122.0, 125.8,
126.1, 126.7, 127.0, 128.6, 128.7, 129.3, 131.4, 132.3, 135.4, 143.3, 159.1, 199.6; MS (EI): m/z
(relative intensity) 276.1 (M", 3), 185.1 (100), 157.0 (12), 142.0 (7), 114.0 (15).

2-Phenyl-1-(3,4,5-trimethoxyphenyl)ethan-1-one (Table 2, compound 3am)*

Yield: 47% (26.9 mg). Eluents (Toluene, R~ 0.30) was used for flash column chromatography. 'H
NMR (400 MHz, CDCls) & 3.88 (s, 6H), 3.90 (s, 3H), 4.24 (s, 2H), 7.25-7.28 (m, 5H), 7.30-7.35 (m,
2H); 3C{'H} NMR (100 MHz, CDCI3) § 45.6, 56.2, 60.9, 106.2, 126.9, 128.7, 129.2, 131.6, 134.8,
142.5, 153.0, 196.4; MS (EI): m/z (relative intensity) 286.1 (M", 9), 195.1 (100), 152.0 (7), 137.0 (5),
91.1 (7).

1-Mesityl-2-phenylethan-1-one (Table 2, compound 3an)?

Yield: 59% (28.1 mg). Eluents (Toluene, R= 0.50) was used for flash column chromatography. 'H
NMR (400 MHz, CDCl3) 6 2.14 (s, 6H), 2.30 (s, 3H), 4.01 (s, 2H), 6.84 (s, 2H), 7.22 (d, J= 6.8 Hz, 2H),
7.27-7.35 (m, 3H); *C{'H} NMR (100 MHz, CDCl3) § 19.2, 21.0, 51.8, 127.1, 128.45, 128.52, 129.8,
132.7, 133.3, 138.5, 139.1, 207.5; MS (EI): m/z (relative intensity) 238.1 (M", 1), 147.1 (100), 119.1
(25), 91.1 (15), 77.0 (5).

1-(2,5-Dimethylfuran-3-yl)-2-phenylethan-1-one (Table 2, compound 3ao)

Yield: 55% (23.5 mg). Eluents (Toluene, R~ 0.50) was used for flash column chromatography. Yellow
liquid. 'TH NMR (400 MHz, CDCl3) § 2.25 (s, 3H), 2.53 (s, 3H), 3.97 (s, 2H), 6.24 (s, 1H), 7.23-7.27 (m,
3H), 7.31-7.34 (m, 2H); *C{'H} NMR (100 MHz, CDCl3) § 13.2, 14.3, 48.0, 105.8, 121.2, 126.8, 128.6,
129.4, 134.6, 149.9, 158.0, 193.9; MS (EI): m/z (relative intensity) 214.1 (M*, 10), 123.1 (100), 91.1 (6),
81.0 (8); HRMS (ESI-TOF) m/z: [M + H]" Calcd. for C14H502: 215.1067, found 215.1063.

2-Phenyl-3,4-dihydronaphthalen-1(2H)-one (Table 2, compound 3ap)*

Yield: 68% (30.2 mg). Eluents (Toluene, R~ 0.60) was used for flash column chromatography. 'H
NMR (400 MHz, CDCl3) 6 2.42-2.47 (m, 2H), 3.02-3.17 (m, 2H), 3.81 (t, J= 7.8 Hz, 1H), 7.20 (d, J=
7.1 Hz, 2H), 2.29 (d, J= 8.2 Hz, 2H), 7.33-7.37 (m, 3H), 7.51 (t, J= 7.4 Hz, 1H), 8.11 (d, J= 7.8 Hz, 1H);
BC{'H} NMR (100 MHz, CDCls) § 28.7, 31.2, 54.4, 126.7, 126.9, 127.8, 128.4, 128.5, 128.7, 132.9,
133.4, 139.7, 144.0, 198.2; MS (EI): m/z (relative intensity) 222.1 (M*, 96), 131.1 (44), 118.1 (100),
103.1 (58), 90.1 (45).
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2-(4-Methoxyphenyl)-1-phenylethan-1-one (Table 2, compound 3ba)'®

Yield: 91% (41.1 mg). Eluents (EA: Hexane = 1: 20, R= 0.30) was used for flash column
chromatography. '"H NMR (400 MHz, CDCl3) & 3.76 (s, 3H), 4.20 (s, 2H), 6.85 (d, J= 8.6 Hz, 2H), 7.16
(d, J= 8.6 Hz, 2H), 7.43 (t, J= 7.4 Hz, 2H), 7.53 (t, J= 7.4 Hz, 1H), 7.99 (d, J= 7.3 Hz, 2H); “C{'H}
NMR (100 MHz, CDCl3) 6 44.5, 55.2, 114.1, 126.4, 128.5, 128.6, 130.4, 133.0, 136.5, 158.5, 197.9; MS
(EI): m/z (relative intensity) 226.1 (M*, 16), 121.0 (100), 105.0 (90), 91.1 (5), 77.0 (38).

2-(4-Methoxyphenyl)-1-(p-tolyl)ethan-1-one (Table 2, compound 3bc)*

Yield: 94% (45.1 mg). Eluents (EA: Hexane = 1: 20, R~= 0.30) was used for flash column
chromatography. 'H NMR (400 MHz, CDCls) § 2.40 (s, 3H), 3.78 (s, 3H), 4.20 (s, 2H), 6.86 (d, J= 8.6
Hz, 2H), 7.18 (d, J= 8.6 Hz, 2H), 7.25 (d, J= 8.6 Hz, 2H), 7.91 (d, J= 8.2 Hz, 2H); *C{'H} NMR (100
MHz, CDCl3) 6 21.6, 44.5, 55.2, 114.1, 126.7, 128.7, 129.3, 130.4, 134.1, 143.9, 158.5, 197.6; MS (EI):
m/z (relative intensity) 240.1 (M", 15), 119.0 (100), 91.1 (24), 78.1 (5).

1,2-Bis(4-methoxyphenyl)ethan-1-one (Table 2, compound 3bd)*°

Yield: 97% (50.5 mg). Eluents (EA: Hexane = 1: 20, R~= 0.30) was used for flash column
chromatography. '"H NMR (400 MHz, CDCls) § 3.78 (s, 3H), 3.86 (s, 3H), 4.17 (s, 2H), 6.86 (d, J= 8.4
Hz, 2H), 6.92 (d, J= 8.7 Hz, 2H), 7.18 (d, J= 8.3 Hz, 2H), 7.99 (d, J= 8.7 Hz, 2H); *C{'H} NMR (100
MHz, CDCl3) 6 44.3, 55.2, 55.4, 113.7, 114.1, 126.9, 129.6, 130.3, 130.9, 158.4, 163.4, 196.5; MS (EI):
m/z (relative intensity) 256.1 (M", 7), 135.0 (100), 121.1 (8), 107.0 (5), 77.0 (11).

2-(4-Methoxyphenyl)-1-(m-tolyl)ethan-1-one (Table 2, compound 3bf)?’

Yield: 99% (47.5 mg). Eluents (EA: Hexane = 1: 20, R~= 0.40) was used for flash column
chromatography. 'H NMR (400 MHz, CDCls) & 2.41 (s, 3H), 3.79 (s, 3H), 4.22 (s, 2H), 6.85-6.89 (m,
2H), 7.18 (d, J= 8.6 Hz, 2H), 7.32-7.38 (m, 2H), 7.80-7.82 (m, 2H); *C{'H} NMR (100 MHz, CDCls) &
21.3,44.6, 55.2, 114.1, 125.8, 126.6, 128.4, 129.0, 130.4, 133.8, 136.6, 138.4, 158.5, 198.1; MS (EI):
m/z (relative intensity) 240.1 (M", 29), 119.0 (100), 91.1 (26), 78.1 (4), 65.1 (7).

1-(2-Methoxyphenyl)-2-(4-methoxyphenyl)ethan-1-one (Table 2, compound 3bi)

Yield: 99% (50.7 mg). Eluents (EA: Hexane = 1: 20, R= 0.30) was used for flash column
chromatography. Yellow liquid. 'H NMR (400 MHz, CDCl3) § 3.78 (s, 3H), 3.92 (s, 3H), 4.24 (s, 2H),
6.83-6.86 (m, 2H), 6.95-7.00 (m, 2H), 7.14 (d, J= 8.6 Hz, 2H), 7.42-7.47 (m, 1H), 7.67 (dd, J= 7.6 Hz,
1.8 Hz, 1H); *C{'H} NMR (100 MHz, CDCls) § 49.2, 55.1, 55.4, 111.4, 113.7, 120.6, 127.2, 128.2,
130.5, 130.6, 131.7, 133.4, 158.2, 200.5; MS (EI): m/z (relative intensity) 256.1 (M", 9), 135.0 (100),
121.1 (15), 92.0 (87), 77.1 (12); HRMS (ESI-TOF) m/z: [M + H]" Calcd for CisH1703: 257.1172, found
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257.1170.
1-(2,5-Dimethylfuran-3-yl)-2-(4-methoxyphenyl)ethanone (Table 2, compound 3bo)

Yield: 50% (24.4 mg). Eluents (Toluene, R~ 0.50) was used for flash column chromatography. Yellow
liquid. "H NMR (400 MHz, CDCl3) § 2.24 (s, 3H), 2.53 (s, 3H), 3.79 (s, 3H), 3.90 (s, 2H), 6.22 (s, 1H),
6.86 (d, J= 8.6 Hz, 2H), 7.15 (d, J= 8.6 Hz, 2H); *C{'H} NMR (100 MHz, CDCl5) § 13.2, 14.3, 47.1,
55.2, 105.8, 114.0, 121.1, 126.6, 130.4, 149.9, 157.9, 158.4, 194.3; MS (EI): m/z (relative intensity)
244.1 (M, 20), 123.1 (100), 91.1 (10), 78.0 (4); HRMS (ESI-TOF) m/z: [M + H]" Caled for Ci5Hi703:
245.1172 found 245.1169.

2-(3-Methoxyphenyl)-1-(m-tolyl)ethan-1-one (Table 2, compound 3cf)

Yield: 84% (40.3 mg). Eluents (EA: Hexane = 1: 20, R= 0.30) was used for flash column
chromatography. Yellow liquid. 'H NMR (400 MHz, CDCl3) § 2.41 (s, 3H), 3.79 (s, 3H), 4.25 (s, 2H),
6.79-6.83 (m, 2H), 6.86 (d, J= 7.6 Hz, 1H), 7.24 (t, J= 7.8 Hz, 1H), 7.32-7.38 (m, 2H), 7.81-7.83 (m,
2H); 3C{'H} NMR (100 MHz, CDCI3) § 21.3, 45.5, 55.1, 112.3, 115.0, 121.8, 125.8, 128.4, 129.0,
129.5, 133.9, 136.1, 136.6, 138.4, 159.7, 197.7; MS (EI): m/z (relative intensity) 240.1 (M", 20), 119.0
(100), 91.0 (29), 78.1 (3), 65.1 (7); HRMS (ESI-TOF) m/z: [M + H]" Calcd for CisH1702: 241.1223,
found 241.1221.

2-(3-Methoxyphenyl)-1-(4-Methoxyphenyl)ethan-1-one (Table 2, compound 3cd)?®

Yield: 99% (50.7 mg). Eluents (EA: Hexane = 1: 20, R~= 0.30) was used for flash column
chromatography. '"H NMR (400 MHz, CDCl3) & 3.80 (s, 3H), 3.87 (s, 3H), 4.22 (s, 2H), 6.80-6.85 (m,
2H), 6.88 (d, J= 7.7 Hz, 1H), 6.93-6.96 (m, 2H), 7.23-2.28 (m, 1H), 8.00-8.03 (m, 2H); *C{'H} NMR
(100 MHz, CDCl3) & 45.3, 55.1, 55.4, 112.2, 113.7, 114.9, 121.7, 129.5, 130.9, 136.4, 159.7, 163.5,
196.0; MS (EI): m/z (relative intensity) 256.1 (M", 3), 135.0 (100), 107.0 (6), 92.0 (8), 77.1 (12).

1-(2-Methoxyphenyl)-2-(3-methoxyphenyl)ethan-1-one (Table 2, compound 3ci)

Yield: 93% (47.8 mg). Eluents (EA: Hexane = 1: 20, R~= 0.30) was used for flash column
chromatography. Colorless liquid. "TH NMR (400 MHz, CDCls) & 3.78 (s, 3H), 3.92 (s, 3H), 4.28 (s, 2H),
6.77-6.83 (m, 3H), 6.95-7.00 (m, 2H), 7.21 (t, J= 7.5 Hz, 1H), 7.45 (t, J= 7.9 Hz, 1H), 7.67 (dd, J= 7.6
Hz, 1.8 Hz, 1H); 3C{'H} NMR (100 MHz, CDCl3) § 50.1, 55.1, 55.4, 111.4, 112.1, 115.2, 120.7, 122.1,
128.1, 129.2, 130.6, 133.5, 136.6, 158.3, 159.5, 199.9; MS (EI): m/z (relative intensity) 256.1 (M", 7),
135.0 (100), 92.0 (7), 77.0 (11); HRMS (ESI-TOF) m/z: [M + H]" Calcd for Ci¢Hi703": 257.1172,
found 257.1169.

2-(3-Methoxyphenyl)-1-(thiophen-2-yl)ethan-1-one (Table 2, compound 3cq)*
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Yield: 77% (35.8 mg). Eluents (EA: Hexane = 1: 9, R= 0.30) was used for flash column
chromatography. '"H NMR (400 MHz, CDCls) § 3.79 (s, 3H), 4.16 (s, 2H), 6.80 (d, J= 8.4 Hz, 1H),
6.86-6.91 (m, 2H), 7.11 (t, J/= 4.5 Hz, 1H), 7.24 (t, J/= 7.9 Hz, 1H), 7.63 (d, J= 4.8 Hz, 1H), 7.77 (d, J=
3.6 Hz, 1H); C{'H} NMR (100 MHz, CDCl3) § 46.4, 55.1, 112.5, 114.9, 121.7, 128.1, 129.6, 132.7,
134.0, 135.7, 143.8, 159.7, 190.3; MS (EI): m/z (relative intensity) 232.1 (M", 29), 111.0 (100), 91.1 (7),
78.1 (7).

2-(3-Methoxyphenyl)-1-phenylpropan-1-one (Table 2, compound 3cr)3’

Yield: 88% (42.2 mg). Eluents (EA: Hexane = 1: 20, R= 0.40) was used for flash column
chromatography. 'H NMR (400 MHz, CDCl3) § 1.52 (d, J= 6.8 Hz, 3H), 3.76 (s, 3H), 4.65 (q, J= 14.6
Hz, 1H), 6.74 (d, J= 8.2 Hz. 1H), 6.82 (s, 1H), 6.87 (d, J= Hz, 1H), 7.21 (t, J= 7.9 Hz, 1H), 7.36-7.40
(m, 2H), 7.48 (t, J= 7.4 Hz, 1H), 7.95 (d, J= 7.4 Hz, 2H); 3C{'H} NMR (100 MHz, CDCl3) § 19.3, 47.8,
55.0, 112.0, 113.3, 120.0, 128.3, 128.6, 129.8, 132.6, 136.3, 142.9, 159.8, 200.0; MS (EI): m/z (relative
intensity) 240.1 (M", 16), 135.1 (12), 105.0 (100), 77.0 (27).

1-Phenyl-2-(p-tolyl)ethan-1-one (Table 2, compound 3da)'®

Yield: 85% (35.7 mg). Eluents (Toluene, R~ 0.60) was used for flash column chromatography. 'H
NMR (400 MHz, CDCl3) 8 2.35 (s, 3H), 4.28 (s, 2H), 7.16-7.21 (m, 4H), 7.48 (t, J/= 7.4 Hz, 2H), 7.58 (4,
J=17.4 Hz, 1H), 8.05 (d, J= 7.3 Hz, 2H); *C{'H} NMR (100 MHz, CDCls) § 21.0, 45.1, 128.6, 129.3,
129.4, 131.4, 133.0, 136.4, 136.6, 197.8; MS (EI): m/z (relative intensity) 210.1 (M*, 10), 105.1 (100),
77.1 (26), 51.0 (6).

1-(4-Methoxyphenyl)-2-(p-tolyl)ethan-1-one (Table 2, compound 3dd)*"

Yield: 90% (43.2 mg). Eluents (EA: Hexane = 1: 9, R~= 0.40) was used for flash column
chromatography. '"H NMR (400 MHz, CDCls) § 2.32 (s, 3H), 3.86 (s, 3H), 4.19 (s, 2H), 6.92 (d, J= 8.9
Hz, 2H), 7.11-7.17 (m, 4H), 8.00 (d, J= 8.9 Hz, 2H); 3C{'H} NMR (100 MHz, CDCls) § 21.0, 44.9,
55.4, 113.7, 129.2, 129.3, 129.6, 130.9, 131.8, 136.3, 163.4, 196.4; MS (EI): m/z (relative intensity)
240.1 (M7, 3), 135.1 (100), 107.0 (6), 92.0 (8), 77.1 (13).

1-Phenyl-2-(m-tolyl)ethan-1-one (Table 2, compound 3ea)'®

Yield: 85% (35.7 mg). Eluents (Toluene, R~= 0.50) was used for flash column chromatography. 'H
NMR (400 MHz, CDCI3) 6 2.34 (s, 3H), 4.26 (s, 2H), 7.07-7,10 (m, 3H), 7.21-7.26 (m, 1H), 7.47 (t, J=
7.4 Hz, 2H), 7.56 (t, J= 7.4 Hz, 1H), 8.03 (d, J= 7.6 Hz, 2H); *C{'H} NMR (100 MHz, CDCls) § 21.3,
45.4, 126.4, 127.6, 128.5, 128.6, 130.1, 133.1, 134.4, 136.6, 138.3, 197.7; MS (EI): m/z (relative
intensity) 210.1 (M", 4), 105.0 (100), 77.0 (33), 51.0 (6).
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2-(3,5-Dimethylphenyl)-1-phenylethan-1-one (Table 2, compound 3fa)3¢

Yield: 79% (35.4 mg). Eluents (EA: Hexane = 1: 20, R= 0.40) was used for flash column
chromatography. 'H NMR (400 MHz, CDCl;) § 2.30 (s, 6H), 4.22 (s, 2H), 6.90 (s, 3H), 7.47 (t, J= 7.4
Hz, 2H), 7.56 (t, J= 7.4 Hz, 1H), 8.03 (d, J= 8.0 Hz, 2H); 3C{'H} NMR (100 MHz, CDCls) & 21.2,
45.3, 127.2, 128.56, 128.59, 133.0, 134.3, 136.6, 138.1, 197.8; MS (EI): m/z (relative intensity) 224.1
(M, 8), 105.0 (100), 91.1 (5), 77.0 (28).

2-(3,5-Dimethylphenyl)-1-(4-methoxyphenyl)ethan-1-one (Table 2, compound 3fd)

Yield: 79% (40.1 mg). Eluents (EA: Hexane = 1: 20, R~= 0.30) was used for flash column
chromatography. Colorless liquid. "TH NMR (400 MHz, CDCls3) § 2.29 (s, 6H), 3.86 (s, 3H), 4.16 (s, 2H),
6.89-6.90 (m, 3H), 6.93 (d, J= 8.8 Hz, 2H), 8.01 (d, J= 8.8 Hz, 2H); 1*C{'H} NMR (100 MHz, CDCls)
021.2,45.1,554,113.7, 127.1, 128.4, 129.6, 130.9, 134.7, 138.1, 163.4, 196.4; MS (EI): m/z (relative
intensity) 254.1 (M", 3), 135.0 (100), 119.1 (3), 107.0 (5), 92.0 (6); HRMS (ESI-TOF) m/z: [M + H]"
Calcd for C17H1902: 255.1380, found 255.1378.

1-Phenyl-2-(3,4,5-trimethylphenyl)ethan-1-one (Table 2, compound 3ga)

Yield: 92% (43.8 mg). Eluents (EA: Hexane = 1: 20, R= 0.40) was used for flash column
chromatography. Yellow liquid. 'H NMR (400 MHz, CDCl3) § 2.15 (s, 3H), 2.28 (s, 6H), 4.20 (s, 2H),
6.94 (s, 2H), 7.47 (t, J= 7.4 Hz, 2H), 7.56 (t, J= 7.3 Hz, 1H), 8.05 (d, J= 7.8 Hz, 2H); 3C{'H} NMR
(100 MHz, CDCl) 815.0, 20.5, 45.0, 128.1, 128.5, 128.6, 131.1, 133.0, 133.6, 136.6, 136.7, 198.0; MS
(EI): m/z (relative intensity) 238.1 (M", 25), 133.1 (28), 105.0 (100), 91.0 (5), 77.0 (20); HRMS (ESI-
TOF) m/z: [M + H]" Calcd for C17H190: 239.1430, found 239.1427.
2-(4-(tert-Butyl)phenyl)-1-phenylethan-1-one (Table 2, compound 3ha)®¢

Yield: 82% (41.3 mg). Eluents (EA: Hexane = 1: 20, R~= 0.40) was used for flash column
chromatography. '"H NMR (400 MHz, CDCls) §1.32 (s, 9H), 4.27 (s, 2H), 7.22 (d, J= 8.2 Hz, 2H), 7.37
(d, J= 8.3 Hz, 2H), 7.47 (t, J= 7.3 Hz, 2H), 7.57 (t, J= 7.4 Hz, 1H), 8.04 (d, J= 7.7 Hz, 2H); *C{'H}
NMR (100 MHz, CDCls) ¢ 31.3, 34.4, 44.9, 125.6, 128.6, 129.1, 129.9, 131.3, 133.1, 136.6, 149.6,
197.8; MS (EI): m/z (relative intensity) 252.1 (M", 9), 207.0 (3), 105.0 (100), 77.1 (18).
2-(4-(tert-Butyl)phenyl)-1-(4-methoxyphenyl)ethan-1-one (Table 2, compound 3hd)>'

Yield: 99% (55.9 mg). Eluents (EA: Hexane = 1: 20, R= 0.30) was used for flash column
chromatography. '"H NMR (400 MHz, CDCl3) § 1.31 (s, 9H), 3.86 (s, 3H), 4.21 (s, 2H), 6.93 (d, J= 8.9
Hz, 2H), 7.22 (d, J= 8.2 Hz, 2H), 7.35 (d, J= 8.2 Hz, 2H), 8.02 (d, J= 8.8 Hz, 2H); *C{!H} NMR (100
MHz, CDCl3) 6 31.3, 34.4,44.7,55.4, 113.7, 125.5, 129.0, 129.7, 130.9, 131.8, 149.5, 163.4, 196.4; MS
(EI): m/z (relative intensity) 282.1 (M*, 2), 135.0 (100), 107.0 (4), 92.0 (4), 77.1 (6).
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2-(4-Fluorophenyl)-1-phenylethan-1-one (Table 2, compound 3ia)'®

Yield: 82% (35.1 mg). Eluents (Toluene, R~ 0.40) was used for flash column chromatography. 'H
NMR (400 MHz, CDCl3) 6 4.27 (s, 2H), 7.00-7.04 (m, 2H), 7.21-7.24 (m, 2H), 7.47 (t, J= 7.8 Hz, 2H),
7.58 (t, J= 7.3 Hz, 1H), 8.00 (t, J= 7.3 Hz, 2H); *C{'H} NMR (100 MHz, CDCl;) & 44.5, 115.5 (d, J=
21.3 Hz), 128.5, 128.7, 130.1 (d, /= 3.4 Hz), 131.0 (d, J= 31.6 Hz), 133.3, 136.4, 161.9 (d, J= 243.7 Hz),
197.4; YF NMR (376 MHz, CDCl3) § -116.0; MS (EI): m/z (relative intensity) 214.1 (M*, 2), 105.1
(100), 215.1 (42), 83.1 (6), 77.1 (37).

2-(4-Fluorophenyl)-1-(4-methoxyphenyl)ethan-1-one (Table 2, compound 3id)3?

Yield: 72% (35.3 mg). Eluents (Toluene, R~ 0.35) was used for flash column chromatography. 'H
NMR (400 MHz, CDCls) & 3.86 (s, 3H), 4.21 (s, 2H), 6.94 (d, J= 8.8 Hz, 2H), 7.00 (t, J= 8.6 Hz, 2H),
7.20-7.24 (m, 2H), 7.99 (d, J= 8.8 Hz, 2H); 3C{'H} NMR (100 MHz, CDCl3) § 44.2, 55.4, 113.8, 115.4
(d, J/=21.4 Hz), 129.4, 130.5 (d, J= 3.4 Hz), 130.8, 130.9 (d, J= 7.9 Hz), 161.8 (d, J= 243.4Hz), 163.6,
195.9; F NMR (376 MHz, CDCl3) § -116.2; MS (EI): m/z (relative intensity) 244.1 (M*, 2), 135.1
(100), 107.1 (15), 92.1 (17), 77.1 (19).

2-(Naphthalen-1-yl)-1-phenylethan-1-one (Table 2, compound 3ja)®

Yield: 89% (43.8 mg). Eluents (EA: Hexane = 1: 20, R~= 0.30) was used for flash column
chromatography. '"H NMR (400 MHz, CDCl) § 4.75 (s, 2H), 7.37 (d, J= 6.8 Hz, 1H), 7.42-7.51 (m, 5H),
7.60 (t, J= 7.4 Hz, 1H), 7.81 (d, J= 8.1 Hz, 1H), 7.87-7.90 (m, 2H), 8.10 (d, J= 7.4 Hz, 2H); *C{'H}
NMR (100 MHz, CDCl3) 6 43.1, 123.8, 125.5, 125.7, 126.3, 127.9, 128.0, 128.5, 128.7, 128.8, 131.3,
132.2, 133.2, 133.9, 136.7, 197.6; MS (EI): m/z (relative intensity) 246.1 (M", 26), 141.0 (16), 105.0
(100), 77.0 (23).

1-(4-Methoxyphenyl)-2-(naphthalen-1-yl)ethan-1-one (Table 2, compound 3jd)*!

Yield: 83% (45.8 mg). Eluents (Toluene, R~ 0.40) was used for flash column chromatography. 'H
NMR (400 MHz, CDCI3) 6 3.87 (s, 3H), 4.69 (s, 2H), 6.95 (d, J= 8.8 Hz, 2H), 7.35 (d, J= 6.9 Hz, 1H),
7.42 (t, J= 8.0 Hz, 1H), 7.46-7.51 (m, 2H), 7.79 (d, J= 8.1 Hz, 1H), 7.86-7.91 (m, 2H), 8.06 (d, J= 8.8
Hz, 2H); *C{'H} NMR (100 MHz, CDCl3) 6 42.8, 55.4, 113.8, 123.9, 125.4, 125.6, 126.2, 127.7, 127.9,
128.7, 129.7, 130.8, 131.7, 132.2, 133.8, 163.5, 196.2; MS (EI): m/z (relative intensity) 276.1 (M", 7),
135.0 (100), 115.1 (7), 92.0 (7), 77.1 (10).

1-Phenyl-2-(o-tolyl)ethan-1-one (Table 2, compound 3ka)**

Yield: 50% (21.0 mg). Eluents (Toluene, R~= 0.50) was used for flash column chromatography. 'H
NMR (400 MHz, CDCl3) 6 2.28 (s, 3H), 4.32 (s, 2H), 7.13-7.24 (m, 4H), 7.47-7.51 (m, 2H), 7.59 (t, J=
7.4 Hz, 1H), 8.03 (d, J= 7.4 Hz, 2H); C{'H} NMR (100 MHz, CDCls) § 19.8, 43.4, 126.1, 126.5,
127.2, 128.3, 128.6, 130.2, 130.3, 133.1, 133.4, 136.8, 197.4; MS (EI): m/z (relative intensity) 210.1
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(M*, 11), 105.1 (100), 77.1 (29).

1,2-Diphenylethan-1-one (Scheme 3, compound 3aa)'*

Yield: 80% (1.57 g). Eluents (Toluene, R= 0.50) was used for flash column chromatography. '"H NMR
(400 MHz, CDCls) & 4.30 (s, 2H), 7.25-7.36 (m, 5H), 7.47 (t, J= 7.8 Hz, 2H), 7.56 (t, J= 7.4 Hz, 1H),
8.03 (d, J= 7.3 Hz, 2H); *C{'H} NMR (100 MHz, CDCls) § 45.5, 126.8, 128.57, 128.60, 128.63, 129.4,
133.1, 134.5, 136.5, 197.6; MS (EI): m/z (relative intensity) 196.1 (M, 4), 165.0 (3), 105.0 (100), 91.0
(8), 77.1 (37).

Supporting Information Available: Copies of 'H NMR, *C NMR, "°F NMR, *'P NMR and HRMS
spectra of synthesized compounds (PDF). This material is available free of charge via the Internet at

http://pubs.acs.org.
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