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1. General Information

1.1 Materials and instruments
All the chemicals were purchased from commercial suppliers, all commercially available

reagents were directly used without further purification. Reactions were monitored by Thin Layer
Chromatography (TLC) using UV light (254/365 nm) for detection. Products were purified by
column chromatography, which was carried out on 200-300 mesh of silica gel purchased from Qing
Dao Hai Yang Chemical Industry Co. All the 'H, '3C, and '"F NMR spectra were recorded on
Bruker Avance 400 MHz spectrometer. Proton chemical shifts & were given in ppm using
tetramethylsilane as internal standard. All NMR spectra were recorded in CDCl; at room
temperature (20 = 3 °C). High-resolution mass spectra (HRMS) were taken with a 3000-mass
spectrometer, using Waters Q-Tof MS/MS system with the ESI technique. The LEDs used are
Kessil® PR160L-390 nm lamp.

Figure S1. Photograph of Photocatalytic reactor used for reactions conducted under irradiation
with a Kessil® PR160L-390 nm lamp

2. Experimental procedures

2.1 Preparation of photocatalyst tetrabutylammonium decatungstate (TBADT)
The photocatalyst was synthesized according to literature report.! To a 2 L beaker wrapped in

aluminum foil for insulation and equipped with a 4” Teflon stir bar were added
tetrabutylammonium bromide (4.80 g, 14.9 mmol, 0.49 equiv.) and deionized water (1600 mL). In
a separate 4 L beaker wrapped in aluminum foil for insulation and equipped with a 4” Teflon stir
bar were added Na,WO,*2H,0 (10 g, 30.3 mmol, 1.00 equiv.) and deionized water (1600 mL).
Both solutions were rapidly stirred and heated to 90 °C. When both solutions reached 90 °C,
concentrated HCI was added to each solution until pH stabilized at 2. At this point, the acidified
solutions were combined in the 4 L beaker, and the resultant suspension was stirred at 90 °C for an
additional 30 minutes. The reaction mixture was cooled to room temperature, then filtered through
a pad of silica gel. The solids were washed with water and left to dry under vacuum. When the
silica-supported solids were dry, the receiving flask was exchanged, and the pad was washed with
3 x 200 mL dichloromethane. The filtrate was collected and solvent was removed. The residue was
thoroughly dried under vacuum to afford TBADT. Isolated as pale yellow crystals (82% yield).

UV-Vis and CV characterization is consistent with literature data.!

2.2 Optimization of reaction conditions
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Table S1. Optimization of reaction conditions of 3p

0 O  CO,Et
H . =<—302Ph TBADT
CO,Et solvent, No, RT,
390 nm
1p 2a 3p
Entry PC Solvent Yield (%)
1 TBADT (3 mol %) Acetone 69
2b TBADT (3 mol %) Acetone 40
3¢ TBADT (3 mol %) Acetone 55
44 TBADT (3 mol %) Acetone 55
5 TBADT (3 mol %) MeCN 34
6 TBADT (3 mol %) DCM 13
7 TBADT (3 mol %) THF trace
8 TBADT (2 mol %) Acetone 44
9 TBADT (4 mol %) Acetone 76
10 TBADT (5 mol %) Acetone 48
11¢ TBADT (4 mol %) Acetone 38
12/ TBADT (4 mol %) Acetone 47
132 TBADT (4 mol %) Acetone 63

@ Reaction conditions: 1p (0.2 mmol), 2a (0.6 mmol), TBADT (3 mol %) in solvent (3.0 mL) at
room temperature for 6 h under the irradiation of a Kessil® PR160L-390 nm lamp (40 W) in the N,
atmosphere. Isolated yields are given. ?2a (0.2 mmol), ¢2a (0.4 mmol), 2a (0.8 mmol), ¢ 10 W,/
20 W, €30 W.

We began to set up our optimal experimental conditions towards ethyl 2-methylene-4-
(naphthalen-2-yl)-4-oxobutanoate using the model reaction of 1p and with 2a in the presence of
TBADT under N, atmosphere with irradiation of a Kessil® PR160L-390 nm lamp (40 W) at room
temperature for 6 h, as summarized in Table S2. Initially, by employing 3 mol% of TBADT as the
catalyst, the model reaction was performed smoothly at room temperature in acetone (3 mL),
affording the desired product 3p in 69% yield (entry 1). With this intriguing result in hand, the
influence of the amount of 2a was examined (entries 1-4). The results showed that 2a (0.6 mmol)
was proved to be the best choice. Next, we further investigated other different solvents including
acetonitrile, dichloromethane and tetrahydrofuran. Acetone was also proved to be the best one
among all the solvents tested. The amount of TBADT was then evaluated. To our delight, the yield
of 3p was increased from 69% to 76% as the amount of TBADT increased from 3 mol % to 4 mol
%. However, when the model reactions were performed in the different light intensities, yield of
3p has not improved further (entries 11-13). After a wide exploration, the optimal conditions were
finally established as follows: 1p (0.2 mmol), 2a (0.6 mmol), TBADT (4 mol %), acetone (3 mL)
at room temperature for 6 h under N, atmosphere with the irradiation of 40 W 390 nm Kessil lamp.
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Table S2. Optimization of reaction conditions of 4a

Q
=(_So2ph TBADT
H o+ —_—_—m—
CO,Et solvent, No, RT,

390 nm
1a 2a
Entry PC Base Solvent Yield (%)
1 TBADT (3 mol %) Na,CO; Acetone 58
2 TBADT (3 mol %) NaHCO; Acetone 43
3 TBADT (3 mol %) K,CO;, Acetone trace
4 TBADT (3 mol %) KHCO;, Acetone trace
5 TBADT (3 mol %) - Acetone 63
6 TBADT (3 mol %) -—- MeCN 42
7 TBADT (3 mol %) -—- THF 34
8 TBADT (3 mol %) - DMF trace
9 TBADT (3 mol %) --- DCM 21
10 TBADT (2 mol %) - Acetone 45
11 TBADT (4 mol %) - Acetone 54
12 TBADT (5 mol %) - Acetone 48
13° TBADT (3 mol %) --- Acetone 42
14¢ TBADT (3 mol %) - Acetone 67
154 TBADT (3 mol %) - Acetone 72
16¢ TBADT (3 mol %) - Acetone 54
17 TBADT (3 mol%) --- Acetone 17
18¢ TBADT (3 mol %) - Acetone N.D.
19% TBADT (3 mol %) --- Acetone 32

@ Reaction conditions: 1a (1.0 mmol), 2a (0.2 mmol), TBADT (3 mol %) and base (2 equiv) in
solvent (3.0 mL) at room temperature for 5 h under the irradiation of a Kessil® PR160L-390 nm
lamp (40 W) in the N, atmosphere. Isolated yields are given.?1a (0.8 mmol),1a (1.2 mmol),1a
(1.4 mmol),1a (1.6 mmol),”No TBADT, £ No light, " Air.

We initially started our study by wusing benzaldehyde (1a) and ethyl 2-
((phenylsulfonyl)methyl)acrylate (2a) as the model substrates in the presence of various bases
under irradiation of a Kessil® PR160L-390 nm lamp (40 W) to investigate the reaction conditions.
To our delight, the optimal isolated yield was 63% without base (entry 5). Next, the effects of
various solvents and the amount of TBADT on the reaction were investigated (entries 5-12). The
results indicated that the target product 4a was obtained in the highest yield in acetone and 3 mol %

of TBADT. Finally, the amount of 1a was examined, the results indicated that the yield of 4a could
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be raised to 72% when the amount of 1a was increased to 1.4 mmol (entry 15). Additionally, poor
reactivity was observed when the model reaction was performed without TBADT or 40 W Kessil®
PR160L-390 nm lamp respectively (entries 17-18). Therefore, the optimal reaction conditions were
thus established as follows: 1a (1.4 mmol), 2a (0.2 mmol), and TBADT (3 mol %) in acetone (3
mL) at room temperature for 5 h under N, atmosphere with the irradiation of 40 W 390 nm Kessil
Lamp.

Table S3. Chemoselectivity of screening of the substrate ratio of aroylation reaction

i SO,Ph TBADT P G
H O+ —_— +
Soa T SCARebe
1p 2a 3p 4p
Substrate ratio Product ratios (%)
Entry PC
(1p:2a) 3p 4p
1 TBADT (3 mol %) 1:1 40 25
2 TBADT (3 mol %) 1:2 55 19
3 TBADT (3 mol %) 1:3 69 13
4 TBADT (3 mol %) 1:4 55 10
56 TBADT (4 mol %) 1:3 76 11

¢Reaction conditions: 1p (0.2 mmol), TBADT (3 mol %) in acetone (3.0 mL) at room temperature
for 6 h under the irradiation of a Kessil® PR160L-390 nm lamp (40 W) in the N, atmosphere.
Isolated yields are given. * TBADT (4 mol %).

Table S4. Chemoselectivity of screening of the substrate ratio of diaroylation reaction

i SO,Ph TBADT 0 o= 0 %Yo
H o+ = —_— +
©)J\ CO,Et acgg)onﬁ,mr\’lzs, hRT, ©)K/§ O O
1a 2a 3a 4a
Substrate ratio Product ratios (%)
Entry PC
(1a:2a) 3a 4a

1 TBADT (3 mol %) 4:1 trace 42
2 TBADT (3 mol %) 5:1 trace 63
3 TBADT (3 mol %) 6:1 trace 67
4 TBADT (3 mol %) 7:1 trace 72
5 TBADT (3 mol %) 8:1 trace 54

¢Reaction conditions: 2a (0.2 mmol), TBADT (3 mol %) in acetone (3.0 mL) at room temperature
for 5 h under the irradiation of a Kessil® PR160L-390 nm lamp (40 W) in the N, atmosphere.
Isolated yields are given.
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2.3 Preparation of starting materials
Preparation of 2a and 2s?

COOR ArSO,Na COOR
Br MeOH, 65 °C, 2h | )\/SOzAr

Scheme S1. General experimental procedures for substrates 2a and 2s

2a and 2s were synthesized according to literature report,? to a solution of alkylbromide (1.0
equiv) in dry methanol was added ArSO,Na (1.5 equiv). After 2 h of reflux, the mixture was
concentrated under reduced pressure, the obtained residue was dissolved in EtOAc and the mixture
was washed with water, brine, dried with Na,SO,, filtered and the filtrate was evaporated and
purified by column chromatography to afford 2a and 2s.

Preparation of 2t

o

HJLH, DABCO COO0Bn PBr. COO0Bn COOBn
et e —r—— oH B choole A soph
dioxane/H,0 = 1:1 THF, 0 °C r MeOH, 65 °C, 2h 2

S s-2 2t

Scheme S2. General experimental procedures for substrate 2t

Step 1. According to a reported literature procedure,” to a solution of paraformaldehyde (1.3 equiv)
and benzyl acrylate (1.0 equiv) in dioxane-water (1:1, v/v) was added DABCO (1.3 equiv) and the
reaction progress was monitored by TLC. Upon completion, the reaction mixture was extracted
with EtOAc (% 3) and the combined organic layers were washed with water (x 4) and brine, dried
over Na,SQOy,, and concentrated under reduced pressure. The crude product was purified by column
chromatography on silica gel to afford S-1.

Step 2. To a solution of S-1 was added phosphorus (III) bromide (0.33 equiv) in dry THF (20 mL)
at -10 °C under a nitrogen atmosphere. The temperature was allowed to rise to 20 °C and stirring
was continued for 3 h. Water (50 mL) was then added and the mixture was extracted with petroleum
ether (x 3). The combined organic phase was washed with brine, dried over anhydrous Na,SO, and
concentrated under reduced pressure. The crude product was purified by column chromatography
on silica gel to give S-2.

Step 3. 2t was finally prepared by experimental procedures for substrate 2a from S-2.

Preparation of 2u-2w?

0]

0]
DIPEA, TFA
+ PhSO,Na + (CHO), —m — SO,Ph
DMF, 90 °C
R R

S-3

Scheme S3. General experimental procedures for substrates 2u-2w
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According to a reported literature procedure,> A mixture of S-3 (1.0 equiv), DIPEA (1.0 equiv),
TFA (2.0 equiv), sodium benzenesulfinate (1.0 equiv) and paraformaldehyde (4.0 equiv) were
dissolved in DMF, then, the reaction mixture was heated to 90 °C in a nitrogen atmosphere for 20
h. Upon completion, the reaction mixture was cooled to room temperature, diluted with EtOAc,
washed with 3 x 20 mL LiCl (5§ wt%), and dried over Na,SO,. The solid was filtered off and the
organic solvent evaporated. The crude product was purified by column chromatography on silica
gel to give the 2u-2w as a white solid.

Preparation of 1q>

o o
OH DMAP, DCC
+ H —
3 DCM, r.t. 0 H
HO 5

Scheme S4. General experimental procedures for substrate 1q

1q was synthesized according to literature report,® p-hydroxybenzaldehyde (1.0 equiv) and acid
(1.0 equiv) and dry CH,Cl, (20 mL) were added sequentially to a dry round-bottom flask at room
temperature. The reaction was cooled to 0 °C and a catalytic amount of 4-dimethylaminopyridine
(DMAP, 0.1 equiv) and dicyclohexylcarbodiimide (DCC, 2.0 equiv) were added sequentially. The
reaction was allowed to slowly warm to room temperature and further stirred for 8 hours. Upon
completion, the solution was concentrated in vacuo and purified by column chromatography on
silica to afford the desired product 1q.

2.4 General experimental procedures for the unsaturated ketones and 1, 5-diketones

Ph o O z
ﬁ\ . 2(—802 TBADT (4 mol %) . ’U\/§
Ar” H Z acetone, 6 h, RT, Ar
40 W, 390 nm, N,
1 2 3

Scheme S5. General experimental procedures for the unsaturated ketones

Aldehyde 1 (0.2 mmol, 1.0 equiv), TBADT (26.6 mg, 4 mol %) and allyl sulfone 2 (0.6 mmol,
3.0 equiv) were added into a 25 mL Schlenk tube equipped with a teflon coated magnetic stirring
bar. The tube was sealed using a rubber stopper and the reaction mixture was degassed by bubbling
with N, for 5 min with an outlet needle, followed by the sequential addition via syringe of acetone
(3 mL). The reaction tube was irradiated (at approximately 2-3 cm away from the light source) with
a Kessil® PR160L-390 nm lamp (40 W) under vigorous stirring at room temperature. After 6 hours
the solvent was evaporated under vacuum, all the crude products were purified by silica gel
chromatography using petroleum ether/ethyl acetate (v/v = 40/1) as eluting solvent to give the
desired products 3.
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0
ﬁ\ . SO,Ph TBADT (3 mol %) w
< > Ar Ar

Z acetone, 5 h, RT,
40 W, 390 nm, N,

Scheme S6. General experimental procedures for the 1, 5-diketones

TBADT (21 mg, 3 mol %), aldehyde 1 (1.4 mmol, 7.0 equiv) and allyl sulfone 2 (0.2 mmol, 1.0
equiv) were added into a 25 mL Schlenk tube equipped with a teflon coated magnetic stirring bar.
The tube was sealed using a rubber stopper and the reaction mixture was degassed by bubbling
with N, for 5 min with an outlet needle, followed by the sequential addition via syringe of acetone
(3 mL). Then the reaction tube was exposed to a Kessil® PR160L-390 nm lamp (40 W) irradiation
(at approximately 2-3 cm away from the light source) at room temperature with vigorous stirring
for 5 h (N, atmosphere). After the reaction, the solvent was evaporated under vacuum, all the crude
products were purified by silica gel chromatography using petroleum ether/ethyl acetate (v/v =
20/1) as eluting solvent to give the desired products 4.

2.5 Synthetic applications

Synthesis of 5*
( )
Et
Et OsO
0,0
(0} 0} NH,4OAc (8 equiv)
— > &S
AcOH, 120 °C, 9 h |
J
4a 5, 75%
. /

Scheme S7. Experimental procedures for 5

The reaction was carried out following a modified procedure from Boivin et al.* A solution of
compound 4a (65 mg, 0.2 mmol, 1 equiv) in AcOH (5 mL), containing NH,OAc (123 mg, 1.6
mmol, 8 equiv) was placed into a 10 mL vial equipped with a Teflon coated magnetic stirring bar.
The vial was sealed with a septum-cap and the internal atmosphere exchanged with N,. The solution
was then heated at 120 °C for 5 h after which the solvent was evaporated under reduced pressure
and the residue was taken up in Et,0. The organic layer was washed successively with 2 N aq
NaOH and brine, then dried (MgSO,). The residue was chromatographed over silica gel (ethyl
ether/petroleum ether = 1:50, Ry= 0.4) to yield the title compound 5 as white solid (45.1 mg, 75%).

Synthesis of 6 °

HOQ

TR S NH,OH-HCI N
_
©)‘\/§ NaOAc, EtOH COEt

3a 6, 56%

Scheme S8. Experimental procedures for 6
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The reaction was carried out following a modified procedure from Wang et al.> To a solution of
hydroxylamine hydrochloride (69.5 mg, 1.0 mmol, 5 equiv) in water was added a solution of
sodium acetate (114.8 mg, 1.4 mmol, 7 equiv) in ethanol. The mixture was stirred at room
temperature while the unsaturated ketone 3b (43.6 mg, 0.2 mmol, 1 equiv) was added as a solution
in ethanol. The mixture was stirred overnight and concentrated in vacuo. Then, the mixture was
extracted with ethyl acetate 3 times and the combined extracts were washed with water and brine,
dried (MgSQ,), filtered, and concentrated in vacuo. The crude material was purified by flash
chromatography on silica gel to afford title compound 6 as colorless oil (26.1 mg, 56%).

2.6 Set of Experiments

A set of experiments that employed 1a and 2a were performed to evaluate the reaction-condition-
based sensitivity of this conversion, which will be valuable in increasing the insight of this new
synthetic method and reproducibility. Various parameters, including concentration, temperature,
oxygen level, water level, light intensity, and scale, were chosen with positive and negative
direction relative to the standard reaction conditions. Each experiment only deliberately changed
one parameter, while keeping others at standard levels.

Table S5. Set of Experiments

O SO,Ph Designed o OO o
H o+ =|(_ conditions 3
@ ®

1a 2a 4a

Parameter Variation Description Yield
Concentration () High ¢ c+t10%c 2.73 mL Acetone 69%
Low ¢ c-10%c 3.33 mL Acetone 70%

. + Hzo, VHZO 30 ]JL HzO in 3 mL 0
H,O level High H,O — 1%V, Acctone 64%
O, level Air Air instead of N, 32%
Temperature (7) High T T+10°C 35°C 70%

Light intensity (W) Low W Wi16 25W 0%
Scale Big scale n-15 3 mmol of 2a 59%

2.7 Investigation of the mechanism
TEMPO was used as a radical scavenger

-
Standard conditions )L
1a + 2a 4a

TEMPO (5.0 equiv) SOZPh
Detected by HRMS Detected by HRMS
m/z: [M + HJ* m/z: [M + HJ*
Calcd. 262.1802 Calcd. 298.1471
_ Found: 262.1804 Found: 298.1483 )

To a 25 mL Schlenk tube was added TBADT (21 mg, 3 mol %), aldehyde 1a (1.4 mmol, 7.0
equiv), allyl sulfone 2a (0.2 mmol, 1.0 equiv) and TEMPO (1.0 mmol, 5.0 equiv). The tube was

S9



sealed with a rubber stopper and the reaction mixture was degassed by bubbling with N, for 5 min
with an outlet needle, followed by the sequential addition via syringe of acetone (3 mL). Then the
reaction tube was exposed to a Kessil® PR160L-390 nm lamp (40 W) irradiation (at approximately
2-3 cm away from the light source) at room temperature with vigorous stirring for 5 h (N,
atmosphere). As it can be seen, the reaction was completely suppressed, reminding of a radical-
involved process. The adduct 7 and 8 were detected by high-resolution mass spectrometry (HRMS)

as shown in Figure S2.

F
1206-4-YB8I1 111 (0631) 1: TOF MS ES+
P 262.1804 . 1.75¢6
- Ph)kO’N
7
i __ Detected by HRMS _
m/z: [M + HJ*
Calcd for C5H;4NO, 262.1802
Found: 262.1804
EQ,
263.1833
P
195.7193 207.6652 2621329 | 764.1848 341.3580 354.1539
176.0992 2141692 2291147 252.2034 : 2841561 297.2547 3142313 - 364.2130
L e L e e PR e taaad AAAat aeaiateny LA S e TrpTreTTTITTTTT TR TR rITITTITTTY MIZ
170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370
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F
1206-4-YB892 97 (0.558)

100+ 298.1656

298.1935

) L 208.1483
~S0,Ph

8 !

Detected by HRMS

m/z: [M + HI*
Calcd for C45H,4NO3S 298.1471
Found: 298.1483

298.2134

s

298.2443

" “oo8250 |

298.2728
298.3045

298.300

1: TOF MS ES+
546

298.3374

1 m/z
298.350

Figure S2. HR-MS of the reaction when TEMPO was used as a radical scavenger

1,1-diphenylethylene was used as a radical scavenger

( )
(0] Ph Ph
Standard conditions P>
1a + + PhMPh N PH X SO.Ph
1,1-diphenylethylene
(5.0 equiv) Trace 9 10
Detected by HRMS Detected by HRMS
m/z: [M + HJ* m/z: [M + HJ*
Calcd. 285.1274 Calcd. 321.0944
L Found: 285.1279 Found: 321.0948

To a 25 mL Schlenk tube was added TBADT (21 mg, 3 mol %), aldehyde 1a (1.4 mmol, 7.0
equiv), allyl sulfone 2a (0.2 mmol, 1.0 equiv) and 1,1-diphenylethylene (1.0 mmol, 5.0 equiv). The
tube was sealed with a rubber stopper and the reaction mixture was degassed by bubbling with N,
for 5 min with an outlet needle, followed by the sequential addition via syringe of acetone (3 mL).
Then the reaction tube was exposed to a Kessil® PR160L-390 nm lamp (40 W) irradiation (at
approximately 2-3 cm away from the light source) at room temperature with vigorous stirring for
5 h (N, atmosphere). As it can be seen, the reaction was severely suppressed and the adduct 9 and

10 were detected by high-resolution mass spectrometry (HRMS) as shown in Figure S3.
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F

1206-4-YB8I3 92 (0.531) 1: TOF MS ES+
2685.1279 ; : 2,566
100, : O Ph :
- PhMPh :
: 9 3
__ Detocted by HRMS _ |
m/z: [M + HJ*

Calcd for CygHy70 285.1274
Found: 285.1279

286.1313
rd

242.2838
4213665
285.0779
207 0741 217.0935242.2450 243.2785 269.1177 298.3083 325.1133 3409302 354.3296 383.0789 391 1519 4203614, ."22"::1?22
T T T T T T T T T T

200 | 210 220 230 220 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420

F
1206-4-YB894 101 (0.579) 1: TOF MS ES+
100+ Ph 3 321.1106 2.03e3
! x-SO0Ph ! .
PoPn P 321008
: 10 |
__ Detocted by HRMS _ |
m/z: [M + HJ*
Calcd for CyyH170,S 321.0944
Found: 321.0948
3210785
=
3210583
3211373
3209927
320.1216 350 1736 —_— 321.2083 321 3316
| i = Ul
0- T . T - - m/z
320 321

Figure S3. HR-MS of the reaction when 1,1-diphenylethylene was used as a radical scavenger
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5
0225-2-YBY57 197 (1.106)
100 : 1

......................
m/z: [M + H*
Calcd for CgH;0,S 143.0161
Found: 143.0160

142.9998

1429832
1429420 1429665
142.8564

o \ i

143.0869

143.0272
-

143.0413

143.0531

|

143.1027

143.1107 143.1646.143.1756 45 53

1. TOF MS ES+

143.2365

142.850 142,900 142,950 143.000

143.050

143:100 143.150 143.200

143.250

990

miz

Figure S4. HR-MS of the PhSO,H
2.8 Proposed Reaction Mechanisms

The above mechanistic experiments coupled with precedent related literature collectively point
to a plausible mechanism shown in Scheme S9. Initially, the TBADT photocatalyst was excited to
generate the triplet excited state *[W(Os3,]* under the irradiation of 390 nm Kessil lamp, which
abstracted a hydrogen atom from the aldehyde to get a nucleophilic aroyl radical A and [W(03,]*>
H*. The subsequent interaction of the radical A and allyl sulfone 2 through a sequence of radical
addition and fS-fragmentation delivered allyl product 3 while producing phenylsulfonyl radical.
Finally, the phenylsulfonyl radical was easily reduced by [W00;,]>"H*, thereby closing the catalyst
cycle after the HAT process.

r N
g
Ar H
. 1
*[W1oosz]*
SOLAr
HAT o = o Cso,r
-) ~  J 22 f<f
Ar Ar z
A B
[W1003,1* [W10O3,]H* ArSO;
‘\ / S,
/HAT o z
ArSO,H AT
3
\ J
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Scheme S9. Proposed Reaction Mechanism of the aroylation reaction
3. Characterization Data for Products

ethyl 2-methylene-4-oxo-4-phenylbutanoate (3a)®
O CO.Et

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3a. Colorless oil (35
mg, 81% yield). '"H NMR (400 MHz, Chloroform-d) & 8.04 — 8.00 (m, 2H), 7.62 — 7.58 (m, 1H),
7.51 —7.47 (m, 2H), 6.43 (d, J=0.64 Hz, 1H), 5.71 (d, /= 1.0 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H),
4.02 (d, J= 0.7 Hz, 2H), 1.27 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz, Chloroform-d) 8 196.9,
166.4, 136.6, 134.9, 133.2, 128.6, 128.4, 128.3, 61.0, 41.7, 14.1.

ethyl 2-methylene-4-oxo-4-(p-tolyl)butanoate (3b)°
O  CO,Et

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3b. Colorless oil (43
mg, 92% yield). '"H NMR (400 MHz, Chloroform-d) & 7.90 — 7.90 (m, 2H), 7.30 — 7.28 (m, 2H),
6.41 (d, /= 0.8 Hz, 1H), 5.70 (d, J = 1.1 Hz, 1H), 4.22 (q, J = 7.1 Hz, 2H), 3.99 (d, J = 0.6 Hz,
2H), 2.44 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 196.6, 166.5,
144.1, 135.0, 134.1, 129.3, 128.4, 128.2, 61.0, 41.6, 21.7, 14.1.

ethyl 4-(4-isopropylphenyl)-2-methylene-4-oxobutanoate (3c)
O  CO.Et

Purification by flash column chromatography (PE:EA, v/v =40:1) to provide 3c. Colorless oil (34
mg, 65% yield). '"H NMR (400 MHz, Chloroform-d) & 7.96 — 7.93 (m, 2H), 7.34 (d, J = 8.3 Hz,
2H), 6.41 (d, /= 0.7 Hz, 1H), 5.70 (d, /= 1.0 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 4.00 (d, /= 0.5
Hz, 2H), 3.04 — 2.94 (m, 1H), 1.30 — 1.26 (m, 9H). *C NMR (101 MHz, Chloroform-d)  196.6,
166.5,154.8, 135.0, 134.4, 128.5, 128.2, 126.7, 61.0, 41.6, 34.3, 23.7, 14.1. HRMS (ESI-TOF) m/z:
[M + H]* caled for Ci6H;,05, 261.1485; found: 261.1497.

ethyl 4-(4-(tert-butyl)phenyl)-2-methylene-4-oxobutanoate (3d)

S14



O  CO,Et

Purification by flash column chromatography (PE:EA, v/v =40:1) to provide 3d. Colorless oil (32
mg, 58% yield). '"H NMR (400 MHz, Chloroform-d) 6 7.97 — 7.93 (m, 2H), 7.53 — 7.48 (m, 2H),
6.42 (s, 1H), 5.70 (d, J= 1.0 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 4.00 (s, 2H), 1.37 (s, 9H), 1.28 (t,
J="7.1 Hz, 3H). *C NMR (101 MHz, Chloroform-d) 6 196.6, 166.5, 157.0, 135.0, 134.0, 128.3,
128.2, 125.6, 61.0, 41.6, 35.1, 31.1, 14.1. HRMS (ESI-TOF) m/z: [M + H]" calcd for C;;H,;0;,
275.1642; found: 275.1638.

ethyl 4-([1,1'-biphenyl]-4-yl)-2-methylene-4-oxobutanoate (3e)°
O COEt

Ph

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3e. White solid (36
mg, 61% yield). '"H NMR (400 MHz, Chloroform-d) é 8.11 — 8.08 (m, 2H), 7.74 — 7.71 (m, 2H),
7.67 — 7.65 (m, 2H), 7.52 — 7.48 (m, 2H), 7.45 — 7.41 (m, 1H), 6.45 (s, 1H), 5.74 (d, /= 1.0 Hz,
1H), 4.25 (q, J = 7.1 Hz, 2H), 4.05 (s, 2H), 1.30 (t, J = 8.0 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) 8 196.5, 166.4, 145.9, 139.9, 135.3, 134.9, 129.0, 128.9, 128.4, 128.3, 127.3, 61.1,
41.7,14.1.

ethyl 4-(4-methoxyphenyl)-2-methylene-4-oxobutanoate (3f)°
O CO,Et

H3CO

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3f. Colorless oil (23
mg, 47% yield). '"H NMR (400 MHz, Chloroform-d) é 8.01 — 7.97 (m, 2H), 6.98 — 6.94 (m, 2H),
6.40 (s, 1H), 5.70 (d, J= 1.0 Hz, 1H), 4.22 (q, J= 7.1 Hz, 2H), 3.97 (s, 2H), 3.89 (s, 3H), 1.29 (t,
J="7.1 Hz, 3H). *C NMR (101 MHz, Chloroform-d) 6 195.5, 166.5, 163.6, 135.1, 130.6, 129.6,
128.2, 113.8, 61.0, 55.5, 41.3, 14.1.

ethyl 4-(4-chlorophenyl)-2-methylene-4-oxobutanoate (32)°
O  CO.Et

Cl
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Purification by flash column chromatography (PE:EA, v/v =40:1) to provide 3g. Colorless oil (26
mg, 51% yield). '"H NMR (400 MHz, Chloroform-d) & 7.97 — 7.93 (m, 2H), 7.49 — 7.45 (m, 2H),
6.43 (s, 1H), 5.73 (d, /= 0.9 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 3.98 (s, 2H), 1.28 (t, /= 7.1 Hz,
3H). BC NMR (101 MHz, Chloroform-d) 6 195.7, 166.3, 139.7, 134.9, 134.6, 129.7, 129.0, 128.5,
61.1,41.6, 14.1.

ethyl 4-(4-bromophenyl)-2-methylene-4-oxobutanoate (3h)*
O CO.Et

Br

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3h. Colorless oil (21
mg, 35% yield). '"H NMR (400 MHz, Chloroform-d) 7.61 (d, J= 8.4 Hz, 2H), 6.41 (s, 1H), 5.70 (s,
1H), 4.20 (q, J = 7.1 Hz, 2H), 3.95 (s, 1H), 1.26 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 195.9, 166.3, 135.3, 134.5, 131.9, 129.8, 128.6, 128.4, 61.1, 41.6, 14.1.

ethyl 4-(3-chlorophenyl)-2-methylene-4-oxobutanoate (3i)*

O  CO,Et
cl

Purification by flash column chromatography (PE:EA, v/v =40:1) to provide 3i. Colorless oil (24
mg, 48% yield). "H NMR (400 MHz, Chloroform-d) 6 7.98 (t, /= 1.8 Hz, 1H), 7.88 (dt, J = 7.8,
1.2 Hz, 1H), 7.58 — 7.55 (m, 1H), 7.44 (t, J = 7.9 Hz, 1H), 6.44 (s, 1H), 5.73 (d, /= 0.9 Hz, 1H),
423 (q,J=7.1 Hz, 2H), 3.98 (s, 2H), 1.28 (t,J=7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d)
0 195.7,166.2, 138.1, 135.0, 134.4, 133.2, 130.0, 128.7, 128.4, 126.4, 61.1, 41.8, 14.1.

ethyl 4-(3-bromophenyl)-2-methylene-4-oxobutanoate (3j)°

(@) CO,Et
Br:

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3j. Colorless oil (31
mg, 52% yield). "H NMR (400 MHz, Chloroform-d) & 8.11 (t, /= 1.8 Hz, 1H), 7.91 (dt, J = 7.8,
1.3 Hz, 1H), 7.71 = 7.69 (m, 1H), 7.36 (t, J = 7.9 Hz, 1H), 6.42 (s, 1H), 5.71 (d, /= 1.0 Hz, 1H),
421 (q,J=7.1 Hz, 2H), 3.96 (d, J = 0.6 Hz, 2H), 1.27 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz,
Chloroform-d) 6 195.6, 166.2, 138.3, 136.1, 134.4, 131.2, 130.2, 128.7, 126.8, 123.0, 61.1, 41.7,
14.1.

ethyl 2-methylene-4-oxo-4-(m-tolyl)butanoate (3k)
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O  CO,Et

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3k. Colorless oil (27
mg, 57% yield). '"H NMR (400 MHz, Chloroform-d) & 7.80 (d, J = 8.6 Hz, 2H), 7.41 — 7.35 (m,
2H), 6.42 (s, 1H), 5.71 (d, /= 0.8 Hz, 1H), 4.22 (q, /= 7.1 Hz, 2H), 4.01 (s, 2H), 2.44 (s, 3H), 1.28
(t,J=7.1 Hz, 3H). *C NMR (101 MHz, Chloroform-d) 6 197.1, 166.4, 138.4, 136.6, 134.9, 134.0,
128.8, 128.5, 128.3, 125.5, 61.0, 41.8, 21.4, 14.1. HRMS (ESI-TOF) m/z: [M + Na]" calcd for
C4sH sNaOs, 255.0992; found: 255.0997.

ethyl 4-(2-hydroxyphenyl)-2-methylene-4-oxobutanoate (31)
O CO.Et

OH
Purification by flash column chromatography (PE:EA, v/v =40:1) to provide 31. Colorless oil (25
mg, 54% yield). 'H NMR (400 MHz, Chloroform-d) & 12.05 (s, 1H), 7.83 (dd, J= 8.0, 1.4 Hz, 1H),
7.53 —7.49 (m, 1H), 7.01 (d, J = 8.3 Hz, 1H), 6.95 (t, J = 7.6 Hz, 1H), 6.46 (s, 1H), 5.74 (s, 1H),
4.25(q,J=17.2 Hz, 2H), 4.07 (s, 2H), 1.30 (t, J=7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d)
0202.9,166.2,162.5,136.6, 134.3, 130.0, 128.8, 119.0, 118.6, 61.2, 41.4, 14.1. HRMS (ESI-TOF)
m/z: [M + HJ* calcd for C3H;504, 235.0965; found: 235.0967.

ethyl 4-(3,4-dimethylphenyl)-2-methylene-4-oxobutanoate (3m)°®
O  CO,Et

Purification by flash column chromatography (PE:EA, v/v =40:1) to provide 3m. Colorless oil (23
mg, 46% yield). '"H NMR (400 MHz, Chloroform-d) & 7.78 — 7.73 (m, 2H), 7.24 (d, J = 7.9 Hz,
1H), 6.41 (d, J= 0.6 Hz, 1H), 5.69 (d, /= 1.0 Hz, 1H), 4.22 (q, J= 7.1 Hz, 2H), 3.99 (d, /= 0.4
Hz, 2H), 2.34 (s, 6H), 1.28 (t,J=7.2 Hz, 3H). *C NMR (101 MHz, Chloroform-d) & 196.8, 166.5,
142.8, 137.0, 135.1, 134.5, 129.8, 129.4, 128.2, 126.0, 61.0, 41.6, 20.0, 19.8, 14.1.

ethyl 4-(furan-2-yl)-2-methylene-4-oxobutanoate (3n)

O  CO,Et
S
\ O
Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3n. Colorless oil (25
mg, 59% yield). '"H NMR (400 MHz, Chloroform-d) & 7.63 — 7.61 (m, 1H), 7.27 (d, J = 3.6 Hz,
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1H), 6.57 (dd, J = 3.4, 1.5 Hz, 1H), 6.43 (s, 1H), 5.76 (s, 1H), 4.22 (q, J = 7.1 Hz, 2H), 3.87 (s,
2H), 1.28 (t, J = 7.2 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 5 185.8, 166.2, 152.3, 146.5,
134.1, 128.8, 117.5, 112.3, 61.1, 41.3, 14.1. HRMS (ESI-TOF) m/z: [M + Nal* caled for
C1H1,NaO,, 231.0628; found: 231.0630.

ethyl 2-methylene-4-oxo-4-(thiophen-2-yl)butanoate (30)°
O  CO.Et
S
\ S
Purification by flash column chromatography (PE:EA, v/v =40:1) to provide 30. Colorless oil (24
mg, 53% yield). "H NMR (400 MHz, Chloroform-d) 6 7.81 (dd, J=3.8, 1.0 Hz, 1H), 7.67 (dd, J =
4.9, 1.0 Hz, 1H), 7.16 (dd, J=4.9, 3.8 Hz, 1H), 6.43 (s, 1H), 5.77 (d, /= 1.0 Hz, 1H), 4.22 (q, J =

7.1 Hz, 2H), 3.95 (d, J= 0.5 Hz, 2H), 1.28 (t,J=7.1 Hz, 3H). *C NMR (101 MHz, Chloroform-d)
0 189.6, 166.3, 143.6, 134.3, 133.9, 132.4, 128.7, 128.1, 61.1, 42.2, 14.1.

ethyl 2-methylene-4-(naphthalen-2-yl)-4-oxobutanoate (3p)°
O COEt

Purification by flash column chromatography (PE:EA, v/v =40:1) to provide 3p, White solid (41
mg, 76% yield), mp 60 — 61 °C. 'H NMR (400 MHz, Chloroform-d) 3 8.54 (s, 1H), 8.06 (dd, J =
8.6, 1.8 Hz, 1H), 8.00 — 7.98 (m, 1H), 7.91 (t, J = 8.5 Hz, 2H), 7.65 — 7.56 (m, 2H), 6.46 (d, /= 0.9
Hz, 1H), 5.76 (d, /= 1.1 Hz, 1H), 4.24 (q, J= 7.1 Hz, 2H), 4.16 (d, J=0.7 Hz, 2H), 1.29 (t, /= 7.1
Hz, 3H). 3C NMR (101 MHz, Chloroform-d) ¢ 196.9, 166.5, 135.7, 135.0, 133.9, 132.5, 130.0,
129.6, 128.50, 128.49, 128.4, 127.8, 126.8, 124.0, 61.1, 41.7, 14.1.

ethyl 4-(4-((2-(4-isobutylphenyl)propanoyl)oxy)phenyl)-2-methylene-4-oxobutanoate (3q)

o)
o)
O  CO,Et

Purification by flash column chromatography (PE:EA, v/v = 20:1) to provide 3q. Colorless oil (31
mg, 36% yield). '"H NMR (400 MHz, Chloroform-d) & 8.02 — 7.98 (m, 2H), 7.32 (d, J = 8.1 Hz,
2H), 7.18 (d, J = 8.1 Hz, 2H), 7.15 — 7.11 (m, 2H), 6.42 (d, J = 0.5 Hz, 1H), 5.70 (d, J = 0.9 Hz,
1H), 4.21 (q, J=7.1 Hz, 2H), 4.00 — 3.95 (m, 3H), 2.50 (d, /= 7.2 Hz, 2H), 1.94 — 1.84 (m, 1H),
1.64 (d, J= 7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H), 0.93 (d, J = 6.6 Hz, 6H). *C NMR (101 MHz,
Chloroform-d) 6 195.7, 172.7, 166.3, 154.7, 141.0, 136.8, 134.7, 134.0, 129.8, 129.6, 128.5, 127.2,
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1217, 61.1, 45.3, 45.1, 41.6, 30.2, 22.4, 18.5, 14.1. HRMS (ESI-TOF) m/z: [M + Na]" calcd for
C26H30N305, 4451985, found: 445.1992.

methyl 2-methylene-4-(naphthalen-2-yl)-4-oxobutanoate (3r)
O C 02 Me

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3r. White solid (36
mg, 71% yield). '"H NMR (400 MHz, Chloroform-d) 6 8.54 (s, 1H), 8.06 (dd, /= 8.6, 1.7 Hz, 1H),
7.99 (d, J=8.0 Hz, 1H), 7.91 (t, J= 8.4 Hz, 2H), 7.65 — 7.56 (m, 2H), 6.46 (s, 1H), 5.77 (d,J=0.8
Hz, 1H), 4.17 (s, 2H), 3.79 (s, 3H). *C NMR (101 MHz, Chloroform-d) 6 196.8, 167.0, 135.7,
134.6,133.8,132.5,130.1, 129.6, 128.7, 128.6, 128.5, 127.8, 126.8, 123.9, 52.2, 41.8. HRMS (ESI-
TOF) m/z: [M + NaJ* calcd for C;sH 4NaOs, 277.0835; found: 277.0839.

benzyl 2-methylene-4-(naphthalen-2-yl)-4-oxobutanoate (3s)
O C 02 Bn

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3s. White solid (56
mg, 84% yield), mp 76 — 77 °C. '"H NMR (400 MHz, Chloroform-d) & 8.52 (s, 1H), 8.06 (dd, J =
8.6, 1.7 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.93 — 7.90 (m, 2H), 7.66 — 7.56 (m, 2H), 7.36 — 7.30
(m, SH), 6.53 (s, 1H), 5.81 (d, J = 0.8 Hz, 1H), 5.24 (s, 2H), 4.19 (s, 2H). *C NMR (101 MHz,
Chloroform-d) & 196.8, 166.3, 135.8, 135.7, 134.6, 133.9, 132.5, 130.1, 129.6, 129.1, 128.6,
128.51, 128.50, 128.2, 128.1, 127.8, 126.8, 124.0, 66.8, 41.8. HRMS (ESI-TOF) m/z: [M + Na]*
calcd for C,,H,sNaOs, 353.1148; found: 353.1149.

2-methylene-4-(naphthalen-2-yl)-1-phenylbutane-1,4-dione (3t)

OsPh
)

L

Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 3t. White solid (39
mg, 65% yield), mp 102 — 103 °C. 'H NMR (400 MHz, Chloroform-d) 6 8.58 (s, 1H), 8.07 (dd, J
= 8.6, 1.7 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.97 — 7.89 (m, 4H), 7.65 — 7.56 (m, 3H), 7.51 — 7.48
(m, 2H), 6.04 (s, 1H), 5.88 (s, 1H), 4.41 (s, 2H). '*C NMR (101 MHz, Chloroform-d) & 197.4,
197.2, 142.5, 137.4, 135.7, 133.7, 132.5, 132.3, 130.2, 129.9, 129.7, 128.7, 128.6, 128.5, 128.2,
127.8, 126.8, 123.9, 42.7. HRMS (ESI-TOF) m/z: [M + H]" caled for C,;H;,0,, 301.1123; found:
301.1129.
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2-methylene-4-(naphthalen-2-yl)-1-(p-tolyl)butane-1,4-dione (3u)

o S

0]

L

Purification by flash column chromatography (PE:EA, v/v =40:1) to provide 3u. White solid (30
mg, 47% yield), mp 114 — 115 °C. 'H NMR (400 MHz, Chloroform-d) 6 8.58 (s, 1H), 8.07 (dd, J
=8.6, 1.7 Hz, 1H), 8.00 (d, /= 7.9 Hz, 1H), 7.98 — 7.69 (m, SH), 7.65 — 7.56 (m, 2H), 7.31 (s, 1H),
6.00 (s, 1H), 5.86 (s, 1H), 4.39 (s, 2H), 2.45 (s, 3H). 3C NMR (101 MHz, Chloroform-d) 6 197.2,
197.1, 143.1, 142.5, 135.7, 134.6, 133.8, 132.5, 130.2, 130.1, 129.7, 128.9, 128.6, 128.5, 128.0,
127.8, 126.8, 123.9, 42.8, 21.7. HRMS (ESI-TOF) m/z: [M + H]" caled for C»,H;90,, 315.1380;
found: 315.1387.

ethyl 4-0x0-2-(2-0x0-2-phenylethyl)-4-phenylbutanoate (4a)
IIEt

Purification by flash column chromatography (PE:EA, v/v =15:1) to provide 4a. Colorless oil (47
mg, 72% yield). '"H NMR (400 MHz, Chloroform-d) & 8.02 — 7.96 (m, 4H), 7.58 (t, J = 7.4 Hz,
2H), 7.47 (t,J=7.6 Hz, 4H), 4.18 (q, /= 7.1 Hz, 2H), 3.63 — 3.69 (m, 1H), 3.59 (dd, /= 17.8, 5.7
Hz, 2H), 3.39 (dd,J=17.7, 6.3 Hz, 2H), 1.23 (t,/=7.1 Hz, 3H). *C NMR (101 MHz, Chloroform-
d) 6 197.9, 174.3, 136.6, 133.3, 128.6, 128.1, 61.0, 39.5, 36.1, 14.1. HRMS (ESI-TOF) m/z: [M +
Na]* calced for C,0H»0NaOy, 347.1254; found: 347.1261.

ethyl 4-0x0-2-(2-0x0-2-(p-tolyl)ethyl)-4-(p-tolyl)butanoate (4b)
Et
1

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4b. Colorless oil (47
mg, 66% yield). 'H NMR (400 MHz, Chloroform-d) & 7.89 (d, J= 8.2 Hz, 4H), 7.27 (d, /= 8.0 Hz,
4H), 4.17 (g, J = 7.1 Hz, 2H), 3.66 — 3.60 (m, 1H), 3.54 (dd, J=17.7, 5.8 Hz, 2H), 3.35 (dd, J =
17.7, 6.4 Hz, 2H), 2.42 (s, 6H), 1.23 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 6
197.6, 174.5, 144.1, 134.1, 129.3, 128.2, 60.9, 39.4, 36.2, 21.7, 14.1. HRMS (ESI-TOF) m/z: [M +
Na]* caled for C,,H4NaOy, 375.1567; found: 375.1559.

ethyl 4-(4-ethylphenyl)-2-(2-(4-ethylphenyl)-2-oxoethyl)-4-oxobutanoate (4c)
S20



Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4c. Colorless oil (29
mg, 38% yield). 'H NMR (400 MHz, Chloroform-d) & 7.92 (d, J= 8.3 Hz, 4H), 7.29 (d, /= 8.0 Hz,
4H), 4.18 (q, J = 7.1 Hz, 2H), 3.67 — 3.61 (m, 1H), 3.55 (dd, J=17.7, 5.8 Hz, 2H), 3.35 (dd, J =
17.6,6.4 Hz, 2H),2.72 (q,J=17.6 Hz, 4H), 1.29 — 1.23 (m, 9H). 3C NMR (101 MHz, Chloroform-d)
0 197.6, 174.5, 150.3, 134.3, 128.3, 128.1, 60.9, 39.4, 36.1, 29.0, 15.2, 14.1. HRMS (ESI-TOF)
m/z: [M + Na]* calcd for C,4H,sNaO,, 403.1880; found: 403.1887.

ethyl 4-(4-isopropylphenyl)-2-(2-(4-isopropylphenyl)-2-oxoethyl)-4-oxobutanoate (4d)
Et
i

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4d. Colorless oil (50
mg, 61% yield). 'H NMR (400 MHz, Chloroform-d) & 7.93 (d, J= 8.3 Hz, 4H), 7.32 (d, /= 8.3 Hz,
4H), 4.18 (q, J = 7.1 Hz, 2H), 3.67 — 3.61 (m, 1H), 3.55 (dd, /= 17.7, 5.7 Hz, 2H), 3.36 (dd, J =
17.7,6.4 Hz, 2H), 3.01 — 2.94 (m, 2H), 1.28 (d, /= 6.9 Hz, 12H), 1.23 (t,J=7.1 Hz, 3H). 3C NMR
(101 MHz, Chloroform-d) 6 197.6, 174.5, 154.8, 134.5, 128.4, 126.7, 60.9, 39.4, 36.2, 34.3, 23.7,
14.1. HRMS (ESI-TOF) m/z: [M + Na]" calcd for C,sH3,NaOy, 431.2193; found: 431.2188.

ethyl 4-(4-(tert-butyl)phenyl)-2-(2-(4-(tert-butyl)phenyl)-2-oxoethyl)-4-oxobutanoate (4e)
Et
]

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4e. Colorless oil (53
mg, 61% yield). 'H NMR (400 MHz, Chloroform-d) & 7.93 (d, J= 8.5 Hz, 4H), 7.49 (d, /= 8.5 Hz,
4H), 4.18 (q, J = 7.1 Hz, 2H), 3.67 — 3.61 (m, 1H), 3.55 (dd, J=17.7, 5.7 Hz, 2H), 3.36 (dd, J =
17.6, 6.4 Hz, 2H), 1.35 (s, 18H), 1.23 (t, /= 7.1 Hz, 3H). *C NMR (101 MHz, Chloroform-d) &
197.6, 174.5, 157.0, 134.0, 128.1, 125.6, 60.9, 39.4, 36.2, 35.1, 31.1, 14.1. HRMS (ESI-TOF) m/z:
[M + H]* caled for C,5H3704, 437.2686; found: 437.2686.

ethyl 4-({1,1'-biphenyl]-4-yl)-2-(2-([1,1'-biphenyl]-4-yl)-2-o0xoethyl)-4-oxobutanoate (4f)
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Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4f. White solid (60
mg, 63% yield), mp 85 — 86 °C. '"H NMR (400 MHz, Chloroform-d) & 8.13 — 8.06 (m, 4H), 7.74 —
7.69 (m, 4H), 7.67 — 7.62 (m, 4H), 7.54 — 7.47 (m, 4H), 7.46 — 7.39 (m, 2H), 4.22 (q, /= 7.1 Hz,
2H), 3.75 - 3.69 (m, 1H), 3.65 (dd, J=17.7, 5.7 Hz, 2H), 3.45 (dd, J = 17.6, 6.3 Hz, 2H), 1.27 (t,
J="7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 197.5, 174.4, 146.0, 140.0, 135.3, 129.0,
128.7, 128.3, 127.3, 61.1, 39.6, 36.2, 14.1. HRMS (ESI-TOF) m/z: [M + H]* calcd for C3,H,9O4,
477.2060; found: 477.2067.

ethyl 4-(4-fluorophenyl)-2-(2-(4-fluorophenyl)-2-oxoethyl)-4-oxobutanoate (4g)
Et
[

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4g. Colorless oil (51
mg, 71% yield). '"H NMR (400 MHz, Chloroform-d) & 8.04 — 7.98 (m, 4H), 7.18 — 7.10 (m, 4H),
4.17 (q, J = 7.1 Hz, 2H), 3.66 — 3.60 (m, 1H), 3.55 (dd, /= 17.8, 5.7 Hz, 2H), 3.34 (dd, J = 17.7,
6.3 Hz, 2H), 1.22 (t,J= 7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 6 196.3, 174.1, 165.9 (d,
J=255.1 Hz), 133.0 (d,J=3.0 Hz), 130.7 (d,/=9.4 Hz), 115.8 (d, /=21.8 Hz), 61.1, 39.3, 36.1,
14.1. F NMR (376 MHz, Chloroform-d) 6 -104.72. HRMS (ESI-TOF) m/z: [M + Na]" calcd for
C,oH sF2NaOy,, 383.1065; found: 383.1075.

ethyl 4-(4-chlorophenyl)-2-(2-(4-chlorophenyl)-2-oxoethyl)-4-oxobutanoate (4h)
Et
i

Cl
Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4h. Colorless oil (51

mg, 64% yield). '"H NMR (400 MHz, Chloroform-d) & 7.93 — 7.88 (m, 4H), 7.46 — 7.41 (m, 4H),
4.16 (q, J= 7.1 Hz, 2H), 3.65 — 3.59 (m, 1H), 3.53 (dd, J=17.9, 5.7 Hz, 2H), 3.32 (dd, /= 17.8,
6.3 Hz, 2H), 1.21 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 8 196.7, 174.0, 139.8,
134.8, 129.5, 129.0, 61.1, 39.4, 36.0, 14.1. HRMS (ESI-TOF) m/z: [M + Na]" caled for
C,0H3CILNaO,, 415.0474; found: 415.0488.
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ethyl 4-(4-bromophenyl)-2-(2-(4-bromophenyl)-2-oxoethyl)-4-oxobutanoate (4i)
Et
]

Br

Purification by flash column chromatography (PE:EA, v/v =15:1) to provide 4i. Colorless oil (35
mg, 36% yield). '"H NMR (400 MHz, Chloroform-d) & 7.85 (d, J = 8.2 Hz, 4H), 7.65 — 7.59 (m,
4H), 4.17 (q, J = 7.0 Hz, 2H), 3.64 — 3.60 (m, 1H), 3.54 (dd, J=17.9, 5.6 Hz, 2H), 3.33 (dd, J =
17.8, 6.3 Hz, 2H), 1.22 (t, J = 7.0 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 196.9, 174.0,
135.2, 132.0, 130.0, 128.6, 61.1, 39.3, 36.0, 14.1. HRMS (ESI-TOF) m/z: [M + Na]" calcd for
C,oH,57°Br,NaOQy,, 502.9464; found: 502.9470.

ethyl 4-0x0-2-(2-0x0-2-(4-(trifluoromethyl)phenyl)ethyl)-4-(4-
(trifluoromethyl)phenyl)butanoate (4j)

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4j. White solid (52
mg, 56% yield), mp 88 — 89 °C. '"H NMR (400 MHz, Chloroform-d) & 8.10 (d, J = 8.1 Hz, 4H),
7.76 (d, J= 8.3 Hz, 4H), 4.19 (q, /= 7.1 Hz, 2H), 3.72 — 3.66 (m, 1H), 3.62 (dd, /= 17.9, 5.6 Hz,
2H), 3.41 (dd, J=17.8, 6.2 Hz, 2H), 1.23 (t, /= 7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d)
0196.9,173.7,139.1, 134.7 (q, J = 32.7 Hz), 128.4, 125.8 (q, J = 3.7 Hz), 123.5 (q, J = 272.7 Hz),
61.3, 39.6, 36.0, 14.1. '”F NMR (376 MHz, Chloroform-d) 4 -63.17. HRMS (ESI-TOF) m/z: [M +
H]* caled for Cy,H gF¢Oy4, 461.1182; found: 461.1188.

ethyl 4-(3-fluorophenyl)-2-(2-(3-fluorophenyl)-2-oxoethyl)-4-oxobutanoate (4k)
Et
1

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4k. Colorless oil (32
mg, 44% yield). '"H NMR (400 MHz, Chloroform-d) & 7.77 (d, J = 7.8 Hz, 2H), 7.66 (dt, J = 9.4,
2.2 Hz, 2H), 7.47 (td, J = 8.0, 5.5 Hz, 2H), 7.31 — 7.27 (m, 2H), 4.18 (q, J = 7.1 Hz, 2H), 3.68 —
3.62 (m, 1H), 3.56 (dd, J=17.9, 5.7 Hz, 2H), 3.35 (dd, /= 17.9, 6.3 Hz, 2H), 1.23 (t, J=7.1 Hz,
3H). 3C NMR (101 MHz, Chloroform-d) 6 196.6 (d, J= 2.1 Hz), 173.9, 162.9 (d, J = 248.2 Hz),
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138.6 (d, J= 6.2 Hz), 130.4 (d, J = 7.6 Hz), 123.9 (d, J = 3.0 Hz), 120.4 (d, J = 21.5 Hz), 114.8 (d,
J=22.4Hz), 61.1, 39.5, 36.0, 14.1. '9F NMR (376 MHz, Chloroform-d)  -111.64. HRMS (ESI-
TOF) m/z: [M + Na]* caled for CaoH 3F-NaOy, 383.1065; found: 383.1072.

ethyl 4-(3-chlorophenyl)-2-(2-(3-chlorophenyl)-2-oxoethyl)-4-oxobutanoate (41)

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4l. Colorless oil (43
mg, 55% yield). '"H NMR (400 MHz, Chloroform-d) 6 7.95 (s, 2H), 7.86 (d, J= 7.8 Hz, 2H), 7.58
—7.51 (m, 2H), 7.42 (t, J=7.9 Hz, 2H), 4.18 (q, J = 7.1 Hz, 2H), 3.67 — 3.61 (m, 1H), 3.55 (dd, J
=18.0, 5.7 Hz, 2H), 3.34 (dd, /= 17.9, 6.3 Hz, 2H), 1.23 (t,J = 7.1 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) & 196.6, 173.9, 138.0, 135.0, 133.3, 130.0, 128.2, 126.2, 61.2, 39.5, 35.9, 14.1.
HRMS (ESI-TOF) m/z: [M + Na]* calcd for CyyH;3C1,NaQ,, 415.0474; found: 415.0475.

ethyl 4-0x0-2-(2-0x0-2-(m-tolyl)ethyl)-4-(m-tolyl)butanoate (4m)
IIEt
) °y° 0

Purification by flash column chromatography (PE:EA, v/v =15:1) to provide 4m. Colorless oil (45
mg, 64% yield). '"H NMR (400 MHz, Chloroform-d) & 7.79 (d, J = 8.2 Hz, 4H), 7.43 — 7.33 (m,
4H), 4.18 (q, J = 7.1 Hz, 2H), 3.68 — 3.62 (m, 1H), 3.56 (dd, J=17.8, 5.7 Hz, 2H), 3.37 (dd, J =
17.7, 6.4 Hz, 2H), 2.42 (s, 6H), 1.24 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 6
198.1, 174.4, 138.4, 136.6, 134.0, 128.6, 128.5, 125.3, 61.0, 39.6, 36.1, 21.3, 14.1. HRMS (ESI-
TOF) m/z: [M + Na]* calcd for C,,H,4NaQy,, 375.1567; found: 375.1577.

ethyl 4-0x0-2-(2-0x0-2-(o-tolyl)ethyl)-4-(o-tolyl)butanoate (4n)
Et
]

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4n. Colorless oil (27
mg, 38% yield). '"H NMR (400 MHz, Chloroform-d) & 7.72 — 7.68 (m, 2H), 7.40 (td, J=7.5, 1.3
Hz, 2H), 7.31 — 7.24 (m, 4H), 4.19 (q, /= 7.1 Hz, 2H), 3.67 — 3.61 (m, 1H), 3.49 (dd, J=17.8, 6.2
Hz, 2H), 3.27 (dd, J=17.8, 6.3 Hz, 2H), 2.52 (s, 6H), 1.26 (t,J= 7.1 Hz, 3H). *C NMR (101 MHz,
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Chloroform-d) 6 201.7, 174.3, 138.2, 137.4,132.0, 131.5, 128.6, 125.7,61.0,42.3, 36.5, 21.3, 14.1.
HRMS (ESI-TOF) m/z: [M + Na]" calcd for C,HpNaO,, 375.1567; found: 375.1571.

ethyl 4-(2-hydroxyphenyl)-2-(2-(2-hydroxyphenyl)-2-oxoethyl)-4-oxobutanoate (40)
Et
[

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 40. Colorless oil (52
mg, 73% yield). 'H NMR (400 MHz, Chloroform-d)  12.06 (s, 2H), 7.80 (dd, J= 8.1, 1.4 Hz, 2H),
7.54 —7.47 (m, 2H), 7.01 (d, J = 8.4 Hz, 2H), 6.96 — 6.90 (m, 2H), 4.20 (q, /= 7.1 Hz, 2H), 3.70 —
3.61 (m, 3H), 3.44 — 3.38 (m, 2H), 1.24 (t, /= 7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 6
203.6, 173.8, 162.4, 136.7, 129.8, 119.2, 119.1, 118.6, 61.3, 39.1, 35.5, 14.1. HRMS (ESI-TOF)
m/z: [M + Na]* calcd for C,0H»0NaOg, 379.1152; found: 379.1165.

ethyl 4-(naphthalen-2-yl)-2-(2-(naphthalen-2-yl)-2-oxoethyl)-4-oxobutanoate (4p)
IIEt
O=_0

LI CC

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4p. White solid (43
mg, 51% yield), mp 92 — 93 °C. 'H NMR (400 MHz, Chloroform-d) & 8.54 (s, 2H), 8.07 (dd, J =
8.6, 1.7 Hz, 2H), 7.98 (d, J = 8.0 Hz, 2H), 7.90 (t, J = 8.0 Hz, 4H), 7.65 — 7.52 (m, 4H), 4.23 (q, J
= 7.1 Hz, 2H), 3.83 — 3.75 (m, 3H), 3.62 — 3.56 (m, 2H), 1.26 (t, J = 7.1 Hz, 3H). 3C NMR (101
MHz, Chloroform-d) & 197.9, 174.4, 135.7, 133.9, 132.5, 129.9, 129.6, 128.6, 128.5, 127.8, 126.8,
123.7, 61.1, 39.6, 36.3, 14.1. HRMS (ESI-TOF) m/z: [M + Na]* caled for Co3H,4NaO,, 447.1567;
found: 447.1568.

ethyl 4-(3,4-dimethylphenyl)-2-(2-(3,4-dimethylphenyl)-2-oxoethyl)-4-oxobutanoate (4q)
Et
1

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4q. Colorless oil (61
mg, 80% yield). 'H NMR (400 MHz, Chloroform-d) & 7.76 (s, 2H), 7.72 (dd, J = 7.8, 1.7 Hz, 2H),
7.22 (d,J=7.9 Hz, 2H), 4.18 (q, /= 7.1 Hz, 2H), 3.66 — 3.59 (m, 1H), 3.53 (dd, /= 17.7, 5.7 Hz,
2H), 3.34 (dd, J=17.7, 6.5 Hz, 2H), 2.32 (s, 12H), 1.23 (t,J = 7.1 Hz, 3H). 3*C NMR (101 MHz,
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Chloroform-d) & 197.8, 174.5, 142.8, 136.9, 134.5, 129.8, 129.2, 125.8, 60.9, 39.4, 36.2, 20.0, 19.8,
14.1. HRMS (ESI-TOF) m/z: [M + Na]* caled for CsHagNaO,, 403.1880; found: 403.1883.

ethyl 4-(2,4-dichlorophenyl)-2-(2-(2,4-dichlorophenyl)-2-oxoethyl)-4-oxobutanoate (4r)

Cl Cl Cl Cl

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4r. Colorless oil (70
mg, 76% yield). 'H NMR (400 MHz, Chloroform-d) & 7.54 (d, J= 8.3 Hz, 2H), 7.45 (d, /= 2.0 Hz,
2H), 7.34 (dd, J = 8.3, 2.0 Hz, 2H), 4.17 (q, J = 7.1 Hz, 2H), 3.66 — 3.60 (m, 1H), 3.50 (dd, J =
18.1, 6.3 Hz, 2H), 3.31 (dd, J = 18.1, 6.0 Hz, 2H), 1.24 (t,J = 7.1 Hz, 3H). *C NMR (101 MHz,
Chloroform-d) & 199.3, 173.4, 137.7, 136.8, 132.2, 130.5, 130.4, 127.4, 61.3, 43.4, 36.6, 14.1.
HRMS (ESI-TOF) m/z: [M + Na]" calcd for CyH;cC1sNaOy,, 482.9695; found: 482.9693.

methyl 4-0x0-2-(2-0xo-2-phenylethyl)-4-phenylbutanoate (4s)’

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4s. White solid (44
mg, 71% yield). '"H NMR (400 MHz, Chloroform-d) & 8.00 — 7.98 (m, 4H), 7.60 — 7.56 (m, 2H),
7.49 —7.46 (m, 4H), 3.72 (s, 3H), 3.69 — 3.65 (m, 1H), 3.60 (dd, J=17.9, 5.7 Hz, 2H), 3.40 (dd, J
=17.8,6.4 Hz, 2H). 3C NMR (101 MHz, Chloroform-d) 6 197.8, 174.9, 136.5, 133.4, 128.6, 128.1,
52.2,39.5,35.9.

benzyl 4-0xo0-2-(2-0xo0-2-phenylethyl)-4-phenylbutanoate (4t)

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4t. White solid (47
mg, 61% yield), mp 65 — 66 °C. '"H NMR (400 MHz, Chloroform-d) & 7.99 — 7.97 (m, 4H), 7.61 —
7.56 (m, 2H), 7.49 — 7.45 (m, 4H), 7.34 — 7.30 (m, 5H), 5.18 (s, 2H), 3.78 — 3.72 (m, 1H), 3.62 (dd,
J=18.0,5.7 Hz, 2H), 3.42 (dd, J=17.9, 6.5 Hz, 2H). 3C NMR (101 MHz, Chloroform-d) & 197.8,
174.2, 136.5, 135.8, 133.3, 128.6, 128.5, 128.11, 128.10, 66.8, 39.5, 36.1. HRMS (ESI-TOF) m/z:
[M + Na]* calcd for C,5sH;,NaQOy, 409.1410; found: 409.1424.
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3-benzoyl-1,5-diphenylpentane-1,5-dione (4u)’

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4u. Yellow solid (39
mg, 54% yield). '"H NMR (400 MHz, Chloroform-d) é 8.16 — 8.11 (m, 2H), 7.99 — 7.94 (m, 4H),
7.62 — 7.44 (m, 9H), 4.83 —4.76 (m, 1H), 3.55 (dd, J=17.9, 6.6 Hz, 2H), 3.36 (dd, /= 17.9, 6.7
Hz, 2H). 3C NMR (101 MHz, Chloroform-d) & 202.4, 197.6, 136.4, 136.0, 133.4, 133.2, 128.8,
128.7, 128.6, 128.1, 40.4, 37.0.

3-(4-methylbenzoyl)-1,5-diphenylpentane-1,5-dione (4v)

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4v. Yellow solid (36
mg, 48% yield), mp 112 — 113 °C. '"H NMR (400 MHz, Chloroform-d) 6 8.04 (d, /= 8.2 Hz, 2H),
7.97 —7.95 (m, 4H), 7.60 — 7.56 (m, 2H), 7.48 — 7.45 (m, 4H), 7.32 (d, /= 8.0 Hz, 2H), 4.81 — 4.74
(m, 1H), 3.54 (dd, J = 17.9, 6.6 Hz, 2H), 3.35 (dd, J = 17.9, 6.7 Hz, 2H), 2.44 (s, 3H). '3C NMR
(101 MHz, Chloroform-d) & 202.0, 197.6, 144.0, 136.5, 133.4, 133.3, 129.5, 128.8, 128.6, 128.1,
40.4, 36.9, 21.7. HRMS (ESI-TOF) m/z: [M + Na]* caled for C,sH,NaO;, 393.1461; found:
393.1457.

3-(4-bromobenzoyl)-1,5-diphenylpentane-1,5-dione (4w)
Br

Purification by flash column chromatography (PE:EA, v/v =15:1) to provide 4w. Yellow solid (48
mg, 55% yield), mp 123 — 124 °C. '"H NMR (400 MHz, Chloroform-d) 6 7.98 (d, /= 8.5 Hz, 2H),
7.93 (d,J="7.3 Hz, 4H), 7.63 (d, J= 8.5 Hz, 2H), 7.57 (t, /= 7.4 Hz, 2H), 7.45 (t,J = 7.7 Hz, 4H),
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4.72 —4.66 (m, 1H), 3.50 (dd, /= 17.9, 6.8 Hz, 2H), 3.34 (dd, J=17.9, 6.5 Hz, 2H). *C NMR (101
MHz, Chloroform-d) 6 201.6, 197.5, 136.3, 134.9, 133.5, 132.1, 130.3, 128.7, 128.4, 128.1, 40.6,
36.9. HRMS (ESI-TOF) m/z: [M + Na]" calcd for Co,H,9"°BrNaQs, 457.0410; found: 457.0414.

ethyl 4-([1,1'-biphenyl]-4-yl)-2-(2-(naphthalen-2-yl)-2-oxoethyl)-4-oxobutanoate (4x)

Et
1

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4x. White solid (67
mg, 75% yield), mp 77 — 78 °C. 'TH NMR (400 MHz, Chloroform-d) & 8.54 (s, 1H), 8.14 — 8.04 (m,
3H), 7.98 (d, J = 7.9 Hz, 1H), 7.90 (t, J = 8.9 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.67 — 7.53 (m,
4H), 7.53 — 7.46 (m, 2H), 7.45 — 7.39 (m, 1H), 4.24 (q, J = 7.1 Hz, 2H), 3.81 — 3.74 (m, 2H), 3.67
(dd, J=17.8, 5.4 Hz, 1H), 3.61 — 3.43 (m, 2H), 1.27 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz,
Chloroform-d) 6 197.9, 197.6, 174.4, 146.0, 139.8, 135.7, 135.3, 133.9, 132.5, 129.9, 129.6, 129.0,
128.7,128.6, 128.5, 128.3, 127.9, 127.3, 126.8, 123.7, 61.0, 39.64, 39.61, 36.3, 14.2. HRMS (ESI-
TOF) m/z: [M + Na]* calcd for C30H,sNaQy, 473.1723; found: 473.1727.

ethyl 4-(4-chlorophenyl)-2-(2-(naphthalen-2-yl)-2-oxoethyl)-4-oxobutanoate (4y)
Et
]

OO
0 @)

LI Sy

Purification by flash column chromatography (PE:EA, v/v = 15:1) to provide 4y. Yellow oil (63
mg, 77% yield). '"H NMR (400 MHz, Chloroform-d) & 8.48 (s, 1H), 8.01 (dd, J= 8.6, 1.6 Hz, 1H),
7.95 -7.82 (m, 5H), 7.61 — 7.50 (m, 2H), 7.40 (d, J = 8.5 Hz, 2H), 4.17 (q, /= 7.1 Hz, 2H), 3.72 —
3.66 (m, 2H), 3.61 — 3.46 (m, 2H), 3.35 (dd, /= 17.9, 5.8 Hz, 1H), 1.21 (t, J = 7.1 Hz, 3H). 1*C
NMR (101 MHz, Chloroform-d) § 197.7, 196.8, 174.2, 139.1, 135.7, 134.9, 133.8, 132.5, 129.9,
129.6, 129.5, 128.9, 128.6, 128.5, 127.8, 126.9, 123.7, 61.1, 39.52, 39.50, 36.2, 14.1. HRMS (ESI-
TOF) m/z: [M + Na]* calcd for C,4H,CINaQy, 431.1021; found: 431.1024.

ethyl 2,6-diphenylisonicotinate (5)"’
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Purification by flash column chromatography (PE:EA, v/v = 40:1) to provide 5. White solid (45
mg, 75% yield). 'H NMR (400 MHz, Chloroform-d) & 8.29 (s, 2H), 8.27 — 8.22 (m, 4H), 7.60 —
7.53 (m, 4H), 7.52 — 7.48 (m, 2H), 4.52 (q, J= 7.1 Hz, 2H), 1.50 (t, J= 7.1 Hz, 3H). *C NMR (101
MHz, Chloroform-d) & 165.5, 157.8, 139.5, 138.7, 129.5, 128.8, 127.1, 117.8, 61.9, 14.4.

ethyl (Z)-4-(hydroxyimino)-2-methylene-4-phenylbutanoate (6)
HO.

N
I

COOEt

Purification by flash column chromatography (PE:EA, v/v = 20:1) to provide 6. Colorless oil (30
mg, 65% yield). "H NMR (400 MHz, Chloroform-d) 6 8.56 (d, J= 14.2 Hz, 1H), 7.65 — 7.61 (m,
2H), 7.41 — 7.37 (m, 3H), 6.27 (d, /= 0.8 Hz, 1H), 5.55 (d, /= 0.7 Hz, 1H), 4.26 (q, /= 7.1 Hz,
2H), 3.88 (t,J=1.6 Hz, 2H), 1.33 (t, J=7.1 Hz, 3H). *C NMR (101 MHz, Chloroform-d) é 166.6,
156.6, 135.1, 134.8, 129.4, 128.6, 126.3, 125.8, 61.1, 28.3, 14.2. HRMS (ESI-TOF) m/z: [M + H]*
calcd for Cj3H 405, 234.1125; found: 234.1136.

4. NMR Copies of Products
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