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A. General Information

General Setup:Procedures employing commercially available nitrogen, oxygen, Tarsons magnetic
bead, Remi 5SMLH stirrer, borosilicate glassware and moistensitive reactions were performed with
anhydrous solvents using standard inert atmosphere techniques (atmo$pineelmus nitrogen or
argon). Room temperature (rt) typically ranged betwe&B8@8C, depending on the time of the day.

NMR Spectroscopy:*H and**C{*H} spectra were recorded at 400 MHz and 100 MHz respectively,

using a Bruker Advance spectrometer (400 MHz). Spectra were recorded at 298 K (25 °C) on the
Bruker.'H and**C{'H} NMR spectra were referenced to residual solvent peaks. Chemical shifts are
reported in parts per million (ppH)77.05edm&E)i ve t o
All B*C{H} resonances are assumed to be singlets, unless stated otherwise. Coupling cdnstants,
reported in Hertz (Hz), we calculated usind/estrenovato the nearest 0.1 Hz. The following
abbreviations (and their combinations) are used to label the multiplicities: br (broad), s (singlet), d
(doublet), t (triplet), g (quartet), sept (septet), and m (multiplet).

Infrared Spectroscopy: Infrared (IR) spectra of neat compounds were recorded over the range 4000
650 cm! using a Shimadzu FTIR Spectrum 100 AFRIR spectrometer. Peaks are reported ihtcm

Mass Spectrometry:Electrospray ionisation (ESI+) spectra were recorded on a Waters XewSG2
QTof/Tof and 6200 series TOF/6500 serie§ QF B.09.00 (B9044.1SP1) mass spectrometer with an
orthogonal Zsprayelectrospray interface on a mientass spectrometer. Data areaieed in the form

of m/z (intensity relative to the base peak = 556.2771).

Chromatography: Analytical thinlayer chromatography was performed on Merck silica gel 80 F
aluminiumbacked plates. Visualisation was accomplished with UV light (long range), iodjran(l

silica, ethanolic acidic vanillin solution and/or aqueous basic potassium permanganate;| KitagD
column chromatography (manual) was performed using high purity grade silica gel, pore size 60 A,
100-200 mesh patrticle size (Sigpdddrich, Cat. No. 288594).

Crystal for X-ray Sample Preparation: Crystal suitable for Xay were grown by dissolving the
sample in a solvent which is soluble in a mixture of:Cliand distilled petroleum ether (3:1). The
compound is not soluble in distilled pet ether but soluble isGEHThe solution was kept without any
interference causing crystallisation.

Crystallography: Singlecrystal Xray diffraction data3w and3d) were collected with a Rigaku-X

ray diffractometer equipped with a miefocus sealed Xay tube and HyPix3000 CCD a CCD area
detector and operated at 250 W power (50 kV, 0.8 mA) to ger@mate KU (& = 1 .Thet184) a
crystals were placed on top of a nylon Cryoloop (Hampton researah)then mounted in the
diffractometer. Samples were initially scanned to obtain preliminary unit cell parameters and to assess
the mosaicity (breadth apots between frames) of the crystal. CrysAlisPro program software was used
suite to carry 2yosucta nosv eartl adpeptiencdd6airD68Cm2til0)3° seamgin i n g s
¥ and 10 s per frame exposures). After the data collection, all the reflections were sampled from all
regions of the Ewald sphere todetermine the unit cell parameters for data integration. CrysAlisPro
software was also used for the data integration avitlarrow frame algorithm. SCALE3 ABSPACK3

scaling algorithm program was used for the subsequent data correction for adsorption. The structure
was solved by a direct method and refined using the SHELXL 2016 software suite. Atoms were located
from an iterave examination of difference-faps following leassquares refinements of the earlier
models. The final model was refined anisotropically (if the number of data permitted) until full
convergence was achieved. The ellipsoids in ORTEP diagrams are disptaye 50% probability

level unless noted.



Solvents: Reaction solvents were dried following standard procedure. Toluene (PhMe), methanol
(MeOH), and isopropanol'RrOH) were dried over sodium metal. Acetonitrile (MeCN) and
dichloromethane (DCM) were dried by phosphorus pentoxigas)FDimethyl sulfonyloxide (DMSO)

was dried over calcium hydride (CgHand stored all the solvent over 4 A molecular sieves.
Ethylacetate (EtOAc) and pet ether i(80°) were distilled by potassium carbonateGK:) and
potassium hydroxide (KOH) respectively for colunimamatography. Deuterated chloroform (CE)CI

and CRCN were used as received. Solvents for filtration, transfers including acetonitrile (MeCN),
dichloromethane (C¥Ll,), ethyl acetate (EtOAc) and 480° petroleum ether (petrol) were also used
after distillation.

Chemicals: Chemicals purchased from commercial suppliers were used as received. Chemicals used
are from Avra, HIMEDIA, Sigma, TCI chemicals.

Nomenclature: Atom numbers shown in chemical structures herein correspond to the IUPAC
nomenclature, which was used to name each compound.

Abbreviations Used:aq. = agueous, ACN = acetonitrile, DCM = dichloromethane, DMSO = dimethyl
sulfoxide, El = electron ionization, ESI = electrospray ionizatiosi\l Ettriethylamine, EtOAc = ethyl
acetate, equiv. = equivalence, HRMS = high resolution mass spectroscopy, IR = infared,
isopropyl, MeCN = acetonitrile, N8Qs = sodium sulfate, nBu =-butyl, NaOH = sodium hydroxide,
NMR = nuclear magnetic resonance, TLC = tlaiper chromatography, rt = room temperature, calc. =
calculated, conv. = conk&on, conc. = concentration, h = hpatc. = alcohal



B. Experimental Section:

B.1 General procedure for the synthesis of sulfinic acids
Sulfinic acids were prepared according to the standard literature méthods

Procedure |

I 1]

S~ -~
©/ ONa conc. HCI | Ny S~OH
R R = Me, H R<F

4-methylbenzenesulfinic acid and benzene sulfiaggd were prepared from the corresponding
commercially available sodium sulfinates following a general experimental procedure: Sedium 4
methylbenzenesulfinate (10 mmol) or sodium benzenesulfite (10 mmol) was dissolsex(20HnL),
respectively. Then, concentrated HCl was added dropwise to this mixture, the crystals of sulfinic acids
were separating out in the beaker. This mixture was stirred indnaibdor 30 min. Subsequently, the
white precipitate was collected bitfation, and dried. Finally, 4nethylbenzenesulfinic acid (1.29 g,

8.3 mmol, 83%) or benzene sulfinic acid (1.13 g, 8.0 mmol, 80%) was obtained as white solild.

Procedure |l
C)\\ //o (I)I
©/ cl sodium sulfite @/S\OH R=F, Ph
R// conc. HCI R//
o\\(ns?/m Os S/OH

sodium sulfite
conc. HCI

An experimental procedure foéihe synthesis of other argllfinic acids is shown as following: aryl
sulfonyl chloride (10 mmol) was added to a solution of anhydrous sodium sulfi@nigol) in water
(5 mL), then, the mixture was stirred atg® for overnight. After the
aqueous layer was washed with CEHC3x10 mL) to remove the residue of sulfonyl chloride.
Subsequently, the aqueous part was acidified with excess concentrated HCI solution, and extracted with
tertbutyl methyl ether (3x10 mL). Combinedganic layer was removed by evaporation, and the
residue was dried under reduced pressure (in casfiudrébenzenesulfinic acid which was obtained

as white ail). In case of other solid asylifinic acids, the acidified solution was cooled down and then
filtered. The white precipitate was recrystallized from water yieldingsanyihic acid.

Procedure Il

(IS? conc. HCI g
X3C/ ~ONa X=H F o X3C/ ~OH

In case of aliphatic sulfinic acids, they were prepared from the corresponding commercially available
sulfinates following the procedure I.



The sulfinic acids we prepared

0 ? i
S-om /©/S\OH ©/ “OH
Me F
o 0., _OH

B.2 General procedure for the synthesis of biaryl ynotfes

o
1 1 equiv.) (1. 1 equw Mn02
H
° Pd(OAc), (5 mol%) n-BulLi (1.1 equiv.)
Br Na,CO; (2 equiv.) THF, -78 °C

EtOH, rt, 10 h

General Procedure for Suzuki Coupling with Arylboronic Acids

In a 100 mL rounébottomed flask with a magnetic bar was charged withiainobenzaldehyde (20
mmol), an arylboronic acid (22 mmol), Pd(OA¢) mmol), NaCGOs (40 mmol), and EtOH (40 mL).

The reaction mixture was stirred at room temperature for 10 h. The solution was filtered through celite
and EtOH was evaporated. The solution was then extracted with ethyl acetate (20 mL * 3) and the
combined organic layers wedried over anhydrous b#0,and concentrated using a rotary evaporator,
under reduced pressuiéhe subsequent residue was then purified by flash column chromatography on
silica gel (eluent: petroleum ether/ethyl acetate) to afford{f@erethoxyphenyl)benzaldehyde (85%
yield).

General Procedure for Synthesis of Secondary Alcohols

To a 50 mL twenecked flask charged with alkyne (5.5 mmol) was evacuated and backfilled with
nitrogen. Then anhydrous THF (20 mL) was added and coolé@f&. n-BuLi (5.5 mmol, 2.5 M in
hexane) was then added in 10 min to the solution and the reaction was ¥&#Cator another 1 h.

The above aldehyde.(dmmol) was added and the mixture was allowed to warm to room temperature
and kept for 6 h. The solution was then quenched with saturated aquegDlk(RMHmML), extracted

with ethyl acetate (30 mL 38). The combined organic layer was washed with saturated NacCl, dried
over anhydrous N&Q.. Then it was concentrated and the residue was purified by flash column
chromatography on silica gel (eluent: petroleum ether/ethyl acetate) to afford4bmdthoxy[1,1-
biphenyl}2-yl)-3-phenylprop2-yn-1-ol (90% vyield).

General Procedure for Oxidation of Biaryl Ynols

To a 100 mL flask charged with the above secondary alcoltbin@ol) was added anhydrous DCM

(30 mL) and Mn@(40 mmol). The solution was then stirred vigorously at room temperature for 10 h.
Afterwards, the solution was filtered through celite and the filtrate was concentrated. The residue was
subjected to flash column chromatography on silica gel using ethgteteetroleum ether as eluent to

give product i 4nde t h o x-biphehyl)2-ydlalkynonesl (80% yield).



B.3 General procedure for the synthesis of -(N,1-biphenyl}2-yl)-N-alkyl-3-
arylpropiolamide derivatives

co2

NH2 R-B g
(1. lequw) Nall, TrHF
_ NaH,THF _
T m6h N Z
DCC (1.1 equiv.) R
(0]

DMAP (0.1 equiv.)
DCM, -20°C, 12 h

In a roundbottomed flask, a solution of phenyl propiolic acid (1.1 equiv.) was made by the addition of
10 mL CHCI, (DCM); followed by a mixture of 4limethylaminopyridine (0.1 equiv.) and
dicyclohexylcarbodiimide (1.1 equiv) in 5 mL GEl, was slowly added to the propiokcid solution

and the solution was allowed to stir-20 °C. Again, a solution of aniline (5.31 mmol, 1.0 equiv.) or
phenol (9.4 mmol, 1.0 equiv.) in 5 mL @El; was then added dropwise. Afterward, the reaction
mixture was stirred at room temperature for another 12 h. After completion of the reaction, the crude
reaction mixture was washed by 0.5 M aq. HCI, dried oveSNa and concentrated under rotary
evaporator. Finally, the crude residue was purified by column chromatography to afford the desired
phenylpropiolate or phenylpropiolamide derivatives.

To a stirred solution of phenylpropiolamideqEquiv.) in 10 mL THF, NaH (® equiv.) was added

and stirred for 30 min. Then, RBr.(®equiv.) was added dropwise. After that, the reaction mixture was
left for stirring for next 6 h at rt. The solution was then quenched with saturated aquetis(2H

mL), extracted with ethyl acetate (30 mL * 3). The combined organic layer was washed with saturated
NacCl, dried over anhydrous b&(Qy. Then it was concentrated and the residue was purified by flash
column chomatography on silica gel (eluent: petroleum ether/ethyl acetate) to afford the desired
product (56% vyield).

B.4 General procedure for the synthesis&f

Ar802
BF; Et20 dry ACN

Ny, rt

Substrate 1a-1t: n=0
Substrate 1u and 1v: X=NR, n=1

3zd-3zf

Biaryl ynone(1, 1.0 equiv), arylbenzenesulfinic aci®(1.5 equiv), and BE-Et:O (2.5 equiv) were

added into a rountlottomed flask witt8 mL of anhydrous acetonitrile (ACN). The flask containing

the reactants and solvent was stirred at room temperature for 14 h. After the reaction was completed,
the mixture was quenched with water (10 mL). The agueous layer was extracted with EtOAc (3x5 mL)
The organic phase was combined and evaporated to remove the solvent in vacuo, and the resulting crude
mixture was purified by flash chromatography on silica gel (40% EtOAc in petroleum ether) to provide
thedesired productd) in good to excellent yield.



Scope of substrate:

The biaryl ynonedai 1sand Naryl ynoneslt i 1u used in this study are known compounds and were
prepared as described abdve.
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C. Optimization of Reaction Conditions

Supplementary Table 1.Optimization of Solvents for Sulfinylation Reaction

m
=}
—

O~NOOTDA~ WN PR

9.
10.
11.
12.

CHCN/® (10: 1

N s
NeRCA
O rt, Ny

1a

Sol vent

Toluene
DCM
DCE

Me OH
Et OH
Et OAc

Acetone

CHCN
THF

DMS O
DMF

Lewis Acid (equiv.)

Solvent

Lewis A2

(equi v
BE EX ()@
BE EX ()@
Bk EX( 2)0
BE EX ()@
BE EX ()@
BE EX ()@
BE EX ()@
BE EX ()@
BE EX ()@
BE EX ()@
BE EX ()@
BE EX ()@

10
10
10
10
10
10
10
10
10
18
18
12

<
o
Q

5 OS5 5 5 5 hMb~oo
O O Q0 Q0 0 WwWwNN

#Reaction conditions unless otherwise notiei(0.10 mmol), 2a (0.15 mmo), olvent (30 mL),
25°C under Matmosphere’Isolated yields.

Supplementary Table 2. Optimization of Lewis Acids for Sulfinylation Reaction

©O© 00N Ol WN PR

2a

Sol vent

CHCN
CHCN
CHCN
CHCN
CHCN
CHCN
CHCN
CHCN
CHCN

Lewis Acid (equiv.)

Solvent
rt, N2

Lewi s
(equi v
BE E ()3
Ti £413)0
Al 130
Fe I13)0
PTSA ) 3
Sn 130
TFA.)Y 3
Zn g(3)0
HCI.) 3

PP RPRPRRPEPER R
NNNMNNMNNNNDNDDA

76
nd
nd( 3 E,

nd( 3 E,
nd
12
nd
nd

(4%



10. CHCN H.S Q( 3)0 12 n d

11. CHCN Hg €( 3)0 12 n d
12. CHCN Sc( QU8 12 n d
13 CHCN BE CHEN .(03 18 60
14 CHCN BE THF)( 18 50

#Reaction conditions unless otherwise notiexd0.10 mmol), 2a(0.15 mmol), solvent (8 mL), 25°C
under N atmospheré’Isolated yields.

Supplementary Table 3.Optimization of Equivalency of Acids and other reaction conditions for
Sulfinylation Reactiof

\ I
O X N S\OH Lewis Acid (equiv.)
O O Solvent

rt, N2

1a 2a
Ent SolvenAcid (2a Lewi s
(equi v

1. CHCN PhSHD (1. BER EX ()& 10 71
2. CHCN PhSHDO (1. BER EX ()@ 14 76
3. CHCN PhSHO (1. BE EX (2. 14 76
4 . CHCN PhSHD (1. BR EX (1. 18 48
5. CHCN PhSHO (2. BE EX (2. 14 45
6 . CHCN PhSHD (3. BR EX (2. 14 42
7. CHCN PhSHDO (1. 24 nd
8¢ CHCN PhSHO (1. BE Ex (2 14 trac:¢
9. CHCN PhSNoa .02 BE EX (2 14 nd

2Reaction conditions unless otherwise notexi0.10 mmol), 2a(0.15 mmol), solvent (8 mL), 25°C
under N atmospheré.lsolated yieldsS Under open air.

10



D. Control Experiment

1. Radical Trapping Experiment

PhSO,H (2a)

‘ [ standard conditions
‘ O TEMPO (2.5 equiv)

1a

3a, yield 64%

1-( 4viet hok-piphen38plh e n y-2-ypr-o0 pEa 0.10mmol), benzenesulfinic acid

(23, 0.15mmol), BR-Et,O (0.25mmol) and radical scavenger TEMPO (26uiv.) were added int@
roundbottomed flask with 3.@nL of anhydrous acetonitrile (ACN). The flask containing the reactants
and solvent was stirred at room temperature for 14 h. The reaction was monitored by TLC and after
completion of the reaction, the mixture was quenched with water (10 mL). The agageusvas
extracted with EtOAc (3x5 mL), The organic phase was combined and evaporated to remove the solvent
in vacuo, and the resulting crude mixture was purified by flash chromatography on silid@%el

EtOAc in petroleum ether) to provide the desired pro8adh 64% yield.

This result suggests that the reaction did not follow radical pathway.

2. The Sulfinyl Cation Trapping Experiment
2.i. In Situ NMR Study

0]

O R PhSO,H '(é) .
O O standard conditions Ph™®

detected by NMR

OMe
1a

1-(4-methoxy[1,1-biphenyl}2-yl)-3-phenylprop2-yn-1-one (la, 0.10 mmol), benzenesulfinic acid

(2a, 0.15mmol) and BE-Et:O (025 mmol) were added inta roundbottomed flask with 3.@nL of
anhydrous acetonitrile (ACN). The flask containing the reactants and solvent was stirred at room
temperature for 10 min. The crude reaction mixture was directly detected by HRMS analysis. A sulfinyl
cation was detected, as shown in Figbte

g ZeaRIyaNs 5y 23 asa
s ERREIRA8A g8 ZE HRZ
; N N N Y -
o m e mEA 2 z
i TT I Ox...OH
° S
y ’ /
|
I I /|
|| l I
It I [
i Ml |
R MoVl /\j \ Me
| Al (i |
[ RN A D i G e S . Ir‘
T T T T T T T T T T T T T T
7.8 77 7.6 7.5 74 7.3 2.50 2.46 2.42 2.38 ‘ |
| f1 (ppm) f1 (ppm) (|
I P A M A
L e A S S S B S S S S B B B B S S S S RS SR B L L
12.0 11.5 110 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.? ( E.DJ 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm
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SupplementaryFigure 1. In-situ NMR Study to determine the reactive species

2.i. In Situ HRMS Study

O X PhSO,H 0
O standard conditions Ph/S@ ®)
O detected by HRMS
1a

1-(4-methoxy[1,1-biphenyl}2-yl)-3-phenylprop2-yn-1-one (a, 0.10 mmol), benzenesulfinic acid

(2a, 0.15mmol) and BE-Et,O (0.25mmol) were added inta roundbottomed flask with 3.@nL of
anhydrous acetonitrile (ACN). The flask containing the reactants and solvent was stirred at room
temperature for 10 min. The crude reaction mixture was directly detected by HRMS analysis. A sulfinyl
cation was detected, as shown in Figb2e

1: TOF MS ES+

0. 125.0056 e
o.®
~S
<
m/z: 125.0056
(calculated)
97.0117 126.0096 143.0153
el ' | m/z

| P, [ e P i e e ] S S O K S 2 ) 7 o K o) ) e T T T ol el el ol Tl Tl
98 100 102 104 106 108 110 112 114 116 118 120 122 124 126 128 130 132 134 136 138 140 142 144 146 148

SupplementaryFigure 2. HRMS data of Sulfinyl Cation
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E. Plausible Reaction Mechanism

o
CH,
I X
e = > I Ph
2N PMP

S® @y
0=S

detected by HRMS \

P \\\_//

S
LI e

o Ar@ 7

9 .S=0

S\

AI’/ OH Ph

PMP
TS 1

PMPO O WL
S —_—
Bl g 3 C
s L0
TS 4
©>pp

In presence of AlClg ~=== === -------mosoom oo soooosooossoooosooooooooosooooos

Q 8¢
0 -
©/S\OH __AC, OQS/)OL‘AI /@ + 3y —— ©/ Al(SO,Ph),

As we know,
pKa(PhSO,H) > pKa(PhSO3H)

SupplementaryFigure 3. Plausible Reaction Mechanism

Apl ausi bl e reaction me&appiné menn thaarsyl beiegsu roded wre vie d
spedissgenerated 2r,o0nwhs uwlhf iunnidce ragcoieds (0NSi idata on,
key intermediate. Af ter iT®tirla mo b e v &ltSa.ed K weratt hoearn g
nei ghbouring group participating (NGP of PMP grc
3. Depending upon aryl substitution in PMP, o0XxygeE®e
from Oher Etrom the substrate itself.
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F. X-ray Crystallography Data
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Supplementary Figure 4. ORTEP diagram d8w. X-ray crystallographic coordinates have been deposited at the Cambridge
Crystallographic Data Centre (CCDC) with the accession 2886111[left]. ORTEP diagram o8d. X-ray crystallographic

coordinates have been deposited at the Cambridge Crystallographic Data Centre (CCDC) with the acce&i@61ddtie

[right] (the ellipsoids are displayed at a 50% probability level; the compound was recrystallized frorpdd@MUm ethér

Table 1. Crystal data andstructure refinement for 3w (CCDC 2226111).

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

u/ A

b/ A

o/ A

Volume/A

Z

J cacg/cm?
e/ mm
F (000)
Radi

ation

=B
&sH1sCIFOsS
488.970
100.00(10)
orthorhombic
Pca2
20.5567(2)
11.19093(14)

9.50595(12)

2186.83(4)
4

1.485

2.771

1013.889

9

9

9

0
0
0

14
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2U range

Index ranges

or data collection/ A 3.9350 to

-16 O H30 2410013, O 11

Reflections collected 16231

Independent reflections 3861 [Rint = 0.0598, Rsigma = 0.0381]

Data/restraints/parameters 355308

Goodnesof-fit on F2 1.0452

Fi nal R

indexes [I>=28 (1)] R1 = 0.0435,

Largest diff. peak/hole / e #0.4402/0.3777

Table 2. Crystal data and structure refinement for 3d (CCDC 2226112).

Identification code
Empirical formula

Formula weight

Temperature/K
Crystal system
Space group
alA

b/A

c/A

us/ A

b/ A

o/ A
Volume/A

V4

J cacg/cm?

e/ mm

F (000)

Radi ati on

2U range

Index ranges

§
&H1/FOS
440.46
100.00(10)
monoclinic
a0%
10.85251(18)
9.76803(17)
20.3019(3)
90
99.4241(17)
90
2123.11(6)
4
1.378
1.661
912
Cu KU (& =

or data collection/ A 4.1250 to

13 O RH1I0UA2RQR40 LU, O 24

6 8.

1620

wR2 =

1.

67.

15
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Reflections collected 21307

Independent reflections 3253 [Rint = 0.0917, Rsigma = 0.0386]

Data/restraints/parameters 385269

Goodnessf-fit on F2 1.0452

Final R indexes [I>=20 (1)] R1 = 0.0587, wR2

Largest diff. peak/hole / e #0.823/0.503

Note: CrysAlisPro 1.171.42.58a (Rigaku Oxford Diffraction, 2020). Empirical absorption correction
using spherical harmonics, implemented in SCALE3 ABSPACK scaling algotithmanuscript the
crystal diagrams are drawn using VESTA 3.2.

G. Synthetic Diversification:

[0} o] 0 O
S //
3 S
\© s\© nCPBA (5 s\©
Tf,0 (4), KI (1.5 equlv
-
O MeCN, rt O DCM (4 mL), rt, Np, 6h O
(a)
(0}

(b)

(o]

6, yield: 53% 3a 7, yield: 69%
Procedured): A solution of mCPBA (0.15 mmo) in DCM (2 mL) was added to a solution 8& (42
mg, 0.D mmol) in DCM (2 mL). The reaction was stirred for 6 h at room temperature. After completion
of reaction (monitored by TLC), the mixture was diluted with saturated NaH@® extracted by
DCM. The combined DCM extracts were washed with water (2 x 30 mL), dried oy8ONand
concentrated to afforthe desired producFlash chromatography on silica gel yieldg@9% yield) of
pure sulbneas yellow solid.

Procedurelf): 3a(42 mg) and KI (3.0 equiv.) were added into a reaction vial with 3.0 mL acetonitrile.
Tf20 (1.0 equiv.) was then added dropwise and the mixture was stirred at room temperature for 6 h.
After the reaction wasompletedthe mixture was quenched with NaHE&nhd extracted b¥EtOAcC.

The combinedEtOAcC extracts were washed with water (2 x 30 mL), dried ovesSNa and
concentrated. Flash chromatography on silica gel yidliedesired thiolated produgin 53% yield.

BF3. EtZO 2 5 equiv.)
Standard condmons
scale o Dlphenprgospmmc acid
synthesis o equiv.)
OMe 60 °C, 48 h, N,

3a yield: 63% 1al1b 9, yield: 65%

Me

Procedured): 1b (0.25 mmao) and8 (1.0 mmol)were added into a round bottomed flask with 4.0 mL
ACN. BR:.EtO (0.63 mmol) was then added and the mixture was stirred ‘& & 48 h under N
atmosphere. After the reaction was completee mixture was quenched with.8 and extracted by
EtOAc. The combinedEtOAc extracts were washed with water (2 x 30 mL), dried oveSNa and
concentrated. Flash chromatography on silicafferdedthe desired produ&in 65% yield.

Procedure d): Scaleup synthesis oBa (532 mg) in 63% yield was achieved froha (2.0 mmo)
following the stadard procedure mentioned uné@aperimental Section B4
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H. NMR Data

2'-phenyl-3'-(phenylsulfinyl)-4'H-spiro[cyclohexanel,1-naphthalene}2,5-diene-4,4'-dione (3a)

Total reaction time = 14. Temperature of reaction = room temperatutdution with 386 ethyl acetate in petleum

ether afforded yellow liquidla (30 mg, 0.096 mmoly 3a (31mg, 0.073nmol); 76% yield. TLC ; R; = 0.4(50% ethyl

acetate in petroleum ethelfR (KBr) 3059, 1967, 1664, 1624, 1595, 113641,854cm™. 'H NMR (400 MHz, CDC})

i 8. 1J%=7.8,d.dHz 1H), 7.70 7.63 (m, 2H), 7.59 (td] = 7.7, 1.5 Hz, 1H), 7.46 (m, 7H), 7.21 (m, 3H), 6i81

6.71 (m, 2H), 6.48 6.40 (m, 1H), 6.38 6.30 (m, 1H)*C NMR (100 MHz, CDC})ii 184 .25, 178.07, 161. 7
146.96, 142.95, 142.60, 137.32, 133.97, 133.32, 131.06, 130.87, 130.53, 130.39, 129.63, 129.35, 128.88, 128.32, 128.18,
128.13,128.01, 127.81, 127.69, 124.63, 52HRMS ( ES| ) ¢ aM:O8[M+H]"0 423.X055, Found : 423051

2'-phenyl-3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexanel,1-naphthalene}2,5diene-4,4'-dione (3b)

Me Total reaction time = 14. Temperature of redion = room temperatureElution with $% ethyl acetate in petroleum

ether afforded yellowolid, 1a (30 mg, 0.096 mmoly 3b (35mg, 0.079mmol); 83% yield. TLC; Ry = 0.4 (D% ethyl

acetate in petroleum ethelR (KBr) 3035, 1662, 1630, 1570, 28 997cm™. *H NMR (400 MHz,CDC}) U 8J 21 (d,
=7.6 Hz, 1H), 7.62 7.48 (m, 4H), 7.41 (d1 = 4.6 Hz, 3H), 7.26 (dd1 = 11.4, 5.9 Hz, 4H), 7.16 (s, 1H), 6.84.67 (m,

2H), 6.43 (d,J = 9.7 Hz, 1H), 6.37 6.28 (m, 1H), 2.40 (s, 3H¥C NMR (100MHz,CDCk) & 184.26, 178. 15,
147.14, 147.02, 143.03, 140.82, 139.34, 137.31, 133.89, 133.39, 131.00, 130.84, 130.62, 129.60, 129.58, 129.30, 128.19,
128.09, 127.81, 124.73,52.01, 21 BRMS ( ES| ) ¢ aghH.©O4 M+ifl]'a 437.1211, Found : 437.08.

3'-(phenylsulfinyl)-2'-(p-tolyl) -4'H-spiro[cyclohexanel,1-naphthalene} 2,5-diene-4,4'-dione (3c)

Totalreaction time =14 h. Temperature of retion = room temperatureElution with $% ethyl acetate in petroleum

ether affordedsellow liquid, 1b (22 mg, 0.067mmol) Y 3c (21 mg, 0.048mmol); 7% yield. TLC; R; = 0.4 (9%

ethyl acetate in petroleum etheéiit NMR (400 MHz, CDC}) U 8 J# B8, {.3dHd,,1H), 7.76 7.62 (m, 2H),

7.59 (td,J = 7.6, 1.5 Hz, 1H), 7.55 7.38 (m, 4H), 7.14 (d] = 51.4 Hz, 5H), 6.75 (ddd},= 15.8, 9.8, 3.1 Hz, 2H),

6.45 (dd,J = 9.8, 1.6 Hz, 1H), 6.36 (dd,= 9.8, 1.6 Hz, 1H), 2.40 (s, 3HC NMR (100 MHz,CDC}) i 184 . 36,
177.99, 161.67, 147.23, 147.12, 142.78, 139.78, 137.34, 133.86, 130.99, 130.81, 130.59, 130.30, 129.28, 128.82,
128.19, 128.08, 124.64,52.16, 21.BRMS ( ES | ) ¢ agH,£O48 M+H]a 437.1211 Found : 437.1214

2'-(4-fluorophenyl)-3'-(phenylsulfinyl)-4'H-spiro[cyclohexanel,1-naphthalene} 2,5-diene-4,4'-dione (3d)

Total reaction time = 14h. Temperature of region = room temperatureElution with 35% ethyl acetate in petroleum

ether affordedff-white solid, 1c (30 mg, 0.09Immol) Y 3d (32 mg, 0.072mmol); 79% yield TLC; R; = 0.3 (D%

ethyl acetate in petroleum ethdR. (KBr) 3315, 1874, 1789, 1720, 1656, 1620, 113%3,835cm™. 'H NMR (400

MHz, CDCL) U 8J.=2.8 Hz(1#), 7.72 7.35 (m, 8H), 7.25 (d] = 7.8 Hz, 1H), 7.21 6.97 (m, 3H), 6.79 6.65

(M, 2H), 6.45 (dJ = 9.7 Hz, 1H), 6.35 (d) = 10.0 Hz, 1H)3C NMR (100 MHz, CDC}) & 184. 06, 178.51,
163.80, 161.89, 159.88, 146.88, 143.682.59, 137.39, 134.10, 131.23, 130.98, 130.54, 130.32, 129.43, 128.95,
128.18,124.59,52.2HRMS ( ES | ) ¢ a©OFR[MHHD r441M961, Found : 441.0963

2'-(m-tolyl) -3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexanel,1-naphthalene}l 2,5-diene-4,4'-dione (3e)

Ve Total reaction time = 14. Temperature of reaction = roaemperature. Elution with 40 ethyl acetate in petroleum

ether afforded yellovsolid, 1d (30 mg, 0.075nmol) Y 3e (27 mg, 0.060mmol); 81% yield TLC; Ry = 0.3 (D%

ethyl acetate in petroleum ethdR. (KBr) 3466, 3032, 1950, 1660, 1622, 1479, 118%5cm™. *"H NMR (400 MHz,

CDCl) U 8J=27.8Hz(1#), 7.63 7.47 (m, 4H), 7.33 7.20 (m, 6H), 7.13 6.88 (m, 2H), 6.81 6.67 (m, 2H),

6.501 6.39 (m, 1H), 6.35 (dl = 9.9 Hz, 1H), 2.40s, 3H), 2.37 (s, 3H"*C NMR (100MHz,CDCk) & 184 .38, 178. 1
161.17, 147.29, 147.10, 142.90, 140.73, 139.38, 138.09, 137.31, 133.86, 133.34, 130.88, 130.73, 130.65, 130.38,

129.58, 129.28, 128.73, 128.33, 128.19, 128.07, 127.88, 127.56, 125.15, 124.95, 124.77, 124.66, 51.99, 21.56, 21.42.

HRMS ( ES1 ) ¢ agH0O455Ma [M+bla*: 423.1187, Found473.1182

2'-(4-fluorophenyl)-3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3f)

Me Totalreaction time = 14. Temperature of region = roomtemperature Elution with35% ethyl acetate in petroleum

ether afforded yellow liquidlc (30 mg, 0.09Immol) Y 3f (38 mg, 0.08 mmol); 92% yield. TLC; R; = 0.4 (9%

ethyl acetate in petroleum ethd®. (KBr) 3043, 1959, 1712, 1658, 1625, 159776,1051,860cm™. *H NMR (400

MHz, CDCE) U i 8.20@21H), 7.60 (tdJ) = 7.8, 1.3 Hz, 1H), 7.52 #,= 7.5 Hz, 3H), 7.26 (ddl= 10.9, 8.0 Hz,

3H), 7.20i 7.11 (m, 2H), 7.06 () = 8.2 Hz, 2H), 6.71 (d] = 9.9 Hz, 2H), 6.50 6.40 (m, 1H), 6.40 6.27 (m, 1H),

2.39 (s, 3H)**C NMR (100 MHz, CDCk) ua 184. 04, 178.59, 164. 36, 161. 87, 159
139.46, 137.42,134.02, 131.17, 130.95, 130.41, 130.14, 129.65, 129.37, 128.97, 128.93, 128.15, 124.69, 52.21, 21.38.

HRMS ( ES | ) c asH@©OfR[M+#HY 1455017, Found 455.1118

2'-(p-tolyl)-3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3g)
Total reaction time = 12 HTemperature of redion = room temperatureElution with35% ethyl acetate in petroleum ether afforded yellow
liquid, 1b (30 mg, 0.092nmol)Y 3g (37 mg, 0.082mmol); 89% yield. TLC ; Ry = 0.4 (% ethyl acetate in petroleum ethéd.NMR (400
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MHz, CDCE) Ui 8 . 1J9=7.8,d.2 Hz, 1H), 7.68 7.45 (m, 4H), 7.31 7.13 (m, 6H), 7.05 (s, 1H), 6.74 (ddtk

21.9, 9.9, 3.1 Hz, 2H), 6.39 (dddi= 33.0, 9.9, 1.6 Hz, 2H), 2.39 (s, 6HC NMR (100 MHz, CDCk) U 184 . 42,
178.04, 161.31, 147.33, 147.21, 142.99, 140.73, 139.71, 139.38, 137.30, 133.81, 130.93, 130.78, 130.66, 129.56,
129.25, 128.17, 128.07, 124.72, 52.12, 21.41, 2HBMS ( ES| ) ¢ agdH8M+H]0 451.1368 Found :

451.411

2'-(4-methoxyphenyl}3'-(phenylsulfinyl)-4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3h)

Total reaction time = 14. Temperature of retion = room temperatureElution with40% ethyl acetate in petroleum

ether affordedbrownishliquid, 1e(34mg, 0.099mmol) Y 3h (33mg, 0.073mmol); 74% yieldTLC ; Ry = 0.3 (D%

ethyl acetate in petroleum ethdB. (KBr) 3057, 2312, 1654, 1598, 1514, 118628,840cm*. *H NMR (400 MHz,

CDCk) U 8 J2A7, I(1Hd1H), 7.67i 7.45 (m,3H), 7.36i 7.26 (m,4H), 6.891 6.73 (m,6H), 6.49 (S1H),

6.47 (s,1H), 3.83 (s3H). 3C NMR (100 MHz, CDC}) g 185. 27, 183. 66, 160. 70, 156. 1
130.83, 130.27, 130.04, 129.69, 128.94, 128.80, 128.25, 127.36, 113.79, 55.32HRM&.( ES|1 ) cal c6d f o1
CaH2104S [M+H]*: 453.1161, Found : 453.1162.

3-chloro-2'-phenyl-3'-(phenylsulfinyl)-4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3i, 1:3)

Total reaction time 14h. Temperature of redion = room temperatureElution with35-40% ethyl acetate in petroleum
ether afforded yellow liquidlf (63 mg, 0.175mmol) Y 3i; (14 mg, 0.032mmol) and3i; (42 mg, 0.093mmol); 71%
overallyield. TLC; Ry = 0.5 (i) and 0.4 @) (50% ethyl acetate in petroleum ether).

!H NMR (400 MHz, CDCY) Ui 8 J278, 1(2cHd, 1H), 7.787.60 (m, 3H), 7.56 (td] = 7.7, 1.2 Hz, 1H), 7.58

7.33 (m, 6H), 7.27 7.23 (m, 1H), 7.22 7.17 (m, 1H), 7.14 (d] = 7.3 Hz, 1H), 6.95 (d] = 2.9 Hz, 1H), 6.77 (dd] =

9.7, 2.9 Hz, 1H), 6.51 (dl = 9.7 Hz, 1H).%C NMR (100 MHz, CDC}) U4 178.01, 177.33, 159.76,
142.50, 136.42, 135.23, 134.20, 132.61, 130.54, 130.30, 130.12, 129.83, 129.74, 128.93, 128.43, 128.03, 127.71, 124.71,
53.85.HRMS ( ES 1) ¢ aM:O8@ [MfH 't 4500665 Found : 43.0668

(Major isomer'H NMR (400 MHz, CDC}) U 8 J2729, 1(2dHd, 1H), 7.64 (ddd= 9.2, 8.1, 1.5 Hz, 3H), 7.57

1 7.38 (m, 7H), 7.27 7.20 (m, 2H), 7.18 7.10 (m, 1H), 6.95 (d] = 2.9 Hz, 1H), 6.80 (dd] = 9.8, 2.9 Hz, 1H), 6.41

(d, J=9.8 Hz, 1H)**C NMR (100 MHz, CDC}) a 177.86, 177.27, 159. 79, 147.15,
135.45, 134.18, 132.78, 130.53, 130.35, 129.94, 129.84, 129.73, 128.93, 128.43, 128.08, 127.87, 127.62, 124.68, 53.72.
HRMS ( ES | ) ¢ a/048a [Mi-H T 4500665 Found : 43.067.

3-chloro-2'-phenyl-3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4"-dione (3j)

Me Total reaction time= 14h. Temperature of reion = room temperatureElution with 40 ethyl acetate in petroleum

etherafforded yellow liquid,1f (18 mg, 0.050mmol) Y 3j (18 mg, 0.039mmol); 78% yieldTLC ; R; = 0.4 (% ethyl

acetate in petroleum ethetR (KBr) 3045, 2320, 1673, 1650, 1586, 1238, 1085, 889. (Major isome)'H NMR

(400 MHz, CDC}) U 8J1=3BB8 HZ 1H), 7.62 () = 6.9 Hz, 1H), 7.56 (d] = 8.0 Hz, 3H), 7.44 (s, 4H), 7.28 (s,

2H), 7.24 (dJ = 7.7 Hz, 2H), 7.12 (d] = 6.3 Hz, 1H), 6.92 (d] = 2.8 Hz, 1H), 6.79 (dd] = 9.8, 2.8 Hz, 1H), 6.41 (d,

J=9.8 Hz, 1H), 2.40 (s, 3H¥*C NMR (100 MHz,CDC}) 4 177.90, 177.30, 159.39, 147.2
139.06, 136.26, 135.38, 134.12, 132.85, 130.41, 130.07, 129.91, 129.79, 129.69, 129.66, 128.42, 128.18, 128.05, 127.82,
127.61, 124.76,53.68,21.44RMS ( ES| ) cCGagH O [MfrH] . 471.0822 Found 471.0820

3-fluoro-2'-phenyl-3'-(phenylsulfinyl)-4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3k, 1:4)

Total reaction time= 14h. Temperature of retion = room temperatureElution with 40% ethyl acetate in petroleum

ether afforded yellow liquidlg (40 mg, 0.12dmmol) Y 3k; (8 mg, 0.018mmol) and3k, (29 mg, 0.066 mmol); 6%

overall yield. TLC ; Ry = 0.5 k1) and 0.4K,) (50% ethyl acetate in petroleum eth&) NMR (400 MHz,CDC}) U 8. 22

(d, J=7.8 Hz, 1H), 7.64 (dd] = 13.7, 7.5 Hz, 3H), 7.55 (§,= 7.5 Hz, 1H), 7.52 7.38 (m, 6H), 7.28 7.20 (m, 2H),

7.14 (d,J=7.3 Hz, 1H), 6.75 (d] = 9.7 Hz, 1H), 6.52 6.43 (m, 1H), 6.38 (d] = 11.6 Hz, 1H)**C NMR (100 MHz,

CDCly) a 177.92, 177.009, 176. 88, 148.49, 1B@65, 1343 % 132.42, 13A76,3 . 8 5, 1
130.71, 130.52, 130.28, 129.84, 129.628.92, 128.57, 128.41, 128.01, 127.88, 127.72, 124.68, 123.93, 123.77, 52.72,
5265HRMS ( ES I ) ¢ a7t OSFR[MHHD 14410961 Found :441.0965

(Major isomerH NMR (400 MHz, CDC}) U 8J.=2.8 Hz( 18H), 7.64 (ddl = 16.1, 7.6 Hz, 3H), 7.507.40 (m,

7H), 7.281 7.14 (m, 4H), 6.79 (d] = 9.8 Hz, 1H), 6.43 6.33 (m, 2H).*C NMR (100 MHz,CDC}) & 177. 79, 177. Q
176.83, 160.24156.65, 153.96, 147.75, 147.73, 143.12, 142.38, 136.61, 134.16, 132.76, 130.64, 130.59, 130.53, 130.32,

129.83, 129.66, 128.93, 128.40, 128.01, 127.93, 127.88, 124.67, 123.85, 123.70, 52.46lF23q. ES|1 ) cal cd6d f o1
Cy7H1805SF [M+H]": 441.0961, Found441.0974

3-fluoro-2'-phenyl-3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexanel,1-naphthalene}2,5-diene-4,4'-dione (3I)

(Total reaction time= 14h. Temperature of reion = room temperatureElution with 40% ethyl acetate in petroleum etiéorded yellow
solid, 1g (22 mg, 0.06Tmmol) Y 3l (21 mg, 0.047mmol); 73% yield. TLC ; Ry = 0.4 (% ethyl acetate in petroleum etheR.(KBr) 3439,
1982,1678, 1653, 1595, 1165049,871cmi’. (Major isomer)'H NMR (400 MHz, CDC}) U i 8.184m6, 1H), 7.67 7.51 (m, 4H), 7.47
T 7.39 (m, 2H), 7.24 (ddd), = 37.2, 20.3, 6.9 Hz, 4H), 6.77 (dbi= 9.8, 2.9 Hz, 1H), 6.4% 6.27 (m, 2H), 2.40 (s, 3H*C NMR 100 MHz,

18



CDCl;) 177.85,177.06,176.84, 159.78, 156.62, 153.93, 147.81, 143.16, 141.00, 139.07, 136.60, 134.09, 132.83, 130.61,
130.56, 130.40, 129.78, 129.65, 129.62, 128.40, 128.35, 128.04, 127.96, 127.89, 127.83, 124.76, 123.92, 123.76, 52.42,
52.36,21.43HRMS ( ES | ) ¢ agH,O48kNa[M-oNa]*: €77.0937 Found 477.0939

3,5-dimethyl-2'-phenyl-3'-(phenylsulfinyl)-4'H-spiro[cyclohexa[2,5]dienel,1'-naphthalene}4,4'-dione (3m)

Total reaction time= 14 h. Temperature of reéion = room temperatureElution with 386 ethyl acetate ipetroleum

ether affordedff-white liquid, 1h (30 mg, 0.088nmol) Y 3m (30 mg, 0.066mmol); 75% yield TLC ; Ry = 0.4 (9%

ethyl acetate in petroleum ethdR. (KBr) 2960, 1660, 1635, 1597, 118042,866cm™. *H NMR (400 MHz, CDC})

0 8. 1F7.8(Hd, 1H), 7.66 (d] = 7.3 Hz, 2H), 7.56 () = 7.5 Hz, 1H), 7.50 7.42 (m, 4H), 7.40 7.32 (m, 3H),

7.19 (d,J = 7.6 Hz, 2H), 7.07 (d] = 6.5 Hz, 1H), 6.55 6.46 (m, 2H), 1.91 (s, 3H), 1.81 (s, 3HC NMR (100 MHz,

CDCL) U0 185. 49, 178.31, 162. 92, 142.80, 142. 28, 141.74,
130.25, 129.26, 128.87, 128.81, 128.14, 128.01, 127.95, 127.90, 127.21, 124.63,51.83, 16 HRWBI2E S| ) cal c o6 d
for CaoH2305S [M+H]*: 451.1368 Found : 4%.13%6.

3'-((4-fluorophenyl)sulfinyl )-2'-(p-tolyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}l4,4'-dione (3n)

Total reaction time= 12 h. Temperature of reion = room temperatureElution with 584 ethyl acetate ipetroleum

ether affordededdishgel, 1b (30 mg, 0.092nmol) Y 3n (33mg, 0.074nmol); 80% yield. TLC ; Ry = 0.3 (50% ethyl

acetate in petroleum ethelR (KBr) 3026, 1665, 1630, 1450, 1041, 88t*. 'H NMR (400 MHz,CDC§) U 8. 17
(dd,J=7.8, 1.0 Hz, 1H), 7.7R 7.62 (m, 2H), 7.59 (td] = 7.7, 1.5 Hz, 1H), 7.54 7.47 (m, 1H), 7.19 (dt] = 17.3,

8.3 Hz, 6H), 7.03 (d) = 7.4 Hz, 1H), 6.74 (ddd}= 17.0, 9.8, 3.1 Hz, 2H), 6.43 (dii= 9.8, 1.5 Hz, 1H), 6.35 (dd,

= 9.8, 1.5 Hz, 1H), 2.39 (s, 3H¥C NMR (100 MHz, CDC}) UG 184. 36, 178.10, 165. 18,
147.02, 142.67, 139.90, 137.80, 137.34, 134.00, 131.05, 130.86, 130.50, 130.42, 129.35, 129.08, 128.47, 128.15,
128.12,127.87, 127.56, 127.12, 127.03, 116.25, 116.02,52.16, HRMS ( ES | ) c aH.©OFEMHHpr C

Sn 4551117, Found :455.1107.

6'-phenyl-7'-(phenylsulfinyl)-8'H-spiro[cyclohexa[2,5]dienel,5-naphtho[2,3-d][1,3]dioxole]-4,8"-dione (30)

Total reaction time= 14 h. Temperature of reaction = room temperature. Elution %&b ethyl acetate in
petroleum ether afforded yellow liquiti, (35 mg, 0.0/8 mmol) Y 30 (29 mg, 0.0 mmol); 77% yield. TLC ; R

7.47 (dd, J = 13.5, 5.9 Hz, 2H), 7.88.29 (m, 4H), 7.18 (dd, J = 22.5, 7.5 Hz, 1H), 6.B165 (m, 2H), 6.61 (s,
1H), 6.46i 6.38 (M, 1H), 6.36 6.27 (M, 1H), 6.07 (d, J = 2.5 Hz, 2H), 2.04 (s, 30 NMR (100 MHz, CDCk)

130.33, 129.55, 128.84, 128.73, 128.13, 127.96, 127.87, 127.55, 126.21, 124.61, 107.11, 106.54, 102.49, 52.16,
2328 HRMS ( ES 1)  C aldOdNa [M+Nal*: 533.0929 Found 503.0922

7'-(phenylsulfinyl)-6'-(p-tolyl) -8'H-spiro[cyclohexa[2,5]dienel,5-naphtho[2,3-d][1,3]dioxole]-4,8-dione (3p)

Total reaction time= 14 h. Temperature of reaction = room temperature. Elution B0# ethyl acetate in

petroleum ether afforded yellow liquidj (58 mg, 0129mmol) Y 3p (51 mg, 0103 mmol); 79% yield. TLC;

Rr = 02 (40% ethyl acetate in petroleum ethefipseparable mixture of 3p armnzyl alcoholBA) as a side

product 1:1) *H NMR (400 MHz, CDC}) 0 1 7.496r0, 3H), 7.33 (ddd] = 24.4, 14.4, 6.9 Hz, 10H), 7.13
(d,J=6.9 Hz, 1H), 6.76 6.64 (m, 2H), 6.60 (s, 1H), 6.41 @ 9.7 Hz, 1H), 6.32 (d] = 9.8 Hz, 1H), 6.06 (s,

2H), 2.39 (s, 3H), 2.04 (s, 3H¥C NMR (100MHz,CDCk) U 184. 16, 176.86, 170.00,
147.18, 147.08, 142.70, 140.77, 139.34, 138.25, 133.82, 133.32, 131.04, 130.85, 129.59, 129.53, 128.72, 128.21,
128.15, 127.94, 127.87, 127.58, 127.53, 126.27, 124.68, 107.10, 106.55, 102.49, 52.10, 43.76, 23.29, 21.43.
HRMS ( ES I ) ¢ a4 M+H]a 495.1266 Found 495.1271

3,5,7-trimethyl -3'-(phenylsulfinyl)-2'-(p-tolyl) -4'H-spiro[cyclohexanel,1'-naphthalenel2,5-diene-4,4'-dione (3q)

Total reaction time= 14 h. Temperature of reion = roomtemperature Elution with30% ethyl acetate in

petroleum ether affordedff-white liquid, 1s (40 mg, 0.108mmol) Y 3q (40 mg, Q083 mmol); 77% vyield.

TLC; R = 04 (0% ethyl acetate in petroleum ethéd.NMR (400 MHz, CDC}) U 8J.=3.% Hz( 1H),

7.66 (d,J = 7.6 Hz, 2H), 7.45 (dt) = 14.3, 7.5 Hz, 3H), 7.26 (s, 1H), 7.27.04 (m, 3H), 6.93 (d] = 8.3 Hz,

2H), 6.49 (dJ = 10.0 Hz, 2H), 2.37 (s, 6H), 1.92 (s, 3H), 1.83 (s, 3I®NMR (L00MHz,CDCk) U 185. 8 3,
178.01, 163.09, 144.82, 142.87, 142.25, 142.16, 142.01, 139.22, 138.95, 137.75, 137.49, 130.76, 130.14, 130.03,
128.76, 128.61, 128.18, 128.05, 127.94, 127.81, 124.60, 51.86, 21.88, 21.38, 16.1%RBIBY. ESI ) cal cdd
for Ca1Hp705S [M+H]*: 479.1681 Found 479.1684

6'-fluoro-2'-(p-tolyl) -3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3r)

Total reaction time= 14h. Temperature of reéion = room temperatureElution with 40% ethyl acetate petroleum ether affordegddish
liquid, 1k (30 mg, 0.08mol) Y 3r (34mg, 0.073nmol); 84% yield. TLC ; R; = 04 (50% ethyl acetate in petroleum ethéR.(KBr) 3234,
285Q 1715, 1654, 1626, 1591, 122®54,887 cmi. 'H NMR (400 MHz, CDC}) 0 7 .J885, A5Hd, 1H), 7.55 (d,= 8.2 Hz, 2H),

19

= 0.3 (40% ethyl acetate in petroleum ethéf) NMR (400 MHz,CDC}) 4 7.63 (d, J = 7.5 Hz,

16

a 184.10, 176.82, 169.93, 160.28, 152.89, 149.14, 147.0
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7.337 7.11 (m, 8H), 7.04 (s, 1H), 6.73 (dbk 9.9, 3.1 Hz, 1H), 6.68 (dd,= 9.8, 3.1 Hz, 1H), 6.43 (dd,= 9.9, 1.4

Hz, 1H), 6.35 (ddJ = 9.9, 1.4 Hz, 1H), 2.39 (d,= 1.6 Hz, 6H)°C NMR (100MHz,CDCk) & 184. 16, 177. 0
164.05, 161.73, 161.55, 146.91, 146.81, 142130,94, 139.90, 139.03, 133.13, 133.10, 132.80, 132.73, 131.06,

130.90, 130.64, 130.56, 130.46, 129.61, 129.07, 128.45, 127.88, 127.64, 124.74, 121.76, 121.53, 114.18, 113.95,
51.72,21.43,213HRMS ( ES | ) ¢ aHOFm[M+HY 146901274 Found 469.1268

6'-methoxy-2'-phenyl-3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4"-dione 39

Total reaction time = 14. Temperature of resion = room temperature Elution with 40% ethyl acetate in

petroleum ether afforddarownliquid, 11 (30 mg, 0.088nmol) Y 3s (30 mg, 0.065mmol); 74% yield. TLC; Ry =

0.3 (% ethyl acetate in petroleum ethéR.(KBr) 3066, 2956, 1655, 1624, 145038 918cm™. 'H NMR (400

MHz,CDCk) U 7. 63 ( 358.1HH2H), 7.21.(d&5 12(0d6,3 Hz, 4H), 7.28 (s, 2H), 7.15Jt 4.3

Hz, 3H), 6.71 (ddd] = 18.1, 9.9, 3.0 Hz, 2H), 6.41 (d#ix 9.8, 1.3 Hz, 1H), 6.32 (dd,= 9.9, 1.3 Hz, 1H), 3.85 (s,

3H), 2.40 (s, 3H)®C NMR (100 MHz,CDC}) 4 184.35, 178.01, 161.23, 160.20,
139.22, 133.48, 131.89, 130.81, 130.65, 129.61, 129.58, 129.53, 129.32, 124.65, 122.76, 109.53, 55.75, 51.65,
2142HRMS ( ESI| ) c aM©O8Na[M+Nal*: 489.1136 Found 489.1134

6'-phenyl-7'-(p-tolylsulfinyl) -8'H-spiro[cyclohexanel,5-naphtho[2,3-d][1,3]dioxole]-2,5-diene-4,8"-dione (3t)

Ve Total reaction time = 14. Temperature of reion = roomtemperature. Elution with 80 ethyl acetate in

petroleum ether afforded yellow liquidim (30 mg, 0.84 mmol) Y 3t (33 mg, 0.8 mmol); 81% yield. TLC; R

= 0.3 (@% ethyl acetate in petroleum ethéd.NMR (400 MHz, CDC}) U 1 7.496m, ¥), 7.39 (ddJ=13.2,

6.5 Hz,3H), 7.28 (d,J = 6.6 Hz, H), 7.18 (dd,J = 42.6, 6.7 Hz, B1), 6.70 (ddd,) = 181, 9.9, 3.0 Hz, 2H), 6.61 (s,

1H), 6.42 (dd,J = 9.8, 1.4 Hz, H), 6.32 (ddJ = 9.9, 1.4 Hz, H), 6.07 (dJ = 1.4 Hz, 2H), 2.39 (s,H). °C NMR

(100 MHz, CDCY}) a 184.13, 176. 89, 159. 88, 152. 83, 149. 11, 147
133.31, 131.04, 130.85, 129.57, 129.51, 128.18, 127.96, 127.56, 126.30, 124.71, 107.09, 106.57, 102.47, 52.12,
21.40.HRMS ( ES| ) c aHA©O4% M+H]a 4811C10 Found :481.1099

3'-([1,1"-biphenyl]-4-ylsulfinyl) -2'-(p-tolyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3u)

Total reaction time = 14. Temperature of reion = room temperature. Elution with®@%thyl acetate in petroleum

ether afforded yellow liquidlb (30 mg, 0.092nmol) Y 3u (38 mg, 0.075mmol); 82% yield. TLC ; Ry= 0.4 (D%

ethyl acetate in petroleum etheliR (KBr) 3317, 2922, 1725, Td, 1620, 1053, 876m™. 'H NMR (400 MHz,

CDClL) U 8 .J218, {.1dHt,,1H), 7.72 (d,= 8.5 Hz, 4H), 7.58 (dd] = 11.3, 4.5 Hz, 3H), 7.5% 7.43 (m,

4H), 7.40 (dJ = 7.4 Hz, 1H), 7.27 7.17 (m, 4H), 7.10 (s, 1H), 6.816.73 (m, 2H), 6.48 6.43 (m, 1H), 6.39

6.34 (m, 1H), 2.40 (s, 3H)*C NMR (100 MHz,CDC}) G 184. 41, 178.06, 161.76, 147.2
141.31, 139.91, 139.83, 137.36, 133.92, 131.00, 130.84, 130.62, 130.60, 129.32, 128.94, 128.19, 128.13, 128.00,

127.58, 127.23,125.22,52.20, 2L HARMS ( ES 1 ) ¢ aM4046 M+H]a $13.1524 Found 513.1529

3-chloro-6'-fluoro-2'-(p-tolyl) -3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3v, 1:2)

Total reaction time = 14. Temperature of reéion = room temperaturéElution with40% ethyl acetate in petroleum

ether afforded yellowemisolid, 1n (50 mg, 0.12mmol) Y 3v; (16 mg, 0.033mmol) and3v, (34mg, 0.06 7mmol);

7% overall yield. TLC; R = 0.5 ;) and 0.4 K;) (50% ethyl acetate in petroleum ether).

'H NMR (400 MHz, CDC}) U 7 J8&5, .7dHd1H), 7.56 (d,J = 8.2 Hz,2H), 7.38i 7.28 (m,3H), 7.27i

7.16 (m,3H), 7.12 (d,J = 6.8 Hz,1H), 6.99 (d,J = 6.9 Hz,1H), 6.92 (d,J = 2.9 Hz,1H), 6.71 (ddJ = 9.7, 2.8 Hz,

1H), 6.49 (d,J = 9.8 Hz,1H), 2.40 (spH). *C NMR (100 MHz,CDC}) & 177.08, 165.00, 161.79,
143.34, 142.42, 141.02, 140.06, 139.29, 135.29, 132.36, 130.44, 130.36, 130.09, 129.73, 129.58, 127.83, 124.88,

121.89, 121.66, 114.43, 114.20, 53.58, 21LRMS ( ES | ) ¢ adHOSCFNA[B+Na]C 525.0703,Found

:525.0713

Me

(Major isomerfH NMR (400 MHz, CDCl) &I 7 J 885, 27, 1H), 7.55 (d,= 8.2 Hz, 2H), 7.30 (ddl =

11.7, 3.5 Hz, 3H), 7.24 (dd,= 8.8, 6.4 Hz, 3H), 7.17 (s, 1H), 6.99 (U= 6.9 Hz, 1H), 6.88 (d] = 2.9 Hz, 1H),

6.76 (ddJ=9.8, 2.9 Hz, 1H), 6.41 (d,= 9.8 Hz, 1H), 2.40 (s, 6HJ*C NMR (100 MHz,CDC}) & 177. 20, 176 . 8
164.26, 161.78, 160.26, 147.01, 143.10, 142.32, 141.11, 140.15, 138.86, 135.47, 132.67, 132.60, 132.09, 130.58,

130.50, 129.97, 129.91, 129.66, 129.15, 128.60, 128.06, 127.43, 124.77, 121.99, 121.76, 114.48, 114.25, 53.39,
21.44,21.41HRMS ( ES 1) ¢ adHOSTFNa[M¥Na C 525.0703 Found 525.0705

3-chloro-6'-fluoro-3'-(phenylsulfinyl)-2'-(p-tolyl) -4'H -spiro[cyclohexa[2,5]dienel, 1'-naphthalene}4,4'-dione (3w, 1:2)
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Total reaction time = 14. Temperature of retion = room temperatureElution with40-45% ethylacetate in petreum ether afforded yellow
solid, 1n (60 mg, 0.153nmol) Y 3w, (20 mg, 0.040mmol) and3w; (38 mg, 0.078 mmol); 7 overall yield TLC; Ry = 0.4(k;) and 0.3
(k2) (50% ethyl acetate in petroleum ether).

(Major isomer}'H NMR (400 MHz, CDC}) & 7 J8&5, 3 1cHd, 1H), 7.65 (d,= 7.3 Hz, 2H), 7.48 (dt]

=19.8, 7.0 Hz, 3H), 7.367.14 (m, 5H), 7.01 (d] = 8.2 Hz, 1H), 6.90 (d] = 2.8 Hz, 1H), 6.77 (dd] = 9.8, 3.1

Hz, 1H), 6.42 (dJ = 9.8 Hz, 1H), 2.40 (s, 3H¥C NMR (100 MHz, CDCY) U 177.17, 176.79, 164
160.66, 146.94, 143.08, 142.24, 140.20, 135.54, 132.60, 132.53, 132.09, 130.59, 130.53, 129.99, 129.85, 129.19,
128.93, 128.64, 128.03, 127.42, 124.68, 122.04, 121.81, 114.47, 114.24, 77.35, 77.03, 76.72, 53 ARNS.41.

° (ESI) ¢ ag@OSAF [M+iy : 489.0727 Found 489.0728

3,6"-difluoro -2'-(p-tolyl) -3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3x)

Total reaction time = 14. Temperature of redion = room temperature Elution with 386 ethyl acetate in

petroleum ether afforded yellow liquitlp (22 mg, 0.06dmmol) Y 3x (20 mg, 0.042mmol); 70% yield. TLC ; Ry

= 0.5 (D% ethyl acetate in petroleum ethéMlajor isomer)'H NMR (400 MHz, CDC}) UG 7 J8815,27d d,

Hz, 1H), 7.55 (dJ = 8.2 Hz, 2H), 7.36 7.20 (m, 7H), 7.09 (dd] = 50.9, 7.1 Hz, 2H), 6.75 (dd,= 9.8, 2.7 Hz,

1H), 6.34 (ddd,) = 14.2, 10.6, 4.7 Hz, 2H), 2.40 (s, 6MC NMR (100 MHz, CDC}) & 176. 95, 176. 77,
164.21, 161.70, 160.66, 156.61, 153.92, 147.57, 142.96, 141.09, 140.14, 138.85, 132.64, 130.67, 130.62, 130.43,
130.35, 129.89, 129.65, 129.13, 128.61, 127.88, 124.77, 123.68, 123.53, 121.95, 121.73, 114.43, 114.20, 52.17,
52.11,21.43,21.4HRMS ( ES | ) C agH D46 [Mftld] T: 48C.1179 Found 487.1165

2'-(3,5bis(trifluoromethyl)phenyl) -3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexanel,1-naphthalene}2,5diene-4,4"-dione (3y)

Me Total reaction time = 14. Temperature of reéion = room temperature Elution with D% ethyl acetate in

petroleum ether afforddight yellow liquid, 1p (48 mg, 0.10mol)Y 3y (44mg, 0.077mmol); 72% yield. TLC;

R = 06 (30% ethyl acetate in petroleum ethéf).NMR (400 MHz, CDC}) U 8J=37Z HZ, 1H), 7.90 (s,

1H), 7.64 (dg,) = 15.0, 7.5 Hz, 3H), 7.40 (d,= 7.5 Hz, 2H), 7.26 (d] = 7.8 Hz, 3H), 7.13 (s, 1H), 6.77 #= 9.9

Hz, 1H), 6.60 (dJ = 9.9 Hz, 1H), 6.45 (d] = 9.9 Hz, 1H), 6.28 (d] = 10.0 Hz, 1H), 2.40 (s, 3HYC NMR (100

MHz, CDCk) id 183.43, 180. 62, 153.89, 146. 14, 145. 95, 145. 3
131.32, 130.41, 130.30, 130.08, 129.98, 129.72, 129.55, 129.01, 128.46, 128.29, 128.07, 124.36, 124.27, 122.94,

122.90, 122.86, 121.54,52.33, 21.33RMS ( ES | ) ¢ adH:O45/ [M#H]*r 5780959 Found :573.0947

3'-(naphthalen-1-ylsulfinyl) -2'-(p-tolyl) -4'H-spiro[cyclohexa[2,5]dienel,1-naphthalene}4,4'-dione (3z)

Total reaction time = 14. Temperature of redon = room temperature. Elution witt0% ethyl acetate in

petroleum ether afforded yellow liquitlb (22 mg, 0.067mmol) Y 3z (23 mg, 0.048mmol); 71% yield. TLC; Ry

= 0.3 (9% ethyl acetate in petroleum ethé.NMR (400 MHz, CDC}) U071 8.152m, 2H),7.937 7.86 (m,

3H), 7.1 7.55 (m, 4H), 751- 7.48(td, J = 7.7, 1.3 Hz, 1H), 7.4B 7.21(m, 3H), 7.5-7.11(dd,J = 7.0, 1.8 Hz,

2H), 6.8 - 6.73(dt, J = 10.2, 3.1 Hz, 2H), 627 6.44 (m, 1H), 6.8 6.34 (M, 1H), 2.39 (s, 3H}3C NMR (100

MHz, CDCk) UG 184. 45, 178. 20, 161. 92, 147. 27, 147.17, 142.7¢
131.00, 130.81, 130.52, 130.43, 129.31, 128.97, 128.81, 128.62, 128.44, 128.17, 128.11, 127.98, 127.76, 127.59,

127.10, 125.41, 120.53,52.26, 21.BRMS ( ES | ) ¢ a0 @M+H]'a 487.1368 Found 487.1359

3,5-dimethyl-2'-phenyl-3'-(p-tolylsulfinyl) -4'H-spiro[cyclohexanel,1'-naphthalene}2,5-diene-4,4'-dione (3za)

Me Total reaction time = 14. Temperature of reion = bom temperature. Elution witld3 ethyl acetate in petroleum

ether afforded yelloviquid, 1h (45 mg, 0.132nmol) Y 3za (51 mg, 0.109mmol); 83% yield. TLC; Ry = 04 (30%

ethyl acetate in petroleum ethelji NMR (400 MHz, CDCY) U 8J=17.B HZ IH), 7.56 (d] = 7.4 Hz, 3H),

7.47 (t,J=7.4 Hz, 1H), 7.36 (d] = 10.9 Hz, 3H), 7.31 7.25 (m, 2H), 7.18 (d] = 8.0 Hz, 2H), 7.05 (d] = 7.0 Hz,

1H), 6.50 (d,J = 13.8 Hz, 2H), 2.39 (s, 3H), 1.90 (s, 3H), 1.81 (s, 3HC NMR (100 MHz, CDC}) a4 185.57,
178.35, 162.59, 142.23, 141.82, 141.69, 140.68, 139.36, 138.93, 137.92, 137.68, 133.69, 133.55, 130.47, 129.57,
129.24,128.86, 128.13, 128.03, 127.96, 127.90, 127.20, 124.70,51.77,21.44, 16.14RBISG. ES|1 ) cal cd6d f o1
C3oH2503S [M+H]": 465.1524 Found 465.1512

7'-phenyl-6'-(p-tolylsulfinyl) -5'H-spiro[cyclohexa[2,5]dienel,8"-quinoline]-4,5"-dione (3zb)

Total reaction time = 14. Temperature of reaction = rooemiperature. Elution with(8% ethyl acetate in petroleum

ether affordededdishliquid, 1q (30 mg, 0.096 mmolY 3zb (32 mg, 0.3 mmol); 76% yield. TLC; Ry = 0.4 (0%

ethyl acetate in petroleum ethdR. (KBr) 3327, 2922, 1894, 1718, 1664, 1624, 114151,802cm™. *H NMR (400

MHz,CDCk) 4 8 JF4%6, 1(7H4d, 1H), 8.44 (dd,=7.9, 1.7 Hz, 1H), 7.56 (d,= 8.2 Hz, 2H), 7.51 7.39 (m,

4H), 7.30 (dJ = 9.8 Hz, 3H), 7.17 (s, 1H), 6.78 (dil= 10.0, 3.1 Hz, 1H), 6.68 (dd,= 9.9, 3.1 Hz, 1H), 6.49 (dd,

=9.9,1.2 Hz, 1H), 6.40 (dd~ 10.0, 1.2 Hz, 1H), 2.40 (s, 3HJC NMR (100 MHz,CDC§) U 184 . 40, 178. 36,
157.31, 154.29, 145.21, 145.07, 142.61, 141.04, 138.91, 136.02, 133.27, 132.40, 131.97, 129.74, 129.66, 127.94,
126.86, 124.74, 124.48,54.82, 21 BRMS ( ES1 ) ¢ aM O8N [M£H) r 43821164 Found 438.1168

6-phenyl-5-(p-tolylsulfinyl) -4H-spiro[benzo[b]thiophene 7,1'-cyclohexa[2,5]diene}4,4"-dione (3zc)
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Me Total reaction time = 14. Temperature of retion = room temperatureElution with 40% ethyl acetate in petroleum

ether affordegellowish brownliquid, 1r (32 mg, 0.100mmol) Y 3zc (37 mg, 0.083mmol); 83% yield. TLC; R =

0.3 (D% ethyl acetate in petroleum etheR. (KBr) 3439, 1973, 1691, 1656, 1624, 111045,869cm™. 'H NMR

(400 MHz, CDC}) U 7J=5.2 Hz( 18H), 7.55 (d] = 8.2 Hz, 2H), 7.42 (t} = 6.3 Hz, 3H), 7.32 7.25 (m, 3H),

7.16 (s, 1H), 6.84 (dl = 5.1 Hz, 1H), 6.7% 6.63 (m, 2H), 6.49 6.41 (m, 1H), 6.40 6.31 (m, 1H), 2.39 (s, 3H}*C

NMR (100 MHz,CDC}) & 183.95, 173.12, 160.86, 145.17, 144.51, 14
131.49, 131.18, 129.66, 129.60, 128.03, 127.13, 124.83,51.90, HRMS ( ES| ) c aH:©OBAM+H6:r C

443.0776 Found 443.0772

1-((perfluorophenyl)methyl)-4-phenyl-3-(phenylsulfinyl)-1-azaspiro[4.5]deca3,6,9triene-2,8-dione (3zd)

O Total reaction time = 14. Temperature of reion = room temperature. Elutiavith 40% ethyl acetate in petroleum
o Q ether affordededdishliquid, 1t (32mg, 0.076mmol)Y 3zd (30mg, 0.055mmol); 72% yield. TLC ; R; = 0.4 (@%
O N—s, ethyl acetate in petroleum ethéf. NMR (400 MHz, CDC}) U 7 JF665, 3(0dHH, 2H), 7.587.50 (m, 3H),
N ke 7.47 (t,J=7.4 Hz, 1H), 7.39 () = 7.5 Hz, 2H), 7.21 (d] = 7.3 Hz, 2H), 6.4% 6.28 (m, 4H), 4.68 (d] = 15.2 Hz,
F 2 1H), 4.57 (dJ = 15.2 Hz, 1H)**C NMR (100 MHz, CDC}§) 4 182.85, 164.24, 160.22, 14
133.93, 133.57, 131.40, 130.86, 129.24, 128.46, 128.40, 128.09, 124.95, 68.00,HRMS.( ESI ) cal cdd f o1
I F 3zd CosH160:SNNaks [M+Na]* : 564.0669 Found :564.0671

1-((perfluorophenyl)methyl)-4-phenyl-3-(p-tolylsulfinyl) -1-azaspiro[4.5]deca3,6,9triene-2,8-dione (3ze)

O < Total reaction time = 14. Temperature of resion = room temperature. Elution with% ethyl acetate in petroleum

o ether affordededdishliquid, 1t (32mg, 0.076mmol)Y 3ze (32 mg, 0.058mmol); 77% yield. TLC ; R = 0.4 (%
O \,_¢ ethyl acetate in petroleum etheil NMR (400 MHz, CDCY) U 7J=@.@ Hz 2H), 7.46 (1) = 7.4 Hz, 1H),
N % 7.427 7.30 (M, 4H), 7.20 (d] = 7.3 Hz, 2H), 6.45 6.26 (m, 4H), 4.69 (d] = 15.1 Hz, 1H), 4.56 (d] = 15.1 Hz,
. Re 1H), 2.44 (s, 3H)*C NMR (100 MHz,CDC}) U 182.87, 164.28, 159.69, 142.26,
133.52, 130.80, 129.98, 128.42, 128.16, 125.09, 67.94, 31.92, 24@8IS ( ES| ) C aH1608SNNafs o r (]
F Fooae [M+Na]*: 578.0825 Found 578.0824
F

4-phenyl-3-(p-tolylsulfinyl) -1-(4-(trifluoromethyl)benzyl) -1-azaspiro[4.5]deca3,6,9triene-2,8-dione (3zf)

Me| Total reaction time = 14. Temperature of reion = room temperatureElution with 384 ethyl acetate in petroleum
Q ether afforded yellow liquidiu (28 mg, 0.068mmol) Y 3zf (29 mg, 0.054mmol); 79% yield. TLC ; R¢ = 0.4(50%

O ethyl acetate in petroleum ethéiit NMR (400 MHz, CDC§) U 7J=@.8 Hz, 2H), 7.53 (d] = 8.0 Hz, 2H),
L N S, 7.46 (t,J= 7.4 Hz, 1H), 7.36 (td] = 14.3, 7.8 Hz, 6H), 7.23 (d,= 7.8 Hz, 2H), 6.44 6.18 (m, 4H), 4.65 (d] =
Y 15.3 Hz, 1H), 4.36 (d] = 15.3 Hz, 1H), 2.45 (s, 3HC NMR (100 MHz,CDC}) & 183 .35, 164.88, 160
143.10, 142.06, 140.85, 139.18, 137.87, 133.70, 133.16, 130.84, 130.00, 129.10, 128.51, 128.41, 128.36, 125.65,
é o 125.61, 125.14, 68.26, 44.14, 21.BIRMS ( ES | ) ¢ adH O8N [M+cHi* : 584.1351 Found 534.1350
Z|

9-hydroxy-7-(p-tolyl) -5H-dibenzo[a,c][7]annulen5-one (9)

o Total reaction time = 4B. Temperaturef reaction = room temperature. Elution witl#2@thyl acetate in petroleum
ether affordedff-white liquid, 1b (81 mg, 0.25mmol) Y 9 (51 mg, 016 mmol); 65% yield. TLC; R = 0.5 (D%
O‘ O Me ethyl acetate in petroleum etheift NMR (400 MHz, CDC}) U 7J=&.9 Hz XH), 7.79 (dd] = 7.8, 1.2 Hz,
O 1H), 7.76i 7.66 (m, 2H), 7.56 7.50 (m, 1H), 7.15 7.03 (m, 5H), 6.69 (d] = 2.7 Hz, 1H), 6.65 (s, 1H), 6.23 {,
oH 9 | =90.2Hz, 1H), 2.35(s,3HFC NMR (100MHz,CDC}) & 195. 43, 154.84, 149.89, 141.7
136.83, 133.38, 132.13, 131.69, 131.46, 130.18, 129.49, 129.14, 128.74, 128.50, 127.66, 127.54, 117.39, 11 HRM3BL2&S1 ) cal c o d
for CyoH170, [M+H]*: 313.1229 Found :313.1213.

2'-phenyl-3'-(phenylthio)-4'H-spiro[cyclohexanel,1'-naphthalene}2,5-diene-4,4'-dione () 4

Total reation time = 6 h. Elution with 1% ethyl acetate in petroleum ether afforded yellow s8&di42 mg, 0.099

mmol) Y 6 (21 mg, 0.053 mmol); 5% yield. TLC; Ry = 0.5 (20% et acetate in petroleum etheljf NMR (400

MHz, CDCE) O 8 J27®7, 1(7dd, 1H), 7.647.59 (m, 1H), 7.54 (td] = 7.5, 1.4 Hz, 1H), 7.387.22 (m, 5H),

7.211 7.15 (m, 4H), 7.06 6.98 (m, 2H), 6.84 6.76 (m, 2H), 6.41 6.31 (m, 2H)**C NMR (100 MHz, CDC}) U
184.66, 179.96, 159.31, 148.35, 137.71, 137.10, 136.85, 135.40, 133.53, 130.52, 130.27, 129.32, 129.26, 129.18,
128.92, 128.70, 128.55, 128.08, 127.88, 127.31, 126.50, 52.19.

2'-phenyl-3'-(phenylsulfonyl)-4'H-spiro[cyclohexanel,1-naphthalene}2,5diene-4,4'-dione (7) 4

Total reaction time = 6 h. Elution with 25ethyl acetate in petroleum ether affordedwaffiite solid,3a (42 mg, 0.099

mmol) Y 7 (30 mg, 0.068 mmol); 6% yield. TLC; R; = 0.5 (30% ethyl acetate in petroleum eth&) NMR (400

MHz,CDCE) U 8 J478, 194, 1H), 8.067.98 (m, 2H), 7.66 7.58 (m, 2H), 7.54 (ddd,= 7.0, 5.9, 2.6 Hz,

3H), 7.47i 7.35 (m, 3H), 7.25 (dd1= 7.9, 0.7 Hz, 1H), 7.207.14 (m, 2H), 6.74 6.69 (m, 2H), 6.39 6.33 (M, 2H).

®CNMR (100MHz,CDC§) 4 184.10, 178.72, 162.52, 146.72, 141.36, 14
130.28, 129.39, 128.90, 128.68, 128.16, 127.94, 127.21, 127.09, 52.77.
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3a, 'H NMR (CDCk, 400 MHz)
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3b, 'H NMR (CDCk, 400 MHz)
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3¢, 'H NMR (CDCk, 400 MHz)
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3d, *H NMR (CDCk, 400 MHz)
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3d, *C{*H} NMR (CDCl, 100 MHz)
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3e,'H NMR (CDCls, 400 MH2)
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3f, 'H NMR (CDCl, 400 MHz)
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3g, *H NMR (CDCk, 400 MH?2)
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3g, 13C{*H} NMR (CDCk, 100 MHz)
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3h, *H NMR (CDCk, 400 MHz)
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3i1, '"H NMR (CDCl, 400 MHz)
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3i2, 'H NMR (CDCl, 400 MHz)
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3j, *H NMR (CDCk, 400 MHz)
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3k, 'H NMR (CDCl;, 400 MHz)
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3k, *H NMR (CDCh, 400 MHz)
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3m, 'H NMR (CDCk, 400 MHz)
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3n,'H NMR (CDCls, 400 MHz)
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30,'H NMR (CDCls, 400 MHz)
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3p, *H NMR (CDCls, 400 MHz)
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3p, 3C{*H} NMR (CDCl3, 100 MHz)
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3q, *H NMR (CDCk, 400 MHz)
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3g, 3C{'H} NMR (CDCls, 100 MHz)
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3r, 'H NMR (CDCls;, 400 MHz)
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3r, 3C{'H} NMR (CDCls, 100 MHz)
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3s,'H NMR (CDCls;, 400 MHz)
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3t, 'H NMR (CDCl;, 400 MHz)
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3u, 'H NMR (CDCk, 400 MHz)
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3v1, *H NMR (CDCE, 400 MHz)

3v1, 18C{*H} NMR (CDCls, 100 MHz)
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