


1. General Considerations

Unless otherwise stated, all reagents and solvents were used as received from
commercial sourcedAll reactions were performed in flantried glassware using
sealed tube or Schlenk tubdel NMR spectra were recorded on Bruker AV 400 (400
MHz). Chemical shifts were reported in parts per million (ppm) referenced to the
appropriate solvent pealkhe following abbreviations were used to describe peak
splitting patterns when appropriate: br = broad, s = singlet, d = doublet, t = triplet, g =
quartet, m = multiplet, dd = double of doublet, dt = double of triplet, td = triple of
doublet. Coupling constantd, were reported in hertz unit (HZ3C NMR spectra
were recorded on Bruker AV 400 (100 MHz). Chemical shifts were reported in ppm
referenced to the center line of a triplet at 77.0 ppm of chlorethrg®.9, 206.7 of
acetoneds.

2. Synthesis of Substrates

2.1 S/nthesisof Nitrones
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According to reported literatus@-?we described a modified method heretéhe 20 nmol)
and sodium bromide0(5 g) were dissolved in DMS@LO mL) in a 100 mL round bottom flask
equippeda reflux condensoiThe mixture was heated to 85 € with stirring and tHgt5 mL of
concentrated sulfuric acidlas quickly added to the reaction. The reaction mass foamed due to
dimethyl sulfide gas formation and the reaction temperature begese t6he mixture was stirred
at 115 € for 30 min After cooling, 50 mL ofice cold water was addednd he mixture was
extracted by EtOAc three times. The organic layer was edasith water and brinéhendried by
anhydrous Nzg5Qu. The solvent was removed der reduced pressure to affoccude product
glyoxal, which will be used directly to the next stepo a stirred solution of glyoxal in
dichloromethane20 mL) was added A MS (5 g) under N atmosphereThe reaction mixture
was stirred atoomtemperaturdor 2 h, thetBUNHOH-HCI (2.5 g, 20 mmol) and N&Cs (2.2 g,
20 mmol) was addedhfter stirring at35 € for 6 h, 50 mL water was addetihen the organic
layer was separated and the aqueous layer was extracted by EtOAc thre&@hienesmbind
organic layers were washed with water and brine then driedanhydrous Ng&sOs. The solvent
was removed under reduced presstwe get the crude productfurther purification by
recrystallizatioraffordedthe final product almost iquantitativeyield.

2.2 Representative Procedure for the RKCatalyzed Cyclization betweenNitrones and
Alkynes

A pressure tube was charged with [CptRIeCN)](SbFs)2 (0.0138 g, 0.0L6 mmol), Ni(OTf),
(0.02159, 0.06 mma), nitrone(1, 0.2 mmol),alkyne(2, 0.21 mmol), citric acid (0.0116 g, 0.060
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mmol), HOPiv (0.0245 g, 024 mmol) and 4A MS (100 mg) DCE (5 mL) was then added and the
mixture was stirred &0 °C for 12 h. Then the solvent was evaporated and the crude residue was
purified throughcolumn chromatographyn silica geko afford the desired produ&

3. Mechanistic Sudies

3.1.1lintermolecular competition

An equimolar mixture oR-methytN-(2-oxo-2-phenylethylidene)propaamine oxidela (0.1
mmol) andla-ds (0.1 mmol) [Cp*Rh(MeCN)](SbF)2(0.0138g, 0.016 mmo), Ni(OTf)2 (0.0215
g, 0.06 mma), alkyne 2a (0.0373 g 0.2L mmol), citric acid (0.0116 g, 0.060 mmolljOPiv
(0.0245¢, 0.24 mmoj and 4A MS (100 mg)DCE (5 mL) were charged into a pressure tube. The
reaction mixture was stirred under nitrogerf@iC for 1 h. The solvent was rapidly removed
under reduced pressure and the residue was purified by silica gel chromatography to afford the
mixed product.The KIE value (ku/kp = 3.0) was determined byH NMR spectroscopic on the
basis of the analysis of the product mixture.
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N_- = o, ; o
N5 . Z7~0 _ CA (30 mol%), Ni(OTf), (30 mol%), laa + 1aa-d,
2a, 4 A Ms, DCE, 90 °C, 2 h
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3.1.2Parallel Experiment
Two independent reactions willa or deuterated substrat@-ds under the standard conditions
were performedSuspensions d-methytN-(2-oxo-2-phenylethylidene)propa2-amine oxidela
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(0.0205 g, 0.1 mmol)or 1a-ds (0.0210,0.1 mmol) [Cp*Rh(MeCN)](SbFs). (0.0069 g, 0.008
mmol), Ni(OTf), (0.0108g, 0.080 mmol), alkyne2a (0.0187 g, 0.105mmol), citric acid (0.@58g,

0.030 mmol), HOPiv (0.0122 g, 0.12mmol) and 4A MS (100 mg)andDCE (5 mL)were stirred
at90 € for 1 h undernitrogen.Both reactions were gquenchatl the same timand these two
mixtures were rapidly combineghdthe volatiles were removed under reduced pressure and the

residue was purified by silica gel chromatograptifz value ku/kp = 3.0) was determined on the
basis offH NMR analysis.
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3.1.2H/D ExchangeExperiment

The reaction was run usingDsCOOQOD as acid additivefollowing the standard procedure for
cyclization reactionThe analysis ofH NMR indicating 5% of deuterium at orthpositiors.
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H/D ExchangeExperiment in the Presence of an Alkyne

8% D
O Bu t H/D OH 11% D
M. Ph [Cp'RN(MeCN)sI(SbFg); (8 mol%), WD O Bu HID
20 |‘| CA (30 mol%), Ni(OTf); (30 mol%), N, OO
+ .
CD4COOD (5 equiv), 4 A MS, Ph
H/D
Ph DCE, 90 °C, 2 h /D 9% D Ph
1a 2a 1a-d, 3aa-d,

A pressure tube was charged with [CptRIeCN)](SbFs)2 (0.0138 g, 0.0L6 mmol), Ni(OTf)2
(0.0215 g, 0.06 mmo}, nitrone (1a, 0.2 mmol),alkyne (2a, 0.21 mmol), citric acid (0.0116 g,
0.060 mmol), CRCOOD (0.0640g, 1.0 mmol) and 4A MS (100 mg) DCE (5 mL) was then
added and the mixture was stirred98t °C for 2 h. The solvent was rapidly removed under

reduced pressure and the residue was purified by silica gel chromatography t@adfdscand
the reoveredla-d.
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5. Trapping Experiment

o O
N - o standard conditions o
N5 + Ph—==—pPnh ;
N
\
tBu

120 °C
1a 2a S1, [M+H]* = 168.1388

nitrone 1a (0.0410qg 0.2 mmol),alkyne 2a (0.0373g 0.2L mmol) reacted in standard conditions
for 12 h After the reaction was cooled to°C, to the mixture was added cyclohekg-diene
(0.0400g 05 mmol) under nitrogen. Then the reaction mixtwaes further stirred at 120 for 4 h.
The HRMS spectrum was recorded after the mixture was cooleobin temgrature. HRMS
(ESI) calculated for @H1sNO [M + H]*: 168.1388, found:168.1385.

x10 6 |+ESI Scan (0.431 min) Frag=75.0V WQ30.d
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4. The Oxidative Annulation of 3aa with Alkyne
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A dried schlenk tube equipped with a stir bar was loaded mepihthol 3aa (0.0592 g,0.2
mmol), 1,2diphenylethyne.0178 g,0.1 mmol), [Cp*RhC}]> (0.0025 g, 0.004nmol) Cu(OAc)
(0.002g, 0.01 mmoj andtoluene(3 mL) under the atmosphere of Q. atm). The tube was then
stirred atLlO0 € for 12 h. After cooling down to room temperature, the solvent was evaporated in
vacuum, lhe residue was purified through flash column chromatography on silica gel to afford the
pure product. *H NMR (400 MHz, CDCJ) U i 7.394m, 2H), 7.38 7.34 (m, 3H), 7.31 (m, 4H),
7.287 7.25 (m, 1H), 7.24 7.15 (m, 11H), 7.11 (dd} = 8.6, 7.2 Hz, 1H), 7.06 (s, 1H), 6.52 (dd; 7.2,

0.8 Hz, 1H).13C NMR (100 MHz CDCk) d 151. 8, 149. 3, 141. 7, 140. 2,
131.8, 131.5, 131.0, 130.0, 129.7, 129.1, 128.9,51288.1, 128.0, 127.7, 1286127.4, 126.6,

126.3,122.9, 122.0, 117.5, 115.9, 1094RMS (ESI) calcd for CasH2s0 ([M+H]*) 473.1905
found473.19®.

Ph

Ph o
[CP*RhCl,], (2 mol%)
L = o moomm” L)
- U(OAC) HzO (5 mol%), o
4 Ph

toluene, O,, 100 °C

5. The Nickel -Catalyzed Cross-Coulpling

OH 0S0,NMe, O
Me,NSO,CI NiCl,(PCys3), (5 mol %)
—_—
NaH, DME 4-Biphenylboric acid, Ph O O Ph
Ph Ph KsPO,
Ph Ph Ph
3aa 5 6, 91% yield

Sulfamate5 was prepared according to the report literd&tasea white solidA sealed tube with
a magnetic stir bawas charged wittsulfamate5 (0.0806 g, 0.2 mmol), -biphenylboric acid
(0.0990 g, 2.5 mmol), NigIPCys)2 (0.0069 g, 0.001 mmolgnhydrous powderesPQr (0.1910
0, 0.9mmol)and 5 mL CHCN. The mixture was allowed to stir rapidly at 23 € for 1 h, and then
heated to 100 € forl2 h. After cooling down to room temperature, the solvent wes
evaporated in vacuum, the residue was purified througih #@lumn chromatography on silica
gel to afford the pure produ6t *H NMR (400 MHz, CDCY) U 8J1=087 HZ, tH), 7.78 7.69
(m, 3H), 7.66 n, 4H), 7.59 (d,J = 4.7 Hz, 1H), 7.50 7.34 (m, 5H), 7.33 7.21 (m, 5H), 7.21 7.06
(m, 5H).*C NMR (10 MHz,CDCk) U 141. 9, 140 5939.1,11380, 137.3, 183329 . 7, 139
131.6, 131.0, 130.7, 130.2, 129.5, 128.9, 127.9, 127.7, 127.5, 127.3, 127.2, 127.1, 126.9, 126.3, 126.2,
126.1, 125.9.

6. Alternative Proposed Mechanism Involving a-oxo Carbene

Soecies
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8. Spectroscopic Data

OH

Ph
Ph

3aa 3,4-diphenylnaphthaled-ol 3aa was purified via silica gel column
chromatographyhexane/ethyl acetate 39/1, v/v) as a yellow solid ir81% vyield (47.6 mg, 0.16
mmol).'H NMR (400 MHz, b dH)t88%(d))= 8.8 Hz91HR B53 (d) = 8.4
Hz, 1H), 7.51 7.46 (m, 1H), 7.45 7.39 (m, 1H), 7.27 (m, 3H), 7.16n( 7H), 7.03 (s, 1H)}*C
NMR (100MHz, Acetone) U 152. 3, 142.3, 139.4, 138. 8,
126.5, 126.4, 126.2, 126.1, 124.5, 124.2, 122.0, 11B8IRMS (ESI) calcd forCy2H150 ([M-H]")
295.1123found295.11 5.

OH

MePh

Ph
3ba 6-methyl3,4-diphenylnaphthalesi-ol 3ba was purified via silica gel column

chromatographyhlexane/ethyl acetate = 30Mlv) as a yellow solid ir82% yield 60.9mg, 0.16
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mmol).'H NMR (400 MHz, bid d)t8@Hh(e))= 8.8 Hz91H)] B33 (dd] = 3.9, 3.2

Hz, 2H), 7.30i 7.21 (m, 3H), 7.19 7.08 (m, 7H), 6.95 (s, 1H), 2.34 (s, 3HYC NMR (100 MHz,

Acetone) U 152.4, 142.5, 139.5, 13951266 1285.9, 134.
126.0, 125.2, 128, 122.0, 109.5, 21.1.HRMS (ESI) calcd forC,aHi70 ([M-H]") 309.1279 found

309.182.

OH

MeO II ‘I Ph

Ph
3ca 6-methoxy3,4-diphenylnaphthaled-ol 3cawas purified via silica gel column

chromatographyhexane/ethyl acetate /1, v/v) as a yellow solid i'¥3% vyield (47.6 mg, 0.15
mmol).?'H NMR (400 MHz, b’ 706 @,)= 84 HA 1H), Z.40((t) = 8.0 Hz,

1H), 7.147 6.99 (m, 10H), 6.94 (s, 1H), 6.88 @@= 7.6 Hz, 1H), 3.33 (s, 3H}*C NMR (100 MHz

Ac et o1bé), 151.81435, 142.9, 139.8, 130.6, 129.9, 127.7, 127.1, 126.1, 125.8, 125.7, 125.3,
125.0, 124.6, 114.6, 110.8, 107.4, 54.FRMS (ESI) calcd for CosHi702 ([M-H]") 325.1229
found325.133.

OH

PhPh

Ph
3da 3,4,6triphenylnaphthaleri-ol 3da was purified via silica gel column

chromatographyhiexane/ethyl acetate = 30Alv) as a yellow solid i'¥3% yield 64.3 mg, 0.15

mmol).’"H NMR (400 MHz, b dle)t8aH(d))= 9.0 HZ91HRB B84 (7.73 (M, 2H),

7.56 (d,J = 7.4 Hz, 2H), 7.40 (t) = 7.6 Hz, 2H), 7.30 (m, 3H), 7.277.20 (m, 3H), 7.19 7.10 (m,

5H), 7.06 (s, 1H)33C NMR (100 MHz Acetone) U 152.4, 142.3, 141.1,
131.9, 129.8129.5, 128.8, 127.8, 127.5, 127.3, 127.0, 126.5, 126.2, 124.1, 123.9, 123.4, 122.9, 110.5.

HRMS (ESI) calcd forCygH190 ([M-H]") 371.1436found371.143.

3ea 6-tert-butyl-3,4-diphenylnaphthalei-ol 3ea was purified via silica gel
column chromatographyhéxane/ethyl acetate = 30Al/v) as a yellow solid ir82% vyield 7.8
mg, 0.6 mmol).'"H NMR (400 MHz, i 895 ert1b6)n&2p (ddi) = 8.8, 2.BHz, 1H),
7.62 (dd,J = 8.8, 1.9 Hz, 1H), 7.57 (d,= 1.9 Hz, 1H), 7.35 7.21 (m, 3H), 7.20 7.06 (m, 7H), 7.00
i 6.89 (m, 1H), 1.26 (s, 9H*C NMR (100 MHz, Acetone) U 152.2,,13888.8, 142.
131.9, 129.9, 129.2, 127.6, 127.5, 126.3, 126.0, 123.2, 192148, 121.4, 109.7, 34.6, 30.34HRMS
(ESI): calcd forCzeH230 ([M-H]") 351.1749 found351.1749

OH

iPrPh

3" 6-isopropyt3,4-diphenylnaphthaled-ol 3fa was purified via silica gel
column chromatographyhéxane/ethyl acetate 30/1, v/v) as a yellow solid irv3% vyield (8.5
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mg, 015mmol).’"H NMR (400 MHz, bra dH)t8@N(e))r 8.61Hz91H)1 B4T 7.37
(m, 2H), 7.29 (dtJ = 6.8, 1.7 Hz, 1H), 7.25 7.20 (m, 1H), 7.19 7.08 (m, 7H), 6.97 (s, 1H), 2.90 (m,
1H), 1.19 (dJ= 6.9 Hz, 6H)3C NMR 100 MHz Acetone) U 152.3, 146
131.9, 129.8, 128.9, 127.6, 127.5, 126.3, 126.0, 123.8, 122.9, 122.2, 109.6, 34.3, 23.3HRMS
(ESI): calcd forCzsH20 ([M-H]") 337.1592 found337.15%.

OH

sga”" 6-fluoro-3,4-diphenylnaphthalef-ol 3ga was purified via silica gel column

chromatographyhexane/ethyl acetate 60/1, v/v) as a yellow solid in 66% yield {45mg, 0.13
mmol).’TH NMR (400 MHz, bra dH) 866 &28 (mj 1HY 7.3847.23 (m, 4H), 7.23
i 7.08 (m, 8H), 7.05 6.99 (m, 1H)3C NMR (100 MHz, Al=e24DHr)e)52.61,
142.0, 140.5, 38.9, 135.3 (dJ = 9 Hz), 131.7, 129.7, 128.7 (d~= 5 Hz), 127.9, 127.6, 126.6, 126.3,
125.2 (d,J = 10 Hz), 121.3, 114.3 (d, = 25 Hz), 109.7, 109.3 (d, = 22 Hz).2F NMR (376 MHz,
Ac et o-hld.92.HRMS (ESI) calcd forCooH14FO ([M-H]") 313.1029 found313.1(3B3.

OH

CIPh

3na " 6-chloro-3,4-diphenylnaphthaledi-ol 3ha was purified via silica gel column
chromatographyhiexane/ethyl acetate = 30Ml/v) as a yellow solid i'¥2% vyield @7.5mg, 0.14
mmol). 'H NMR (400 MHz,Ac e t o n e Jrs, {iH), 8.354(d@ = 8.9 Hz, 1H), 7.56 7.43 (m, 2H),
7.377 7.25 (m, 3H), 7.25 7.12 (m, 7H), 7.05 (s, IH¥C NMR (100 MHz, Ae't
140.5, 138.6, 134.8, 132.2, 131.7, 129.7, 128.5, 127.9, 127.6, 126.7, 126.412250124.4 122.5,
110.7HRMS (ESI) calcd forCz2H14CIO ([M-H]") 329.0733 found329.0733

OH

BrPh

3ia”" 6-bromo-3,4-diphenylnaphthaleti-ol 3ia was purified via silica gel column
chromatographyhiexane/ethyl acetate = 30Alv) as a yellow solid ¥ 7% yield 67.7mg, 0.15
mmol).?'H NMR (400 MHz, bidl)t8®2s @)=88 HA 1H) 8.68(d) = 1.8 Hz,
1H), 7.59 (ddJ = 8.9, 2.0 Hz, 1H), 7.30 (m, 3H), 7.247.11 (m, 7H), 7.07 (s, 1H}*C NMR (100
MHz, Acetone)i 152 . 5, 141. 8, 140. 51285113881, 127.9, 1PBE 122.6,
126.8, 126.4, 124.5, 122.7, 120.7, 11GHRMS (ESI) calcd for Co;H14BrO ([M-H]) 373.0228
found373.0228 375.0212

OH

F3C Ph

3ja”" 3,4diphenyt6-(trifluoromethyl)naphthaler-ol 3ja was purified via silica
gel column chromatographyhéxane/ethyl acetate = 30At/v) as a yellow solid in71% vyield
(51.7mg, 0.4 mmol)."H NMR (400 MHz, ba dk)t86H(d))= 8.8 HZ9LHB BIO (
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(s, 1H), 7.73 (ddJ = 8.8, 1.5 Hz, 1H), 7.47 7.27 (m, 3H), 7.24 7.12 (m, 8H).:3C NMR (100 MHz,

Acetone) O 152.4, 141. 6=27BH4), 1207, 128887.73qJ=3282),. 7, 131.
127.6 126.9, 126.5, 126.0, 55, 123.9, 123.7 (q] = 5 Hz), 123.3119.7 (q,J = 3 Hz), 112.5%F

NMR (376 MHz ;62.99HBRMS(ES))calad forCoaH1F0 ([M-H]") 363.0997 found

363.099.

OH

MeO l l
Ph

Ph
3ka 7-methoxy3,4-diphenylnaphthaled-ol 3ka was purified via silica gel column

chromatographyhexane/ethyl acetate20/1, v/v) as a yellow solid i71% yield (4.3 mg, 0.14

mmol).’]H NMR (400 MHz, bré d¢H), t7.660(ad)=8i#, 19 Hz BH), 7.447.35 (m,

1H), 7.15i 6.97 (m, 10H), 6.94 (s, 1H), 6.88 (= 7.1 Hz, 1H), 3.33 (s, 3H}*C NMR (100 MHz,

Acetone) a 157.1, 151. 9, 143. 4, 142. 9, 139. 8, 130.
125.0, 124.6, 118, 110.8, 107.3, 54. HRMS (ESI) calcd forCp3sH170, ((M-H]") 325.1229

found325.1229

OH

“CO
Ph

Ph
3la 7-methyt3,4-diphenylnaphthalei-ol 3la was purified via silica gel column

chromatographyhiexane/ethyl acetate = 30Ml/v) as a yellow solid i'¥6% yield (4.1 mg, 0.15
mmol).?'H NMR (400 MHz, bidl)f8dd (s,)1H),i7.49(d,4 87 He, 1H), 7.30
7.21 (m, 4H), 7.18 7.10 (m, 7H), 6.99 (s, 1H), 2.51 (s, 3MC NMR 100 MHz Acet one) U 151.
1425, 139.5137.8 134.0, 132.2, 131.8, 129.9, 129128.5, 127.7, 127.5, 126.3, 126.2, 126.0, 124.4,
121.0, 110.2, 20.84RMS (ESI) calcd forCzsHi7O ([M-H]) 309.1279 found309.13B2.

OH

Me
MePh
Ph
3ma 6,7-dimethyl3,4-diphenylnaphthalefi-ol 3ma was purified via silica gel
column chromatographyhéxane/ethyl acetate = 30Al/v) as a yellow solid irv2% vyield (4.9
mg, 0.4 mmol).’H NMR (400 MHz, bicle)t 08 6s,)1H)(i7.387.18 @, 4H),
7.197 7.05 (m, 7H), 6.92 (s, 1HR.44 (s, 3H), 2.27 (s, 3H}*C NMR (100 MHz Acetone) U 151.
142.6, 139.7, 137.9, 135.9, 134.0, 132.9, 131.8, 129.9, 128.4,, 12776, 126.2 125.9, 125.9,
123.1, 121.6, 109.5, 19.6, 19.BIRMS (ESI) calcd for CosHi1s0 ([M-H]) 323.1436 found

323.1410.

OH

TC
Ph

Ph
3na 7-fluoro-3,4-diphenylnaphthalefi-ol 3na was purified via silica gel column

chromatographyhexane/ethyl acetate 50/1, v/v) as a yellow solid ir82% yield 61.5mg, 0.16
mmol).’TH NMR (400 MHz, (biaclld)i8®20 @d) = &4, @7.HE,dH), 7.46 (ddd,=

Si1



8.4, 7.7, 4.6 Hz, 1H), 7.287.06 (m, 11H), 7.03 (s, IH*C NMR 100 MHz Acetone )= 159. 5 (
253Hz), 152.1 (d,J) = 4 Hz), 1421, 141.3 (dJ = 4 Hz), 140.9, 130.7 ( d,= 4 Hz), 129.8, 127.3, 126.7,

126.5 (d,J = 4 Hz), 126.1, 125.8, 125.7 (@= 2 Hz), 124.7 (dJ = 9 Hz), 123.5 (dJ = 9 Hz), 118.4 (d,

J=4Hz),112.2 (d)= 23 Hz), 111.2 (dJ=1Hz).2%F NMR (376 MH-206574RMS one) U
(ESI): calcd forCz2H14FO ([M-H]") 313.1029 found313.103.

OH

T
Ph

303" 7-chloro-3,4-diphenylnaphthalefi-ol 3oa as purified via silica gel column
chromatographyhiexane/ethyl acetate = 30Alv) as a yellow solid i'53% yield 35.1mg, 0.11
mmo). HNMR (400 MHz, Arsel)psme (d)=i2.3 Biz, 44§, 7.3 (d) = 9.1 Hz,
1H), 7.42 (ddJ = 9.1, 2.3 Hz, 1H), 7.3B 7.23 (m, 3H), 7.2G 7.12 (m, 7H), 7.08 (s, 1H}3C NMR
(100 MHz Acetone) a 151. 6, 141. 9, 129183129.35 128.5] 828.8, 8 , 132. ¢
127.6, 127.0, 126.6, 126.3, 124.9, 120.9, 11HRMS (ESI) calcd for C2;H14CIO ([M-H]")
329.0733found329.07%.

OH

O
Ph

Ph
3pa 3,4-diphenyt7-(trifluoromethyl)naphthaleri-ol 3pa as purified via silica gel

column chromatographyhéxane/ethyl acetate = 30Al/v) as a yellow solid in 8% yield 37.9
mg, 0.2mmol).’TH NMR (400 MHz, brs dH)t86N(@))x 0.81Hz91H)7 7072 (] =

9.0 Hz, 1H), 7.67 (dd) = 9.0, 1.9 Hz 1H), 7.37i 7.26 (m, 3H), 7.25 7.12 (m, 8H).X*C NMR (100

MHz, Acet one) 3l41115138.50135.21 ¥31.7, ¥29.7, 129.3, 127.9, 12¥27 .6, 126.8,
126.5,125.7 (q,J = 32 Hz), 124.9 (q) = 305 Hz), 123.0, 121.8 (d,= 3 Hz), 120.0 (q) = 5 Hz),
111.6.%F NMR (376 MH z-62.60AHRMS (S )calcd for CogH14F0 ([M-H])

363.0997 found363.09%.

F  OH

Ph
3qa 6,8-difluoro-3,4-diphenylnaphthaled-ol 3ga as purified via silica gel column

chromatographyhexane/ethyl acetate 50/1, v/v) as a yellow solid in B% vyield (41L.2mg, 0.12
mmol).’"H NMR (400 MHz, bra dH)t785 225 (mj3HY, 7.Z207.0§ (m, 8H), 7.02
(s, 1H), 6.94 (dddj = 11.4, 2.5, 1.3 Hz, 1H}*C NMR (100 MHz, A c e t GD12 éddl,J =H58 Bz,
243 Hz), 160.1 (ddJ = 258 Hz, 243 Hz), 152.5, 141.6, 141.4, 138.7, 136.7 {dd,100 Hz, 6Hz),
131.6, 129.6, 128.6, 128.0, 127.6, 126.9, 126.6, 112.0, 11135~(d0 Hz), 105.8 (dd) = 23 Hz, 18
Hz), 101.0 (ddJ=29 Hz, 3Hz)®F NMR (376 MH-208.27AdJe 2 loz)¥13.85 () =

5 Hz).HRMS (ESI) calcd forCz,H13F0 ([M-H]") 331.0934 found331.09%.
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3ra 8-fluoro-3,4-diphenylnaphthaled-ol 3ra as purified via silica gel column
chromatographyhexane/ethyl acetate 60/1, v/v) as a yellow solid ir87% yield 64.6mg, 017
mmol).’]H NMR (400 MHz, Asce4HznllE))7.48 7.8 (n) 5H), 7.19,7.10 (m,
8H), 7.06 (s, 1H)}3C NMR (100 MHz Ac et o n e YJ=2b2 Hzp, 4520 (d(=B Hz), 141.6,
140.3, 139.2, 136.7 (d,= 4 Hz), 131.7, 129.7, 129.1, 127.8, 127.6, 126.6, 126.4, 126J3=(0,Hz),
122.6 (dJ = 4 Hz), 114.1 (dJ = 10 Hz), 112.6, 109.8 (d,= 22 Hz).®% NMR (376 MHz, Acetor
-114.62. HRMS (ESI) calcd forCz2H14FO ([M-H]") 313.1029 found313.1029

3sa 8-methyt3,4-diphenylnaphthaleti-ol 3sa as purified via silica gel column
chromatographyhexane/ethyl acetate 50/1, v/v) as a yellow solid in 8% yield (39.1mg, 0.13
mmol).’"H NMR (400 MHz, b de)t786 @31 (mj 1HY, 7.288m, @H), 7.24 (dd,
=5.1, 3.6 Hz, 1H), 7.2R 7.17 (m, 2H), 7.14 (m, 7H), 6.99 (s, 1H), 3.01 (s, 3A5.NMR (100 MHz,
Acetone)i 154 . 8, 142. 1.7, 135.2,031.8,,129.7,3189.6,6127.7 11255, 4,2126.3,
126.1, 125.8, 124.8, 123.5, 111.6, 24#RMS (ESI) calcd forCz3sH170 ([M-H]") 309.1279 found
309.12B.

3ta 8-chloro-3,4-diphenylnaphthaledi-ol 3ta as purified via silica gel column
chromatographyhlexane/ethyl acetate = 30Mv) as a yellow solid ir56% yield 7.0 mg, 0.11
mmol).’TH NMR (400 MHz, bréd dH),t7.6N(ed)=7i#, 14 HZ BH), .46 (dd,= 8.6,
1.1 Hz, 1H), 7.34 7.23 (m, 4H), 7.20 7.13 (m, 7H), 7.10 (s, 1H¥3C NMR (100 MHz Acet one) U
152.9, 141.5, 140.0, 139.3, 136.7, 131.7, 129.9, 129.6, 129.5,212A29.9, 127.6, 126.7 1265,
126.1, 126.0, 120.8, 113.HRMS (ESI) calcd forC22H14CIO ([M-H]") 329.0733found329.07%.

'‘Bu
3ab 3,4-bis(4tert-butylphenyl)naphthalet-ol 3ab as purified via silica gel

column chromatographyhéxane/ethyl acetate = 30Al/v) as a yellow solid in B% yield (60.1
mg, 0.2mmo).’H NMR (400 MHz, bré dH),t8.8Mn(dd) =812, 08 HZ BH), 7.6
7.54 (m, 1H), 7.46 (dddl = 8.2, 6.8, 1.3 Hz, 1H), 7.40 (dddi= 8.2, 6.8, 1.4 Hz, 1H), 7.347.27 (m,
2H), 7.18 (dJ = 8.4 Hz, 2H), 7.10 7.03 (m,5H), 1.31(s, 9H), 1.24 (s, 9H}:*C NMR (100 MHz,
Acetone) a 152. 2, 148. 9, 148. 6, 1396 ®W6.3,123.8,. 8, 136. 5
124.3, 124.2, 122.0, 110.2, 34.1, 33.9, 30.8, 36IRMS (ESI) calcd for CsoHz:0 ([M-H])
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407.2375found407.23B.

5,

CF
22 3,4-bis(4(trifluoromethyl)phenyl)naphthaletrol 3ac as purified via silica
gel column chromatographyhéxane/ethyl acetate = 30At/v) as a yellow solid in @6 yield
(60.1mg, 0.12 mmol). *H NMR (400 MHz,Ac et o n e Yrs, {iH), 8.416(@ = 8.3 Hz, 1H), 7.64
(d, J = 8.0 Hz, 2H), 7.58 7.50 (m, 3H), 7.49 7.44 (m, 2H), 7.37m, 4H), 7.06 (s, 1H)*C NMR
(100 MHz Acet one) 5U46IB5133.32143.31 18K 1385, 132.5, 130.5, 128.3 (4,= 32
Hz), 128.0 (qJ = 32 Hz), 127.8, 127.2, 124.7 (&= 4 Hz), 124.57 () = 4 Hz), 124.5 (gJ = 270 Hz),
125.8, 125.8, 125.1, 124.4 (4,= 269 Hz), 122.3, 109.6°F NMR (376 MHz6280Acetone)
-62.86.HRMS (ESI) calcd forCz4H13FsO ([M-H]") 431.0871 found431.082.

3ad 3,4-bis(4fluorophenyl)naphthalet-ol 3ad as purified via silica gel column
chromatographyhiexane/ethyl acetate = 30Al/v) as a yellow solid in 8% yield (4.6 mg, 0.12
mmol). '"H NMR (400MHz , Ac et ohmselH), 36 @dJ3 8.6, {.1 Hz, 1H), 7.57 7.48 (m,
2H), 7.481 7.41 (m, 1H), 7.21 7.13 (m, 4H), 7.07 (ddd] = 8.8, 5.8, 2.4 Hz, 2H), 7.00 (s, 1H), 6.96
(ddd,J=8.9,5.9,25Hz, 2H}*C NMR (100 MHz, At=e24dHred6lA(dz61.6 (d,
243 Hz), 152.6, 138.4 (d,= 3 Hz), 138.1, 135.3 (d,= 3 Hz), 133.9, 133.5 (d,= 8 Hz), 131.6 (dJ =
8 Hz), 128.2, 126.8, 125.9, 124.7, 124.3, 122.1, 114.8 £d21Hz), 114.3 (dJ = 21 Hz), 110.0:°F
NMR (376 MHz, Acetm e ) -11i.40, -117.82. HRMS (ESI) calcd for CaoHisF20 ([M-H])
331.0934found331.093.

O Me

Me

3ae 3,4dim-tolylnaphthalerl-ol 3ae as purified via silica gel column
chromatographyhexane/ethyl acetate = 30Al/v) as a yellowsolid in 8% yield (39.5mg, 0.12
mmol).’"H NMR (400 MHz, badk)t88h(edy= 8B, 097.H4, 9H), (7.56 7.51 (m,
1H), 7.47 (ddd,) = 8.2, 6.8, 1.3 Hz, 1H), 7.40 (ddd= 8.2, 6.8, 1.4 Hz, 1H), 7.17 &= 7.5 Hz, 1H),
7.091 7.00 (m, 5H), 6.99 6.90 (M, 3H), 2.26 (BH), 2.19 (s3H). ®C NMR (1OMHz, Acetone) U
152.2, 142.3, 139.4, 138.8, 136.9, 136.7, 134.0, 132.5, 130.6, 129.3, 128.9, 127.5, 12733, 127.0
127.M, 126.7, 126.8, 126.3, 124.4, 1242, 121.9, 110.2, 20% 20.9. HRMS (ESI) calcd for
C24H190 ([M-H]) 323.1436found323.143.
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Q!
F

3af 3,4bis(3fluorophenyl)naphthaled-ol 3af as purified via silica gel column

chromatographyhexane/ethyl acetate = 30Al/v) as a yellow solid in B% yield (4.1 mg, 0.12

mmol).'H NMR (400 MHz, Aecg5Hznlel) 8.52 8.28.(M, 4H),(763 (ddd] =

8.3, 6.4, 1.6 Hz, 1H), 7.507.41 (m, 2H), 7.36 7.27 (m, 1H), 7.21 (m, 3H), 7.127.05 (m, 2H), 7.00

(m, 3H). 33C NMR (100 MHz Ac et o n e \= 243 Hzj 059.5 (dJ(= @43 Hz), 152.9, 134.1,

133.6, 133.3 (dJ = 3 Hz), 131.7 (dJ = 3 Hz), 129.4 (dJ = 8 Hz), 129.3 (dJ = 16 Hz), 129.1 (d) =8

Hz), 126.9, 126.4 (d] = 17 Hz), 125.6, 125.0, 124.5, 124.0, 123.7)&, 3 Hz), 123.6 (dJ = 4 Hz),

122.2, 115.1 (dJ = 4 Hz), 114.9 (dJ = 3 Hz), 110.07% NMR (376 MH=zI139%cet one)
-115.65.HRMS (ESI) calcd forCzH13F0 ([M-H]) 331.0934 found331.093.

F. O O
3ag 3,4-bis(2fluorophenyl)naphthalet-ol 3ag as purified via silica gel column

chromatographyhiexane/ethyl acetate = 30Al/v) as a yellow solid i'¥0% vyield (46.5mg, 0.14
mmol).'H NMR (400 MHz, Aecg5lznlel) 8.52 8.28.(M, 4H),(763 (ddd] =
8.3, 6.4, 1.6 Hz, 1H), 7.507.41 (m, 2H), 7.36 7.27 (m, 1H), 7.21 (m, 3H), 7.127.05 (m, 2H), 7.00
(m, 3H).23C NMR (100 MHz Acetone)ii 1 6 0J=843(Hd), 159.5 (dJ = 243 Hz), 152.9, 134.1,
133.6, 133.3 (dJ = 3 Hz), 131.7 (dJ = 3 Hz), 129.4 (dJ = 8 Hz), 129.3 (dJ = 16 Hz), 129.1 (d) =8
Hz), 126.9, 126.4 (d] = 17 Hz), 125.6, 125.0, 124.5, 124.0, 123.7)d, 3 Hz), 123.6 (dJ = 4 Hz),
122.2, 115.1 (dJ = 4 Hz), 114.9 (dJ = 3 Hz), 110.0HRMS (ESI) calcd forCzH13F0 ([M-H]")
331.0934found331.09%.

3ah 3,4-di(thiophen3-yl)naphthalerl-ol 3ah as purified via silica gel column

chromatographyhexane/ethyl acetate = 30Al/v) as a yellow solid ir87% yield 2.8 mg, 007

mmol).’"H NMR (400 MHz, bra dH)t86H &00 (mj 1HY 7.8677.57 (m, 2H), 7.53

i 7.43 (m, 2H), 7.40 7.33 (m, 1H), 7.28 (d) = 3.0 Hz, 1H), 7.23 7.15 (m, 1H), 7.04 (dd] = 3.4,

1.1 Hz, 1H), 6.99 (dd] = 3.6, 0.7 Hz, 1H), 6.966.91 (m, 1IH))C NMR (1OMHz, Acetone) U 153
143.1, 139.7, 135.5, 133.4, 130.0, 127.2, 127.1, 127.0, 126.9, 126.7, 126.5, 126.2, 125.0, 124.3, 121.9,

120.3, 109.3HRMS (ESI) calcd forCigH1uOS, ([M-H]) 307.025] found307.022.
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OH

Me

3ai 4-methyl3-phenylnaphthaled-ol 3ai as purified via silica gel column
chromatographyhexanéethyl acetate 30/1, v/v) as a yellow solid ir85% yield (39.7mg, 0.17
mmol). HNMR( 400 MHz, Acles, IH) 8.32 (dj = 83 H2,5.H),(8.05 (d) = 8.5 Hz,
1H), 7.58 (ddd,) = 8.4, 6.8, 1.4 Hz, 1H), 7.537.44 (m, 3H), 7.42 7.34 (m, 3H), 6.85 (d] = 1.7 Hz,
1H), 2.46 (s, 3H)*C NMR (100 MHz Acetone) @39.1, 333.1,929.5,1128D,. 196,7,
126.5, 124.5, 124.3, 124.2, 122.4, 121.2, 110.1, HRMS (ESI) calcd for C17H130 ([M-H]")
233.0966 found233.096.

OH

[ O

33 4-ethyl3-phenylnaphthalefi-ol 3aj as purified via silica gel column

chromatographyhexanéethyl acetate 30/1, v/v) as a yellow solid ir81% yield @0.1mg, 0.16

mmol). 'H NMR (400 MHz, CDC§) U 8 .J2 B.3, 0.9l Hiz, 1H), 8.07 (d = 8.5 Hz, 1H), 7.57

(ddd,J = 8.4, 6.8, 1.5 Hz, 1H), 7.50 (dddi= 8.1, 6.8, 1.2 Hz, 1H), 7.457.38 (m, 3H), 7.38 7.31 (m,

2H), 6.69 (s, 1H), 5.25 (s, 1H), 2.92 (4= 7.5 Hz, 2H), 1.20 () = 7.5 Hz, 3H)23C NMR (10 MHz,

CDCl) a 148. 9, 142. 6, 1 3880, 126.8, 1P@72 129.7, 124.6, A24Q2,,1222,2 9 . 2,
111.1, 22.0, 16.1HRMS (ESI) calcd forCigHisO ([M-H]") 247.1123 found247.113.
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