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General Methods. Unless stated otherwise, all reactions were carried out in
flame-dried glassware under a dry argon atmosphere. All solvents were purified and

dried according to standard methods prior to use.

'H and **C NMR spectra were recorded on a Varian instrument (400 MHz and 100
MHz, respectively) or an Agilent instrument (400, 600 MHz and 100, 151 MHz,
respectively) and internally referenced to tetramethylsilane signal or residual protio
solvent signals. *°F NMR spectra were recorded on a Varian instrument or Agilent
instrument (376 MHz) and internally referenced to CFCls. Data for 'H NMR are
recorded as follows: chemical shift (6, ppm), multiplicity (s = singlet, d = doublet, t =
triplet, m = multiplet or unresolved, br = broad singlet, coupling constant (s) in Hz,

integration). Data for *C NMR and '°F NMR are reported in terms of chemical shift

(3, ppm).

Chiral rhodium catalysts K1-K4*, substituted naphthol derivatives 1e?and substituted

alkynes 2c®, 2e-2i* were prepared according to published procedures.
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Synthesis and Characterization of Starting Materials

Br Br Ph
OH NaH, MOMCI OMOM PhB(OH), OMOM
) w0 Femaeen (1)
0°C-rt. DME/EtOH/H,0
S1 reflux S2

Ph

n-BuLi, BrCH,CH,Br HCl(aq.) OH
ether MeOH OO
0°C-r.t. 50 °C Br

1a

A flame-dried reaction flask was cooled to room temperature and filled with argon.
To the flask were added NaH (1.6 g, 1.8 equiv.) and DMF (150 mL). The resulting
reaction mixture was stirred at 0 <C. To the flask was added 1-bromo-2-naphthol (5.0
g, 22.4 mmol) slowly. After the reaction mixture was reacted at this temperature for
30 minutes, chloromethyl methyl ether (1.7 mL, 1.1 equiv.) was slowly added. After
stirring overnight at room temperature, the reaction was quenched by water. The
mixture was extracted with EtOAc, washed with water and brine, dried over Na,SOs,
and concentrated under reduced pressure to give a crude product S1 (5.98 g, 99%
yield) for further use. '"H NMR (400 MHz, CDCls) & 8.23 (dd, J = 8.8, 0.8 Hz, 1H),
7.80-7.74 (m, 2H), 7.55 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.42-7.38 (M, 2H), 5.34 (s,
2H), 3.56 (s, 3H). Spectral data were in agreement with those reported in the
literature.

S1, Pd(PPhs),4 (3 mol%, 780 mg), Na,CO3 (11.2 g), PhB(OH), (4.1 g, 1.5 equiv.) were
dissolved in DME/EtOH/H,O (4/1/1, 60 mL) under argon atmosphere and this
reaction mixture was heated to reflux. After stirring for overnight, the reaction
mixture was cooled to rt and extracted with EtOAc, washed with brine, dried over
Na,SO,4, concentrated under reduced pressure, and filtered through short column
chromatography (n-hexane/EtOAc/CH,CIl, = 10/1/1). The filtrate was concentrated
and the residue S2 was used for the next step without further purification.

The crude S2 (1.32 g, 5.0 mmol) was dissolved in ether (60 mL) under argon
atmosphere and cooled to 0 °C. n-BuLi (4.2 mL, 2.4 M in n-hexane, 2 equiv.) was
slowly added and warmed to room temperature. After stirring for 2 h,

1,2-dibromoethane (1.7 mL, 4 equiv.) was slowly added. After stirring for another 1 h,
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the reaction was quenched with saturated NH4Cl aqueous solution. The aqueous layer
was extracted with EtOAc and the combined organic layers were washed with brine,
dried over Na,SO,4 and concentrated under reduced pressure to give a crude product
for further use. The residue was dissolved in MeOH (20 mL) and conc. HCI (aq.)
(35%, 0.2 mL) was added at 50 °C. After stirring for 1 h, the reaction mixture was
extracted with EtOAc. The combined organic layers were washed with brine, dried
over Na,SO,4, and concentrated under reduced pressure. The residue was purified by
column chromatography (petroleum/CH,Cl, = 10:1) and recrystallized from
hexane/DCM to afford 1la (441.4 mg, 29% vyield, from S2). 1a: White solid, m.p. =
113-114 °C. 'H NMR (400 MHz, CDCls) & 8.08 (s, 1H), 7.73-7.70 (m, 1H),
7.58-7.54 (m, 2H), 7.51-7.47 (m, 1H), 7.42-7.30 (m, 5H), 5.54 (s, 1H); *C NMR (100
MHz, CDCls) 6 146.4, 134.4, 132.7, 131.3, 130.8, 129.4, 129.2, 128.4, 127.0, 126.7,
125.0, 124.3, 122.8, 111.9; IR (thin film): vmax(cm™) = 2987, 2901, 1376, 1066, 749;
Anal. calcd for C4H11BrO: C, 64.24; H, 3.71; Found: C, 64.30; H, 3.73.

Ph

Ph
- i HCl(aq.
OMOM n-BuLi, CCI;CCls (aq.) OH
OO ether MeOH
0°C-rit. 50 °C Cl

S2 1b

1b was prepared from S2 by the same procedure as the synthesis of 1a, except that
hexachloroethane was used instead of 1,2-dibromoethane. 1b: (0.7 g, 55% yield, from
S2), colorless solid, m.p. = 117-118 °C; *H NMR (400 MHz, CDCls) & 7.89 (s, 1H),
7.72-7.70 (m, 1H), 7.57-7.53 (m, 2H), 7.50-7.46 (m, 1H), 7.41-7.38 (m, 3H),
7.35-7.30 (m, 2H), 5.56 (s, 1H); *C NMR (100 MHz, CDCls) & 145.8, 134.3, 132.2,
130.8, 129.1, 128.8, 128.3, 127.7, 127.1, 126.6, 125.0, 124.3, 123.1, 121.9; IR (thin
film): vmax(cm®) = 3517, 3472, 3057, 1504, 1454, 1380, 1150, 776; HRMS (EI) calcd
for C16H1:C10 [M]": 254.0498; Found: 254.0502.

Ph Ph
-BulLi HCl(aq.
OMOM n-BuLi, NFSI (aq.) - OH
OO ether MeOH
0°C-r.t. 50 °C F

S2 1c
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1c was prepared from S2 by the same procedure as the synthesis of la, except that
NFSI was used instead of 1,2-dibromoethane. 1c: (0.8 g, 67% vyield, from S2), pale
yellow solid, m.p. = 79-80 °C; *H NMR (400 MHz, CDCls) § 7.75 (d, J = 8.0 Hz,
1H), 7.60-7.49 (m, 4H), 7.44-7.42 (m, 3H), 7.39-7.30 (m, 2H), 5.243-5.237 (m, 1H);
13C NMR (100 MHz, CDCl3) & 151.0 (d, J = 244.3 Hz), 140.4 (d, J = 15.4 Hz), 133.7
(d, J = 3.0 Hz), 130.8, 130.1, 129.2, 128.5, 128.3 (d, J = 8.6 Hz), 127.4 (d, J = 5.3 Hz),
125.7 (d, J = 2.6 Hz), 124.9 (d, J = 2.0 Hz), 124.5, 124.2 (d, J = 2.2 Hz), 111.6 (d, J =
17.4 Hz); °F NMR (376 Hz, CDCl3) & -135.8 (m); IR (thin film): vma(cm™) = 3674,
3504, 3057, 2987, 2901, 1592, 1509, 1465, 777; HRMS (EI) calcd for C1gH;;FO [M]":
238.0794; Found: 238.0790.

Ph

Ph
- i HCl(aq.
OMOM n-BuLi, Mel (aq.) - OH
OO ether MeOH
0°C-rt 50 °C

S2 1d

1d was prepared from S2 by the same procedure as the synthesis of 1a, except that
iodomethane was used instead of 1,2-dibromoethane. 1d: (0.81 g, 69% vyield, from
S2), White solid, m.p. = 96-98 °C; *H NMR (400 MHz, CDCl3) & 7.74-7.72 (m, 1H),
7.63 (s, 1H), 7.59-7.55 (m, 2H), 7.51-7.47 (m, 1H), 7.42 -7.40 (m, 2H), 7.33-7.24 (m,
3H), 5.19 (s, 1H), 2.46 (s, 3H); *C NMR (100 MHz, CDCls) & 149.4, 134.4, 132.0,
131.2, 129.6, 128.9, 128.8, 128.4, 127.2, 126.5, 125.4, 124.4, 123.2, 120.4, 17.0; IR
(thin film): vmax(cm™) = 3674, 3514, 2973, 2901, 1428, 1210, 1126, 748; HRMS (EI)
caled for C17H140 [M]": 234.1045; Found: 234.1039.

0

1e

162 Colorless solid, 91% yield. *H NMR (400 MHz, CDCly) § 7.81-7.78 (m, 2H),
7.59-7.55 (m, 2H), 7.53-7.36 (m, 4H), 7.36-7.28 (m, 2H), 7.26-7.22 (M, 1H), 5.14 (s,
1H).
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id ArB(OH) Ar : HCl(aq.) Ar
OMOM 2 ooy ™BULi CC1sCCly q. on
OO Pd(PPh3)s, Nay,CO3 OO ether Me(o)H OO
DME/EtOH/H,0 0°C-rt. 50 °C o

S1 reflux S3
1f-1i, 1k-1m

S1 (8 mmol, 2.1 g), Pd(PPh3)s (184.8 mg, 0.16 mmol, 2 mol%), Na,CO3 (3.4 g, 32
mmol, 4 equiv.), and ArB(OH), (12 mmol, 1.5 equiv.) were dissolved in
DME/EtOH/H,0 (5/1/1, 70 mL) under argon atmosphere and this mixture was heated
to reflux. After stirring for overnight, the reaction mixture was cooled to rt and
extracted with EtOAc, washed with brine, dried over Na,SO,, concentrated under
reduced pressure, and filtered through short column chromatography
(n-hexane/EtOACc/CH,CI, = 10/1/1)]. The filtrate was concentrated and the residue S3
was used for next step without further purification.

1f-1i, 1k-1m was prepared from S3 in the same procedure as 1b.

(J

OH
CLK
1f: (1.13 g, 53% vyield, from S1), colorless solid, m.p. = 96-98 °C; *H NMR (400
MHz, CDCls) & 7.88 (s, 1H), 7.76-7.66 (m, 1H), 7.44-7.25 (m, 7H), 5.56 (s, 1H), 2.46
(s, 3H); 3¢ NMR (100 MHz, CDCl3) 6 145.9, 138.2, 132.3, 131.1, 130.6, 129.9,
128.8, 127.6, 127.1, 126.5, 125.0, 124.3, 123.1, 121.9, 21.3; IR (thin film): vma(cm™)
= 3519, 3474, 3058, 2918, 2856, 1618, 1584, 1514, 1451, 1376, 749; HRMS (EI)

caled for C17H13CIO [M]: 268.0655; Found: 268.0658.
Ph

99d

1g Cl
1g: (1.3 g, 49% yield, from S1), colorless solid, m.p. = 170-171 °C; *H NMR (400
MHz, CDCl3) § 7.91 (s, 1H), 7.81-7.75 (m, 2H), 7.75-7.71 (m, 1H), 7.70-7.69 (m, 2H),
7.53-7.44 (m, 5H), 7.41-7.32 (m, 3H), 5.62 (s, 1H); *C NMR (100 MHz, CDCls) &

145.9, 141.1, 140.5, 133.3, 132.3, 131.2, 128.9, 128.8, 127.78, 127.77, 127.5, 127.1,
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126.7, 125.0, 124.4, 122.8, 121.9: IR (thin film): vma(cm™®) = 3502, 3073, 3027, 2987,
1927, 1584, 1502, 763: HRMS (EI) calcd for CpHisCIO [M]*: 330.0811; Found:

330.0812.
OMe

(J

OH
LK
1h: (1.5 g, 65% yield, from S1), white solid, m.p. = 122-123 °C; 'H NMR (400 MHz,
CDCls) & 7.88 (s, 1H), 7.74-7.67 (m, 1H), 7.46-7.39 (m, 1H), 7.34-7.30 (m, 4H),
7.09-7.07 (m, 2H), 5.59 (s, 1H), 3.88 (s, 3H); °C NMR (100 MHz, CDCl3) & 159.5,
146.1, 132.5, 131.9, 128.8, 127.6, 127.1, 126.5, 126.0, 125.0, 124.2, 122.8, 121.9,
114.6, 55.3; IR (thin film): vma(cm™) = 3674, 3503, 3476, 2987, 2901, 2834, 1604,
1511, 1454, 1382, 1036, 752; HRMS (EI) calcd for Ci7H13ClO, [M]*: 284.0604;

Found: 284.0599.
F

(.

OH
399
1i: (0.54 g, 25% yield, from S1), white solid, m.p. = 116-118 °C; *H NMR (400 MHz,
CDCls) § 7.90 (s, 1H), 7.75-7.68 (m, 1H), 7.42-7.31 (m, 5H), 7.26-7.22 (m, 2H), 5.58
(s, 1H); *C NMR (100 MHz, CDCl3) & 162.6 (d, J = 246.3 Hz), 145.9, 132.5 (d, J =
8.0 Hz), 132.4, 128.8, 127.8, 127.2, 126.8, 126.6, 124.8, 124.4,122.1, 121.8, 116.0 (d,
J = 21.3 Hz); ®F NMR (376 Hz, CDCl3) & -113.5 (m); IR (thin film): vma(cm™) =
3502, 2987, 1600, 1509, 1455, 1371, 747.8; HRMS (EI) calcd for CysH1oCIFO [M]*:
272.0404; Found: 272.0408.

9¢¢
Cl

1k
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1k: (1.55 g, 72% vield, from S1), red oil; *H NMR (400 MHz, CDCl5) & 7.88 (s, 1H),
7.74-7.67 (m, 1H), 7.48-7.36 (m, 2H), 7.36-7.27 (m, 3H), 7.23-7.15 (m, 2H), 5.56 (s,
1H), 2.42 (s, 3H); *C NMR (100 MHz, CDCl3) & 145.8, 138.9, 134.1, 132.2, 131.3,
129.2,129.1, 128.8, 127.72, 127.71, 127.0, 126.5, 125.0, 124.3, 123.2, 121.9, 21.5; IR
(thin film): vma(cm™) = 3518, 3055, 3017, 2980, 1727, 1586, 1380, 1194, 747;
HRMS (EI) calcd for C17H13CIO [M]": 268.0655; Found: 268.0652.

O OMe
O

1 Cl
1l: (1.4 g, 49% vyield, from S1), white solid, m.p. = 90-91 °C; *H NMR (400 MHz,
CDCl3) 6 7.90 (s, 1H), 7.72 (s, 1H), 7.58-7.27 (m, 4H), 7.04-6.94 (m, 3H), 5.62 (s,
1H), 3.82 (s, 3H); *C NMR (100 MHz, CDClI3) & 160.1, 145.8, 135.5, 132.1, 130.3,
128.7, 127.9, 127.1, 126.6, 125.0, 124.3, 122.9, 121.9, 116.0, 114.2, 55.3; IR (thin
film): vmax(cm™) = 3380, 2987, 2945, 2901, 1585, 1451, 1383, 1081, 751; HRMS (EI)
calced for C17H13ClO;, [M]": 284.0604; Found: 284.0598.

X

1m Cl
im: (1.4 g, 49% yield, from S1), yellow solid, m.p. = 75-76 °C; *H NMR (400 MHz,
CDCl3) 8 7.95 (s, 1H), 7.78-7.72 (m, 2H), 7.70-7.66 (m, 2H), 7.61 (d, J = 7.6 Hz, 1H),
7.40-7.38 (m, 3H), 5.65 (s, 1H); *C NMR (100 MHz, CDCls) 6 145.8, 135.8, 134.3,
132.2,131.2 (q, J = 32.3 Hz), 129.2, 128.8, 128.0, 127.7 (q, J = 3.7 Hz), 127.3, 127.1,
124.8 (q, J = 3.7 Hz), 124.62, 124.56, 124.1 (q, J = 271.0 Hz), 121.8, 121.7; F NMR
(376 Hz, CDCls) § -62.5; IR (thin film): vmax(cm™) = 3529, 2987, 2901, 1591, 1504,
1458, 1324, 1070; HRMS (EI) calcd for Ci7H1oCIF;0 [M]*: 322.0372; Found:
322.0371.
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Ph

°”
Ph Cl

1n
1n: (0.5 g, 30% vyield), white solid, m.p. = 108-109 °C; *H NMR (400 MHz, CDCls)
§ 7.94 (d, J = 13.6 Hz, 2H), 7.68-7.33 (m, 12H), 5.58 (s, 1H); *C NMR (100 MHz,
CDCIs) 6 145.9, 140.6, 137.1, 134.3, 131.4, 130.8, 129.2, 129.1, 128.9, 128.4, 128.0,
127.4, 127.2, 126.3, 125.6, 124.9, 123.1, 122.4; IR (thin film): vmax(cm'l) = 3510,
2969, 2923, 2901, 1590, 1487, 1434, 1257, 752; HRMS (El) calcd for CyH;5CIO

[M]": 330.0811; Found: 330.0809.
Ph

jood

‘o Cl
10: (0.48 g, 27% vyield), colorless oil; *H NMR (400 MHz, CDCls) & 7.77 (s, 1H),
7.55-7.51 (m, 2H), 7.48-7.45 (m, 2H), 7.38-7.36 (m, 2H), 7.29 (d, J = 8.8 Hz, 1H),
7.15 (d, J = 8.4 Hz, 1H), 5.30 (s, 1H), 2.43 (s, 3H); *C NMR (100 MHz, CDCls) §
145.2, 134.5, 133.9, 130.7, 130.4, 129.02, 128.98, 128.9, 128.2, 127.0, 126.0, 124.8,
123.0, 121.9, 21.3; IR (thin film): vma(cm™) = 3523, 2920, 1590, 1492, 1454, 1259,
1151, 700; HRMS (EI) calcd for C17H15CIO [M]*: 268.0655; Found: 268.0654.

Ph

jood
OHC Cl

1p
1p: (0.22 g, 38% yield), red solid, m.p. = 150-152 °C; *H NMR (400 MHz, CDCl3) &
10.05 (s, 1H), 8.20 (s, 1H), 8.04 (s, 1H), 7.78 (d, J = 8.8 Hz, 1H), 7.69-7.44 (m, 4H),
7.42-7.33 (m, 2H), 6.03 (s, 1H); *C NMR (100 MHz, CDCls) & 191.7, 148.7, 135.4,
133.4, 132.6, 130.6, 129.4, 129.3, 128.7, 127.8, 126.0, 123.7, 123.6, 123.3; IR (thin
film): vma(cm™) = 3349, 3059, 2851, 1684, 1606, 1458, 1144, 693; HRMS (EI) calcd
for C17H11ClO, [M]": 282.0448; Found: 282.0452.
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D D
D O D
OH
¢
1b-d cl
1b-ds: (0.66 g, 51% vyield, from S1), pale brown solid, m.p. = 114-115 °C; *H NMR
(400 MHz, CDCl5) 5 7.87 (s, 1H), 7.74-7.65 (m, 1H), 7.42-7.36 (m, 1H), 7.36-7.27 (m,
2H), 5.55 (s, 1H); *C NMR (100 MHz, CDCls) § 145.8, 134.1, 132.2, 130.3 (t, J =
24.1 Hz), 128.8, 128.6 (t, J = 24.5 Hz), 127.7, 127.1, 126.6, 124.9, 124.3, 123.1,
121.9; IR (thin film): vma(cm™) = 3517, 3470, 3057, 2987, 2901, 1585, 1502, 1199,
752; HRMS (EI) calcd for C16HgDsCIO [M]*: 259.0812; Found: 259.0817.

Br i BO BOH) PdCl,(PPh O
OMOM n-BuLi, B(O'Pr), OMOM 2(PPh3); Br
OO HCI (aq.) OO K,CO3 OMOM
DME/H,0 = 7.5:1 OO
s1
D O 1) n-BuLi, CCl5CCl, O D
O OMOM 2) HCI (aq.) O OH
Cl

S4 1b-d,

n-BuLi, D,O

A solution of S1 (2.7 g, 2.1 mmol) in THF (25 mL) under Ar was treated dropwise at
-78 °C with n-butyllithium (8.0 mL, 2.5 M in hexane, 20 mmol). The reaction was
stirred at -78 <C for 45 min, and then triisopropylborate (4.7 mL, 20 mmol) was added
in one portion. The resulting mixture was stirred at -78 <C for 30 min and then at
room temperature for 1 h. 5 mL of 10% HCI (ag.) and ether (50 mL) were added and
the aqueous layer was extracted with ether. The combined organic extracts were
washed with brine and dried over anhydrous MgSO,. After concentrating in vacuum,
the residue was added to round-bottomed flask, fitted with a condenser. K,CO3 (2.5 g,
18 mmol), 1-bromo-2-iodobenzene (1.68 g, 6 mmol),
bis(triphenylphosphine)palladium(I1) chloride (420 mg, 0.6 mmol), DME (30 mL)
and H,O (4 mL) were added, and the resulting mixture was stirred at 80 <C for 9 h.
The reaction mixture was allowed to cool to room temperature, DME was evaporated,

and water (40.0 mL) and EtOAc (20.0 mL) were added. The layers were separated
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and the aqueous layer was extracted. The combined organic extracts were washed
with brine and dried over anhydrous Na,SO,. After concentrating in vacuum, the
residue was added to a round-bottomed flask. THF (20 mL) was added under Ar to
the mixture dropwise at -78 °C with n-butyllithium (1.4 mL, 2.5 M in hexane, 3.4
mmol). The reaction was stirred at -78 <C for 2 h, and then deuterium oxide (0.5 mL,
3.5 mmol) was added in one portion. The resulting mixture was stirred at room
temperature for 5 h. 5 mL of 10% HCI aqueous solution and ether (50 mL) were
added and the aqueous layer was extracted with EtOAc. The combined organic
extracts were washed with brine and dried over anhydrous Na;SO.. After
concentrating in vacuum, the residue S4 was used directly without purification. 1b-d;
was prepared from S4 by the same procedure as the synthesis of 1b.

1b-dy: (0.25 g, 12% vyield, from S1), white solid, m.p. = 116-117 °C; *H NMR (400
MHz, CDCl3) & 7.91 (s, 1H), 7.77-7.70 (m, 1H), 7.61-7.54 (m, 2H), 7.54-7.47 (m, 1H),
7.44-7.30 (m, 4H), 5.56 (s, 1H); *C NMR (100 MHz, CDCl3) § 145.8, 134.2, 132.2,
130.7, 130.4 (t, J = 24.3 Hz), 129.0, 128.9, 128.7, 128.2, 127.7, 127.0, 126.5, 124.9,
124.2, 123.0, 121.9; IR (thin film): vma(cm™) = 3517, 3471, 3056, 2987, 2901, 1586,
1502, 1471, 749; HRMS (El) calecd for CiH1oDCIO [M]*: 255.0561; Found:
255.0556.

OMe n-BuLi, CCI3CCl, OMe BBrs OH
X, —
ol Cl

Br Ar

NBS OH ArB(OH), OH
_—
OO Pd(PPh3)4, N32CO3 OO
Cl Toluene/EtOH/H,0 119 Cl
S5 80 °C ’

To a solution of 2-methoxynaphthalene (4.75 g, 30 mmol) in THF (50 mL) was added
n-butyllithium (15 mL, 2.5 M in hexane, 36 mmol) at —78 <C. After the mixture was
stirred for 1 h at room temperature, hexachloroethane (8.5 g, 36 mmol) in THF (20
mL) was added to the solution at —78 <C, and the resulting mixture was stirred for 4 h
at room temperature. The mixture was poured into a saturated aqueous ammonium

chloride solution (10 mL) and was extracted with EtOAc (10 mL % 3). The combined
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organic extracts were washed with brine (20 mL), dried (Na,SQO,), and concentrated in
vacuo. The residue was dissolved in dichloromethane (50 mL). To this mixture was
added dropwise a dichloromethane solution of BBr3 (ca. 0.5 M 90 mL, 45 mmol) at —
78 °C. After the stirring was maintained for 20 h at room temperature, the mixture
was added ice at 0 °C. The aqueous layer was extracted with dichloromethane (20 mL
x 3). The combined organic layer was washed with brine (30 mL), dried (Na,SO,)
and concentrated in vacuo. To a solution of this residue in DMF (40 mL) was added
NBS (5.6 g, 31.5 mmol). The mixture was stirred at room temperature for 7 h. Water
was added, and the mixture was extracted with CH,Cl, (20 mL x 3). The combined
organic layer was washed with water (30 mLx3), dried (Na,SO,) and concentrated in
vacuo. The residue was chromatographed on a silica gel column using CH,CI,/PE
1:10 as eluent. A white solid S5 was obtained (1.71 g, 22% for three steps); m.p. =
68-69 °C; 'H NMR (400 MHz, CDCl3) § 7.98 (d, J = 8.4 Hz, 1H), 7.77 (s, 1H), 7.62
(d, J = 8.4 Hz, 1H), 7.54-7.50 (m, 1H), 7.39-7.35 (m, 1H), 6.14 (s, 1H); *C NMR
(100 MHz, CDCls) 6 146.6, 131.3, 129.0, 127.98, 127.97, 127.3, 125.7, 125.2, 121.5,
106.8; IR (thin film): vmax(cm™) = 3403, 3053, 2961, 1620, 1588, 1462, 1497, 739;
HRMS (EI) calcd for C1oHsOCIBr [M]*: 255.9291; Found: 255.9292.

S5 (2 mmol), Pd(PPh3)4 (10 mol%, 231 mg), Na,CO3 (445 mg), ArB(OH), (2 equiv.)
were dissolved in Toluene/EtOH/H,0 (5/1/1, 14 mL) under argon atmosphere and this
reaction mixture was heated to 80 °C. After stirring for 3 h, the reaction mixture was
cooled to rt and extracted with EtOAc, washed with brine, dried over Na;SO,,
concentrated under reduced pressure, and filtered through short column

chromatography (n-hexane/EtOAc = 10/1).

SN~
Cr
Cl
1q

1q: (0.48 g, 24% vyield), brown solid, m.p. = 63-64 °C; *H NMR (400 MHz, CDCls)
0 7.87 (s, 1H), 7.69-7.60 (m, 1H), 7.60-7.49 (m, 2H), 7.41-7.26 (m, 2H), 7.22 (dd, J =

S12



5.2, 3.6 Hz, 1H), 7.12 (dd, J = 3.2, 0.8 Hz, 1H), 5.81 (s, 1H); *C NMR (100 MHz,
CDCl3) & 147.4, 133.9, 133.0, 129.6, 129.0, 128.5, 128.0, 127.8, 127.0, 126.95, 124.7,
124.5, 121.7, 115.1; IR (thin film): vimax(cm™) = 3455, 3061, 2923, 2853, 1699, 1587,
1502, 1451, 1191, 727; HRMS (El) calcd for Ci4HeCIOS [M]": 260.0063; Found:
260.0060.

COOMe

(J

OH
s
1j: (0.28 g, 45% yield), white solid, m.p. = 169-170 °C; *H NMR (400 MHz, CDCl3)
§ 8.23 (d, J = 8.0 Hz, 2H), 7.94 (s, 1H), 7.79-7.72 (m, 1H), 7.51 (d, J = 8.0 Hz, 2H),
7.41-7.35 (m, 3H), 5.63 (s, 1H), 3.98 (s, 3H); °C NMR (100 MHz, CDCl3) & 166.8,
145.6, 139.9, 131.9, 130.9, 130.0, 129.7, 128.8, 128.0, 127.2, 126.9, 124.7, 124.5,
122.2, 121.9, 52.2; IR (thin film): vma(cm™) = 3391, 2953, 1702, 1606, 1496, 1401,
765; HRMS (ESI) calcd for C15H14ClO3 [M + H]*: 313.0626; Found: 313.0624.
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General Procedure for Enantioselective Dearomatization of Naphthols

/ K1 (5 mol%)
(BzO), (5 mol%)

OH
+ R4—=R®
OO Cu(OAc), (1 equiv.) s O
R3 R? K,CO;3 (2 equiv.) R

1 2 toluene, 85 °C

To a Schlenk tube were added K1 (10 umol, 5.6 mg), (BzO), (10 umol, 2.4 mg) and
toluene (1 mL) successively. After the mixture was stirred at room temperature for 30
min, 1 (0.2 mmol), Cu(OAc); (36.4 mg, 0.2 mmol), K2CO3(55.2 mg, 0.4 mmol), 2 (0.4
mmol) and toluene (1 mL) were added successively. The mixture was stirred at 85°C
under air (open flask). After the reaction was complete (monitored by TLC), the
mixture was concentrated under reduced pressure and the residue was purified by
column chromatography (ethyl acetate/petroleum ether = 1/40, v/v) to afford desired

product 3.

§ )
o5
saa
Yellow solid, m.p. = 163-165 °C, 33.6 mg, 81% yield (0.1 mmol scale). *"H NMR
(400 MHz, CDCl3) & 7.99 (s, 1H), 7.39 (d, J = 4.0 Hz, 1H), 7.36-7.27 (m, 2H),
7.26-7.11 (m, 5H), 7.10-7.02 (m, 1H), 7.01-6.89 (m, 3H), 6.81 (d, J = 8.0 Hz, 1H),
2.34 (s, 3H); *C NMR (100 MHz, CDCls) 6 189.9, 147.4, 147.0, 146.2, 144.1, 140.3,
140.0, 134.7, 130.6, 130.3, 129.2, 128.7, 128.2, 128.1, 127.8, 127.2, 127.1, 126.4,
122.5, 121.6, 120.6, 72.8, 12.5; IR (thin film): vma(cm™) = 3061, 2921, 1681, 1595,
1337, 1220, 752; HRMS (ESI) calcd for CsHigBrO [M + H]": 413.0536; Found:
413.0537; [Phenomenex Lux 5u Celluloxe-4 PC-4 (046 cm x 25 cm),
n-hexane/2-propanol = 90/10, v = 1.0 mL-min™®, A =254 nm, t (major) = 15.90 min,
t (minor) = 12.05 min], 95:5 e.r.; [a]p?° = -177.3 (c = 0.20, CHCl5).
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o5
3ba c
Yellow solid, m.p. = 163-165 °C, 61.2 mg, 83% vield. *H NMR (400 MHz, CDCl3) §
7.72 (s, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.33-7.23 (m, 2H), 7.22-7.01 (m, 6H),
7.01-6.96 (m, 2H), 6.93 (d, J = 7.6 Hz, 1H), 6.81 (d, J = 7.6 Hz, 1H), 2.33 (s, 3H); *C
NMR (100 MHz, CDCl3) 6 190.1, 147.1, 146.2, 144.0, 143.3, 140.1, 139.8, 134.6,
130.7, 130.4, 129.6, 129.2, 128.6, 128.2, 128.0, 127.8, 127.2, 127.0, 126.4, 121.5,
120.6, 73.0, 12.2; IR (thin film): vma(cm™) = 3674, 2987, 2901, 1668, 1610, 1439,
1406, 1394, 1066; HRMS (ESI) calcd for C,sH1sCIO [M + H]™: 369.1041; Found:
369.1042; [Phenomenex Lux 5u Celluloxe-4 PC-4 (0.46 cm x 25 cm),
n-hexane/2-propanol = 90/10, v = 1.0 mL-min™, A =254 nm, t (major) = 12.58 min,
t (minor) = 15.55 min], 96:4 e.r.; [a]p®° = -227.5 (¢ = 0.20, CHCls).

ngY,
99

3ca

Yellow solid, m.p. = 158-160 °C, 50.9 mg, 72% yield. *"H NMR (400 MHz, CDCl5) &
7.41 (d, J = 7.6 Hz, 1H), 7.34-7.28 (m, 2H), 7.2-7.05 (m, 7H), 7.01-6.96 (m, 2H), 6.94
(d, J = 7.2 Hz, 1H), 6.79 (d, J = 7.6 Hz, 1H), 2.35 (s, 3H); *C NMR (100 MHz,
CDCl3) 6 189.6 (d, J = 17.2 Hz), 153.0 (d, J = 266.4 Hz), 147.2, 146.4, 143.8, 140.3,
138.5 (d, J = 0.9 Hz), 134.6, 129.7 (d, J = 2.7 Hz), 129.3 (d, J = 5.9 Hz), 128.7 (d, J =
6.0 Hz), 128.6, 128.2, 128.1, 127.8, 127.3, 127.1 (d, J = 1.2 Hz), 126.5, 1249 (d, J =
17.3 Hz), 121.5, 120.6, 73.7 (d, J = 4.0 Hz), 12.2; *F NMR (376 Hz, CDCl3) & -130.8
(d, J = 11.3 Hz); IR (thin film): vma(cm™) = 3674, 2987, 2902, 1673, 1406, 1258,
1066; HRMS (ESI) calcd for CxsHigFO [M + H]™: 353.1336; Found: 353.1346;
[Phenomenex Lux 5u Celluloxe-4 PC-4 (0.46 cm x 25 cm), n-hexane/2-propanol =
95/5, v =1.0 mL-min™, A =254 nm, t (major) = 20.58 min, t (minor) = 18.86 min],
86:14 e.r.; [0]p® = -87.2 (c = 0.20, CHCIs).
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o3
3da

White solid, m.p. = 159-160 °C, 34.6 mg, 50% yield. *H NMR (400 MHz, CDCl5) §
7.39-7.37 (m, 2H), 7.31-7.23 (m, 2H), 7.22-7.08 (m, 4H), 7.05-7.00 (m, 4H), 6.91 (d,
J=7.6 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 2.37 (s, 3H), 1.97 (s, 3H); *C NMR (100
MHz, CDCl3) 6 197.4, 147.9, 146.4, 144.5, 142.4, 140.2, 139.5, 135.2, 134.1, 130.5,
129.1, 128.67, 128.65, 128.1, 127.6, 127.3, 126.9, 126.7, 126.1, 121.3, 120.4, 71.8,
16.3, 12.3; IR (thin film): vmax(cm™) = 3674, 2987, 2901, 1655, 1595, 1075, 1051, 696;
HRMS (ESI) calcd for Cz6H,10 [M + H]™: 349.1587; Found: 349.1589; [Phenomenex
Lux 5u Celluloxe-4 PC-4 (0.46 cm x 25 cm), n-hexane/2-propanol = 90/10, v = 1.0
mL-min?, XA = 254 nm, t (major) = 9.03 min, t (minor) = 16.64 min], 95:5 e.r.;
[a]o®® = -169.8 (¢ = 0.20, CHCl5).

ngY,
O

3ea
White solid, 25.2 mg, 38% yield. *H NMR (400 MHz, CDCl5) & 7.57 (d, J = 10.0 Hz,
1H), 7.47-6.96 (m, 11H), 6.93 (d, J = 7.2 Hz, 1H), 6.81 (d, J = 7.6 Hz, 1H), 6.32 (d, J
= 10.0 Hz, 1H), 2.39 (s, 3H), spectral data were in agreement with those reported in
the literature;® [Phenomenex Lux 5u Celluloxe-4 PC-4 (0.46 cm x 25 cm),
n-hexane/2-propanol = 90/10, v = 1.0 mL -min™?, A =254 nm, t (major) = 31.83 min,
t (minor) = 40.57 min], 89:11 e.r.; [a]p® = -123.5 (¢ = 0.20, CHCls).

L3
(LT,

3bb

White solid, m.p. = 139-141 °C, 67.7 mg, 88% vield. "H NMR (400 MHz, CDCl3) &
7.68 (s, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.36-7.12 (m, 7H), 7.08 (t, J = 7.2 Hz, 1H),
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6.95-6.91 (m, 3H), 6.82 (d, J = 7.6 Hz, 1H), 2.71 (q, J = 7.6 Hz, 2H), 1.33 (t, J = 7.6
Hz, 3H); 3¢ NMR (100 MHz, CDCl3) 6 190.1, 147.7, 146.0, 145.4, 144.2, 143.1,
139.7, 134.8, 130.8, 130.4, 129.9, 129.1, 128.6, 128.2, 128.0, 127.7, 127.4, 127.2,
126.3, 122.0, 120.8, 73.2, 19.6, 13.7; IR (thin film): vmax(cm'l) = 2972, 1668, 1608,
1558, 1274, 752; HRMS (ESI) calcd for CygH2CIO [M + H]™: 383.1197; Found:
383.1196; [Phenomenex Lux 5u Amylose-2 PA-2 (046 cm x 25 cm),
n-hexane/2-propanol = 90/10, v = 1.0 mL-min®, A =254 nm, t (major) = 19.47 min,
t (minor) = 26.89 min], 96:4 e.r.; [a]p*° = -150.9 (¢ = 1.00, CHCIs).

<]
()
Sos
3bc c
Pale yellow solid, m.p. = 160-162 °C, 58.8 mg, 74% vyield. '"H NMR (400 MHz,
CDCls) § 7.76 (s, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.31-7.26 (m, 2H), 7.25-7.06 (m, 7H),
7.03 (t, J = 7.6 Hz, 1H), 6.90 (d, J = 7.6 Hz, 1H), 6.75 (d, J = 7.6 Hz, 1H), 1.98 (dq, J
= 8.4, 5.6 Hz, 1H), 1.02-0.90 (m, 2H), 0.67-0.60 (m, 2H); *C NMR (100 MHz,
CDCI3) 6 189.9, 146.9, 146.0, 145.1, 144.8, 143.1, 140.1, 134.4, 130.7, 130.5, 129.6,
129.2, 129.0, 128.0, 127.9, 127.7, 127.2, 126.9, 126.2, 121.5, 72.7, 8.9, 7.4, 7.2; IR
(thin film): vnax(cm™) = 2999, 1680, 1606, 1493, 1225, 1062, 757; HRMS (ESI) calcd
for Cy;HxCIO [M + H]™: 395.1197; Found: 395.1196; [Phenomenex Lux 5u
Amylose-2 PA-2 (0.46 cm x 25 cm), n-hexane/2-propanol = 98/2, v = 1.0 mL-min™,
A =254 nm, t (minor) = 40.14 min, t (major) = 44.14 min], 97:3 e.r.; [a]p?® = -126.3
(c=1.00, CHCly).

PhO
Ph
‘ ‘ i
Cl
3bd

Yellow solid, m.p. = 126-128 °C, 73.1 mg, 85% vield. *H NMR (400 MHz, CDCl5) &
7.86 (s, 1H), 7.54-7.48 (m, 2H), 7.47-7.34 (m, 4H), 7.31-7.21 (m, 3H), 7.17 (td, J =
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7.6, 1.2 Hz, 1H), 7.07 (td, J = 7.6, 1.2 Hz, 1H), 7.03-6.93 (m, 5H), 6.84-6.78 (m, 2H);
B3C NMR (100 MHz, CDCl3) 6 189.4, 146.8, 145.3, 144.9, 144.3, 143.3, 140.0, 134.8,
133.9, 130.8, 130.7, 129.45, 129.43, 129.4, 129.0, 128.8, 128.1, 128.0, 127.95, 127.92,
127.2, 126.8, 126.6, 122.1, 121.6, 72.7; IR (thin film): vmax(cm'l) = 3065, 2923, 1675,
1607, 1487, 1226, 751, 688; HRMS (ESI) calcd for CzoHxsCINO [M + NH,]™
448.1463; Found: 448.1460; [Phenomenex Lux 5u Celluloxe-4 PC-4 (0.46 cm x 25
cm), n-hexane/2-propanol = 98/2, v = 1.0 mL-min™, A =254 nm, t (minor) = 15.63
min, t (major) = 17.69 min], 96:4 e.r.; [a]p*° = -197.5 (¢ = 0.20, CHCls).

()
)
O
sbe

Yellow foam, m.p. = 88-89 °C, 57.0 mg, 62% yield. *H NMR (400 MHz, CDCls) &
7.84 (s, 1H), 7.41-7.35 (m, 3H), 7.29-7.20 (m, 5H), 7.16-7.12 (m, 1H), 7.05-7.01 (m,
1H), 7.00-6.92 (m, 2H), 6.79 (d, J = 8.4 Hz, 2H), 6.71 (d, J = 8.4 Hz, 2H), 2.40 (s,
3H), 2.13 (s, 3H); *C NMR (100 MHz, CDCls) 5 189.6, 146.6, 145.5, 144.2, 143.9,
143.2, 140.3, 137.6, 137.9, 132.0, 131.0, 130.8, 130.7, 129.5, 129.4, 129.3, 129.2,
128.81, 128.77, 128.0, 127.8, 126.8, 126.3, 121.9, 121.5, 72.6, 21.4, 21.0; IR (thin
film): vma(cm™) = 2987, 2917, 1676, 1608, 1558, 1226, 1020, 751; HRMS (ESI)
caled for CapH2;CINO [M + NH,4]*: 476.1776; Found: 476.1774; [Phenomenex Lux
5u Amylose-2 PA-2 (0.46 cm x 25 cm), n-hexane/2-propanol = 90/10, v = 1.0 mL-
min?, A =254 nm, t (minor) = 17.15 min, t (major) = 27.73 min], 96:4 e.r.; [o]o>° =

-207.0 (c = 0.20, CHCI3).
OMe

>
L

O‘ 0 Q OMe
cl

3bf
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Yellow foam, m.p. = 89-90 °C, 84.4 mg, 86% yield. '"H NMR (400 MHz, CDCls) §
7.85 (s, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 7.6 Hz, 1H), 7.30-7.20 (m, 3H),
7.16-7.12 (m, 1H), 7.07-6.90 (m, 5H), 6.76 (d, J = 8.8 Hz, 2H), 6.53 (d, J = 8.8 Hz,
2H), 3.83 (s, 3H), 3.61 (s, 3H); *C NMR (100 MHz, CDCl5) 5 189.7, 159.1, 158.4,
146.5, 145.6, 143.4, 143.3, 143.0, 140.4, 130.8, 130.7, 130.6, 130.2, 129.4, 129.3,
128.0, 127.8, 127.1, 126.7, 126.5, 126.1, 121.7, 121.4, 114.3, 113.5, 72.6, 55.2, 54.9;
IR (thin film): vma(cm™) = 2999, 2930, 2835, 1675, 1607, 1502, 1461, 1245, 1028,
732; HRMS (ESI) calcd for Cs,H27CINOs [M + NH,]": 508.1674; Found: 508.1672;
[Phenomenex Lux 5u Amylose-2 PA-2 (0.46 cm x 25 cm), n-hexane/2-propanol =
80/20,v=1.0mL-min™, A =254 nm, t (minor) = 22.16 min, t (major) = 30.93 min],

96:4 e.r.; [a]p? = -199.4 (c = 0.20, CHCIs).
Br

>
g

o e
Cl

3bg
Yellow foam, m.p. = 108-110 °C, 70.4 mg, 60% vyield. *"H NMR (400 MHz, CDCl3)

8 7.86 (s, 1H), 7.61-7.54 (m, 2H), 7.40-7.35 (m, 3H), 7.32-7.23 (m, 3H), 7.21-7.05 (m,
4H), 7.00 (d, J = 7.6 Hz, 1H), 6.92-6.86 (m, 1H), 6.68-6.61 (m, 2H); *C NMR (100
MHz, CDCls) 6 189.1, 146.7, 144.4, 144.3, 143.7, 143.5, 139.2, 133.2, 132.6, 132.2,
131.4, 131.0, 130.9, 130.6, 130.4, 129.6, 129.4, 128.3, 128.2, 127.1, 126.8, 122.8,
121.9, 121.8, 121.6, 72.7; IR (thin film): vma(cm™) = 2987, 2901, 1675, 1481, 1452,
1068, 752; HRMS (ESI) calcd for CzoH,1BroCINO [M + NH4]": 603.9673; Found:
603.9670; [Phenomenex Lux 5u Amylose-2 PA-2 (046 cm x 25 cm),
n-hexane/2-propanol = 90/10, v=1.0 mL-min?, A =254 nm,t (minor) = 15.93 min,
t (major) = 22.97 min], 97:3 e.r.; [a]p® = -140.2 (c = 0.20, CHCl5).
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»
L

X oA
of
3bh
Pale yellow solid, m.p. = 174-176 °C, 60.6 mg, 65% yield. *"H NMR (400 MHz,

CDCls) § 7.85 (s, 1H), 7.49-7.42 (m, 2H), 7.39 (dd, J = 7.6, 1.2 Hz, 1H), 7.31-7.27 (m,
3H), 7.22-7.07 (m, 4H), 7.01 (d, J = 7.6 Hz, 1H), 6.92 (dd, J = 7.6, 0.4 Hz, 1H),
6.79-6.67 (m, 4H); °C NMR (100 MHz, CDCls) 5 189.4, 162.4 (d, J = 246.4 Hz),
161.7 (d, J = 247.2 Hz), 146.7, 144.8, 143.8, 143.7, 143.4, 139.5, 131.2, 131.1, 130.8,
130.74, 130.68, 130.66, 130.3 (d, J = 3.5 Hz), 129.9 (d, J = 3.4 Hz), 128.2, 128.1,
126.8, 121.9, 121.8, 116.0 (d, J = 21.3 Hz), 115.2 (d, J = 21.3 Hz), 72.8; F NMR
(376 Hz, CDClg) 6 -113.1 (m), -113.5 (m); IR (thin film): vma(cm™) = 2987, 2901,
1675, 1601, 1499, 1451, 1065, 753; HRMS (ESI) calcd for CsoHpiCIF,NO [M +
NH,]": 484.1274; Found: 484.1274; [Phenomenex Lux 5u Amylose-2 PA-2 (0.46 cm
X 25 cm), n-hexane/2-propanol = 90/10, v = 1.0 mL-min®, A =254 nm, t (minor) =

13.42 min, t (major) = 16.97 min], 96:4 e.r.; [a]p® = -189.5 (c = 1.00, CHCI).

®
L

904 e
Cl

3bi
Pale yellow solid, m.p. = 145-147 °C, 61.2 mg, 54% vyield. '"H NMR (400 MHz,

CDCl3) & 7.89 (s, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.42 (d, J =
7.6 Hz, 1H), 7.35-7.18 (m, 6H), 7.17-7.11 (m, 1H), 7.04 (d, J = 7.6 Hz, 1H), 6.94 (d, J
= 8.0 Hz, 1H), 6.90 (d, J = 8.0 Hz, 2H); *C NMR (100 MHz, CDCls) & 188.9, 146.9,
145.5, 144.1, 144.0, 143.5, 138.9, 138.0, 137.2, 131.0, 130.7, 130.3, 129.79, 129.77,
129.5, 129.6, 128.5, 128.4, 127.5, 126.8, 126.1 (q, J = 3.7 Hz), 125.4, 125.2 (q, J =
3.8 Hz), 122.7, 122.5, 122.2, 122.0, 73.0; *°F NMR (376 Hz, CDCl3) & -154.5, -154.8;
IR (thin film): vma(cm™) = 2970, 2901, 1680, 1613, 1563, 1453, 1318, 1065, 753;
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HRMS (ESI) calcd for C3HxnCIFGNO [M + NH4]™: 584.1210; Found: 584.1208;
[Phenomenex Lux 5u Amylose-2 PA-2 (0.46 cm x 25 cm), n-hexane/2-propanol =
98/2,v=1.0mL-min?, A =254 nm, t (minor) = 15.16 min, t (major) = 21.53 min],
97:3er.; [a]p?® = -135.5 (c = 0.20, CHCIs).

3bj
Yellow oil, 76.6 mg, 98% yield. *H NMR (400 MHz, CDCls) & 7.83 (s, 1H), 7.35 (d, J

= 7.6 Hz, 1H), 7.30-7.22 (m, 3H), 7.17-7.13 (m, 1H), 7.01-6.95 (m, 1H), 6.83 (d, J =
7.2 Hz, 1H), 6.62 (d, J = 7.6 Hz, 1H), 2.62 (t, J = 7.6 Hz, 2H), 2.29-2.22 (m, 1H),
2.09-1.99 (m, 1H), 1.74-1.58 (m, 2H), 1.54-1.41 (m, 2H), 1.22-1.02 (m, 4H), 0.98 (t, J
= 7.2 Hz, 3H), 0.75 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) & 190.4, 148.0,
146.4, 146.1, 143.0, 142.6, 140.0, 130.9, 130.2, 129.7, 129.1, 127.64, 127.63, 127.2,
125.4, 121.7, 119.7, 72.0, 30.9, 27.0, 25.4, 23.0, 22.8, 14.1, 13.6; IR (thin film):
vma(€m™) = 2955, 2930, 2859, 1677, 1610, 1559, 1465, 1227, 750; HRMS (ESI)
caled for CogH3CINO [M + NH,4]™: 408.2089; Found: 408.2087; [Phenomenex Lux
5u Amylose-2 PA-2 (0.46 cm x 25 cm), n-hexane/2-propanol = 90/10, v = 1.0 mL-
min?, X =254 nm, t (minor) = 9.42 min, t (major) = 10.69 min], 92:8 e.r.; [a]p™° =

-116.9 (c = 1.00, CHCl5).

) O
Ph
‘ ‘ i
Cl

3fd

Yellow foam, m.p. = 86-87 °C, 68.5 mg, 77% yield. '"H NMR (400 MHz, CDCls) &
7.82 (s, 1H), 7.54-7.47 (m, 2H), 7.45-7.33 (m, 4H), 7.24-7.20 (m, 1H), 7.15-7.12 (m,
1H), 7.08 (s, 1H), 7.01-6.93 (m, 4H), 6.91-6.85 (m, 2H), 6.81-6.79 (m, 2H), 2.27 (s,
3H); B¢ NMR (100 MHz, CDCl3) 6 189.5, 145.4, 144.9, 144.5, 144.0, 143.2, 140.2,
138.0, 134.9, 133.9, 130.7, 130.6, 129.4, 129.3, 129.0, 128.9, 128.0, 127.9, 127.8,
127.3, 127.1, 126.7, 122.7, 121.3, 72.3, 21.5; IR (thin film): vmax(cm™) = 3053, 3021,
2920, 1676, 1607, 1558, 1343, 1226, 745; HRMS (ESI) calcd for C31H2sCINO [M +
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NH,]": 462.1619; Found: 462.1617; [Phenomenex Lux 5u Celluloxe-4 PC-4 (0.46 cm
X 25 cm), n-hexane/2-propanol = 98/2, v = 1.0 mL-min™, A =254 nm, t (minor) =

13.74 min, t (major) = 16.29 min], 92:8 e.r.; [0]o”® = -159.3 (¢ = 0.20, CHCl5).
Ph

) O
Ph
O‘ )
Cl

3gd
Yellow solid, m.p. = 227-229 °C, 87.4 mg, 86% yield. 'H NMR (400 MHz, CDCl3) 6

7.87 (s, 1H), 7.55-7.25 (m, 14H), 7.19 (t, J = 7.6 Hz, 1H), 7.09-6.97 (m, 5H), 6.82 (d,
J = 6.4 Hz, 2H); 3C NMR (100 MHz, CDCl5) 6 189.4, 145.9, 145.7, 145.0, 144.8,
143.4, 141.6, 141.1, 139.9, 134.7, 133.8, 130.8, 130.7, 129.5, 129.42, 129.40, 129.0,
128.9, 128.6, 128.04, 128.02, 127.98, 127.3, 126.9, 125.8, 121.8, 120.9, 72.5; IR (thin
film): vmax(cm™) = 2923, 1681, 1597, 1557, 1499, 1227, 751; HRMS (ESI) calcd for
CssH27CINO [M + NH4]": 524.1776; Found: 524.1774; [Phenomenex Lux 5u
Celluloxe-4 PC-4 (0.46 cm x 25 cm), n-hexane/2-propanol = 90/10, v = 1.0 mL-min™,
A =254 nm, t (minor) = 9.05 min, t (major) = 10.12 min], 92:8 e.r.; [a]p™° = -181.1

(c = 0.20, CHCI3).
OMe

) O
Ph
O‘ )
Cl

3hd
Yellow foam, m.p. = 76-78 °C, 75.8 mg, 82% yield. 'H NMR (400 MHz, CDCl3) &

7.81 (s, 1H), 7.51-7.49 (m, 2H), 7.45-7.28 (m, 4H), 7.22 (t, J = 7.2 Hz, 1H), 7.14 (t, J
= 7.2 Hz, 1H), 7.00-6.92 (m, 4H), 6.89 (d, J = 8.0 Hz, 1H), 6.83-6.75 (m, 3H), 6.59
(dd, J = 8.0, 2.4 Hz, 1H), 3.68 (s, 3H); *C NMR (100 MHz, CDCls) & 189.6, 160.0,
146.8, 145.4, 144.6, 143.2, 140.2, 138.9, 134.7, 133.8, 130.7, 130.5, 129.4, 129.3,
128.9, 128.8, 127.9, 127.8, 127.2, 126.7, 122.2, 111.9, 108.0, 71.9, 55.4; IR (thin film):
vmax(cm™) = 3019, 1675, 1595, 1472, 1223, 746; HRMS (ESI) calcd for C31H25CINO,
[M + NH4]": 478.1568; Found: 478.1567; [Daicel Chiralpak AD-H (0.46 cm x 25 cm),
n-hexane/2-propanol = 95/5, v = 1.0 mL-min™, A =254 nm, t (major) = 13.54 min,
t (minor) = 17.43 min], 90:10 e.r.; [a]p® = -158.2 (c = 0.20, CHCl5).
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Yellow solid, m.p. = 169-170 °C, 64.4 mg, 72% vield. *H NMR (400 MHz, CDCl3) §
7.83 (s, 1H), 7.52-7.34 (m, 6H), 7.29-7.25 (m, 1H), 7.20-7.16 (m, 1H), 7.06-6.89 (m,
6H), 6.82-6.71 (m, 3H); *C NMR (100 MHz, CDCls) & 189.2, 164.3, 161.9, 147.6 (d,
J =8.8 Hz), 146.4, 144.0 (d, J = 3.0 Hz), 143.4, 142.2 (d, J = 2.5 Hz), 139.5, 134.2,
133.5, 130.9, 130.6, 129.5, 129.4, 129.2, 129.0, 128.2, 128.09, 128.07, 127.5, 126.8,
122.8 (d, J = 9.2 Hz), 113.2 (d, J = 23.4 Hz), 109.3 (d, J = 23.2 Hz), 72.0; °F NMR
(376 Hz, CDCls) § -113.5 (m); IR (thin film): vma(cm™) = 2987, 1672, 1594, 1558,
1487, 1464, 1138, 747; HRMS (ESI) calcd for C3oH22CIFNO [M + NH4]": 466.1368;
Found: 466.1365; [Phenomenex Lux 5u Celluloxe-4 PC-4 (0.46 cm x 25 cm),
n-hexane/2-propanol = 90/10, v =1.0 mL- mint, A =254 nm, t (minor) = 7.83 min,
t (major) = 8.91 min], 94:6 e.r.; [a]p®® = -154.2 (c = 0.20, CHCl5).

3jd

Yellow foam, m.p. = 94-95 °C, 70.0 mg, 72% yield. *"H NMR (400 MHz, CDCls) §
7.94 (s, 1H), 7.86 (s, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.51-7.39 (m, 6H), 7.29 (t, J = 7.2
Hz, 1H), 7.19 (t, J = 7.2 Hz, 1H), 7.11-6.96 (m, 4H), 6.94 (d, J = 8.0 Hz, 1H),
6.80-6.78 (m, 2H), 3.85 (s, 3H); *C NMR (100 MHz, CDCls) 5 188.7, 166.7, 151.4,
145.8, 145.7, 144.2, 1435, 138.9, 134.1, 133.5, 130.9, 130.6, 130.3, 129.6, 129.4,
129.3, 129.0, 128.96, 128.4, 128.3, 128.2, 128.1, 127.5, 126.8, 122.9, 121.7, 72.6,
52.1; IR (thin film): vmax(cm™) = 2988, 2917, 1718, 1676, 1436, 1344, 1286, 699;
HRMS (ESI) calcd for C3HsCINO3 [M + NH4]™: 506.1517; Found: 506.1516;
[Daicel Chiralpak AD-H (0.46 cm x 25 c¢cm), n-hexane/2-propanol = 90/10, v = 1.0 mL
‘min™, A =254 nm, t (major) = 11.00 min, t (minor) = 16.59 min], 91:9 e.r.; [a]p*°
=-132.3 (c = 1.00, CHCls).
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Yellow foam, m.p. = 99-100 °C, 72.3 mg, 81% vyield. *H NMR (400 MHz, CDCls) &
7.84 (s, 1H), 7.50-7.48 (m, 2H), 7.44-7.33 (m, 4H), 7.24 (t, J = 7.2 Hz, 1H), 7.19-7.11
(m, 2H), 7.04 (d, J = 7.6 Hz, 1H), 7.01-6.91 (m, 4H), 6.80-6.78 (m, 3H), 2.21 (s, 3H);
B3C NMR (100 MHz, CDCls) 6 189.6, 147.1, 144.8, 143.5, 143.3, 142.6, 140.2, 136.6,
135.0, 134.0, 130.8, 130.7, 129.4, 129.35, 129.33, 128.9, 128.82, 128.76, 128.0, 127.9,
127.8, 127.0, 126.9, 122.3, 121.8, 72.5, 21.4; IR (thin film): vmax(cm™) = 3021, 2919,
1676, 1608, 1558, 1486, 1227, 823, 743; HRMS (ESI) calcd for CsHosCINO [M +
NH,]": 462.1619; Found: 462.1617; [Phenomenex Lux 5u Amylose-2 PA-2 (0.46 cm
X 25 cm), n-hexane/2-propanol = 80/20, v=1.0 mL-min®, A =254 nm, t (minor) =

9.46 min, t (major) = 19.64 min], 93:7 e.r.; [a]p® = -155.2 (¢ = 0.20, CHCl5).

Ph
()

g / OMe

ad O
Yellow solid, m.p. = 176-177 °C, 74.1 mg, 80% yield. '"H NMR (400 MHz, CDCl5) &
7.83 (s, 1H), 7.50-7.35 (m, 6H), 7.31-7.10 (m, 3H), 6.99-6.96 (m, 4H), 6.78-6.76 (m,
3H), 6.58 (s, 1H), 3.68 (s, 3H); *C NMR (100 MHz, CDCl3) & 189.4, 158.8, 148.4,
144.4, 143.3, 142.5, 140.2, 138.1, 135.0, 134.0, 130.8, 130.6, 129.4, 129.3, 128.81,
128.76, 128.0, 127.90, 127.86, 126.94, 126.89, 122.6, 112.6, 108.9, 72.4, 55.5; IR
(thin film): vma(cm™) = 2934, 1672, 1593, 1577, 1477, 1029, 701; HRMS (ESI) calcd
for Cs1H2sCINO, [M + NH4]™: 478.1568; Found: 478.1566; [Daicel Chiralpak AD-H
(0.46 cm x 25 cm), n-hexane/2-propanol = 98/2, v = 1.0 mL-min?, A =254 nm, t
(major) = 25.29 min, t (minor) = 28.26 min], 96:4 e.r.; [a]p® = -156.5 (¢ = 0.20,
CHCly).
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Yellow solid, m.p. = 187-189 °C, 7.1 mg, 8% yield. *H NMR (400 MHz, CDCls) §
7.82 (s, 1H), 7.47-7.45 (m, 2H), 7.37-7.30 (m, 4H), 7.23-7.15 (m, 2H), 7.07-7.01 (m,
2H), 6.98-6.89 (m, 3H), 6.76 (d, J = 8.4 Hz, 1H), 6.69-6.68 (m, 2H), 6.63 (d, J = 7.6
Hz, 1H), 3.56 (s, 3H); *C NMR (151 MHz, CDCls) & 189.3, 155.0, 148.7, 144.9,
143.9, 143.2, 140.1, 136.7, 134.2, 132.3, 130.8, 130.7, 129.8, 129.5, 129.3, 129.1,
128.1,127.9, 127.8, 127.5, 127.1, 127.0, 126.8, 114.6, 111.9, 72.7, 55.5; IR (thin film):
vmax(cm™) = 2919, 2850, 1672, 1592, 1475, 1346, 1263, 1065, 747; HRMS (ESI)
caled for Ca;HosCINO, [M + NH,]": 478.1568; Found: 478.1566; [Phenomenex Lux
5u Celluloxe-4 PC-4 (0.46 cm x 25 cm), n-hexane/2-propanol = 98/2, v = 1.0 mL-
min?, A =254 nm, t (minor) = 25.67 min, t (major) = 31.16 min], 97:3 e.r.; [0]o> =

-108.8 (c = 0.10, CHCls).

Phl‘l“!iib
Ph CF;
|IE ll! i

C

3md
Pale brown solid, m.p. = 179-180 °C, 32.8 mg, 33% yield. '"H NMR (400 MHz,
CDCl3) 6 7.87 (s, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.50-7.36 (m, 7H), 7.34-7.30 (m, 1H),
7.24-7.17 (m, 2H), 7.06-6.98 (m, 3H), 6.92 (d, J = 8.0 Hz, 1H), 6.81-6.75 (M, 2H);
3¢ NMR (100 MHz, CDCl3) 6 188.7, 149.0, 147.6, 147.3, 143.8, 143.7, 138.5, 134.0,
133.2, 131.0, 130.6, 129.8, 129.5, 129.3, 129.0, 128.6, 128.4, 128.3, 128.2, 128.0,
127.8, 126.9, 125.7 (q, J = 3.8 Hz), 124.1 (q, J = 270.9 Hz), 122.0, 118.6 (g, J = 3.7
Hz), 72.5;°F NMR (376 Hz, CDCls) § -61.6; IR (thin film): vma(cm™) = 2922, 1676,
1611, 1562, 1486, 1319, 1123, 698; HRMS (ESI) calcd for CaiH2,CIFsNO [M +
NH,]": 516.1337; Found: 516.1335; [Phenomenex Lux 5u Amylose-2 PA-2 (0.46 cm
x 25 cm), n-hexane/2-propanol = 90/10, v = 1.0 mL-min®, A =254 nm, t (minor) =

8.48 min, t (major) = 11.14 min], 93:7 e.r.; [a]p®° = -109.1 (c = 0.20, CHCl5).
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Yellow solid, m.p. = 205-206 °C, 83.5 mg, 82% vield. *H NMR (400 MHz, CDCl3) §
7.90 (s, 1H), 7.63-7.47 (m, 5H), 7.47-7.17 (m, 9H), 7.16-6.92 (m, 6H), 6.91-6.79 (m,
2H); 3C NMR (100 MHz, CDCl3) & 189.4, 146.7, 145.2, 144.9, 144.2, 143.3, 140.8,
139.3, 138.7, 134.7, 133.9, 131.1, 129.8, 129.4, 129.0, 128.9, 128.8, 128.13, 128.06,
128.0, 127.9, 127.8, 127.3, 127.2, 126.8, 126.6, 122.1, 121.6, 72.5; IR (thin film):
vmax(cm™) = 3028, 1681, 1596, 1553, 1484, 753; HRMS (ESI) calcd for CasH27CINO
[M + NH4]": 524.1776; Found: 524.1772; [Phenomenex Lux 5u Celluloxe-4 PC-4
(0.46 cm x 25 cm), n-hexane/2-propanol = 98/2, v = 1.0 mL-min?, A =254 nm, t
(minor) = 20.57 min, t (major) = 28.33 min], 97:3 e.r.; [a]p® = -154.0 (c = 0.20,
CHCly).

Ph

{ )
o3

30d O
Yellow foam, m.p. = 73-74 °C, 57.7 mg, 65% yield. '"H NMR (400 MHz, CDCls) &
7.81 (s, 1H), 7.56-7.33 (m, 5H), 7.32-7.15 (m, 3H), 7.12-6.92 (m, 6H), 6.94-6.76 (m,
3H), 2.30 (s, 3H); *C NMR (100 MHz, CDCls) & 189.7, 147.0, 145.2, 144.8, 144.4,
143.5, 137.7, 136.9, 134.9, 133.9, 131.7, 130.6, 130.0, 129.4, 129.3, 129.0, 128.8,
128.0, 127.9, 127.1, 126.7, 126.5, 122.0, 121.5, 72.4, 20.9; IR (thin film): vmax(cm™) =
2993, 2849, 1677, 1598, 1558, 1488, 755, 699; HRMS (ESI) calcd for C3;H25CINO
[M + NH,]": 462.1619; Found: 462.1617; [Phenomenex Lux 5u Celluloxe-4 PC-4
(0.46 cm x 25 cm), n-hexane/2-propanol = 98/2, v = 1.0 mL-min?, A =254 nm, t
(minor) = 16.28 min, t (major) = 19.86 min], 96:4 e.r.; [a]p® = -181.1 (c = 1.00,
CHCly).
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Yellow foam, m.p. = 94-96 °C, 63.3 mg, 69% yield. *"H NMR (400 MHz, CDCls) §
9.94 (s, 1H), 7.94-7.90 (m, 2H), 7.66 (dd, J = 8.0, 1.2 Hz, 1H), 7.57-7.36 (m, 5H),
7.34-7.25 (m, 2H), 7.14-6.94 (m, 6H), 6.80-6.79 (m, 2H); *C NMR (100 MHz,
CDCl3) 6 190.6, 188.4, 146.5, 145.8, 145.4, 145.3, 143.7, 141.8, 135.9, 134.4, 133.4,
132.3, 131.4, 130.1, 130.0, 129.3, 128.9, 128.8, 128.5, 128.20, 128.17, 127.7, 127.5,
126.8, 122.4, 121.6, 72.7; IR (thin film): vms(cm™) = 2987, 2924, 1681, 1609, 1488,
1151, 756, 699; HRMS (ESI) calcd for C3;H23CINO, [M + NH4]": 476.1412; Found:
476.1408; [Daicel Chiralpak AD-H (0.46 cm x 25 cm), n-hexane/2-propanol = 90/10,
v=10mL-min®, A =254 nm, t (major) = 15.57 min, t (minor) = 17.47 min], 95:5
e.r.; [a]o® = -157.8 (c = 1.00, CHCl5).

Ph
A

Ph O S
(L,

g ©
Yellow foam, m.p. = 188-189 °C, 9.5 mg, 11% yield. '"H NMR (400 MHz, CDCl3) &
7.60 (s, 1H), 7.45-7.43 (m, 2H), 7.36 (d, J = 5.2 Hz, 1H), 7.33-7.24 (m, 6H),
7.13-7.06 (m, 2H), 7.04-6.99 (m, 3H), 6.73-6.71 (m, 2H); *C NMR (100 MHz,
CDCl3) 6 188.8, 151.6, 148.2, 145.9, 142.8, 139.9, 138.8, 134.6, 134.4, 130.7, 130.5,
129.7, 129.4, 129.1, 129.0, 128.8, 128.4, 128.2, 128.0, 127.98, 127.4, 127.2, 120.1,
70.8; IR (thin film): vmax(cm™) = 2988, 2969, 2922, 1678, 1611, 1593, 1227, 696;
HRMS (ESI) caled for CysHisCIOS [M + H]": 437.0761; Found: 437.0754;
[Phenomenex Lux 5u Celluloxe-4 PC-4 (0.46 cm x 25 cm), n-hexane/2-propanol =
90/10,v = 1.0 mL-min™®, A =254 nm, t (minor) = 11.12 min, t (major) = 14.30 min],
95:5e.r.; [a]p®® = -18.1 (c = 0.20, CHCIs).
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Deuterium-labeling Experiments:
a) Intramolecular kinetic isotope effect experiment.

H O D K1 (5 mol%) Ph

(BzO), (5 mol%)

OH
. — pp . O H/D
Cu(OAc), (1 equiv.)
Cl

2a K,CO3 (2 equiv.) Cl
1b-d, toluene, 85 °C H8
0.2 mmol 0.4 mmol 3ba-d; +3ba

To a Schlenk tube were added K1 (10 umol, 5.6 mg), (BzO), (10 umol, 2.4 mg) and
toluene (1 mL) successively. After the mixture was stirred at room temperature for 30
min, 1b-d; (51.1 mg, 0.2 mmol), Cu(OAc); (36.4 mg, 0.2 mmol), K2CO3 (55.2 mg, 0.4
mmol), 2a (46.5 mg, 0.4 mmol) and toluene (1 mL) were added successively. The
mixture was stirred at 85 °C under air (open flask). After 70 min and 10 min
respectively, the mixture was concentrated under reduced pressure and the residue was
purified by column chromatography (ethyl acetate/petroleum ether = 1/50, v/v) to
afford a mixture of 3ba and 3ba-d; in 63% yield (46.5 mg) and 32% yield (23.9 mg),
respectively. The KIE value (approx 3.8) was obtained by integrating the H8 of the
spiro 3ba and the H6 of the spiro 3ba and 3ba-d;.
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b) Intermolecular kinetic isotope effect experiment.

K1 (5 mol%)
(BzO), (5 mol%)

Cu(OAc), (1 equiv.)
K,CO3 (2 equiv.)
toluene, 85 °C
6 min

1b-ds+ 1b 2a
0.1 mmol + 0.1 mmol 0.4 mmol

To a Schlenk tube were added K1 (10 umol, 5.6 mg), (BzO), (10 umol, 2.4 mg) and
toluene (1 mL) successively. After the mixture was stirred at room temperature for 30
min, 1b (25.5 mg, 0.1 mmol), 1b-ds (26.0 mg, 0.1 mmol), Cu(OAc), (36.4 mg, 0.2
mmol), K,CO3 (55.2 mg, 0.4 mmol), 2a (46.5 mg, 0.4 mmol) and toluene (1 mL)
were added successively. The mixture was stirred at 85 °C under air (open flask).
After 6 min, the mixture was concentrated under reduced pressure and the residue was
purified by column chromatography (ethyl acetate/petroleum ether = 1/50, v/v) to
afford a mixture of 3ba and 3ba-ds in 21% yield (16.0 mg). The KIE value (approx
5.7) was obtained by integrating the H8 of the spiro 3ba and the H6 of the spiro 3ba

and 3ba-ds. The ratio between 3ba and 3ba-dswas also determined to be 6.5 by the

analysis of HRMS.
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Procedure for the Synthesis of Alcohol 5bd:

LiAIH,

O ether, reflux
Ph
L x
Cl
3bd, 95:5e.r. 5bd, 97% vyield

>19:1dr
95:5e.r.

To a stirred mixture of lithium aluminum hydride (3.8 mg, 0.1 mmol) in anhydrous
diethyl ether (1 mL) at 0 <C was added 3bd (43.1 mg, 0.1 mmol). The mixture was
refluxed for 10 min, then cold to 0 <C, and treated successively with water (4 uL), 15%
NaOH aqueous solution (8 uL), and water (12 uL). After stirring for 20 min, Na,SO4
was added and the slurry was filtered through celite. After concentration under
reduced pressure, the residue was purified by column chromatography (ethyl
acetate/petroleum ether = 1/15, v/v) to afford 5bd (41.8 mg, 97% vyield). 5bd,
colorless foam, m.p. = 63-64 °C. 'H NMR (400 MHz, CDCl3) 6 7.42-7.18 (m, 10H),
7.10-7.05 (m, 2H), 7.02-6.99 (m, 2H), 6.93 (d, J = 7.2 Hz, 1H), 6.77 (d, J = 8.0 Hz,
1H), 6.69 (d, J = 7.6 Hz, 2H), 6.17 (d, J = 1.6 Hz, 1H), 5.18 (d, J = 2.4 Hz, 1H), 1.98
(d, J = 4.4 Hz, 1H); *C NMR (100 MHz, CDCl5) § 149.2, 147.0, 145.5, 141.0, 136.1,
134.8, 134.18, 134.15, 134.1, 129.5, 125.4, 128.2, 128.05, 127.99, 127.9, 127.2, 127.1,
126.9, 126.6, 126.55, 126.53, 125.5, 123.0, 121.0, 74.0, 66.4; IR (thin film): vma(cm™)
= 3540, 3055, 3024, 2923, 1634, 1597, 1096, 741, 698; HRMS (ESI) calcd for
C3oH2:CIO [M]": 432.1281; Found: 432.1276; [Daicel Chiralpak AD-H (0.46 cm x 25
cm), n-hexane/2-propanol = 90/10, v = 1.0 mL-min™, A = 254 nm, t (minor) =
17.30 min, t (major) = 21.22 min], 95:5 e.r.; [a]p® = -46.2 (c = 0.16, CHCl5).

Assignment of the structure.

The structure was assigned based on the HMBC, COSY, **C NMR experiments, as
well as by the observation of noe between the alcohol hydrogen and the benzene
hydrogen of the spiro unit.

S30



Procedure for the Synthesis of Compound 5aa:
[Pd(dppf)Cl,*DCM] (5 mol%)
o DO PhB(OH), (2.5 equiv.) o DO
O‘ o EtsN (3 equiv.) O‘ ©
1,4-dioxane/H,0
Br 85 °C Ph

3aa, 96:4 e.r. 5aa, 99% yield
96:4 e.r.

A flame-dried sealed tube was cooled to room temperature and filled with argon. To
this tube were added 3aa (41.3 mg, 0.1 mmol, 96:4 e.r.), Pd(dppf)Cl,eDCM (4.1 mg,
0.005 mmol, 5 mol%), PhB(OH), (30.5 mg, 0.25 mmol), and Et;N (30.4 mg, 0.3
mmol). The tube was evacuated and refilled with argon and placed under an argon
atmosphere. To this mixture were added freshly distilled dioxane (1.0 mL) and
deionized water (0.1 mL). After the reaction flask was degassed twice, the reaction
mixture was stirred at 80 <C. After the reaction was complete (monitored by TLC),
the solvents were removed under reduced pressure. Then the residue was purified by
silica gel column chromatography (PE/EA = 40/1, v/v) to afford the desired product
5aa (41.0 mg, 99% vyield). 5aa, light yellow solid, m.p. = 159-160 °C.*H NMR (400
MHz, CDCls)  7.66 (s, 1H), 7.44-7.38 (m, 4H), 7.36-7.26 (m, 4H), 7.26-7.06 (m, 9H),
6.86 (d, J = 7.2 Hz, 1H), 2.39 (s, 3H); *C NMR (100 MHz, CDCl3) § 195.9, 147.0,
146.3, 144.1, 143.0, 140.6, 139.7, 136.8, 135.6, 135.2, 130.6, 130.0, 129.8, 128.9,
128.5, 128.1, 128.07, 127.8, 127.6, 127.0, 126.8, 126.2, 121.4, 120.6, 73.0, 12.4; IR
(thin film): vma(cm™) = 3055, 3020, 1660, 1597, 1492, 1466, 817, 694; HRMS (ESI)
caled for CzHp30 [M+H]™: 411.1743; Found: 411.1749; [Phenomenex Lux 5u
Celluloxe-4 PC-4 (0.46 cm x 25 cm), n-hexane/2-propanol = 95/5, v = 1.0 mL-min™,
A =254 nm, t (major) = 9.33 min, t (minor) = 15.43 min], 96:4 e.r.; [a]p™° = -517.8
(c=1.00, CHCly).
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X-ray crystal structure of 3aa (CCDC 1049299)

c21

C22

C23

Table 1. Crystal data and structure refinement for cd214620.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

114.880(2)<

Volume
Z

Density (calculated)

cd214620
C25H17BroO
413.29

293(2) K

0.71073 A
Monoclinic

P21
a=14.7015(17) A
b =8.9613(10) A

¢ = 15.8849(18) A
1898.5(4) A3

4

1.446 Mg/m3

S33
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Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242<

Absorption correction
Max. and min. transmission

Refinement method
Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

2.177 mm-1
840
0.211 x 0.134 x 0.112 mm3

2.479 t0 25.999<

-16<=h<=18, -11<=k<=9, -19<=I<=18
11507

6635 [R(int) = 0.0263]

99.8 %

Semi-empirical from equivalents
0.7457 and 0.5664

Full-matrix least-squares on F2
6635/ 1/489
1.007

R1=0.0391, wR2 = 0.0945
R1 =0.0515, wR2 = 0.0995
0.006(5)

n/a

0.790 and -0.481 e.A-3
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Copies of NMR Spectra and HPLC Chromatographs
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Copies of HSQC, COSY, 1D-NOESY of 5bb
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Sample Name: rl v 1 /1 i J‘ ) NIta
23-18-1-CosY N N HIRK A
Data Collected on: N I | I\ 2 N
OMC-NMR600-vnmrs600 i1 o
Archive directory: 1 1 ¥ F'.A |
/home/omc/vnmrsys/data r I r ‘ (] Z , ]

Sample directory:
2J-18-1-COSY_20150130_01
FidFile: gcosY_o1

Pulse Sequence: gCoOSY
Solvent: cdcl3
Data collected on: Jan 30 2015

— 6.7
Temp. 25.0 C / 298.1 K
Operator: omc 6.8
Relax. delay 1.000 sec
Acq. time 0.230 sec
Width  6684.5 Hz 6.9
2D Width 6684.5 Hz
2 repetitions
256 increments 7.0
OBSERVE K1, 599.7754542 MHz - = e
DATA PROCESSING
Sq. sine bell 0.080 sec ,
F1 DATA PROCESSING = T
Sq. sine bell 0.027 sec
FT size 4096 x 4096
T
otal time 10 min 7.2
e 7.3
7.4
75

Plotname: --Not assigred--
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2J-18-1-HSQC

Sample Name:
2J-18-1-HSQC
Data Collected on:
OMC-NMR600-vnmrs600
Archive directory:
/home/omc/vnmrsys/data
Sample directory:
2J-18-1-HSQC_20150129_01
FidFile: gHSQCAD 01

Pulse Sequence: gHSQCAD
Solvent: cdcl3
Data collected on: Jan 29 2015

Temp. 25.0 C / 298.1 K
Operator: omc

Relax. delay 1.000 sec

Acq. time 0.233 sec

Width 6613.8 Hz

2D Width 30165.9 Hz

4 repetitions

2 x 256 increments

OBSERVE H1, 599.7754542 MHz
DECOUPLE C13, 150.8272311 MHz
Power 44 dB

on during acquisition

off during delay
W40_OneProbe modulated

DATA PROCESSING

Gauss apodization 0.074 sec
F1 DATA PROCESSING

Gauss apodization 0.008 sec
FT size 4096 x 2048

Total time 41 min

Plotname: --Not assigned--

Fl
(ppm)

80
90

Hocm

110

120

130

140

7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0

—_

F2 (ppm)

S174



6.739
6.726

S22

-5.230

2.010
<2.003

Ay 4 Y
" o
« 0
= &
105 100 95 90 85 80 75 70 '65 60 55 '50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)
23 28 g
<3 SN 58S
~ N~ [TolTe)
~ L o
,
© < © <
0 < 1SRN
ks [l e
NN ©© )
L& N—
| T T
[} L [ N\
obeeltes > .-
‘ \7 //,\ \
- S \ N/ </ |
78 76 Y4 72 70 68 66 64 62 \n
1 (ppm) .
H’ =
y
il
l tl
¥ ‘ it
5 o -
= - . _— N ; —S— —— T
105 100 95 9.0 85 8.0 75 7.0 6.5 6.0 5 é (%gm) 45 40 35 3.0 25 20 15 1.0 05 0.0

S175




