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I. General procedure for the synthesis of substrate 1a-1u.
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General procedure for the synthesis of derivatives S3: S1 (10 mmol, 1.0 equiv) were dissolved in
toluene (20 mL). Then, 3,5-dimethoxyphenylboronic acid S2 (1.1 equiv) in EtOH (3 mL) and
aqueous Na,CO;3 (2 M, 3.0 equiv) were added to each reactor, and the resulting mixtures were
deoxygenated with a stream of N,. After 10 min, Pd(PPh;), (0.02 equiv) was added, and stirred
under N, at 80 °C for 5 h, cooled to room temperature, and treated as follows. Each solution was
poured into a mixture of H;O and EA, and the two phases were separated. The aqueous layer was
washed with EA, and the organic phases were combined and washed with 1 M NaOH followed by
brine. The ethereal solution was dried over Na,SO, and evaporated. Purification of each crude
product by flash chromathography using PE/EA = 95:5 yielded the corresponding S3 as colorless oil.
General procedure for the synthesis of derivatives S4: S3 (1 equiv) were dissolved in anhydrous
CH,Cl, (30 mL) at -78 °C. Then, BBr; (1 M in CH,Cl,, 3 equiv) was added to solution, and the
resulting reaction mixture was allowed to warm to room temperature for 24 h, cooled to 0 °C, and
treated as follows. The CH;0OH and H,0O was injected into solution slowly, and the two phases were
separated. The aqueous layer was washed twice with CH,Cl,, and the organic phases were combined
and washed with a 1 M solution of sodium thiosulfate followed by H,O. The organic layer was dried
over Na,SO, and evaporated to dryness, which was directly used without purification.

General procedure for the synthesis of derivatives S5: In a 100 mL Schlenk flask, S4 was
dissolved in CH,Cl, (25 mL) and NEt; (3 equiv). Acetyl chloride (3 equiv) was added slowly to the
solution at 0 °C, which was then stirred for 30 min at room temperature. The reaction was quenched
by addition of NaHSO; solution and extracted with CH,Cl, several times. The combined organic

phases were dried over Na,SO,, which was directly used without purification.
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General procedure for the synthesis of derivatives S6: see reference 1.

General procedure for the synthesis of derivatives S7: To a dry flask under N, containing S5 was
sequentially added Et;N (20 mL) and toluene (20 mL), PdCl,(PPhs), (0.02 equiv), Cul (0.05 equiv).
then appropriate alkynes (1.1 equiv) was injected into solution at 100 °C, The mixture was stirred
for 30 minutes. Then the mixture was filtered through a pad of celite. Removal of solvent under
reduced pressure afforded a residue which is purified by column chromatography on silica gel
(PE/EA=5:1) to afford S7.

General procedure for the synthesis of derivatives 1: Hydrazine monohydrate (4 equiv) was
dropwise added to a solution of S7 in CH;CN (20 mL). After the resulted mixture was stirred at
room temperature for 30 minutes, the mixture was treated with sat. aq. NH4Cl and extracted with EA
and dried over Na,SO,4. Removal of solvent under reduced pressure afforded a residue which is

purified by column chromatography on silica gel (PE/Acetone = 2:1) to afford the compound 1.

II. Optimization of the reaction conditions”

) o
catalyst O‘
oy N\

oH Q solvent, 30 °C, 4 h OH

1a 2a
- Ar\ oM -
OMe S Me e
H ?j Ar\N)LN,O 2‘\ H A
HOH R AN
B j\H - N‘ = " H “\A
N~ for all: ’
S” "NH =35 j( “Ar oi
W Ar=35(CRCats o;i\(o
A B c D E F
entry catalyst solvent yield (%)” ee (%)°
1 A CHCl, 98 98
2 B CHCl, 80 92
3 C CHCl, 75 -95
4 D CHCl, 10 87
5 E CHCl, 96 98
6 F CHCl, 10 73
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7 A CH,CI, 78 96
8 A CICH,CH,CI 88 96
9 A toluene 67 98
10 A CH,OH 33 97
11 A (5 mol%) CHCI, 50 97
12 A (20 mol%) CHCl, 98 98
13¢ A CHCI, 98 97
14° A CHCI, 98 98

[a] Reaction conditions: 1a (0.1 mmol), catalyst (10 mol%) in solvent (2.0 mL) at 30 °C for 4 h, unless otherwise
specified. [b]: Isolated yields. [c]: The ee value was determined by HPLC analysis. [d]: 4.0 mL CHCI;. [e] 1.0 mL

CHCls, 12 h.

IT1. General procedure for the asymmetric reaction.

cat-A

e

CHCI3 30 °C, 4 h

The substrate 1 (0.1 mmol), cat-A (10 mol%) were added to a 10 mL flame-dried schlenk tube with
a magnetic stirring bar. Chloroform (2 mL) was injected into the tube. After stirring for specific time,
The mixture was evaporated and purified by flash column chromatography (SiO,, DCM: Acetone =
20:1 or PE: Acetone = 2:1) to afford the product 2. Racemic samples were prepared with NEt; as

additive base.
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IV. Racemization studies of 2n

Y ; OOO
O‘ toluene
OH OH 90 °C oH OH
OO Half-life: O‘
1155 h
(R)-2n (S)-2n
Thermal Racemization of 2n: A solution of 2n (5 mg, 98% ee) in toluene (15 mL) was heated at 90
°C. At intervals, small samples were taken and the solvent was removed by evaporation. The

enantiomeric excess was determined by using HPLC (HPLC conditions: Chiralcel OD-H, Hexane/i-

PrOH = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm).

Time (h) (%) In ((%t-50)/(%0-50))
0 98.442 -1.1E-16
3 98.226 -0.00447
12 97.832 -0.01267
24 97.566 -0.01825
37 97.268 -0.02453
0 5 10 15 20 25 30 35 40
0®
S 0005 | @
3
=) .
= -0.01 el
(e}
@ °
S .0.015
-0.02
-0.025 .o
-0.03
t/h

Fig S1. Kinetic line
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V. Application as selective fluorescence sensors toward heavy metal detectives.

General fluorescence spectra measurements: The stock solutions of 2p were prepared by directly
dissolving in CH3CN For the spectroscopic determination, A variety of stock solutions of metal salts
(1x107!' M) including Fe?*, Na*, Ce3", Mg?*, Fe3*, Zn?*, In**, Ca?*, Ni**, Ir’*, K*, Ag®, Ba’', Rb",
Ru3" were also dissolved in H,O and diluted to the desired concentrations. For titration of metallic
ions, aliquots of 2 pulL aqueous metallic ion solutions were added to 200 puL diluted 2p solution. The
measurements were performed after 1 min of response time. All experiments were carried out at 298
K. To make sure the reproducibility and stability of experimental data, all experiments were tested at
least three times.

The fluorescence response behaviors of the prepared axial chiral biaryltriols 2p on various main
group and transition metal ions have been investigated. Ru*" ion exhibited the most pronounced
fluorescence response of 2p, Beyond Ru’" ion ( Fig. S2). The fluorescence intensities of 2p are
almost not significantly affected by the addition of other ions respectively. It is indicated that 2p
may be potentially applied as heavey metal detective reagent in pharmaceutical and everomental

analysis.

3500

3000 4

2500

2000

1500

Fl intensity (a.u.)

- —1— r — 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
450 500 550 600

Wavelength (nm)

Fig S2. The influence of different main group and transition metal ions.
Fig S2. A: Emission spectra of 2p (1.0x10-3 M) in CH3CN solution in the absence and the presence
of 1.0x10° M of different various main group and transition metal ions at 25 °C. excitation
wavelength: 400 nm; excitation and emission slits (nm): 5.0 nm and 5.0 nm, respectively. Voltage:

800 V. B: Representative bar chart of 2p (F/Fy %), where Fy and F were emission intensities of
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sensor 2p at 463 nm (A = 400 nm) in the absence and the presence of different various main group

and transition metal ions.
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Fig S3. A: Fluorescence intensity response in the presence of 1x10-2 M. 2p and with increasing
concentration of Ru?*: 0, 10, 20, 25, 60, 80, 100, 200, 250, 400, 500, 600, 750, 1000 uM. (excitation
wavelength: 400 nm; excitation 3and emission slits (nm): 5.0 nm and 5.0 nm, respectively. Voltage:
700 V). B: Plot of Fy-F where F, and F were emission intensities of sensor 2p at 463 nm (A, = 400
nm) in the absence and the presence of different concentration of Ru?". C: Linear relationship of Fy
—F versus the concentration of Ru’" over the range of 0-100 uM. the detective concentration

limitation of 2p toward Ru?" was then calculated to be 25 uM according to 36 method.*

3X Standard deviation of the intercept

Limit of Detection = -
Slope of the intercept
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Fig S4: Bar chart of fluorescence intensity of 2a, 2¢, 2e, 2p, 3a (1.0 x102 M)
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Fig S4: Fluorescence quenching degrees (1-F/F) in the presence of Ru?" (1.0 x10-3 M). F and F are

taken as the fluorescence intensity in the absence and the presence of Ru’* at 463 nm.
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Fig SS: Metal ion specificity.

Fig S5: Emission spectra of a CH;CN solution of 2p (1.0 x10-2 M). the concentration of each metal
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ion added is 1.0 X103 M; emission spectra of 2p with 14 interference ions (black); emission spectra

of 2p with only Ru’"ion (red); emission spectra of 2p with 14 interference ions and Ru* ion (blue).

VI. 'H, 3C NMR and HRMS data of compounds (1a-1u)

2'-((2-hydroxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1a)

) 'H NMR (400 MHz, (CD;),CO): & 8.44 (s, 3H), 7.87 (d, J = 8.3 Hz, 1H), 7.83
Ho— ) N\ ov (d,J=7.2Hz 1H), 7.78 (dd, J= 8.1, 4.2 Hz, 2H), 7.49 — 7.38 (m, 4H), 7.32 (t,
° J=7.4Hz, 1H), 7.19 (d, J = 8.9 Hz, 1H), 6.71 (s, 2H), 6.55 (s, 1H). 3C NMR
1a (100 MHz, (CD5),CO): & 159.25, 157.60, 144.69, 143.87, 135.02, 133.35,
131.04, 129.89, 129.02, 128.90, 128.60, 128.08, 127.85, 125.85, 124.38, 122.71, 118.04, 108.60,
103.97, 102.60, 99.92, 86.96. HRMS (ESI) m/z Calcd for [C,4H;¢NaO;, M+Na]*: 375.0992,

Found: 375.0912.
3'-fluoro-2'-((2-hydroxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1b)

IH NMR (400 MHz, (CD5),CO): 5 8.41 (s, 3H), 7.98 (d, J = 8.4 Hz, 1H), 7.81
(t,J = 8.1 Hz, 2H), 7.54 — 7.44 (m, 2H), 7.35 (t, J = 7.3 Hz, 1H), 7.27 (dd, J =
o) N\ o 14.6, 8.2 Hz, 2H), 7.22 (d, J = 8.9 Hz, 1H), 6.74 (d, J = 2.1 Hz, 2H), 6.53 (1, J =
2.0 Hz, 1H). 3C NMR (100 MHz, (CD3),CO): & 163.38 (d, J = 248.0 Hz),
159.33, 157.91, 146.67, 142.45, 134.90, 131.50, 130.30 (d, J = 9.0 Hz), 128.91,
128.77, 128.24, 125.75 (d, J = 3.0 Hz), 125.62, 124.51, 117.91, 114.75, 114.54, 111.58 (d, J = 16.0
Hz), 108.52, 103.71, 103.06, 92.65. HRMS (ESI) m/z Calcd for [CasH;sFNaOs, M + Na]*:
393.0897, Found: 393.0845

2'-((2-hydroxynaphthalen-1-yl)ethynyl)-6'-methyl-[1,1'-biphenyl]-3,5-diol (1¢)

A IH NMR (400 MHz, DMSO-d): 8 10.17 (s, 1H), 9.34 (s, 2H), 7.77 — 7.70 (m,
\ 2H), 7.51 (d, J = 6.2 Hz, 1H), 7.30 (q, J = 7.4, 5.8 Hz, 4H), 7.17 (t, J = 7.9 Hz,

HO O \ OH
OH 2H), 6.36 (s, 1H), 6.16 (s, 2H), 2.11 (s, 3H). 3C NMR (100 MHz, DMSO-dy):
158.79, 157.25, 143.90, 142.10, 135.87, 134.29, 130.13, 129.72, 129.32, 127.91,
127.45, 127.34, 127.26, 124.97, 123.43, 123.08, 117.88, 107.19, 102.82, 101.59,
98.14, 87.36, 20.28. HRMS (ESI) m/z Calcd for [CosH;sNaO;, M + Nal]*: 389.1148, Found:

389.1093.
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2'-fluoro-6'-((2-hydroxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1d)

IH NMR (400 MHz, DMSO-d¢): § 10.32 (s, 1H), 9.41 (s, 2H), 7.80 — 7.74 (m,
N 2H), 7.54 (d, J = 7.7 Hz, 1H), 7.45 (q, J = 7.8 Hz, 1H), 7.35 — 7.27 (m, 4H),
HO OH

7.18 (d, J = 8.9 Hz, 1H), 6.39 (s, 1H), 6.32 (s, 2H). 3C NMR (100 MHz,
DMSO-dy): 8 159.21 (d, J = 242.0 Hz), 158.69, 157.85, 135.67, 134.32, 131.26
(d, J = 18.0 Hz), 130.73, 129.30 (d, J = 10.0 Hz), 128.16 (d, J = 2.0 Hz), 128.08,
127.51 (d, J = 4.0 Hz), 125.23, 127.49, 124.74, 123.56, 117.94, 115.67 (d, J = 23.0 Hz), 108.13,
102.39, 102.23, 96.50 (d, J = 4.0 Hz), 88.75. HRMS (ESI) m/z Calcd for [Co4sH,sFNaOs;, M + Na]*:
393.0897, Found: 393.0852.

2'-chloro-6'-((2-hydroxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1e)

H NMR (400 MHz, DMSO-dy): § 10.35 (s, 1H), 9.48 (s, 2H), 7.78 (dd, J = 8.3,
5.6 Hz, 2H), 7.73 (d, J = 7.7 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.47 — 7.38 (m,
2H), 7.33 (t, J = 7.4 Hz, 1H), 7.28 — 7.20 (m, 2H), 6.49 (t, J = 2.0 Hz, 1H), 6.31
(d, J=2.1 Hz, 2H). 3C NMR (100 MHz, DMSO-d¢): 5 158.84, 157.82, 142.33,
140.03, 134.33, 132.85, 130.77, 130.68, 129.12, 129.03, 128.09, 127.57, 127.51,
125.48, 124.83, 123.61, 117.99, 107.56, 102.36, 102.29, 96.92, 88.99. HRMS (ESI) m/z Calcd for
[C24H,5CINaO;, M + Na]*: 409.0602, Found: 409.0583.

2'-((2-hydroxynaphthalen-1-yl)ethynyl)-5'-methyl-[1,1'-biphenyl]-3,5-diol (1f)

H NMR (400 MHz, (CD;),CO): & 8.38 (s, 3H), 7.87 (d, J = 8.4 Hz, 1H), 7.76

- (d, J = 8.6 Hz, 2H), 7.70 (d, J = 7.8 Hz, 1H), 7.45 (t, J= 7.5 Hz, 1H), 7.31 (t, J

i) \ o0 =7.4Hz 1H), 725 (s, 1H), 7.22 (d, J = 8.0 Hz, 1H), 7.18 (d, J = 8.9 Hz, 1H),

° 6.69 (d, J= 2.2 Hz, 2H), 6.53 (t, J = 2.2 Hz, 1H), 2.41 (s, 3H). 3C NMR (100

it MHz, (CD3),CO): § 159.25, 157.41, 144.67, 143.99, 139.15, 135.01, 133.31,

130.81, 130.60, 128.95, 128.62, 128.59, 128.03, 125.92, 124.35, 119.78, 118.01, 108.59, 104.22,

102.56, 100.21, 86.16, 21.28. HRMS (ESI) m/z Calcd for [CosH;sNaOs, M + Na]*: 389.1148,
Found: 389.1105.
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5'-fluoro-2'-((2-hydroxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1g)

E 'TH NMR (400 MHz, DMSO-dg): & 10.28 (s, 1H), 9.48 (s, 2H), 7.80 (t, J=9.3

Q Hz, 3H), 7.68 (d, J= 7.5 Hz, 1H), 7.40 (t, J= 7.2 Hz, 1H), 7.37 — 7.19 (m, 4H),

HO O N on 6.53 (s, 2H), 6.43 (s, 1H). 3C NMR (100 MHz, DMSO-dy): 8 161.57 (d, J =

O 246.0 Hz), 158.63, 157.68, 146.18 (d, J = 8.0 Hz), 141.42, 134.85 (d, J = 8.0

1g Hz), 134.33, 130.35, 128.09, 127.56, 127.43, 124.87, 123.53, 118.58 (d, J=3.0

Hz), 118.00, 116.18 (d, J = 22.0 Hz), 114.72 (d, J = 22.0 Hz), 107.43, 102.66, 102.29, 96.80, 87.44.
HRMS (ESI) m/z Calcd for [C4HsFNaO;, M + Na]*:393.0897, Found: 393.0847.

2'-((2-hydroxynaphthalen-1-yl)ethynyl)-4'-methyl-[1,1'-biphenyl]-3,5-diol (1h)

TH NMR (400 MHz, (CDs),CO): 6 8.42 (s, 3H), 7.89 (d, J = 8.4 Hz, 1H), 7.77

Q (dd, J = 8.4, 2.9 Hz, 2H), 7.64 (s, 1H), 7.49 — 7.43 (m, 1H), 7.32 (dd, J = 7.3,

HO O N\ on 5.7 Hz, 2H), 7.27 — 7.22 (m, 1H), 7.19 (d, J = 8.9 Hz, 1H), 6.69 (d, J = 2.1 Hz,

O 2H), 6.53 (t, J = 2.1 Hz, 1H), 2.39 (s, 3H). 3C NMR (100 MHz, (CD;),CO): &

1h 159.24, 157.58, 143.83, 141.98, 137.49, 135.04, 133.71, 130.96, 129.88, 129.83,

128.93, 128.60, 128.07, 125.90, 124.37, 122.48, 118.03, 108.63, 104.07, 102.46, 100.20, 86.53,
20.73. HRMS (ESI) m/z Calcd for [C,sHgNaO;, M + Na]*: 389.1148, Found: 389.1112.

4'-fluoro-2'-((2-hydroxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1i)

F TH NMR (400 MHz, (CD;),CO): & 8.47 (s, 3H), 7.83 — 7.76 (m, 3H), 7.61 (dd,

- J=9.7,2.8 Hz, 1H), 7.47 — 7.42 (m, 2H), 7.33 (ddd, J = 8.1, 6.8, 1.2 Hz, 1H),

Ho O N\ o 7.23 (td, J = 8.5, 2.8 Hz, 1H), 7.19 (d, J = 9.0 Hz, 1H), 6.65 (d, J = 2.2 Hz, 2H),
O 6.53 (t, J = 2.2 Hz, 1H). 13C NMR (100 MHz, (CD5),CO): & 162.19 (d, J =

1 244.0 Hz), 159.34, 158.02, 142.88, 141.21, 135.06, 131.83 (d, J = 8.0 Hz),

131.53, 128.91, 128.65, 128.24, 125.81, 124.64 (d, J = 9.0 Hz), 124.47, 119.27 (d, J = 23.0 Hz),
118.14, 116.02, (d, J = 21.0 Hz), 108.73, 103.46, 102.74, 98.71, 88.06. HRMS (ESI) m/z Calcd for
[C24H15FN3.03, M + Na]*: 3930897, Found: 393.0847.
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4'-chloro-2'-((2-hydroxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1))
TH NMR (400 MHz, (CD;),CO): & 8.59 (s, 3H), 7.91 (s, 1H), 7.84 (d, J = 8.3

Cl

Q Hz, 1H), 7.81 — 7.74 (m, 2H), 7.45 (d, J = 12.8 Hz, 3H), 7.32 (t, J = 7.4 Hz, 1H),
HO O A\
°

1j

7.20 (d, J = 8.9 Hz, 1H), 6.74 (s, 2H), 6.62 (s, 1H). 3C NMR (100 MHz,
(CD3),CO): & 159.26, 157.95, 143.23, 142.57, 134.94, 133.03, 132.45, 131.51,
131.42, 128.83, 128.79, 128.60, 128.18, 125.69, 124.51, 124.41, 118.11, 108.55,
103.34, 102.87, 98.47, 88.32. HRMS (ESI) m/z Calcd for [C2sH,sCINaO;, M +
Na]*: 409.0602, Found: 409.0583.

2'-((2-hydroxynaphthalen-1-yl)ethynyl)-4'-nitro-[1,1'-biphenyl]-3,5-diol (1k)

xo, TH NMR (600 MHz, (CD;),CO): 5 8.85 (s, 1H), 8.68 (s, 1H), 8.54 (s, 2H), 8.27
Q (d, J=8.3 Hz, 1H), 7.84 (d, J = 8.8 Hz, 1H), 7.80 (d, J= 7.9 Hz, 1H), 7.74 (d, J
Ho O N\  on =8.2Hz 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.44 (t, J= 7.5 Hz, 1H), 7.34 (t, J= 7.4
O“ Hz, 1H), 7.21 (d, J = 8.8 Hz, 1H), 6.73 (s, 2H), 6.61 (s, 1H). 13C NMR (150
" MHz, (CD;),CO): & 159.63, 158.52, 150.62, 147.81, 141.94, 135.15, 131.99,
131.34, 128.96, 128.74, 128.38, 127.88, 127.84, 125.72, 124.57, 124.49, 123.37, 123.34, 118.35,
108.45, 103.66, 103.11, 97.77, 89.52. HRMS (ESI) m/z Calcd for [C,4H;sNNaOs, M + Na]*:

420.0842, Found: 420.0782
2'-((2-hydroxynaphthalen-1-yl)ethynyl)-4'-(trifluoromethyl)-[1,1'-biphenyl]-3,5-diol (11)

o, 'H NMR (400 MHz, DMSO-dy): & 10.34 (s, 1H), 9.53 (s, 2H), 8.11 (s, 1H),
Y 7.81(q, J = 8.1Hz, 3H), 7.63 (d, J = 8.0 Hz, 2H), 7.38 (dt, J = 18.4, 6.7 Hz, 2H),
o) \ on 7.23(d,J=89Hz, 1H),6.60-6.51 (m, 2H), 6.45 (s, IH). 13C NMR (100 MHz,
° DMSO-d6): § 158.76, 158.15, 147.44, 141.21, 134.29, 131.03, 130.37, 129.02,
1 129.01, 128.26 (q, J = 31.0 Hz), 128.15, 127.61, 127.56, 124.77, 124.10 (q, J =
271.0 Hz), 123.66, 123.09, 120.56, 118.12, 107.33, 102.46, 102.01, 96.51, 89.28. HRMS (ESI) m/z

Calcd for [CysH sF3NaO3;, M + Na]™: 443.0866, Found: 443.0811.
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2'-((2-hydroxynaphthalen-1-yl)ethynyl)-4'-(trifluoromethoxy)-[1,1'-biphenyl]-3,5-diol (1m)

ocr,  "HNMR (400 MHz, DMSO-de): 8 10.33 (s, 1H), 9.47 (s, 2H), 7.81 (t, J = 7.8
) Hz, 2H), 7.74 (d, J= 7.1 Hz, 1H), 7.61 (t, J = 9.4 Hz, 1H), 7.52 (dd, J = 8.2, 5.8
o) N\ on Hz 1H),7.45(d,J= 8.4 Hz, 1H), 7.37 (dq, J = 14.6, 7.1 Hz, 2H), 722 (dd, J =
° 8.8, 5.7 Hz, 1H), 6.54 — 6.46 (m, 2H), 6.45 — 6.38 (m, 1H). *C NMR (100 MHz,

im DMSO-d6): § 158.63, 158.62, 158.07, 147.29, 143.02, 141.18, 134.26, 131.21,

130.96, 128.10, 127.55, 127.51, 124.74, 124.33, 123.86, 123.84, 123.61, 120.99, 120.26, 118.04 (q,
J=255.0 Hz), 107.43, 102.14, 102.00, 96.44, 89.13. HRMS (ESI) m/z Calcd for [C,sH,sF3NaO,, M

+ Na]": 459.0815, Found: 459.0769.
2'-((2-hydroxynaphthalen-1-yl)ethynyl)-4',5'-dimethyl-[1,1'-biphenyl]-3,5-diol (1n)

IH NMR (600 MHz, (CD;),CO): & 8.30 (s, 3H), 7.89 (d, J = 8.2 Hz, 1H), 7.76

& (d, J = 8.4 Hz, 2H), 7.58 (s, 1H), 7.44 (t, J = 7.4 Hz, 1H), 7.31 (t, J = 7.3 Hz,
HO O N\ on
1H), 7.23 — 7.15 (m, 2H), 6.67 (s, 2H), 6.50 (s, 1H), 2.32 (d, J = 9.6 Hz, 6H).
OH
O 13C NMR (150 MHz, (CD5),CO): § 159.24, 157.39, 143.95, 142.43, 137.97,
n 136.27, 135.04, 134.23, 131.15, 130.75, 129.01, 128.60, 128.03, 125.99, 124.37,

119.92, 118.02, 108.65, 104.33, 102.43, 100.49, 85.79, 19.61, 19.10. HRMS (ESI) m/z Calcd for
[C6Hy0NaOs, M + Na]*: 403.1305, Found: 403.1258.

4',5'-difluoro-2'-((2-hydroxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (10)

H NMR (400 MHz, DMSO-ds): & 10.29 (s, 1H), 9.47 (s, 2H), 7.89 — 7.72 (m,

() 3H), 7.60 (s, 1H), 7.53 — 7.46 (m, 1H), 7.35 (dt, J = 14.4, 7.5 Hz, 2H), 7.21 (d, J
o) \ on =88 Hz IH), 6.48 (s, 2H), 6.41 (s, 1H). ®C NMR (100 MHz, DMSO-dy): 3

OH 158.61, 157.95, 149.00 (dd, J = 254.5, 13.0 Hz), 148.42 (dd, J = 245.5, 13.0 Hz),
141.55 (dd, J = 5.0, 3.0 Hz), 140.57, 134.25, 130.78, 128.11, 127.51, 124.74,
123.59, 121.40 (dd, J = 18.0, 3.0 Hz), 119.08, (dd, J = 9.0, 4.0 Hz) , 118.39 (dd,
J=19.0, 3.0 Hz), 118.01, 107.50 (d, J = 5.0 Hz), 102.28 (d, J = 5.0 Hz), 102.07, 95.87, 88.22.
HRMS (ESI) m/z Calcd for [C24H 4F,NaOs, M+Na]*: 411.0803, Found: 411.0795.
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4'-chloro-2'-fluoro-6'-((2-hydroxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1p)

cl TH NMR (400 MHz, DMSO-d;): 8 10.35 (s, 1H), 9.48 (s, 2H), 7.87 — 7.74 (m,
F
O 2H), 7.66 (s, 1H), 7.56 (d, J= 8.4 Hz, 1H), 7.33 (s, 3H), 7.18 (d, /= 8.4 Hz, 1H),
HO O \\ OH 13 . _
O 6.41 (s, 1H), 6.33 (s, 2H). 3C NMR (100 MHz, (CD3),CO): 6 160.25 (d, J =
OH

Q 246.0 Hz), 159.47, 158.23, 135.90, 134.99, 133.77 (d, J = 12.0 Hz), 131.92,
Tp 131.02 (d, J=18.0 Hz), 128.81, 128.64, 128.33, 127.28 (d, /= 2.0 Hz), 125.62,
124.50, 118.17, 116.79, 116.51, 109.29, 103.50, 102.93, 97.30 (d, J = 3.0 Hz), 89.53. HRMS (ESI)

m/z Calcd for [C4H 4CIFNaOs, M+Na]*: 427.0508, Found: 427.0486.

2'-((2-hydroxy-3-methoxynaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1q)

O TH NMR (400 MHz, DMSO-dg): 6 9.72 (s, 1H), 9.37 (s, 2H), 7.70 (d, J= 7.3
\ Hz, 2H), 7.56 (d, J = 8.1 Hz, 1H), 7.47 — 7.40 (m, 2H), 7.40 — 7.36 (m, 1H),

HO O N on
oH O d 7.34 (s, 1H), 7.30 (t, J= 7.3 Hz, 1H), 7.25 (d, J = 7.8 Hz, 1H), 6.50 — 6.42 (m,
2H), 6.36 (s, 1H), 3.94 (s, 3H). 3C NMR (100 MHz, DMSO-d6): 5 158.46,

1

) 149.46, 148.09, 143.90, 142.52, 132.61, 129.22, 129.10, 128.44, 127.92,
127.41, 126.66, 124.92, 124.67, 123.99, 121.79, 107.61, 107.59, 107.46, 107.39, 103.57, 101.82,
97.64, 87.38, 55.96. HRMS (ESI) m/z Calcd for [C,sHgNaO4, M + Na]™: 405.1097, Found:

405.1023.

2'-((2-hydroxy-6-phenylnaphthalen-1-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1r)

A TH NMR (400 MHz, (CD;),CO): & 8.51 (d, J = 26.8 Hz, 3H), 8.06 (s, 1H), 7.93
. \ , (dJ=86Hz IH),7.86(dd,J= 150, 8.0 Hz, 2H), 7.80 ~ 7.71 (m, 3H), 7.43
on—( Y (ddt,J=24.9,14.7,73 Hz, 6H), 7.23 (d, J = 8.9 Hz, 1H), 6.72 (s, 2H), 6.58 (s,
Ph 1H). 3C NMR (100 MHz, (CD;),CO): & 159.32, 157.77, 144.84, 143.96,

1r

141.45, 136.91, 134.37, 133.36, 131.42, 129.90, 129.61, 129.26, 129.05, 127.88,
127.62, 127.32, 126.66, 126.34, 122.79, 118.60, 108.69, 104.00, 102.63, 99.91, 87.02. HRMS (ESI)
m/z Calcd for [C30HpoNaO;, M + Na]*: 451.1305, Found: 451.1289.
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5-((3',5'-dihydroxy-[1,1'-biphenyl]-2-yl)ethynyl)-6-hydroxy-2-naphthonitrile (1s)

oy H NMR (600 MHz, (CD3),CO): & 9.18 (s, 1H), 8.41 (s, 2H), 8.32 (s, 1H), 7.95
(d, J=8.9 Hz, 1H), 7.86 (d, J = 8.6 Hz, 1H), 7.81 (d, J = 7.4 Hz, 1H), 7.57 (d, J
= 8.6 Hz, 1H), 7.49 — 7.46 (m, 1H), 7.44 (d, J = 7.6 Hz, 2H), 7.36 (d, J = 8.9 Hz,
1H), 6.64 (d, J= 1.9 Hz, 2H), 6.57 (s, 1H). 3C NMR (100 MHz, (CD;),CO): &

s 159.99, 159.33, 145.11, 143.99, 137.00, 134.65, 133.33, 131.57, 129.91, 129.33,
128.46, 127.98, 127.96, 127.29, 122.51, 120.19, 119.76, 108.71, 107.53, 104.75, 102.67, 100.50,
85.98. HRMS (ESI) m/z Calcd for [CasH;sNaOs, M + Na]*: 400.0944, Found: 400.0876.

2'-((6-hydroxyquinolin-5-yl)ethynyl)-[1,1'-biphenyl]-3,5-diol (1t)

TH NMR (400 MHz, DMSO-dq): & 10.70 (s, 1H), 9.49 (s, 2H), 8.75 (s, 1H),
7.94 (t, J = 8.6 Hz, 2H), 7.76 (d, J = 6.5 Hz, 1H), 7.47 (dd, J = 17.6, 9.5 Hz,
4H), 7.37 (dd, J = 8.0, 3.6 Hz, 1H), 6.51 (s, 2H), 6.43 (s, 1H). 3C NMR (100

MHz, DMSO-d6): & 158.57, 157.65, 147.75, 143.99, 142.82, 142.59, 132.94,
132.59, 131.36, 129.61, 129.24, 128.68, 127.51, 122.29, 121.62, 121.52, 107.58,
107.51, 102.68, 101.86, 101.85, 97.99, 86.72. HRMS (ESI) m/z Calcd for [Cy3H;sNNaOs;, M + Na]*:
376.0944, Found: 376.0895.

1-((3',5'-dimethoxy-[1,1'-biphenyl]-2-yl)ethynyl)naphthalen-2-ol (1u)

D TH NMR (600 MHz, CDCls): & 7.97 (d, J = 8.3 Hz, 1H), 7.73 (d, J = 7.1 Hz,
1H), 7.69 (d, J = 8.1 Hz, 1H), 7.65 (d, J = 8.9 Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H),
7.38 (dq, J=21.1, 7.0 Hz, 3H), 7.31 (t, J= 7.4 Hz, 1H), 7.11 (d, J = 8.9 Hz, 1H),
6.77 (d, J= 1.8 Hz, 2H), 6.58 (s, 1H), 5.89 (s, 1H), 3.77 (s, 6H). 3C NMR (150
MHz, CDCL3): § 160.83, 156.20, 143.55, 142.98, 133.37, 132.27, 130.55, 129.32,
128.55, 128.28, 128.11, 127.42, 127.21, 124.79, 123.93, 121.42, 116.41, 107.06, 102.81, 100.93,
100.04, 85.20, 55.35. HRMS (ESI) m/z Calcd for [CyHyNaOs;, M + Na] *: 403.1305, Found:
403.1285.
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VII. 'H, 3C NMR, HRMS data and HPLC traces of compounds (2a-2u)

10-(2-hydroxynaphthalen-1-yl)phenanthrene-1,3-diol (2a)

" O TH NMR (400 MHz, CDCls): 6 8.35 (d, J = 6.0 Hz, 1H), 7.80 (d, J = 8.6 Hz, 1H),
O‘ 7.72 (d, J=7.4 Hz, 1H), 7.66 — 7.58 (m, 1H), 7.55 (s, 1H), 7.46 (s, 2H), 7.30 (s, 1H),
O OH 718 (dd, J=22.9,9.7 Hz, 4H), 6.31 (s, 1H), 6.03 (s, 1H), 5.83 (s, 1H), 5.58 (s, 1H).

22 13C NMR (100 MHz, CDCls): 6 155.38, 151.27, 134.52, 133.33, 131.52, 131.37,

129.93, 128.87, 128.79, 128.39, 128.16, 127.59, 127.40, 127.28, 125.53, 124.60, 124.28, 123.39,

118.60, 117.58, 114.66, 103.39, 100.78. HRMS (ESI) m/z Calcd for [CyH(NaO;, M + Nal*:

375.0992, Found: 375.0949. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate =

1.0 mL/min, wave length = 254 nm, g = 5.997 min (major), tg = 8.107 min (minor). Optical

20
Rotation: 91D = .54 5 (¢ = 1.0, (CHj3),CO); Physical properties: white solid; Yield: 98%, 35 mg.
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o507 T ——
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«
e ————y— s L = . \—-_‘_K—_‘,
0 1 8 10
UV-WL1 i X UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
6.033 121 217260 4779935 49.587 5.997 2.29 4640065 97040429 98.881
8.087 2.50 145241 4859584 50.413 8.107 1.21 35852 1098285 1.119

8-fluoro-10-(2-hydroxynaphthalen-1-yl)phenanthrene-1,3-diol (2b)

'TH NMR (400 MHz, DMSO-d): & 9.80 (s, 1H), 9.32 (s, 1H), 9.14 (s, 1H), 8.44
(d, J= 8.5 Hz, 1H), 7.77 (dd, J = 16.3, 8.1 Hz, 2H), 7.66 (d, J = 1.7 Hz, 1H),
7.61 (q, J = 8.0 Hz, 1H), 7.44 — 7.38 (m, 1H), 7.29 (s, 1H), 7.25 (d, J = 8.8 Hz,

1H), 7.18 (dt, J=14.3, 6.3 Hz, 2H), 7.09 (d, /= 7.9 Hz, 1H), 6.44 (d, J= 2.2 Hz,

2b 1H). BC NMR (100 MHz, DMSO-d6): & 158.43 (d, J = 215.0 Hz), 157.30,
157.05, 150.96, 134.46, 133.37, 133.35, 132.93, 130.97 (d, J = 5.0 Hz), 127.60 (d, J = 5.0 Hz),
127.28, 126.04 (d, J=9.0 Hz), 125.57, 125.20, 124.70, 121.99, 121.25 (d, /= 15.0 Hz), 119.50 (d, J
= 1.0 Hz), 118.30, 116.27 (d, J = 6.0 Hz), 116.19, 111.13 (d, J = 20.0 Hz), 102.79, 98.81. HRMS
(ESI) m/z Caled for [Cy4H sFNaOs;, M + Na]™: 393.0897, Found: 393.0812. HPLC analysis:
Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, # =
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8 448 min (major), 7z = 13.071 min (minor). Optical Rotation: (1D = -36.5 (¢ = 1.0, (CH3),CO);

Physical properties: white solid; Yield: 97%, 36 mg.
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UV-WLI UV-WLI1
RetTime (min) Width (nin) Height (Valts) o Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
T o0 YT ) Eis 8448 ENE) 3345515 104046533 97211
12967 281 214685 11127360 50387 13.071 1.66 63835 2084825 2.789

10-(2-hydroxynaphthalen-1-yl)-5-methylphenanthrene-1,3-diol (2¢)

'TH NMR (400 MHz, CDCl3): 8 7.77 (dt, J=17.6, 8.3 Hz, 3H), 7.49 (s, 1H), 7.37 (s,

Ho O‘O 2H), 7.31 — 7.12 (m, 5H), 6.33 (s, 1H), 5.85 (s, 3H), 2.93 (s, 3H). 13C NMR (100
OH o MHz, CDCl;): & 154.92, 154.11, 151.23, 135.72, 135.58, 133.30, 133.15, 131.99,
OO 131.28, 130.38, 129.90, 128.88, 128.16, 127.56, 127.07, 126.70, 124.98, 124.60,

* 124.25, 118.64, 117.59, 115.50, 106.55, 102.73, 27.18. HRMS (ESI) m/z Calcd for
[CosHgNaO3;, M + NaJ™: 389.1148, Found: 389.1112. HPLC analysis: Chiralcel OJ-H (Hexane/i-
PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, fzr = 19.203 min (minor), tgr =

20
24.521 min (major). Optical Rotation: [2lD = _14.6 (¢ = 1.0, (CH;),CO); Physical properties:

white solid; Yield: 98%, 35.8 mg.
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4/’_\\
= 20 N
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UV-WL1 UV=yL1 . ) .
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
19.013 5.04 34727 4997397 49.292 19.203 4.14 23084 3116548 5.393
24.578 8.69 21444 5140900 50.708 24.521 1439 219959 54675528 94.607
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5-fluoro-10-(2-hydroxynaphthalen-1-yl)phenanthrene-1,3-diol (2d)

F TH NMR (400 MHz, (CD;),CO): 6 8.73 (s, 1H), 8.32 (dd, J = 11.7, 2.2 Hz, 1H),

"o O‘O 7.96 (s, 1H), 7.91 (dd, J = 8.7, 6.1 Hz, 1H), 7.82 (dd, J = 8.2, 6.2 Hz, 2H), 7.78 —
OH on 1-73 (m, 2H), 7.42 (td, J = 8.6, 2.4 Hz, 1H), 7.36 (s, 1H), 7.28 (d, J = 8.9 Hz, 1H),
CO 7.24 (dt, J = 8.0, 4.1 Hz, 1H), 7.19 (d, J = 3.4 Hz, 2H), 6.59 (d, J=2.2 Hz, 1H). 3C

“ NMR (100 MHz, (CD;),CO): 6 161.94 (d, J = 251.0 Hz), 157.81, 156.93, 152.02,
136.06 (d, J = 4.0 Hz), 135.22, 132.87 (d, J = 5.0 Hz), 131.97, 129.26, 129.12, 128.40, 127.85 (d, J
=11.0 Hz), 127.67, 126.66, 125.50, 125.20, 123.93, 123.30, 119.49 (d, J = 8.0 Hz), 118.96, 117.10,
113.52 (d, J=26.0 Hz), 105.06 (d, J=27.0 Hz), 103.48. HRMS (ESI) m/z Calcd for [C,4H;sFNaO;,
M + Na]*: 393.0897, Found: 393.0814. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 80:20,

flow rate = 1.0 mL/min, wave length = 254 nm, fz = 9.399 min (major), g = 11.418 min (minor).

Optical Rotation: [ = -51.3 (¢ = 1.0, (CH;),CO); Physical properties: white solid; Yield: 94%,

34.7 mg.
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BT e Gt Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
oD T TV oA T 9399 217 3563841 121111352 98,768
11.232 2.57 346039 14854953 49,916 HALE 148 33076 151036 23z

5-chloro-10-(2-hydroxynaphthalen-1-yl)phenanthrene-1,3-diol (2¢)
o IH NMR (400 MHz, (CD3),CO): & 8.99 (d, J = 2.3 Hz, 1H), 8.81 (s, 1H), 7.98 (s,

HO O‘O 1H), 7.89 (s, 1H), 7.86 — 7.79 (m, 3H), 7.73 (dd, J = 7.6, 1.4 Hz, 1H), 7.52 (t, J =
OH on 1-7Hz, 1H),7.33 (s, 1H), 7.27 (d, J= 8.8 Hz, 1H), 7.26 — 7.22 (m, 1H), 7.21 - 7.17
OO (m, 2H), 6.62 (d, J = 2.4 Hz, 1H). 13C NMR (100 MHz, (CDs),CO): & 156.85,

* 156.64, 151.99, 136.39, 135.23, 134.07, 131.87, 131.66, 130.97, 129.14, 128.86,
128.39, 128.17, 127.48, 127.39, 126.62, 125.53, 124.06, 123.26, 118.99, 117.83, 105.34, 103.56.
HRMS (ESI) m/z Calcd for [CyH;sCINaO3;, M + Na]*: 409.0602, Found: 409.0582. HPLC
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analysis: Chiralcel OJ-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm,

20
frr = 25.090 min (minor), g = 34.888 min (major). Optical Rotation: 2D = 26.6 (c = 1.0,

(CHj;),CO); Physical properties: white solid; Yield: 96%, 37.0 mg.

100 100
:U“ 50
@ .‘/‘\"
Q o z o 2%
0. = =1 /
! b g o e
T =y 5= e A s, N
" e ; ) e d 0 3 0
0 I‘U 20 M“] 10 3 10 T‘U 0
UY=L VWL
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
25.608 .69 132534 21185280 49223 25.090 6.28 10615 1592093 2.739
35.958 2118 60994 21854247 50.777 34.888 27.31 161423 56543325 97261

10-(2-hydroxynaphthalen-1-yl)-6-methylphenanthrene-1,3-diol (2f)
'TH NMR (600 MHz, (CD;),CO): & 8.56 (s, 1H), 8.45 (s, 1H), 7.90 (s, 1H), 7.83 (t,J
Ho O‘O =9.4 Hz, 3H), 7.74 (d, J= 8.0 Hz, 1H), 7.54 (s, 1H), 7.44 (d, J= 7.9 Hz, 1H), 7.28
OH o (d, J=28.7 Hz, 2H), 7.24 (dt, J = 8.0, 3.9 Hz, 1H), 7.19 (d, J = 3.6 Hz, 2H), 6.53 (d,
OO J=2.0 Hz, 1H), 2.61 (s, 3H). 3C NMR (150 MHz, (CDs),CO):  157.51, 157.20,
Zf 152.39, 136.63, 135.51, 135.00, 131.12, 130.51, 129.41, 129.20, 129.13, 128.96,
128.42, 127.87, 126.68, 125.65, 123.76, 123.57, 123.35, 119.01, 116.79, 103.12, 100.03, 21.98.
HRMS (ESI) m/z Calcd for [CysH sNaO;, M + Na]*: 389.1148, Found: 389.1011. HPLC analysis:
Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, #x =

10.482 min (major), fx = 13.911 min (minor). Optical Rotation: (%D = -36.2 (¢ = 1.0, (CH;),CO);

Physical properties: white solid; Yield: 97%, 35.5 mg.
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11.064 2.95 360949 15339599 49.832 10.482 3.37 1276077 56260186 98.273
14.615 3.94 260981 15442745 50.168 13911 1.85 18710 OBBS558 1.727
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6-fluoro-10-(2-hydroxynaphthalen-1-yl)phenanthrene-1,3-diol (2g)

F 'H NMR (400 MHz, (CDj3),CO): 8 8.77 (s, 1H), 8.36 — 8.28 (m, 1H), 7.99 (s, 1H),

HO O‘O 7.90 —7.78 (m, 3H), 7.67 (d, J = 7.8 Hz, 1H), 7.54 (td, J = 7.8, 4.9 Hz, 1H), 7.41 —
L 7.32 (m, 2H), 7.29 (d, J = 8.9 Hz, 1H), 7.26 — 7.14 (m, 3H), 6.64 (s, 1H). 13C NMR
OO ” (100 MHz, (CDs),CO): 6 162.07 (d, J = 242.0 Hz), 157.71, 157.34, 152.29, 135.43,

% 134.61, (d, J = 4.0 Hz), 131.79 (d, J = 8.0 Hz), 131.43 (d, J = 9.0 Hz), 130.02,
129.88 (d, J = 2.0 Hz), 129.35, 129.15, 128.41, 127.31, 126.67, 125.56, 123.72, 123.31, 118.98,
116.96, 116.37 (d, J = 24.0 Hz), 108.69 (d, J = 23.0 Hz), 103.78, 100.27. HRMS (ESI) m/z Calcd
for [CyyHsFNaO;, M + Na]™: 393.0897, Found: 393.0841. HPLC analysis: Chiralcel OD-H
(Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, #x = 10.037 min (major),

20
tr = 11.547 min (minor). Optical Rotation: [2]D = 475 (¢ = 1.0, (CH3),CO); Physical properties:

white solid; Yield: 98%, 36.2 mg.
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UV-WL1 UV-WL1

RetTime (min) Width (nin) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
9.801 1.63 334290 11780032 49.340 10.037 2.45 1045517 40094385 99.248
11.258 3.24 270480 12095239 50.660 11.547 0.88 11626 303866 0.752

10-(2-hydroxynaphthalen-1-yl)-7-methylphenanthrene-1,3-diol (2h)

"o CI ) J=86Hz IH),7.77 4,/ = 7.7 Hz, 1H), 7.72 (d. J = 8.8 Hz, 1H), 7.62 - 7.56 (m,
o 2H), 7.43 (d, J = 8.5 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 7.20 — 7.11 (m, 2H), 7.1 —

IH NMR (400 MHz, DMSO-dq): § 9.57 (s, 1H), 9.04 (d, J = 12.4 Hz, 2H), 8.45 (d,

OH

OO 7.05 (m, 2H), 6.32 (d, J = 1.8 Hz, 1H), 2.48 (s, 3H). *C NMR (100 MHz,

’ (CD;),CO): & 157.68, 157.26, 152.32, 137.14, 135.44, 135.28, 133.27, 130.30,
129.33, 129.14, 128.67, 128.42, 128.39, 128.32, 127.69, 126.62, 125.63, 123.88, 123.85, 123.29,
119.01, 116.32, 102.82, 99.74, 21.23. HRMS (ESI) m/z Calcd for [CosH;sNaO;, M + NaJ*:

389.1148, Found: 389.1112. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate =
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1.0 mL/min, wave length = 254 nm, g = 11.623 min (major), tr = 17.304 min (minor). Optical

20
Rotation: [41p =727 (c = 1.0, (CH;3),CO); Physical properties: white solid; Yield: 95%, 34.7 mg.

| ®
| b}
::::: o 4004 = 100
5 ] =
= 5 ! i
n 2 | I
\ = |
- Lw 0] 0
| N\ |
N | 5
\ | 8
\ | ~
e J e | 2 e
= \ v b “1'—‘,\7 7 il 7 h
15 20 25 0 5 10 15 20
UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volis) Area Area (%)
11.579 397 530300 24347867 49.846 11.623 4.83 1349063 61168801 98.230
17.027 5.08 340275 24498395 50.154 17.304 242 15883 1102238 1.770

7-fluoro-10-(2-hydroxynaphthalen-1-yl)phenanthrene-1,3-diol (2i)

Ho O i 'H NMR (400 MHz, (CD3),CO): & 8.70 (dd, J = 9.2, 5.4 Hz, 2H), 7.99 (s, 1H),
O‘ 7.83 (dd, J = 8.2, 4.7 Hz, 2H), 7.81 — 7.74 (m, 2H), 7.58 (dd, J = 9.7, 2.6 Hz, 1H),
O 743 (td, J= 8.9, 2.7 Hz, 1H), 7.33 (s, 1H), 7.30 — 7.22 (m, 2H), 7.19 (dt, J = 5.7,

2 3.5 Hz, 2H), 6.55 (d, J = 2.1 Hz, 1H). 3C NMR (100 MHz, (CDs),CO): é 162.20

(d, J = 243.0 Hz), 158.01, 157.46, 152.16, 135.32, 135.10, 134.68 (d, J = 9.0 Hz), 132.29, 129.33,

129.14, 128.41, 127.14, 127.06 (d, J = 4.0 Hz), 126.80 (d, J = 9.0 Hz), 126.67, 125.54, 123.81,

123.30, 118.99, 116.41, 115.53 (d, J = 23.0 Hz), 112.50 (d, J = 21.0 Hz), 103.00, 99.88. HRMS

(ESI) m/z Caled for [Cy4H;sFNaOs;, M + Na]™: 393.0897, Found: 393.0831. HPLC analysis:

Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, t =

20
10.061 min (major), fz = 15.955 min (minor). Optical Rotation: [41D = -53.6 (¢ = 1.0, (CH;),CO);

Physical properties: white solid; Yield: 96%, 35.5 mg.
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ot A 4 0 01 et e e e 0
0 5 0 5 2 25 30 0 5 0 5 2 25 30
Uv-WL1 Uv-wWL.1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
10.288 242 134599 5127022 49.898 10.061 2.89 1546054 60270735 98.953
16.214 3.78 78593 5147992 50.102 15.955 2.14 10404 637641 1.047
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7-chloro-10-(2-hydroxynaphthalen-1-yl)phenanthrene-1,3-diol (2j)
o O ¢ 1H NMR (400 MHz, DMSO-dg): 6 9.66 (s, 1H), 9.16 (s, 1H), 9.02 (s, 1H), 8.56 (d,
O‘ J=28.9 Hz, 1H), 7.92 (s, 1H), 7.73 (dd, J = 20.0, 8.2 Hz, 2H), 7.57 (s, 2H), 7.15
OH  (dq, J=14.8, 7.8, 6.4 Hz, 4H), 7.04 (d, J = 8.0 Hz, 1H), 6.36 (s, 1H). 3C NMR
2] (100 MHz, (CD;),CO): 6 158.03, 157.44, 152.12, 135.28, 134.84, 134.36, 132.76,
132.44, 129.29, 129.10, 128.80, 128.39, 127.59, 126.98, 126.65, 126.13, 125.51, 123.80, 123.28,
118.96, 116.77, 103.43, 99.94. HRMS (ESI) m/z Calcd for [C,4H;sCINaO;, M + Na]*: 409.0602
Found: 409.0583. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0

mL/min, wave length = 254 nm, tg = 10.193 min (major), tx = 16.015 min (minor). Optical

Rotation: [l — -117.7 (¢ = 1.0, CH;0H); Physical properties: white solid; Yield: 98%, 37.8 mg.
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17.5 0.0 2.5 5.0 .5 10. 0 125 15.0 7.5 20.0
UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
10.235 3.44 1618088 64118681 49.419 10.193 2.71 2144733 83066046 99.365
15.553 325 982519 65627284 50.581 16.015 1.55 10310 530433 0.635

10-(2-hydroxynaphthalen-1-yl)-7-nitrophenanthrene-1,3-diol (2k)
O no, 'H NMR (400 MHz, (CDs),CO): 6 8.95 — 8.87 (m, 2H), 8.81 (d, /= 2.0 Hz, 1H),
"o O‘ 8.39 (dd, J=9.2, 2.1 Hz, 1H), 8.09 (d, J = 16.4 Hz, 2H), 7.93 — 7.89 (m, 1H),

on | o,  7.84(dd,J=8.1,3.2 Hz, 2H), 7.59 (s, 1H), 7.29 (d,J = 9.0 Hz, 1H), 7.27 - 7.23
O (m, 1H), 7.21 (d, J = 3.4 Hz, 2H), 6.68 (d, J = 1.8 Hz, 1H). 3C NMR (100 MHz,
2k

(CDs),CO): o 158.35, 157.64, 152.10, 146.94, 135.24, 134.33, 134.13, 133.86,
132.79, 129.32, 129.13, 128.44, 127.67, 126.68, 125.93, 125.45, 124.42, 123.74, 123.28, 120.09,
118.96, 118.18, 104.82, 100.94. HRMS (ESI) m/z Calcd for [C,4H;5NNaOs, M + Na]*: 420.0842,
Found: 420.0811. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0

mL/min, wave length = 254 nm, g = 8.594 min (major), fg = 11.589 min (minor). Optical Rotation:

[@15 = 44.8 (¢ = 1.0, (CHs),CO); Physical properties: white solid; Yield: 94%, 37.3 mg.
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UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Vidth (min) Height (Volts) Area Area (%)
8.658 2:53 387360 15639024 50.060 8.594 299 523182 23050682 97.177
11.410 3.14 266147 15601798 49.940 11.589 1.75 13132 669679 2.823

10-(2-hydroxynaphthalen-1-yl)-7-(trifluoromethyl)phenanthrene-1,3-diol (21)
cr, 'H NMR (600 MHz, (CD;),CO): 4 8.86 (d, J= 8.8 Hz, 1H), 8.80 (s, 1H), 8.27 (s,
"o O‘O 1H), 7.98 (s, 1H), 7.92 — 7.87 (m, 3H), 7.84 (t, J = 8.0 Hz, 2H), 7.51 (s, 1H), 7.29
OH o (d, J=8.9 Hz, 1H), 7.25 (ddd, J= 8.1, 4.7, 3.2 Hz, 1H), 7.21 (d, J = 3.7 Hz, 2H),
OO 6.64 (d, /= 2.2 Hz, 1H).13C NMR (100 MHz, CDCl;): & 155.67, 155.41, 151.09,
’ 133.74, 133.21, 131.78, 131.57, 130.90, 129.06 (q, J = 16.0 Hz), 128.93, 128.25,
127.74, 127.65, 125.71, 125.67, 125.64, 125.63, 124.43, 124.30, 124.06 (q, J = 272.0 Hz), 122.80,
118.33,117.60, 115.36, 104.31 (d, J = 8.0 Hz), 101.26. HRMS (ESI) m/z Calcd for [C,5H;5F3NaO;,
M + Na]": 443.0866, Found: 443.0814. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 80:20,

flow rate = 1.0 mL/min, wave length = 254 nm, #x = 6.469 min (major), fg = 8.013 (minor). Optical

20
Rotation: 41D = -58.2 (¢ = 1.0, (CHj3),CO); Physical properties: white solid; Yield: 94%, 39.4 mg.
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] N p
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100+ - 100 " N 0
| o
.‘ =
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0 3 1 & 8 10 12 ! #
Uv-WL1 Ci
RetTime (min) Width (nin)  Height (Volts) Area Arca (%) RetTime (min) _ Width (nin) _ Height Uolts) — e
— h g e T R 6469 149 986870 25722993 99.017
7.957 171 544739 17131031 50.496 8,083 L Lles Nl e

10-(2-hydroxynaphthalen-1-yl)-7-(trifluoromethoxy)phenanthrene-1,3-diol (2m)

O ock, TH NMR (400 MHz, CDCLy): & 8.36 (d, J = 9.1 Hz, 1H), 7.83 (d, J = 8.9 Hz,

" O‘ 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 16.7 Hz, 2H), 7.29 (q, /= 9.9, 9.2 Hz,
OH | o 3H),7.21(t,J=7.4Hz 2H),7.14 (d,J= 8.5 Hz, 1H), 6.31 (s, 1H), 6.06 (s, 1H),
5.80 (s, 1H), 5.52 (s, 1H). 3C NMR (100 MHz, CDCl): § 155.75, 155.57,
151.24, 148.08, 134.05, 133.17, 132.45, 131.66, 128.92, 128.27, 127.91, 127.78,
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127.51, 125.63, 124.44, 120.5 (q, J = 256.0 Hz), 120.40, 118.64, 118.06, 117.63, 114.66, 103.67,

100.83. HRMS (ESI) m/z Calcd for [C,5sH sF3NaO4, M + Na]*: 459.0815, Found: 459.0796. HPLC

analysis: Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm,

20
tr = 6.056 min (major), tg = 7.913 (minor). Optical Rotation: [l = _61.7 (c = 1.0, (CH;),CO);

Physical properties:

white solid; Yield: 96%, 41.8 mg.

1000 1004
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1004 § F 400 =
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0 1 6 10 14 1 8 10 12 1
UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
6.025 1.07 1187179 25495659 50.791 6.056 1.86 2690157 51414674 98.800
7.809 1.71 822655 24701854 49.209 7.913 0.92 25283 624252 1.200

10-(2-hydroxynaphthalen-1-yl)-6,7-dimethylphenanthrene-1,3-diol (2n)

o ‘O
O -
2n

TH NMR (400 MHz, (CD;),CO): & 8.57 (s, 1H), 8.41 (s, 1H), 7.90 (s, 1H), 7.82 (dd,

J = 14.6, 8.3 Hz, 3H), 7.59 (s, 1H), 7.52 (s, 1H), 7.31 — 7.22 (m, 3H), 7.19 (d, J =

3.4 Hz, 2H), 6.50 (s, 1H), 2.54 (s, 3H), 2.44 (s, 3H). 3C NMR (100 MHz,

(CD;),CO): 6 157.46, 157.17, 152.36, 136.82, 136.22, 135.52, 135.01, 131.72,

129.36, 129.18, 129.05, 129.00, 128.87, 128.40, 127.55, 126.64, 125.67, 124.14,

123.85, 123.32, 119.00, 116.37, 102.71, 99.78, 20.46, 19.72. HRMS (ESI) m/z Calcd for

[Co6H20NaO3;, M + Na]*™: 403.1305, Found: 403.1283. HPLC analysis: Chiralcel OD-H (Hexane/i-

PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, tx = 12.634 min (major), g =

20
18.841 min (minor). Optical Rotation: [l = 52,1 (¢ = 1.0, (CH;),CO); Physical properties:
white solid; Yield: 97%, 36.8 mg.
1500 ; 150
10 10 {
E % ;L‘ﬂ(
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: Iﬁl " 5 0.0 5.0 10.0 12.5 15.0 17.5 20.0
UV-WL1 UY-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
12.510 275 70462 3584670 49.537 12.634 4.40 2886514 146663038 99.113
18.290 4.67 44063 3651630 50.463 18.841 238 18240 1312195 0.887
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6,7-difluoro-10-(2-hydroxynaphthalen-1-yl)phenanthrene-1,3-diol (20)

i - 'HNMR (400 MHz, CDCl3): 8 7.93 (s, 1H), 7.74 (dd, J = 26.9, 6.8 Hz, 2H), 7.20

HO O‘ (q, J=24.0, 23.6 Hz, 7H), 6.24 (s, 2H), 6.06 (s, 1H), 5.75 (s, 1H). 13C NMR (100
o1 on MHz, CDCl3): 6 155.37, 155.25, 151.27, 150.135 (dd, J = 247.0, 20.0 Hz), 150.05
O‘ (dd, J=246.0, 16.0 Hz), 133.45 (d, /= 2.0 Hz), 133.24, 131.43, 128.88, 128.59 (d,

% J=6.0 Hz), 128.19, 127.65, 127.09, 126.81, 126.75, 126.67, 124.39 (d, /= 4.0 Hz),
118.49, 117.54, 114.67, 114.49, 111.08 (d, J = 8.0 Hz), 103.57, 100.81. HRMS (ESI) m/z Calcd for
[CoyH4Fo,NaO;, M + Na]*: 411.0803, Found: 411.0789. HPLC analysis: Chiralcel OD-H
(Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, #z = 9.499 min (major),

20
tg = 11.650 min (minor). Optical Rotation: [2]D = _50.1 (¢ = 1.0, (CH3),CO); Physical properties:

white solid; Yield: 95%, 36.8 mg.
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UV-WL1 "
RetTime (min) Width (min) Height (Volts) Area Area (%) UV-WL1
9.719 207 439714 16799428 49.702 RetTime (min) Width (min) Height (Volts) Area Area (%)
1794 A0 Ll 17000581 30:298 9.499 236 2057329 73959260 98.645

11.650 1.26 22573 1016157 1.355

7-chloro-5-fluoro-10-(2-hydroxynaphthalen-1-yl)phenanthrene-1,3-diol (2p)

. F O “ 1H NMR (400 MHz, (CD5),CO): & 8.81 (s, 1H), 8.21 — 8.16 (m, 1H), 8.01 (d, J =
O‘ 14.0 Hz, 2H), 7.86 — 7.77 (m, 3H), 7.46 (dd, J = 14.4, 1.9 Hz, 1H), 7.34 (d, J= 1.7
O OH  Hz, 1H), 7.22 (dt, J=24.5, 8.7 Hz, 4H), 6.64 — 6.60 (m, 1H). 3C NMR (100 MHz,

2 (CD5),CO): 6 161.95 (d, J = 255.0 Hz), 158.26, 157.20, 151.92, 136.77 (d, /= 5.0
Hz), 135.15, 134.03, 132.50 (d, J = 5.0 Hz), 131.92 (d, J = 12.0 Hz), 129.20,

129.12, 128.41, 126.65, 126.56 (d, J = 3.0 Hz), 125.46, 124.15 (d, J = 3.0 Hz), 123.97, 123.27,

118.95, 118.13 (d, J = 7.0 Hz), 117.23, 114.11 (d, J = 30.0 Hz), 104.72 (d, J = 26.0 Hz), 103.72.

HRMS (ESI) m/z Calcd for [Cy4H4CIFNaO3;, M + Na]™: 427.0508, Found: 427.0496. HPLC

analysis: Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm,
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fn = 8.936 min (major), 7x = 10.234 min (minor). Optical Rotation: (D = -81.0 (¢ = 1.0,

(CH3),CO); Physical properties: white solid; Yield: 98%, 39.6 mg.

2 B
@ g_ 100 3 F 100
~ 1 &
AN s
p—_— M s Sl A 0 L } L
% % 8 d 1 1% L 5.0 55 ) W5 10.0 ws 1o e 120
UV-WL1 shE
RetTime (min) ¥idth (min) Hoight (Volts) Arca Area (k) RetTime (min) Width (min) Height (Volts) Area Avea (%)
§.863 1.19 194963 6409200 49.585 8036 163 376302 28748077 97.785
10.051 1.71 160521 6516449 50.415 10.234 130 16157 651341 2215

10-(2-hydroxy-3-methoxynaphthalen-1-yl)phenanthrene-1,3-diol (2q)

'H NMR (400 MHz, (CDj3),CO): & 8.73 — 8.62 (m, 2H), 7.84 (t, J = 6.5 Hz, 2H),

"o O‘O 7.74 (t, J=10.3 Hz, 2H), 7.61 (ddt, J=17.9, 7.1, 2.7 Hz, 3H), 7.36 (s, 1H), 7.32 (d,
OH o J=3.8Hz 1H),7.21 (dt,J=13.7, 6.0 Hz, 2H), 7.09 (ddt, /= 8.1, 6.7, 1.3 Hz, 1H),
OO ome 6.57 (d, J=4.3 Hz, 1H), 4.02 (s, 3H). 3C NMR (100 MHz, (CD;),CO): 6 157.53,

- 157.24, 148.89, 144.27, 135.08, 133.10, 130.93, 130.70, 130.22, 129.42, 128.88,
127.49, 127.27, 126.80, 125.52, 124.43, 124.39, 123.89, 116.68, 106.00, 103.18, 103.14, 99.93,
56.00. HRMS (ESI) m/z Calcd for [CpsH gNaO,4, M + Na]*: 405.1097, Found: 405.1010. HPLC
analysis: Chiralcel AS-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm,
2D0

fx = 22.522 min (minor), fr = 25.203 min (major). Optical Rotation: (@ = -79.9 (¢ = 1.0,

(CH;),CO); Physical properties: white solid; Yield: 98%, 37.4 mg.
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UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
21.883 n 81258 8573566 49.359 22.522 2.11 11798 819601 1.109
24.969 4.66 63424 8796356 50.641 25.203 6.47 516906 73088972 98.891

10-(2-hydroxy-6-phenylnaphthalen-1-yl)phenanthrene-1,3-diol (2r)
O '"H NMR (400 MHz, CDCl;): 6 8.41 (d, J = 8.0 Hz, 1H), 7.94 (s, 1H), 7.88 (d, J =
HO.
O‘ 8.9 Hz, 1H), 7.66 (d, J= 7.4 Hz, 1H), 7.62 (s, 1H), 7.55 - 7.41 (m, SH), 7.34 (t, J =

oH OH
o OO S27
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7.2 Hz, 3H), 7.24 (t, J = 8.8 Hz, 3H), 6.37 (s, 1H), 6.05 (s, 1H), 5.57 (s, 2H). 13C NMR (100 MHz,
CDCls): 8 155.51, 151.41, 140.60, 137.07, 134.59, 132.48, 131.66, 131.55, 129.99, 129.16, 128.84,
128.81, 128.46, 127.48, 127.37, 127.27, 127.19, 126.08, 125.42, 125.15, 123.41, 118.48, 118.04,
114.66, 103.46, 100.78. HRMS (ESI) m/z Calcd for [C30H,0NaO;, M + Na]*: 451.1305, Found:
451.1278. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min,

20
wave length = 254 nm, tx = 12.239 min (major), tg = 19.128 (minor). Optical Rotation: [l =

37.4 (¢ = 1.0, (CH;),CO); Physical properties: white solid; Yield: 97%, 41.5 mg.
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RetTime (min) Width <L_mm) II(‘Lgh;_j(\nll.\) (\;:‘ﬂ" :\l.(‘d (%) RetTime (min) Width (min) Height (Volis) Area Area (%)
12.243 433 152470 7623634, 20047 12.239 407 1297281 64807121 99,063
19.158 8.36 70169 7458658 49453 19.128 336 6781 612683 0.037

5-(6,8-dihydroxyphenanthren-9-yl)-6-hydroxy-2-naphthonitrile (2s)

. O TH NMR (600 MHz, (CD;),CO): & 8.67 (s, 1H), 8.64 (d, J = 8.3 Hz, 1H), 8.33 (d, J
O‘ = 6.2 Hz, 2H), 8.22 (s, 1H), 7.95 (d, J = 8.9 Hz, 1H), 7.86 (d, J = 7.7 Hz, 1H), 7.82
O OH (d, =22 Hz, 1H), 7.68 — 7.64 (m, 1H), 7.63 — 7.59 (m, 1H), 7.41 — 7.37 (m, 2H),

N, 7.35 (s, 2H), 6.57 (d, J = 2.2 Hz, 1H). 3C NMR (150 MHz, CDCly): § 155.77,

155.28, 153.76, 135.30, 134.85, 134.14, 131.50, 131.32, 130.12, 129.14, 128.59,

127.95, 127.77, 127.75, 127.69, 125.98, 124.46, 123.45, 120.25, 119.55, 119.19, 114.55, 107.40,

103.61, 100.98. HRMS (ESI) m/z Calcd for [CasH;sNaO;, M + Na]*: 400.0944 Found: 400.0853.

HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 75:15, flow rate = 1.0 mL/min, wave length =

254 nm, #x = 10.389 min (major), fx = 17.421 (minor). Optical Rotation: [417 = 3.0 (¢ = 1.0,

(CH3),CO); Physical properties: white solid; Yield: 98%, 36.9 mg.
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10.389 2.60 91327 5140614 99.745
17.421 1.54 239 13140 0.255

10-(6-hydroxyquinolin-5-yl)phenanthrene-1,3-diol (2t)

RSP
OH
= O OH
NS
N
2t

TH NMR (600 MHz, DMSO-ds) & 9.64 (s, 1H), 9.32 (s, 1H), 9.19 (s, 1H), 8.58
O 8.52 (m, 2H), 7.84 (d, J=9.1 Hz, 1H), 7.80 (d, J= 7.6 Hz, 1H), 7.61 (d, /= 1.9 Hz,
1H), 7.59 (t, J = 7.4 Hz, 1H), 7.54 (t, J = 7.3 Hz, 1H), 7.46 (d, J = 8.5 Hz, 1H), 7.43
(d, J=9.1 Hz, 1H), 7.20 (s, 1H), 7.15 (dd, J = 8.6, 4.0 Hz, 1H), 6.36 (d, J= 1.9 Hz,

1H). BC NMR (150 MHz, DMSO-dq): 8 156.83, 156.56, 151.12, 146.25, 142.80,

133.85, 132.83, 131.91, 130.38, 129.40, 128.99, 128.11, 127.95, 126.77, 126.14, 125.69, 125.31,

123.15, 121.43, 120.73, 115.79, 102.24, 98.41. HRMS (ESI) m/z Calcd for [C3H sNNaO;, M +

Na]*: 376.0944, Found: 376.0912. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 70:30, flow

rate = 1.0 mL/min, wave length = 254 nm, fg = 5.603 min (major), fx = 6.413 (minor). Optical

20
Rotation: 410 = 232 (¢ = 1.0, (CH3),CO); Physical properties: white solid; Yield: 95%, 33.5 mg.

200

200

o
3
I
100 5 100 f\
b ES 200 ( 200
P o
\ - ©™
Y I\ g
ot Sl e 0 = 7\7;_1
) 1 6 10 12 g . 8 A o
e R Fi‘v_“;H( ) Width (min) Height (Volts) Aree Area (%)
RetTime (min) Width (min) Height (Volts) Area Area (%) etTime nin 10L0 in eight olts ~Led ALed
5.603 1.28 1224611 30741854 98.982
5.627 1.03 209671 5419041 50.432 6413 0.67 17303 316225 1018
6.647 1.81 152923 5326153 49.568 o ‘ > :

10-(2-hydroxynaphthalen-1-yl)-3-methoxyphenanthren-1-ol (2u)

CO

O TH NMR (600 MHz, CDCly): & 8.66 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 9.0 Hz, 1H),
7.87 — 7.84 (m, 2H), 7.79 (d, J = 7.7 Hz, 1H), 7.70 (t, J= 7.2 Hz, 1H), 7.62 (t, J =

O OH 7.4 Hz, 1H), 7.45 (s, 1H), 7.39 — 7.34 (m, 2H), 7.33 — 7.27 (m, 2H), 6.63 (d, J = 2.4

2u
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Hz, 1H), 6.03 (s, 1H), 5.41 (s, 1H), 3.96 (s, 3H). 3C NMR (150 MHz, CDCls): & 159.58, 155.69,
151.62, 134.34, 133.36, 131.63, 131.51, 130.31, 128.94, 128.88, 128.54, 128.22, 127.69, 127.41,
127.38, 125.44, 124.59, 124.33, 123.39, 118.22, 117.66, 114.78, 102.59, 98.70, 55.45. HRMS (ESI)
m/z Calcd for [CsH sNaO;, M + Na] *: 389.1148, Found: 389.1135. HPLC analysis: Chiralcel OD-
H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, g = 11.262 min

20
(major), fx = 15.782 (minor). Optical Rotation: 191D = 382 (¢ = 1.0, (CH;),CO): Physical

properties: white solid; Yield: 70 %, 25.6 mg.

100

> 11.335
——= 11.262

> 15782

15.782

0 — S S A I lo | 1% | i
0.0 25 50 5 10.0 125 15.0 175 20.0 0.0 2 5.0 "5 10.0 125 15.0 17.5 0.0
UV-WL1 UV-WL1 .
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
11.335 1.81 140917 4591456 50.094 11.262 3.07 1892506 62523184 99.882
15.782 1.86 102253 4574164 49.906 15.782 1.45 1856 73665 0.118

1-(6,8-dimethoxyphenanthren-9-yl)naphthalen-2-ol (2v)

TH NMR (600 MHz, CDCl5): § 8.65 (d, J = 8.4 Hz, 1H), 7.83 — 7.75 (m, 4H), 7.68

° O‘O (t, J=17.5 Hz, 1H), 7.60 (t, J = 7.3 Hz, 1H), 7.55 (s, 1H), 7.29 (d, J = 8.9 Hz, 1H),
e oy 7.25(t,J=17.0 Hz, 1H), 7.15 (q, J = 8.5 Hz, 2H), 6.51 (s, 1H), 5.08 (s, 1H), 3.97 (s,
OO 3H), 3.09 (s, 3H). 3C NMR (150 MHz, CDCls): 8 159.24, 158.77, 149.02, 134.18,

i 133.99, 132.08, 129.84, 129.04, 128.59, 128.40, 127.96, 127.89, 127.65, 127.23,
126.90, 125.76, 124.89, 124.72, 123.17, 122.72, 117.89, 117.01, 99.40, 96.61, 55.79, 55.38. HRMS
(ESI) m/z Calcd for [CsHy0NaOs;, M + Na] *: 403.1305, Found: 403.1295. HPLC analysis:
Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, # =

20
8.387 min (minor), 7z = 13.878 (major). Optical Rotation: 91D = -52.0 (¢ = 1.0, (CH3),CO);

Physical properties: white solid; Yield: 85 %, 32.3 mg.
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VIII. General information

'H and BC NMR spectra were recorded on Agilent 400MR DD2 (400 MHz) spectrometer and
Agilent 600MR DD2 (600 MHz) spectrometer. Chemical shifts were reported in parts per million
(ppm), and tetramethylsilane or the residual solvent peak was used as an internal reference: 'H
(tetramethylsilane & 0.00), 3C (chloroform & 77.00, acetone & 29.70, DMSO & 39.60). Data are
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br = broad), coupling constants (Hz) and integration. Enantiomeric excesses (ee) were
determined by HPLC analysis on Hitachi Chromaster using DAICEL CHIRALCEL AD-H, 4.6mm
@ x 250mmL, DAICEL CHIRALCEL OD-H, 4.6mm @ x 250mmL and DAICEL CHIRALCEL
OJ-H, 4.6mm @ x 250mmL. High resolution mass spectra (HRMS) were performed on Bruker
Solarix 7.0 T. X-ray crystallography analysis of single crystal was performed on an Agilent

SuperNova-CCD X-Ray diffractometer. Optical rotations were measured on a Rudolph Autopol I

20
polarimeter and are reported as follows: la]'p (c in g per 100 mL solvent). All fluorescence spectra

were measured using a Hitachi F-7000 FL spectrophotometer. Unless otherwise stated, all reagents

were purchased from commercial suppliers and used without further purification.

IX. Scale-up experiment and transformation.

¢l F. Cl
"~ q

HO
cat-A O CHgl, K,CO5
R o I e
S O CHClg, 30°C,4h  9H oy DMF0°C
98

2p,0.98g
96% ee, 98% yield 96% ee, 96% yield

CCDC 1923394

1p,1.0g

General procedure for scale-up experiment: To a solution of 1p (1.0 g, 2.47 mmol) and cat-A (10
mol %) in CHCl; (50.0 mL). The mixture was stirred at 30 °C for 4 h. Then the reaction mixture was
concentrated under the reduced pressure and purified by silica gel chromatography (PE: Acetone =

2:1) to afford the product 2p (0.98 g, 98% yield, 96% ee) as white solid.

General procedure for synthesis 3a: To an oven-dried round-bottom flask equipped with a stirring
bar was added K,CO; (0.4 mmol, 55.2 mg) under nitrogen atmosphere. The flask was cooled to 0 °C,

and anhydrous DMF (2.5 mL) was added. 2p (0.1 mmol, 40.4 mg) was added slowly during stirring
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at 0 °C. The resulting clear solution was stirred during the rapid addition of iodomethane (0.4 mmol,
24.9 pL). The reaction mixture was allowed to stir at room temperature for 3 h. The reaction was
quenched with water and extracted with EtOAc. The combined organic phase was washed with 10%
NaOH, water, and brine, then dried over MgSO, and concentrated. The crude product was purified
by column chromatography (PE:EA = 25:1) to give product 3a as white solid.

7-chloro-5-fluoro-1,3-dimethoxy-10-(2-methoxynaphthalen-1-yl)phenanthrene (3a)

cl 'H NMR (400 MHz, CDCls): 3 8.34 — 8.26 (m, 1H), 7.88 (dd, J = 13.8, 8.7 Hz, 2H), 7.60
(s, 1H), 7.43 — 7.28 (m, 4H), 7.23 (d, J = 5.8 Hz, 2H), 6.60 (s, 1H), 4.02 (s, 3H), 3.79 (s,
3H), 3.13 (s, 3H). 3.C NMR (100 MHz, CDCLy): 3 161.2 (d, J = 256.0 Hz), 159.10, 158.30,

152.78, 135.39 (d, J = 4.0 Hz), 133.49 (d, /= 4.0 Hz), 131.56 (d, J=13.0 Hz), 131.40 (d, J

= 6.0 Hz), 128.58 (d, J = 9.0 Hz), 127.77, 127.60, 126.37, 125.81, 125.23, 123.50 (d, J =
4.0 Hz), 123.14, 119.00, 117.44, (d, J = 7.0 Hz), 113.76, 113.72, 113.46, 101.34, 101.06, 99.98, 56.84, 55.74,
55.31. HRMS (ESI) m/z Caled for [Cy;HyoCIFNaO;, M+ NaJ™: 469.0977, Found: 469.0975. HPLC analysis:

Chiralcel OD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, fg = 4.735 min (minor),

20
fx = 5.272 min (major). Optical Rotation: L%]D = _101.3 (¢ = 1.0, (CH;),CO); Physical properties: white solid:

Yield: 96%, 42.8 mg.

G fi \ I
=100 \ | 100

4.794
—— 5258

0
| [
\ < N
- 17 5 = . e
0 1 2 4 i : 8 7 8 o 2 :
UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
4.794 0.48 461421 3834709 49.083 4.735 041 59765 510192 2.035
5.258 0.49 454336 3977994 50.917 5272 0.65 2504589 24565986 97.965

X. Nonsymmetric axial chiral biaryltriols were used in asymmetric synthesis.

a) 2p applied as chiral ligand for enantioselective preparation of chiral sec-alcohols.
} F o]
o) OH | HO O
H . Ti(0--Pr)y, 2p Et 3 O‘
EtZn toluene, -5 °C, 48 h i OH
4a OH
67% ee, 60% yield OO

(R)-2p
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Titanium tetraisopropoxide (0.6 mmol) was added to a solution of 2p (0.2 mmol) in toluene (1 mL)
at -5 °C under argon and the mixture was stirred for 1 h followed by addition of diethylzinc (0.6 mL,
1.0 mol/L solution in hexane). After 2 h, 2-naphthylaldehyde (0.2 mmol) in toluene (1 mL) was
added and the mixture was stirred at -5 °C. When TLC analysis indicated the completion of reaction
(about 48 h), the reaction was quenched with 2 mL of saturated NH4Cl solution, the organic layer
was separated and the water layer was extracted with EA. The organic layer and extraction were
combined. The combined solution was dried over anhydrous Na,SO, and concentrated under
reduced pressure and the residue was purified by column chromatography on silica gel to obtain the

addition product. The absolute configuration was determined by comparison with the references.?
1-(naphthalen-2-yl)propan-1-ol (4a)

o4 'H NMR (400 MHz, CDCly): & 7.75 (dt, J = 12.3, 6.7 Hz, 3H), 7.65 (s, 1H),

Et 7.45 —7.35 (m, 3H), 4.60 (t, J = 6.5 Hz, 1H), 2.66 (s, 1H), 1.77 (ddh, J = 20.9,

4a 13.9, 7.2 Hz, 2H), 0.85 (t, J = 7.4 Hz, 3H). 3C NMR (100 MHz, CDCl;): 3
141.83, 133.10, 132.80, 128.01, 127.80, 127.54, 125.92, 125.58, 124.60, 124.06,

75.84, 31.57, 10.03. HRMS (ESI) m/z Calcd for [C;3H;4NaO, M + Na] *: 209.0937, Found:
209.0934. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wave

20
length = 254 nm), #g = 10.618 min (minor), fx = 11.242 min (major). Optical Rotation: [4> = 14.5°

(c = 1.0, CH;0H); Physical properties: white solid; Yield: 60 %, 22.3 mg.

300

F 100

10.237
12.188
zjﬁm

s s 11
UV-WL1
RetTime (min) Width {min) Height (Volts) Area Arca (%)
11.237 0.80 344840 5594193 50.359
12.188 0.80 307300 5514358 49.641

B
RetTime (min) Width (min) Height (Volts) Area Area (%)
10.618 0.61 366524 5329338 17.585
11.242 123 1172294 24976659 82.415
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b) 2p as a new catalyst for asymmetric Petasis reaction.

R3 o HO
RY N A | | O
NH | g OBU 2p, 4AMS = :

L+ NP op t : 1 OH
R2 toluene, 50 C,3h R ! OH
OBu oluene N = : OH
(e} H | OO
R2
5 (R)-2p

F H,CO
i OH OH OH i OH
O (0) (0]
5a 5b 5c 5d
82% ee, 95% yield 83% ee, 93% yield 80% ee, 92% yield 80% ee, 95% yield

Representative Procedure for Catalytic Asymmetric Petasis Reactions:?

Preparation of 2-(1-(Piperidin-1-yl)allyl)phenol (5): To a magnetically stirred mixture of 2-
hydroxybenzaldehyde (1.2 equiv, 0.1 mmol), 2p (8.0 mg, 0.02 mmol, 0.02 equiv), 4A molecular
sieves (80 mg), and dibutyl vinylboronate (0.12 mmol, 1.2 equiv) in toluene (1 mL) was added
piperidine (0.12 mmol, 1.2 equiv). The mixture was stirred at 50 °C for 3 h and then filtered through
a celite bed. The combined filtrates were washed with dilute brine (three times), dried over
anhydrous Na,SO,, filtered, and concentrated on a rotary evaporator. The residue was isolated by
flash chromatography, and the fractions containing product 5 were combined and concentrated on a

rotary evaporator to give 5 as colorless oil.
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2-(1-(piperidin-1-yl)allyl)phenol (5a)
I'H NMR (600 MHz, CDCls): 6 11.87 (br, 1H), 7.13 (t, J= 7.6 Hz, 1H), 6.94 (d, J
OH =7.4Hz, 1H), 6.83 —6.72 (m, 2H), 6.00 (dt, /= 16.9, 9.9 Hz, 1H), 5.28 — 5.19 (m,
O\l = 2H), 3.95 (d, J= 9.6 Hz, 1H), 2.53 (s, 4H), 1.68 — 1.58 (m, 4H), 1.47 (s, 2H). 13 C
NMR (150 MHz, CDCls): 6 157.29, 134.84, 128.49, 128.11, 124.65, 118.98,
118.62, 116.34, 74.04, 26.00, 24.16. HRMS (ESI) m/z Caled for [Ci4H;9yNNaO, M + Na] *:
240.1359, Found: 240.1356. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 98:2, flow rate =

1.0 mL/min, wave length = 280 nm, fx = 4.037 min (minor), fx = 4.317 min (major). Optical

Rotation: [ = -32.9 (¢ = 1.0, CH3;0H); Physical properties: colorless oil; Yield: 95 %, 21 mg.

|5
g 100 100
&0 80
A /\‘ ‘\
\ \
1 \ 1 1
[ o\ i '
& / A ~ ||
\ / g |
! I
/ g \_I// ‘. ]
- T E— ] b | 0
1.0 1 1 1.6 1.8 [ 1
UV-WL1 UV-WL1
RetTime (min) Width (min) Hleight (Volts) Arca Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
4273 0.49 240831 2092095 50.103 4.037 0.33 188024 1301092 9.235
4.667 0.61 225985 2083519 49.897 4317 0.59 1707744 12788248 90.765

2-(1-morpholinoallyl)phenol (5b)
I'H NMR (600 MHz, CDCl5): 6 10.99 (br, 1H), 7.15 (t, J= 7.7 Hz, 1H), 6.96 (d, J

OH =174 Hz, 1H), 6.84 — 6.76 (m, 2H), 5.98 (dt, J = 17.0, 9.8 Hz, 1H), 5.29 (d, J =

ﬁN < 16.9 Hz, 1H), 5.24 (d, J = 10.0 Hz, 1H), 3.88 (d, J = 9.5 Hz, 1H), 3.73 (s, 4H),
2.57 (d, J = 66.2 Hz, 4H). ¥ C NMR (150 MHz, CDCl;): 6 156.28, 134.68,
128.85, 128.45, 123.76, 119.50, 119.04, 116.45, 74.54, 66.78, 50.89. HRMS (ESI) m/z Calcd for
[Ci3H;7NNaO,, M + Na] *: 242.1151, Found: 242.1152. HPLC analysis: Chiralcel OD-H
(Hexane/i-PrOH) = 98:2, flow rate = 1.0 mL/min, wave length = 280 nm, g = 9.407min (minor), tg
ZDO

= 9.883 min (major). Optical Rotation: 2l = _148.6 (c = 1.0, CH50H); Physical properties:

colorless oil; Yield: 93 %, 20.3 mg.
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100 § f 100 [N
. 100 = .‘{ \\ F 100
Il § .‘J
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04— S= o 20 LAY | S Y IS T 1
0 2 1 B 5 10 12 &5 ) a5 10.0 105 Lo 1.5
i RotTine (ain) _ Width (uin) __Hoight Qolts A Area ()
ol 0 . : - . _— etTime (nin idth (min eight (Volts Area Area (%
RetT 19".11303("“”) W Ldlgj(_;nm) He 15];;38\]:9] ts) 42‘\;;;\“ .‘\;:!7;'2) T, 0 98_791 SETT] sl
10.553 127 245390 4793258 50234 9.883 118 877572 14836421 91.549
4-fluoro-2-(1-morpholinoallyl)phenol (5c¢)
F IH NMR (400 MHz, CDCLy): & 10.83 (br, 1H), 6.85 (td, J = 8.6, 2.6 Hz, 1H),

oy ©:72(ddd,J=15.7,8.7,3.5 Hz, 2H), 5.96 (dt, /= 19.1, 9.8 Hz, 1H), 5.35 — 5.26

N Z  (m,2H),3.86 (d,J=9.5 Hz, 1H), 3.81 — 3.67 (m, 4H), 2.58 (d, J = 38.5 Hz, 4H).

o/
13C NMR (100 MHz, CDCl;): 6 156.18 (d, J =236.0 Hz), 152.32, 133.84, 124.63

(d, J=7.0 Hz), 119.87, 117.18 (d, J = 8.0 Hz), 115.13 (d, J = 22.0 Hz), 114.81 (d, J = 23.0 Hz),
74.05, 74.04, 66.74, 50.74. HRMS (ESI) m/z Calcd for [C;3H;(FNNaO,, M + Na] *: 260.1057,
Found: 260.1055. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0

mL/min, wave length = 220 nm, zg = 8.003 min (major), g = 8.640 min (minor). Optical Rotation:

20
[2]D = 973 (¢ = 1.0, CH;0H); Physical properties: colorless oil; Yield: 92 %, 22.0 mg.

1000 10
g% -~
2500 " 500 _ 500 \ 500
| 2
A\ \ | | 1\ @
el W g b i O —
0 2 6 8 10 12 o 2 L] 8 10 12
UV-WL1 UV-WLI
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) leight (Volts) Area Area (%)
7.830 0.88 1904108 20869005 50.463 8.003 0.75 2044199 23616633 90.009
8.267 1.40 1780760 20486108 49.537 8.640 0.50 226143 2621572 9.991
4-methoxy-2-(1-morpholinoallyl)phenol (5d)
H3CO TH NMR (400 MHz, CDCl3): & 10.46 (s, 1H), 6.77 — 6.69 (m, 2H), 6.55 (d, J =

oy 2.1Hz, 1H),5.98 (dt,J=17.2,9.7 Hz, 1H), 5.34 - 5.21 (m, 2H), 3.82 (d, J=9.5
N Z Hz, 1H), 3.72 (s, TH), 2.57 (d, J = 38.6 Hz, 4H). 3C NMR (100 MHz, CDCl;):
° § 152.72, 149.99, 134.57, 124.40, 119.17, 116.83, 114.25, 114.17, 113.68, 74.67,

74.58, 66.76, 55.50, 50.90. HRMS (ESI) m/z Calcd for [C;4H;gNNaO;, M + Na] *: 272.1257,
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Found: 272.1255. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0

mL/min, wave length = 220 nm, g = 11.550 min (major), tx = 14.980 min (minor). Optical

Rotation: [« = -109.0 (¢ = 1.0, CH;0H); Physical properties: colorless oil; Yield: 95 %, 24.0

mg.
100 100
200 00
3 2 5 E 0 § 50
= - n 3 -
£ 100 = @ k100 - =
= 2
N 2
N 1) ki
f\ ity Jock =
o L | ‘ L M - bi 0— = N
8 10 2 14 6 s 20 8 10 12 14 16 8 0
UV-WLI1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
11.160 171 283748 5121306 50.244 11.550 2.32 114992 2188448 89,485
14.657 173 221985 5071662 49.756 14.980 110 10613 257164 10515
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XI. 'H and 3C NMR spectra of substrates

~750

-700

650

—600

550

500

450

~400

350

300

250

~200

150

100

000-—

559~
W9
:,mv
8Ll
0zl

gL
'L

BEL
oL
WL
L]
911 ﬁ
8L

CIVE
1041
8LL
6221
8.1
8L
9829
6829
e

OH

A\

HO

OH

=00}
=002

90k
Wmo,_
Focy

1%
Mmo,—
01

Fize

5.5 50

1 (ppm)

6.0

OH

A

HO

OH

S40



45

a0

F35

F3.0

2.5

2.0

=05

96'08
z6 mm/
09'Z04
LEEOL
09'801
rO'8Ll
1Lzel
BEVTL
SE'SZL
SELZL
80'8Z}
09824
0682}
Z0'BZH
6E6Z1L~8
voLEL—
SEEE)
z0 mmT\
LEEPL~
89trl~"

09°LGL~
STESL

el

30

T
110 100 90 80 70
1 (ppm)

T
120

T T T
220 210 200

T
230

340
320

300

280

260
240

220

200

180

160

140

120

100

80

60

40

20

0

20

00'0-—

s0'e—

ge'e

mm.m/
€59
¥S'9
vL'9
vL'9
1zl
€L
ve'L
Z'L
8T’L
0e'L
€L
se'L
LE7L
Sv'L
vl
'L
8L
6L
05°L
[4=

6L L]
:EW
£8°L
9L
o/

Lre—

HO O N\ on

OH

H NMR (400 MHz, (CD;),CO)

=160
=06’}

860
£0Z
90't

J912
%07

“00')

Fosz

T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -1.0
1 (ppm)

9.0

10.0 95

.0 10.5

S41



o o 0 ©w = o~ (=] 0 w < o~ o
R .2 0§ . @ 8. 5 v.o5 7.f €. B ¥ @ & %
Fe
=
=
o~
0L62— L8
Le
-
Le
3
Lo
©w
FR
=
@©
5926
90°€04
LL'E0L Lg
25801
0511
99'LLL Lg
S PLL -F
SIplL — g
1641 —_— o
VS PEL — =t=
2952l P
eLgeL
9/'GZL L&
vZ'8eL g
:.SFW —_—
1682t ) I g
9Z'0EL —— ®
SE'0EL \ C/_
05'LEL ~ &
06'¥EL 1% =
Stevl— (@) —
19°9PL— <) - - | &
< -
16°L51~ T ]
£E65L— i S L8
29— [ ]
29791 - %
o
— &
N
a1 o
M e
Z L8
@) .
o
—
[=3
e
~N
9€'90z— -
[&

= o (= i=3 (= = o (= f=] o [= [= i=3 o
3 § 88 § 3§ § § 88 8 8 8 3 3 ¢ 8 o §
L 1 L 1 1 1 1 1 1 1 1 L 1 1 1 1 L 1 L
000— —
J
. — =
05z—
seE— -
99— |u =002
989 — =201
it
Wi
612
e !
6 Rovy
\£1 o
€51 90’1
o5l =002
152
e
b
€11
vLL =
<
ve6— W m — g0z
wor— 0 — =860
N
e T
= =
o
o S
=
N
e} r4
* =
L

-1.0

00 -05

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

105 100 95 90

1.5 11.0

125 120

3.0

S42



(650

600

550

500

450

(400

350

300

250

200
(150
100
50

-50

80—

0g'6e—

ogL8—

186 —
66101~
z8'z0L~"
BL°20L—

8L

B80'€ECL
nv.mw_./
hm.vm_./

9¢'L2L
¥e'LZL
Sb'L2L
V6'LEL
Ze'62L
ZL6Tl
€L°0EL
BC¥EL
L8'GEL
oL'erl
06'ErL
S2'LS _‘%

61'8GL

13C NMR (100 MHz, DMSO-dy)

of

al

RN oyt

YT

-10

T
100 80 60

T
110
1 (ppm)

T
120

T
210

T
220

T
230

o [=} o o o o o [=] o =} o
$ 2 E 2 8 5 & 8 = € 8% 2 P B8 B 9.8 8.2 o F
1 1 1 1 L 1 1 1 L 1 L 1 1 1 1 1 L 1 L 1 1
00— E—
-
52—
yEE—
9~ _— 02
689~ €0l
L
62
! o
Ve FUY
: gL
o o)
: 0z
L
SvL
i
€52
SGL s
oL S
i =
8Ll 0_
We— I 75 =402
° >
)
: N ’
ZE0L— =p0L
FZ w )
I
o
@] S
F
N
w &
o] Z
I
=

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

9.0

120 11.5 11.0 105 100 9.5

12.5

S43



500

280

1-260
1-240
t-220
200
1180
1160
k140
k120
100
1-80
160
t-40
k20
to

=20

F-450
k400
350
F-300
k250
t-200
k150
+100
k50
o
F-50

09'6e—

GL88—

25'96—
mm,No_,v

6E°20L

€10l —

mm,m_,_,v.

6LGH

vo L~
95'62L~

vivZL—

0Z'SeL
52524
6v'L2)
€6 /21
80°821 -
51821
L1821
ST'62L
SE'6Z1
£L0EL
LVIEL]
SE'LEL]
ZEVEH
19°GEL
68451

3

69851

ccmmr%
zZr0aL

-10

10

20

30

40

50

70

80

90
1 (ppm)

100

110

PRk ¥ Vs T g

120

|

140

Hz, DMSO-d;)
150

160

OH
170

180

13C NMR (1

190

'H NMR (400 MHz, DMSO-dy)

HO

0

19
2e's

6¥'9
mw.mw.
05'9

L
¢whww
szl
2]
oy
562
662
1L
Nwhw
)
9L
5L
15
2Ll
£4°L1
9Ll
811
9411

8r'6!

SE0L—

OH

cl
HO N\
OH

=602
=G0'1

M.—N‘N
SEL

022
=801

FANA

Faz

Foo

-0.5

4.0 35 30 25 20 1.5 10 05 0.0

1.0 105 100 95 90 85 80 75 70 65 60 5.5 50 45
1 (ppm)

1.5

20



19
18

17

16

15

14

13

12

-6

-5

09'6E—

26'96~"
6220k
9E'20L
L0~

66'LLL
VOETL
EEFTL

Szl
15421
A5 L
60'8ZI
0621
ZL'6Z1
800€1
LLOEL

SHZEL
EE'FEL
£00rkL
tETrL

285~
raesE"

L

13C NMR (100 MHz, DMSO-dy)

mil

60

T T T T T T
150 140 130 120 110 100 80
1 (ppm)

T
160

T T
190 180

T
200

o o (=] (=] (=] o o (=] (=] o o
& & & & S S E = B g 8 2 g 5 o &
! h h h } 1 | n ] 1 i i i h i |

00— ot

W= U =|0¢

4 wW

59

59 ||l =00}

89 w%. \O} =00¢

890

e T @) 160

Bl L~ o) sy B0}
1L % 001

7L (@) 01

szL &) L601

67 L = ~ 560
[ = N 50T

gEL s vo'l
gL

oy 5 p= Faoe
9v L o

9L S

73] <

sUL ~

L R

89L

880 o] M

geg I Z

100 95 90 85 80 75 70 65 60 55 50 45 40
1 (ppm)

05

S45



30

25

20

15

10

L5

-0

821z —

026 —

91'98—

12°001 ~—
95201 —
gz oL
65801 —
::E/
861
SE¥TL /
Nm,mwr/
£0'92)
65921
29821
6621 \.
09°0EL
18°0E}
1E'EEl
L0'SE
SL6EL
66'€pL
1971

WiSh—~
S2651—

S£'902—

13C NMR (100 MHz, (CD3),CO)

ol L

50

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
210

20

130

120

110

100

90

-80

70

60

50

40

30

20

10

0

F-10

000-—

lge—

15—

18
~
=

OH

A

HO

OH

'"H NMR (400 MHz, DMSO-dy)

A
Ees1

207

101
ey
062

Feoz
Frow

115 110 105 100 95 90 85 80 75 7.0 65 auf”s.s) 50 45 40 35 30 25 20 15 10 05 00 -05
ppm

12.0

S46



20
19

18

17

16

15

14

13

12

10

9

-8

-7

09'6E—

rrig

3.8/
BZ'20L
BO'T0L
£F'L0L
LavLL
tErLL
L09LL
6Z'9LL
00aLL
a5'aLlL
65811

ESETL
LAvEL
EFLEL
..vm.nm_.k

60921+
SEOEL—
EEFEL
V8L
68'VEL
WLl —
Lol
zzorl >

99251~
€985l —
¥E'0aL

0wzoL"

)

13C NMR (100 MHz, DMSO-dy)

20

90

1 (ppm)

T
110

T
180

T
190

0

1400

1300

1200

1100

1000
900

+800

700

600

500

400

300

200

~100

-0

~-100

BET—

759
wm@W
£59

699

m@_mw.
071~
€71
VL

w
o~
~
e

&
~
Pl

HO O N\ on

OH

H NMR (400 MHz, (CD;),CO)

*00¢€

=660
=56
960
mg._
€0
gy
Mhmd
661
00't
Fezoe

7.5

T

8.0

-1.0

00 -05

0.5

50 45 40 35 30 25 20 15 1.0

5.5
1 (ppm)

65 6.0

7.0

1.5 1.0 105 100 95 9.0 85

120

S47



riz
1

10

-9

-8

-5

L4

-3

1

eLoe—

oLee—

£598—

02001 —
9201 —
100017
£9°80L —
£0'8LL

grzzi-
;.5%
06521\
20821~
0982k

S0z —

13C NMR (100 MHz, (CD3),CO)

. IMHJ’ .m .

-10

210 200 180 180 170 160 150 140 130 120 1{110( ‘;DO 90 80 70 60 50 40 30 20 10
pPm

220

450

400

350

300

250

200

150

100

50

0

000-—

OH

A

HO

OH

1H NMR (400 MHz, (CD;),CO)

=20’}
=00¢
80'}
9Ll
Mﬂmﬁw
m/mo;
8L

Froe

05 00 -05 -10

1.0

15 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

2.0

S48




=10

-9

L4

g0'se—

1186
VLT
9be0L"
craL—
L6SL

zioLl

FLBLL—
GLBL
6L
198
65471
8072 ]
1BEZ )
VZRLL ﬁ

—rTy

G98TL
LEBZ L
£51EL]
62LEL
LELEL
90°%E L
[T 2%
BEZF ]
08sh
¥E mml

——

LE09L
LPEaL

A

=10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 8O 7O 50
1 (ppm)

210

230

g 2 8 = 5] o =) o o =} o o o o =
- - - - - = @ ~ © [rs] < @ ~ = =] 1
i 1 1 1 L L 1 1 L L 1 1 1 L L i 1 L
000— 4
-
299~ — =10
pL9— k0
6L
\z's 260
g ¥
WM MW 660
L Fopg
2 o) 66°)
L 00't
iy T Q 060
61’4 (@) ~
St D3
8L°L
iy ) Feoe
8L _ = 7
53 S = m
16°L
658 T S
© o
S
<
A
0 =
I Z
=

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

8.0

85

9.0

1.0 105 100 95

1.5

S49



rouu

rzn
r24

f23
22
21
20
19
18
L17
L6
k15
F14
13
F12
F11
10
rs
Le
ks
ka4
ks
2
k1
Fo

-1
2

F-a50
F-400
F-350
t-300
f-250
f-200
150
100
k50
o
F-50

06—

2e88—

1v'86—
18°200~
¥Ee0L~"
6801~

8L
Pv..vwr/
X0 41

69'6C)

8L'geh
0981
6.8

£8°8Z1
[4- %4
1S71EL
SPZelL

€0°€EL
v6'vEL
187¢rl

£TErL
G6°/GL ~
92’651

66902 —

10

20

90 80 70 60 50 40 30

100

1 (ppm)

o i
140 130 120 110

150

| H\M

190 180 170 160

200

IH NMR (600 MHz, (CD;),CO)

210

20

199~
£l
0zt

2L

€82

i
oL \&
'L
VL]
St'L-|

6924
0472
e
SLL
6LL

€81
8L
928
A

898
588

=501
=902
90°L
80°L
W:HF

S0°L
601
SEL
6L

5101
102
=660
=001

20 15 10 0.5 00 -05 -10

50 45 4.0 35 3.0 25
S50

55
f1 (ppm)

105 100 95 8.0 85 8.0 75 70 6.5 6.0

1o




16

r15

F1a

13

12

11

10

o

8

-7

6

rs

F-4

CF3

HO O N\ on

OH

H NMR (400 MHz, DMSO-dy)

40

60

T T
10 100
f1 (ppm)

T
120

T
200

T
210

8 8 g 8 8 =S 8 o o o o o o o o o =
= - = - - b= - b @ ~ © o < ©® « - =} l
! ! ! . ! i ! : i ) { : ; X ) " 7 f
00—
57—
sre— =
V9~ !
79 FooL
zwol 181
L —_
K.m/" @)
£EL
(9] C/_ Ry
Le'L I “a vLZ
8L @) A Fuz
oL O hggz
ol N 10
97 nw/_ 7 ¥
YL N
6L1 pd “ T
092
9L T p=
8L =
ne o 0
N
£56— I~ |k o6l
o Z
0L — I &) l Fuol
[ac}
]

115 110 105 100 95 90 85 80 75 70 65 6.0”(5.5) 50 45 40 35 30 25 20 15 10 05 00 -05
ppM!

2.0

S51



10

-8

-6

82687
1598
10204
3y zol
£EL0L
zhakl
95021
PLTTH
B0ECL
s9ezl
LY
Sh Gzl
95 L7}
19421
LELTH
018211
S18Z1
8L

P R ——

0BT

prazl§
]

ZOBZL
._.m.om,‘%
EOLEL

Z 1B —

privl—

SLBGI~
9r85, <"

OCF;4

HO O N\ H

7\

OH

'H NMR (400 MHz, DMBO-dy)

-10

20

60

70

T
100

110
1 (pprm)

T
120

T T T
220 210 200

T
220

~340

320

300

280

260

240

220

200

+180

160

140

F120

100

80

60

40

20

-20

000-—

eT—

we—
LLG
ov o
1o
ev'o
b9
e
Lb'91
059
0zl
L
L
s |
ZEL
e L
9EL
BEL
ovL
L
L
L LA
0L
75 L
5L
5L
85 1]
19t

v
et
sLed
6L L
1829
gL
e—

€Ll —

it

13C NMR (100 MHz, DMSO-dy)

Fioz

Fio

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

9.0

120 116 110 105 100 95

125

30

S52



420
-400

380

1360

340

320

300

280

260

240

220

200

180

160

F140

+120

100

F-20

--40

€168
b 96
002011
przoly|

L0851
Nwmmf/
E9BSL

-10

20

60

70

T T
120 110 100
1 (ppm)

T
130

T
220

T
230

8 2 g 2 8 2 8 2 8 2 g o 3
b b 2 ¥ ¥ P i b q b T ° e !
00'0-— b
N O
LT
e — =129
gLe—
059— =]
199— =861
9L’/
mEW. ;
0L Pl
06L AN
VL okl
g 001
L Biad
ev'L 2s0e
s 86'0
Sv'L
86/ Fsez
SLL
L
69'L
062
0c'g

13C NMR (100 MHz, DMSO-d;)
H NMR (600 MHz, (CD;),CO)

0.0

0.5

1.0

2.0

T
55 50 45 40 35
1 (ppm)

6.0

7.0

75

8.0

T T
1.0 105 100 9.5

ns

S53



60 55
1 (ppm)

S54

= S EeREEre RS Ee e 5553
& NneaTaNSNTRoBoanaS ©NIT [ e =2
g BEIIBEBISIUNNEILE 8388 g g oo
I O AN N 7
65
60
55
~50
Q 45
\\ L40
HO OH
35
OH
Q —30
25
13C NMR (150 MHz, (CD3),CO)
20
15
10
_ I o d ,
=
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
= 420
s 5 Ix8TR3BHIEB8EBRNIS g o E
- G ONERNNNENNENENENNRNN GO L] o 2 L400
I e/ I i
380
360
F F
340
Q -
300
\\ I-280
Ho O OH "
OH O [
O [
200
180
TH NMR (400 MHz, DMSO-dy) [
140
120
100
80
60
40
1 l-20
ﬂ A I Lo
T T b g g
8 S 85838 38 [-20
= o~ D= NO -
20 M5 M0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -05



80
F75

70

65

60

55

50

45

40

35

30

25

20

09'6E—

zz'887
18°66
20201
08I
8z 8L
L8l
EEBLL
SEBIL
SrEL
FAR:10%
0581
£5'8LL
€061
9061
LB
GL6HLA
62021
£80ZL
85021
LOhEk

—

BSEEL~
vIvEL—
1502 —
[ aﬁ%
9L08L

szveL”
1S0pL~_

057l
PSpL
95 L

65° Ll
ELLpL
9Z'LkL
ELLVL
SELpl
g95°6vL
clevl
LZ0skL
¥E0SE
S6°LSL
Lo'ash

=4

13C NMR (100 MHz, DMSO-dy)

-10

60 50 40 30 20 10

70

190 180 170 160 150 140 130 120 10 100 90
1 (ppm)

200

(=] (=] o o o (=] (=] (=] o (=] (=] o
7 § &8 3 H 8 ® B 3 8 B &2 § ® B s 8
R h N h , , N , , ! i ; ; ; , i |
00— —
57—
9ge—
g9~ vz
- oLt
L
ELr
el [N
S5l 8l'E
5L ~ w0l
99L— 860
RFN T S Spoe
BLL
9L O m
= ®
(&) = m
T > ;
86— oo
o S E
=
F N
s80L— = Feot
o) =
I Z
=

00 -05

05

20 15 1.0

110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25
1 (ppm)

115

S55



=18
=17

16

15

14

13

12

-8
-7

-6

-0

oL'ed—

£5°68—

ZEL6—
E6Z0L
0SE0L

BZ60L—

159kl
6L'9kL
nens
05wl
wwmw_.v
ITIZL
B2 LZL
£E821
YIBZL
LEZL
E60EL
WLEL
26 LEL
LLEEL
EFEEL
B6¥EL
DG SEL
ETBSL
2065k
IVESL
8 191

8590 —

1H NVRYMR VA9 MBI 6 13):CO)

10

20

40

50

T0

80

170 160 150 140 130 120 110 100

180

200

210

f1 (ppm)

420
400

380

360

340

+320

300

280

260

240

220

~200

~180

160

~140

120

100

80

60

~40

-20

00o—

05Z—

BEE—

reE—

9g'9
nw.ww
9r'9

Tl
vw‘hk
92 L~

8L
0g'L
ze'L
ve'L
9674
8€'L]
sc'L
orL
Wi
(1)
re
eviL
L2 '8
ovL
serff
LS'L
oLl
WL

—

6
ze?

|

|

58T

Frsy
Foo

125 120 115 1.0 105 100 95 90 85 80 75 70 EEﬂ(SO)SS 50 45 40 35 30 25 20 15 10 05 00 05 -1.0
ppm

30

S56



13

F12

-6

4

9685 —

BE'L8
Ehm/v
28109

LSEDL
BE'LOL
9p L0k
65 404
197201+
BLIZH
66621
LavTiy
(40748
99921
W LZhY
[ RAR

prazl—

0162k
(14143
19 ZEL

L

L

W

&

TP~
08¢kl —
608ph~
9pEbl "

arasl—

20 -10

60 50

70

T
100

110
1 (ppm)

T
120

r210
200

190

180

170

160

150

140

130

120

110
100

90

80

70

r60

50

40

30

r20

10

10

000—

lge—

86'9—
oL9—

L
&gk
9L
€1
6€°L
vl
i
oL
%.Q
152
v
9s1
6.1
€82
5824
982
6821
162
6L}
90'9
8’8
5584

13C NMR (100 NiFiz, DMSO-d,)

H NMR (400 MHz, (CD;),CO)

S0}
61

=L01

pete

80'€
wm\ﬂmo.m
20'L

=00}

Fuoe

8.0

65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

7.0

7.5

1.0 105 100 95 90 85

1.5

2.0

S57



65

6.0

5.5

F6.0

4.5

4.0

3.5

3.0

2.5

2.0

05

oot

08—

16'86—
£9Z0L—
[
89804 —
0881k

mhmﬁ/
vE9zL

99921

zeiz)

z9iz)
8842}
50621
9z ezl
19621
og'6Zl
Zv LEl
9geel
LEPEL
16961
Sk ivl

96'EVL
pavrl
LLLGL

ze'ast

OH

A

OH

NC

HO

H NMR (600 MHz, (CD;),CO)

10

60

70

T T
110 100
1 (ppm)

T
120

T
210

T
220

450

400

350

300

250

200

150

50
-0

000-—

S0C—

£8T—

8L6—

J

801
e

9’
%mm.m
@l
=G’
gLl
bL
u/v_..v
= L
=961

G660

110 105 100 95 90 85 80 75 70 65 60 ”(5.5 )5.0 45 40 35 30 25 20 15 10 05 00 -05
ppm

15

S58



200
~190

+180

=170

~160

150

140

130

+120

110

~100

[

80

70

-60

50

L0

30

20

=10

F-10

BE' 58—
05004
L9°20}
SL PO
£5°L01
12801
9L8lL
6hozi
15ZZL
6Z°LZ)
96°LZ)
86'LZ)
ezl
£E'6T)
LE'BZL
ﬁmvmfuu
EEEE}
9 vmfum
00°LEL
BE'EPL~
LSk

EE'BEI~
66651~

N

BT

IH NMR (400 MHz, DMSO-dy)

-10

30

50

T T
100 90
f1 (ppm)

110

T
120

i=1 (=3 [=] o (=3 (= (=] (= (=] o (= o f=1 o Q (= o
3] o ) o w0 (=] w0 o 3] =] 73] o o o w o [=] e}
o © ~ M~ © ©o wn 2] < < L] © o~ o - - s o v
1 n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1
000-—
£5T—
95e— nA
er9~ — #S60
159" 084
9L
NSW
8€°L
[ SO'L
oL —_ Tmmﬁm
oL
8vL m 6L
052 N
SLL “a
WL I =)
6L @) @) — 40
8L ~
964 \ S
6.8 N
66— “ W — 69l
T o 8
] z —

N
0L0L— m - FEzoL

4

o

o

=

HO

-1.0

120 115 11.0 105 100 95 90 85 80 75 70 65 ﬁ:(s.o )5.5 50 45 40 35 30 25 20 15 10 05 00 -05
pPM!

125

S59



12

11

10

Lg

-7

6

-3
2
1
0

ZL98—

666
sEtola
98101
89201~
15201
oz oL
izl
Zo'lzlk
6zzzl
IeLzl
8981
bz 621
196ZL
9ELEL—
65°ZEL
b6 ZEl
65°zhl
NW.NEW
66°EbL
sripk”

S9LEL~
L5egl—"

-10

200 180 180 170 160 160 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

210

500

450

400

+350

300
250

200

+150

50

0

000-—

Le—

68'6—
859

L9
L9
oL
N—.h/

0€'L
b
262\
oy
§e'L7
w1 f
8E'L

0L
12
[
o¥'L
FAA
592
9921

0L'L
eLL
vLL
96°L
86°L

]

/
13C NMR (100

_a

v $SO-d,
e
H NMR (600 MHz, CDCls)

=560

/160
%61
7560

01
e
o0
0L
S0l
')
oot

-1.0

115 1.0 105 100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20 15 1.0 05 0.0 0.5
1 (ppm)

]

S60



k25
f24
F23

22

21

r20

r19

18

=17

16

r15

14

=13

12

11

=10

9

8

6

-5

r4

3

2

=1

o

F-1

F2

SE'66—

40

T
100 90 80
1 (ppm)

T
110

T
120

(=] (= [=] j=] k=] (=1 (= (=] [=] [=] o
-] ©o T o i=] «© ©o i o™ =} Qo [=3 (=3 ~
o~ o (] o~ ™~ ™~ o - - - @ © < o )
h ) h A ? M T ) ! . | ¢ i ? i
00'0—
985G
e} 3
£0'9 660
;.m/ 060
:.h/ 660
v 960
0zl 4
el
08l
ar'L
66/ €
19°L 96'0
29'L A 661
VL 201
€Ll 804
6LL ol
18 860
ve8 !
bl =001

1H NMR (400 MHz, CDCl5)
13C NMR (150 MHz, CDCly)

0.0

0.5

1.0

1.0 105 100 95 9.0 85 8.0 7.5 7.0 65 6.0 “ (5.5 ) 50 45 4.0 3.5 3.0 25 2.0
ppm

1.5

2.0

Sé61

HO

™~LJ



« o~ o4 [=] (] @ ~ ©w wn < «™ o - o - o~

o~ o~ o~ o~ - - - - - - - - - - (-] @ ~ ©o w < L] o - (=] ] h

& 1 1 L I L 1 L it i b 1 1 1 1 L L L 1 L L 1 L L I L 1
E

00LL—

O

OH

OH

'H NMR (400 MHz, DMSO-dy)

Ay

"

ﬂJJM I

Ll

-
20
1 (ppm)

T
100

T
110

T
180

T
190

340

320

300

280

260

=240

220

200

180

160

140

=120

=100

=80

60

20

0

r-20

000—

15—

ere—

L]

80°L
[
Sl°L
9L
8L
0z

¥TL
0L
621
6EL
'
WL
el
85721
0941

1oL
€9°L
9L
99°L
YU~

UL
6LL
8L
ev'e
mtmuv
ri6—
w€c6—

086 —

B

=20}
=00}

el

0.0

1.0

15

3.5

4.0

T T
55 50 45
1 (ppm)

T
6.0

7.0

8.5

T
10.0

T
10.5

1.0

1.5

S62



22
21

20

19

18

F17

16

15

14

13

F12

SO°LS
om._.mfv
9E°LG)

L5651

180

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

170

190

13C NMR (100 MHz, DMSO-dy)

S63



400
380

360

+340

1320
t-300
f-280
L260
f-240
k220
k200

+180

ri1e0

140

120

100

80

r6o

r40

r20

o

=20

6T —

R

£€'9—
S1L
81L
1z
vZ'L
8T L~E
€1
672"
AE
Vil
L
644
8L

OH

HO l l
OH

TH NMR (400 MHz, CDCl5)

Fooe

00 05 -10

0.5

1.0

15

1.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

1.5

8.5
r8.0

75

7.0

6.5
6.0

5.5

5.0

4.5

4.0

3.5

3.0

2.5

20

1.5

1.0

+0.5

05

BlLz—

ELZ0L—
85901 —

0551

%.l.;/
P8k

5z vﬁ/
09 VSW
86 PEL

00921
10121
954214
91821
88°8Z1
06671
8£°0E1
8Z1EL]
66°LE} ]
51Eel]
oEEel |
95°9€1
TUGEL
€T LG
[INEIE
26'¥Gh

————

O

OH

OH

13C NMR (100 MHz, CDCls)

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
210

20

S64



-320

~300

280
260
240
220
200
180

H160
L140
F120
100
Lao
60
Lao
20
o
L-20

00—

A

OH

E
OH

TH NMR (400 MHz, (CD;),CO)

HO

102
€1

60}
Moo_.
=Ll

=10l

110 105 100 95 90 85 80 75 70 65 60 H5(.5 )5.0 45 40 35 20 25 20 15 10 05 00 -05 -1.0
ppm

1"ns

Fas

k40

+35
+30
r25
r20

r1s

r10

0Lez—

8Y'E0L
mm.EFW
0Z'50L
6EELL
S9¢€LL
0bLlb~
96'8LL 7
SF6LL
£56LL
0€'€TL
£6°eZ1
0z'52L
05521 4
99924
19221
602k
06°L2h
ov'8eL
zV'6ZL
9762k
16°1EL
Ya'ZEL
68°Z€1
Zz'sel
PO'OEL
80°9€L
20251
£6°951
18°451
89°091

6Lest

£5°902 —

OH

F
OH

13C NMR (100 MHz, (CD;),CO)

HO

20

50 40

60

T
100 90
f1 (ppm)

T
110

T
120

S65



800

750

700

650

600

550

500

450
400

350

300

250

200

150

100

50

I--50

000—

e

HO

OH

OH

H NMR (400 MHz, (CD;),CO)

0.5 00 -05

1.0

110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

1.5

n o ®w o w o w 9o w o ®w o n o 2
o ® © w6 b of F & @ o o« s s 9
e
L ~
Q o
W, <
o
()
/ A
et oW
=
T
o =
I o
@ .0 9. 7.9 =
0(
==
95°€0L— BPE=
pE'S0L— —3 87
1 O
95°E0L~ =X
YEG0L— 3 =
€8'21L -
%.m:W z
gzeet 841~ —
mmmm" 668~ S ]
i |2 o
zogzL-f  JCECN —
ecrzLf o0vEL— __—* |8
sz f 55 _— [¥
wee ] %y = [ oF
eeged 6eLTL \ 85
ogszL ] 8V f — =
ot B — g
Jegardr mm.mw% i—z |re
oyielf 988zl o
Sl vreet g
Soveld 60l =
ezgeLy 99MEH ©
ecoold  L8LEL L re
mm._.m_.._ LOPEL 3
bogor]  ETSEL i )
ool BEEEL 3 =
S5 ggigL s 3 -
79'951 e
sgroel
[=]
«©w
L re
UT.UCP

190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
200

20 210

S66



600

550

500
450

400

350

300

250
200
150
100

000-—

e—

66—

€59
mnmuv
611

0L

2L~
7L
vz 1)
ST'L
9214

871

62'L

e
'L
¢nhkﬁ
EIVE

2L
1821
£8'L]
5oL
06
6672
5’81
9587

RSP

OH

OH

H NMR (600 MHz, (CD;),CO)

=¥0'E

—_— =0

v0'Z
thv

00Z
=~G0'L
Azl
201
vam

00'L
»90°L
=00k

00 05 -1.0

05

1.0

2.0

15 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25
1 (ppm)

2.0

500

450
400

350

~300

260

200

150

+100

--50

Be'lz—

E000L—
zLeoL—
6L 94
LOGLHE

GEETL
LSETL
aLezl
mmmm,../

89921~
LBLTLZ
v ezl
968zl

ELBZI
ozezi
LBzl

RSP

OH

OH

13C NMR (150 MHz, (CD;),CO)

96

-10

210 200 190 180 170 160 150 140 130 120 1}?( 1?0 9 80 70 60 50 40 30 20 10
ppm

20

S67



420
400

380

360
~340
F320
=300
~280
260
240
220
200

~180
160

140

120

100

80

60

40

20

0

=20

00—

s0c—

eee—

V99—
L

PARAN
[ Ay
N
(443
€TL]
VL
STL —
8L

0€'L

L4
181
oF'L
1S4
(4P
€5°L

SS°L
95°L
99L
89°L
08°L
8L
£8°L
98L
B6°L
0e'8
0E'g
€8
Le

OH

OH
H NMR (400 MHz, (CD;),CO)

F
L

=101
£0E
s0'L
€02
Mﬂmo;
ol
862
660
Ao

80t

T
6
1 (ppm)

"

o
32

F30
-28
-26
F24

22

20
18

16

F14

12

10

8
6
4
2
-0

o6t

F
L

OH

OH

13C NMR (100 MHz, (CD3),CO)

T T
100 90
f1 (ppm)

T
10

T
120

S68



8 S o o o o o =} = o =} 8
: €& § § @& 8§ B & 8§ § & 2
T T ; i h ; { , h A i ]
000-—
are .
o 16T
8 —
29
ze9
0L
0L
ovL
WL
s
ShL
i
e 160
0ZL =5
€71
o €6l
154 02T
154 660
5L 101
VL Fidd
€LL < e
9LL b £0'L
8L T o
e '
mvev (o] wn =g0'L
W
206~ '
506~ O - Er0%
-
156— I =00’}
o
S
o] I
T &

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

9.0

100 85

120 115 11.0 105

12,5

3.0

5.0

r4.5

40

3.5

3.0

F2.5

2.0

1.5

1.0

0.5

+-05

£T—

PLBE—
78701 —
zE9H
1061
6TEZ}
S8EZ)
8g'ezl
£9'5Z
Nm.wﬁ/
CENEARN
ze ezl f
seazi 4
zrezi g
1982}
A
EE'6Z1
0£°0E 4
LTEEH]
8Z'9e 41
proel]
vLLEL
ZEZ5H
9z 151
89254

O

OH

OH

13C NMR (100 MHz, (CD3),CO)

L e

T
90

100
11 (ppm)
S69

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

T
210

20



650

600

550

500

450

H400
1350

300

250

200

150

100

50
0

+-50

000-—

90e—

HO

OH

TH NMR (400 MHz, (CD5),CO)

I

=861

8.0

0.0 -0.5

0.5

3.0 25 20

3.5

4.0

4.5
1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5

10.0

600

550

500

450
(400
350
300

250

200

(150

100

r-50

B2t

1

=

oL
o

OH

L
OH
13C NMR (100 MHz, (CD3),CO)

867

20

80

T
100

T
110
1 (ppm)

T
120

T
180

T
200

S70



OH

f=1 j=] Q Q o o [=] (=] f=1 f=] Q (=] o
o i=1 w (=] 0w (=] w (=] o (=] w o (=] I
© © w w0 < < el 0 o~ o~ - - w0 (=] ¥
; ; i : 7 7 ! . ) ? ! . ; 7 ,

N M

oee— J

99

m.:/

H =160

L

vl

ek 660

Bi’d €6

0z

154

Pl 461

EP 907

ﬁ,n\ =501

mh,h\v -_

6L [&] T

e 5 ]

168

06— =960

96— €0}

996 — o E00'}

RSP

"H NMR (400 MHz, DMSO-dy)

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25
1 (ppm)

11.0

200
190

180

170

+160

150
~140

130

120
F110

~100

90
80

70

60

-50

40

30

20

10

--20

P66 —
EFEDL—

LLOHL
96811

azezl
ogezl
IS'STL
m,.mka

G99zl
as9zl
B85LZ1
6E8Z

ogazi
orezit
6Z8Z1

Cl

RSP

OH

OH

13C NMR (100 MHz, (CD3),CO)

E90E

60

T T
100 90 80

f1 (ppm)

T
110

T
200

210

S71



450

400

350
300

250

200

150

100

+50
0

000-—

S0T—

66¢—

©
N
~
e
L

! NO,
L

OH

OH

TH NMR (400 MHz, (CD;),CO)

el

891
90
et
807
201
Ago1
=00}
2601
20z

-0.5

05 00

1.0

1.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

1.5

2.0

13

P600L —
80l —
gl 8kl
a6k
60°0Z)

azezl
PLET)
[4aq4)

SPeZl—
mmmmf\
899zl
LOTLT)
Pr 8zl
ELBZI
ZEBZ
BLZEL
LR
ELPEL
EEPEL
PTSEL
Peorl
orzel
PO LS
§€'851

! NO,
L

OH

OH

13C NMR (100 MHz, (CD3),CO)

P ey

200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
210

20

S72



rouu
850

800

750

700

650
600

550

500
450

400

350

300

250

200

150

100

50

50

000—

80—

e—

799
%@V
0zL
\ZL
¥TL
[T
seLff
ey
oz
9L
i
8TL
0£'L
1S4
€84

8L
184
88L
68°L
06°L
164
86°L
pral
088
98¢
189

CF3

RS

OH

OH

H NMR (600 MHz, (CD;),CO)

-0.5

0.0

0.5

.0

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

1.0

1.5

2 ® n 2 i o T 2
9T 10L~_
LTl
SE vofv
9E'SLL
09°LL
mmwfﬂ/
oLzel
[ ~
-
Q
5 5
T .
0 =
O O
S
T Z
o &
o Z
I @)
Lag}

-10

20

70

T T
110 100
1 (ppm)

T
120

T
220

T
230

S73



(= [=] [=] o (=] (= [=] =3 [=] [=] (=] o = (=] (=] o
o] ©0 4 o [=] ) 0 < o [=] @0 {3 g o~ o o [=] (=] o &
2] « L] © « o o o~ o o~ - - - - - « w0 -t o (=] Iy
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1L 1 I
000—
ws/ g0
08— b660
909~ 0L
1£9 00'L
m_‘,h/ M.v
ol
612
[T4A
1 0g')
91~ —— 507
921 262
mﬁ% Rgel
€1 £0'L
9vs . 00'L
052
VLl L .
vee O =001
291 o] T
e
ge'g o]
158

L

OH

TH NMR (400 MHz, CDCl5)

05 00 -05 -10 -15

1.0

40 35 30 25 20

45

1.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50
1 (ppm)

2.0

10

e

—_—

OCF;

OH

L
OH

13C NMR (100 MHz, CDCl;)

-10

20

70

T
100

T
110
1 (ppm)

T
120

T
220

T
230

S74



L5
F40
35
30
25

(20

F15

10

5

0

0oo—

s0Z—

b Z—
peZ—

§6T—

59—
BlL
0zl
ETL
STL
azTL
mnn\
0E'L
nmh\
654
6LL
=73
gL
EENS
064
08

)
L58

OH

OH

IH NMR (400 MHz, (CD;),CO)

L

=06C
-68'C

=90

15 10 05 00 05

20

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30
1 (ppm)

110

1o
14

F13

-8

-6

TLBE~
oy’ 02"

BLBE—
1Lzob—
LEDH
00611
ze'szl
SE'EZ)
rLvEl
19 mw_./
v9'9z}
I
orezi-f
18821
0062}
50621
816z}
9662}
ZL e}
105E}
zg'sel
TT9E}
z8'9E}
96251
L1151
ap'Ls)

L

OH

OH

13C NMR (100 MHz, (CD3),CO)

96T

70

T
100

110
f1 (ppm)

T
120

210

T
220

S75



rs00

450
F-400
k350
F300
F-250
-200
F-150
100
+50
ko

516"
909~
V29~

oz
FITAS
£Ti—
6z
st
[

L
622 \
€62

45 40 35 30 25 20 15 1.0 05 00 -05

50

95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55
1 (ppm)

10.0

OH

RS9
H NMR (400 MHz, CDCl)
11.0 105

15

00'iL—

18001 —
LG'80b—
PEOI

Vi

e

loo
e Ll —
arai
LEpTh

_.«.W.SV.
19971
5971
189711
80°LZ1]
59'LZ1
61821 ]
95821
z9azi
egazl
Al
qN.mm; 1
PrEct
oveet
rLer]
sg'ar ]
06 vl
96°8¥1
86054
1Z'1GH
sl
Ve S
R
Per A
LE66)

-10

90 80

S76

f1 (ppm)

100

10

120

OH
160 150 140 130

170

OH

13C NMR (100 MHz, CDCl)
180

L

190

2



280

260

240

220

200

180

160

140

120

100

80

60

40

20

=20

000—

S0C—

67—

299
299
L
6L27
\Z1~
€227
972
874

seiff

S¥'L
8¥L
8L
BLL

(47

66'L
208
8l'8
8l'8
618
188

Cl

HO

OH

IH NMR (400 MHz, (CD;),CO)

=0l

9Ty
Yol
Bg)
Eplg
€07
=101

0t

110 105 100 95 90 85 80 75 70 65 60 ﬂ?.s )5.0 45 40 35 30 25 20 15 10 05 00 -05 -1.0
ppm!

1.5

260

1240

+220

-200

r180

160

140

r120

100

80

60

f-40

+20

r-20

ZLED
B5'FOL
Se'F0L
9BEH
EINaT
ETLIL
6084
9181
568
LTEZL
LB'EZ)
PLbZL
LLBZL

9Kzl

55'0Z1 7
85'6Z1
FEEAE §
ezt
z1'6Z1Ly

ozezi§
9g' el E
86'LELAE

8KZEL~
cozel 7
E0pEL
GIGEL
PLGEL
BL'GEL
ZE IS~
0Z'LEL
8z mm_.M
L9°09L—
ZTEI

Cl

HO

OH

OH

13C NMR (100 MHz, (CD;),CO)

ion ol

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

230

S77



1000

900

800
700
600

500

400

300

200

100

o

00'0—

20—

959
1597
§5°L
IS
IS
65'L
652
09 LF
i
z9L
€924
9L
59
zL L]
mnp_ﬁ
i
L

99L
€98
m@i
89'8

OH
OMe

OH
H NMR (400 MHz, (CD;),CO)

* eg

A

=62

=0t

mo_.
Yot
S0
ooy
Il T4
M?ram,_,

e

Ey8L

05

0.0

50

10 105 100 95 90 85 80 75 70 65 60 55
1 (ppm)

1.5

20

r4.5

f40
fas

r3.0

25

r2.0

1.5
1.0
ros
0.0

=05

00'95—

ZVBT

ZTOEL~5
ohnmﬁ\-
mmcmf\
ofmmf\\v
80 GE|

A
688yl —

PZ LS
£5°451

* ”

OH
OMe

OH

13C NMR (100 MHz, (CD3),CO)

286

Nl

T T
110 100 a0

1 (ppm)

T
120

T T T
210 200 190

T
220

S78



240
F230

220

210

200

190

~180
170
~160

+150

140

~130
120

~110
-100

90

80
70
L60
50
La0
30
L20
10
o
10

000-—

Hol!

OH

OH

A

H NMR (400 MHz, CDCl;)

Feoz

F60'L
=10

20t
S6C
LES
oy
1%
60k
Lo’k
=001

T
0.5

T
1.0 05 0.0

15

3.0

3.5

4.5

5.0

5.5
1 (ppm)

T
6.0

Frou
700

650

+-600
+-550

500

450
400

350

300

250

200

150

100

50
0

-50

00'2L—

84001 —
9y'e0L —
99FIL

vO'8LL
8r8LL
Wweek
sLsel

4 44
20'%21~L
[ WAy 4
12121
18221
8v'L2)
o9z
EEAR |
v8'8z)
96zt
66621
5G'1eL
99'1EL
8Y'ZEL
651
L0281
09°0v4
WISk
15551

——

- eo

OH

OH

A

13C NMR (100 MHz, CDCl;)

"

PRV SO TIF NP ORIy J

Gin i el

40

T
100 90
f1 (ppm)

T
110

T
120

S79



170
160
150
~140
+130
120
110
100
+-10

90
80
~70
60
50
40
30
20
10

0.5

0.0

00'0— =

05

1.0

15

s02—

25

gge—

3.0

35

10

20

30

40

50

60

70

lopra

T T
6.0 50 45
1 (ppm)

6.5

959 SRS, RS r
._.m.mv oLt

LEL
€64 =
SEL Yo'z

00z
8L Pt -
mm.& vl
Wi Wi
0+

7.0

75

8.0

19'2]
292
294
VoL
594
9L
194
194
a8
z8'L
a8'4
8L
S6'L
96°L

85

Ll
6L
£8°0

OH
100 @5

T
10.5

eE'B
£E'8

HO l l
OH
NC I I

1.0

59'8
498

IH NMR (600 MHz, (CD;),CO)

1.5

20

80

90

S80

100

110

130 120
1 (ppm)

OH
140

150

160

OH

NCII

L
13C NMR (150 MHz, CDCl)
180 170

190

el

200



-1

-10

Y
abi
10

20

30

f=] [=] Q (=] f=] Q Q Q (=] Q (=] o ﬁ
§ & 8 © § B B § 8§ & &8 g . 8 ,
0
Fe
L e
(=]
Lo
(=}
L 2
L0
L 2
o
. e
z— PR Lo
L2
(]
9ge— 3 | o
™
LS
3
99 | o
9e'9 <
vl
1L | o
Sl 0
oL =
0z'L lof
2L e
¥ =
Sv'L | o
9¥°L k ©
€5°L 5
e —_— Wi, \yes—
ik © b2 20 —
mmﬁ 0L
Ly 'L e ;
09I %mu” ~ 62511
19°L7 o €402}
201 sl L@ ez
6.1 <> poti ER)
;{W = wi [ ez
i o ~T3 L2 B0'6Z)
Sis 3 860 pIoz)
56'g M L w LI9E)
95’8 D
%8 o 1 Wz
58 N S BE'EZ)
6167 = ~ 00t oves
P96~ = 00 [ @ I6'1€)
I - S o £97EL
O\ N L3 see)
T 08251
& « szorl
o > E zvig
T Z 9596}
2 €898l
= £
L
| 0
<
S

i
40

70 60 50

80

S81

20

100
f (ppm)

10

120

OH

130

140

OH
==
SN
n

160 150

13C NMR (150 MHz, DMSO-dy)

" A . 14.‘.
170

180




1600

1500

+1400

1300

1200

1100

1000
900

800

~700

600

~500

400

300

200

-0

100

00°0-—

60e—

16—

80G—

59—

EL'L
Sb'L
9L
LVL

¥2 L]
mNm;ﬂ
mNm;ﬂ

0e'2
652
652
092
9L
992
89'L
69'L
i
6L
6L
08'L
8L
v98
99'g

e —

OH

iiilllliill“

H NMR (600 MHz, CDCl;)

=l6E

=l6e

=680

=S60

00 95 90 85 80 75 70 65 60 55 S50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)

10.5

550

500

450

400

(350

(300

(250

(200

150

100

50
0

50

BE'GS~,
8L65

00LL—

19°96
04’66
LOLLLY
68°211
ZLTZL
L1621
ZL el
68721 |
9L'SZ1
06'921
£2°421
S9'421 A
6872214
96421
0r'gzL~
65821
r0'621
ﬁ.mmi
ma.wmg

—_

e

ST

66°EEL
8LFEL

206kl —

LLU8SL~
yzesL"

o)

13C NMR (150 MHz, CDCls)

OH

40

T T
100 90
1 (ppm)

T
110

10

S82



F12
10
=]
6
Fa
o
-2

10

20

30

40

50

60

70

=4 e s S = Q = S S Q @ ©Q < o =] @ © <
g % § & § & § % & g o P f @& 8 8 8 5. 8. 5
w
e
o
=)
w
=]
lo
| w
95— -
=
o
1SS,
| w bL9g—=
o ¥8'98
=]
EVE— s0e | 7
| w
« 00'LL—
8LE— D 00€
z0p— = Toer =
L w
- .
86'66
5 8.5_W
Les ¥EL0L
s ovELL
4 = NE:.W
| w 9LEL
w vl
:&:W
= 00644
e Phezkf
grezhk
zgezL
| czseL i
O3y — *7680 sz
. 1E9ZL
Mw M | o 09221
e
€L Wom._ a8k
s @ Wy Lw £9'8Z1
MMM G Beoy | & hn”_.m_.
a0z A
Wi i e |
A & 0g'LEL —
MNM O Mo £9'LE} O
gL o o LYEEL
N N soL Lgeel
6L an) Mo LE'SEL
rSeL
e = - L7251
o + 0E'854
&8 S = 01851
< Z6'65k
Wn\ o 8r'zol
= "
.4 =
= w
- =

80

S8&3

1 (ppm)

200 190 180 170 160 150 140 130 120 110

210

13C NMR (100 MHz, CDCls)

20



1200

1100

1000

900

800

700

600

500

400

(300

(200

100

+-100

€80
&80
180
69'L
W
el
vl
9Ll
L1
6.1
[%:23
€8l

8L
98'L
99Z

65k
09
44

O__.

Et

H NMR (400 MHz, CDCl5)

Foze

Fuzz

00t

=004

162
P60
967

00

10

15

25

30

35

4.0

T T T
10 105 100 95 90 85 80 75 70 65 60 55 50 45
1 (ppm)

15

L]
120

~110

~100

90

80

F70

60

50

F40

30

20

10

10

E00L—

5e—

Y8GL~
00°LL—

901zl
09veL /
85621
26'52h =
¥SLZL
0842}
Lo'geL
08°ZEL
oLeel
£8'lvL—

13C NMR (100 MHz, CDCl;)

W

10

20

80 70

1 (ppm)

T
100

T T T
160 150 140

T
170

30

S84



(=] (=] (=1 (=] o (=] o (=] (=] o

w (=) w (=) W =] w (=] W o

3 2 7 g & 2 & 8 & o s

; ] ; i | : ) i , n T
00°0-—

AN s

L E

ol €'Y
£5z— %%&
SEE i
s6e = o't

ETE
:14 MW
9T'§
896G
86'S

eh—

m

OH

'H NMR (600 MHz, CDCl;)

Lz
L

G681
o0t
=00t

an—é

450

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -1.0
1 (ppm)

9.0

T
125 120 116 110 105 100 95

130

IV~
009z

YOvL—
004L—

PEQLL
Z98LL~
868LL”
9Tzl ~
1182k~
69zl

PeYeEL—

6T 151 —

400
350
300
250
200
150
100
50

10

20

100 90 80 70 60 50 40 30
f1 (ppm)
S85

10

150 140 130

]

OH
190 180 170 160

13C NMR (150 MHz, CDCl;)

200




550

500

+450

400

-350

300

250

200

150

~100

00—

26T~
E9Z—

ELE~
LBE
68 mUY

£TS
P&
LTe
0E'S
S6'%
LE'S
B6'S
66'G
009
o9
LLe
BL'O
BL'9
189
89
96'9
LB'D
rhL
ShL
9L
STL

66°0L—

OH

H NMR (600 MHz, CDCl5)

MJJ\

iy

S0'L
wmma;
Epl

681
=0l
=560

Feso |

125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
1 (ppm)

30

+22
21

r20

19

18

17

16

ri15

f14

F13

ri12

1

r10

r9

7

r6

r5

3

r2

=

ro

F-1

k-2

6805 —

8L99—

¥SrL—
00°LL—

SHoLL~
POBLI~
05611+
or'ezl—
Y8z,
58'821

B89vEL—

82961 —

OH

0]

13C NMR (150 MHz, CDCls)

-10

20

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
190

S86



140

+130

F120

F110

100

90
80

70

60

50

40

-0

F-10

Q00—

€6~
92—

PLE
SLE
S8E
BB'E

8BTS
62 mw
LE'S

ves”

Z6'G
6 m/
L6'G~F
86'G
e
69'8
69'9
78]
L9
EL'D
L9
SL'9
9L'e
£8'9
£8'9
S8'9
S8'9
189
289
&Zi

€80l —

H NMR (400 MHz, CDCl5)

MJJU L

.

Fuee

iy
—o

QQ
-

el

10 105 100 95 90 85 80 75 70 65 60 ﬂ_?S )5.0 45 40 35 30 25 20 15 10 05 00 -05 -10
PP,

15

2.0

5.5

5.0

4.5

+4.0

3.5

3.0

2.5

2.0

F1.5

1.0
F0.5
0.0

+-0.5

PL0S—

vLe9—

Eﬁ
covL
0027

69'vLL
443
20SL

¥ZSLL
FLLL
i
18611
09'tZ1 \
L9%21
v8EEL—

28,6 —
00551 —
9e° L5 —

OH

0]

13C NMR (100 MHz, CDCl5)

el

130 120 110 100 90 80 70 60 50 40 30 20 10

140

200 190 180 170 160

10

1 (ppm)

S87



220
210

200

190

180

170

160

150

140

130

120

110

100

90

80

70

60

50

(40
3
-2/
1

0

F-10

TGT~
A KA

9oL —

HsCO

H NMR (400 MHz, CDCl)

Frov

66'9
wmw—;

Esie

Fevt

=e0'b
Lo

Foot

T
6.0
1 (ppm)

T

125

-1.0

0.0 -05

0.5

50 45 40 35 30 25 20 15 10

5.5

105 100 95 90 85 80 75 70 65

1.0

120 15

2 = 1 2 2 S =) =) o o =] =) =) o o e 5]
= = < = = = & @ ~ @ I 5 & & - =) v ¥
1 1 1 1 | T i 1 [ ' i | h 1 i h |

06’08 —

0856 —

9L'98—

8S'pL

L9 WhUY

0oLl

BOELL~

S
EB9Ll
hfmff\\

or el

LEPEL—

86'6vL —
2LeE —

13C NMR (100 MHz, CDCl)

S A

T
100 90 80

110

T T
180 170

T
190

1 (pprm)

S&8



XII. X-Ray crystallographic information of 3a

(R)-3a CCDC 1923394

Identification code 3a-cif

Empirical formula C27H20CIFO3

Formula weight 446.88

Temperature/K 295(2)

Crystal system triclinic

Space group P1

a/A 12.4631(3)

b/A 12.5987(3)

c/A 15.6878(4)

a/° 97.484(2)

B/°106.179(2)

v/° 105.721(2)

Volume/A3 2220.12(11)

Z4

pcalcg/cm3 1.337

wmm 1 0.207

F(000) 928.0

Crystal size/mm3 0.3 x 0.26 x 0.25

Radiation MoKa (A =0.71073)

20 range for data collection/® 6.666 to 52.742

Index ranges -15<h <15,-15<k<15,-19<1<19
Reflections collected 35999

Independent reflections 17912 [Rint = 0.0206, Rsigma = 0.0349]
Data/restraints/parameters 17912/13/1165
Goodness-of-fit on F2 1.028

Final R indexes [I>=2c (I)] R1 =0.0631, wR2 = 0.1559
Final R indexes [all data] R1 = 0.0984, wR2 = 0.1835
Largest diff. peak/hole / e A-3 0.46/-0.34

Flack parameter 0.019(17)
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