Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2020

Chiral Fe(ll) Complex Catalyzed Enantioselective [1,3] O-to-C
Rearrangement of Alkyl Vinyl Ethers and Synthesis of Chromanols and
Beyond

Lifeng Wang, @ Pengfei Zhou, # Qianchi Lin, # Shunxi Dong, # Xiaohua Liu,* and
Xiaoming Feng*?

Key Laboratory of Green Chemistry & Technology, Ministry of Education, College of Chemistry,
Sichuan University, Chengdu 610064, China

E-mail: liuxh@scu.edu.cn, xmfeng@scu.edu.cn

Table of Contents

1. General INFOMMALION .....o.veiie ittt e et e e e st b e e e e sbbe e e e anbreeeean 2
2. General procedure for the synthesis of SUDSIrates ........cccvvviviviiiiie 2
3. General procedure for the catalytiC reaCtioNS ...........cooiiiiiiiiiiiiie e 3
4. General procedure for the synthesis of Chromanones ...........cccccvviiiiiiiiiiiiis 5
5. General procedure for the scale-up reaction ...........cccoiieiiiiiiiiie i 6
6. Synthetic transforMation .........oooviiiiiiiiii 6
7. The optimization of reaction CONAItIONS  ........cuuiiiiiiiiiiiii s 8
S TS o o] o L= N 11 11 2= 11 [0 o 10
9. HRIMS GNAIYSIS ..ottt ettt e e s e bt e e e ab e e e e nnbae e e e neee 11
10. Spectral characterization data............cccoooeviiiii 12
11. Copies of NMR spectra for the substrates and the products ...........cccceeiniiieiniiecenninnen, 49
12. Copies Of CD SPECHra iN CH2Cl2 .......oiiviiiiiiiiiie ittt 127
130 REFEIBNCES ..ottt sttt e e e et e e s et e e e e nnbae e e e nneee 135


mailto:liuxh@scu.edu.cn
mailto:xmfeng@scu.edu.cn

1. General information

IH NMR spectra were recorded on Bruker AMX-400 (400 MHz). Spectra were reported as follows: chemical
shift (& ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz),
integration and assignment. 1*C{*H} NMR spectra were collected on Bruker AMX-400 (100 MHz) with complete
proton decoupling. °F{*H} NMR spectra were collected on Bruker AMX-400 (376 MHz) with complete proton
decoupling. Chemical shifts are reported in & (ppm) referenced to the residual peaks of CDCl; (& = 7.26) for *H
NMR or TMS (5 = 0.00) for *H NMR and CDClI; (8 = 77.0) for **C{*H} NMR. High resolution mass spectra (HRMS)
were performed on Thermo Q-Exactive Focus (FTMS+c ESI) and data were reported as (m/z). Enantiomeric
excesses (ee) were determined by HPLC analysis using the corresponding commercial chiralpak column as
stated in the experimental procedures at 25 °C. Optical rotations were reported as follows: [o] T (c g/100 mL, in
solvent). IR spectra were recorded on BRUKER TENSOR II IR spectrophotometer. CD spectra were determined
by Chirascan CD (DCM as the solvent) which was purchased from Applied photophysics Ltd. CH,Cl, was
purified by MB-SPS systeme. All other solvents were dried using standard protocol. Fe(OTf), was purchased
from Adamas Reagent, Fe(OTf); was purchased from Alfa Reagent, PCC (Pyridinium chlorochromate) was
purchased from Adamas Reagent, [Ir(cod)Cl]. was purchased from Adamas Reagent. Salicylaldehyde and
Grignard reagent were commercially available. Chromatography: Qingdao Haiyangsilica gel, HG/T2354-92, H

CP. The N,N-dioxides were prepared according to the methods reported in the literature.*
2. General procedure for the synthesis of substrates

CHO H
C[ TBSCI, Imidazole CHO
OH CH2C|2, r.t.

OTBS

A B

To a solution of salicylaldehyde (6.10 g, 50 mmol) and imidazole (5.10 g, 75 mmol) in CH,Cl, (100 mL) was
added tert-butyldimethylsilyl chloride (11.25 g, 75 mmol), and the reaction was stirred overnight at room
temperature. Saturated NH4CI (200 mL) was added, the two phases were separated, and the aqueous layer
was extracted with CH,Cl, (3 x 50 mL). The combined organic layers were washed with brine, dried over
anhydrous Na,SO, and concentrated in vacuo. the residue was purified by flash chromatography on silica gel
(Pet/EtOAC = 20:1) to afford the product B (11.11 g, 94% yield) as a pale yellow oil.

OH OTBS
cHo PhMgBr
_—_—
THF, 0°C-rt. PN
OTBS
B c

To a solution of compound B (3.54 g, 15 mmol) in dry THF (20 mL) at 0 °C, solution of phenyl magnesium
bromide (18.0 mL, 1M in THF) was added dropwise under N, atmosphere. The reaction was stirred overnight
at room temperature. Saturated NH4CI (100 mL) was added, the two phases were separated, and the aqueous

layer was extracted with EtOAc (3 x 30 mL). The combined organic layers were dried over anhydrous Na,SO4



and concentrated in vacuo. the residue was purified by flash chromatography on silica gel (Pet/EtOAc = 20:1)

to afford the product C (4.0 g, 85% yield) as a colorless oil.

(0]
OH OTBS )k PN /\o OTBS
(O
Ph Ph
[Ir(cod)Cl], Na,CO4
PhMe, 100 °C

A solution of compound C (4.0 g, 12.73 mmol), vinyl acetate (2.19 g, 25.46 mmol), [Ir(cod)Cl], (85 mg, 0.127
mmol) and Na,COs (0.81 g, 7.64 mmol) in toluene (30 mL) was heated at 100 °C for 6 h under N, atmosphere.
After removing the solvent under vacuo, the residue was purified by flash chromatography on silica gel
(Pet/EtOAC = 40:1) to afford the crude product of D (3.51 g) as a pale yellow oil. Vinyl ethers were prepared

according to the literature procedure.?

Z>o0  oTBs Z0  oH
TBAF

Ph Ph
THF, rt.

D 1a

To a solution of crude compound D (1.36 g) in THF (10 mL), solution of TBAF (6.0 mL, 1M in THF) was added
dropwise. The reaction was stirred at room temperature for 1 h. Saturated NH4Cl (50 mL) was added, the two
phases were separated, and the aqueous layer was extracted with EtOAc (3 x 20 mL). The combined organic
layers were washed several times with brine to remove tert-butyldimethylsilyl fluoride, dried over anhydrous
Na,SO4 and concentrated in vacuo. The residue was purified by flash chromatography on silica gel (Pet/EtOAc

= 20:1) to afford the product 1a (0.86 g) as a colorless oil, the overall yield was 61% yield.

3. General procedure for the catalytic reactions

OH
N0 oH L-PiPry/Fe(OT), 0
(1:1, 0.1-5 mol%)
R1 N R1 N
| R? CH,Cl,, 35 °C R
P =
1 2

Preparation of the catalyst solution (5 x 10 M): To a 2.0 mL volumetric flask, L-PiPrz (6.5 mg, 0.01 mmol),
Fe(OTf), (3.5 mg, 0.01 mmol) and CH,CI; (2.0 mL) were added.

General Procedure A:

A dry reaction tube was charged with freshly prepared L-PiPr2/Fe(OTf), catalyst solution (0.1 mol% catalyst
loading; 40uL, 5 x 10 M in CH,Cl,), followed by the addition of CH,Cl, (1.6 mL). The mixture was stirred at
35 °C for 0.5 h followed by addition of the substrate solution (0.2 mmol, 400uL; 0.5 M in CH,Cly). The reaction



mixture was stirred at 35 °C and detected by TLC. The residue was purified by flash chromatography on silica
gel (Pet/EtOAc = 10:1 — 6:1) to afford the desired products.

General Procedure B:

A dry reaction tube was charged with freshly prepared L-PiPr2/Fe(OTf), catalyst solution (1 mol% catalyst
loading; 400uL, 5 x 10 M in CH,Cl,) , followed by the addition of CH,Cl, (1.2 mL). The mixture was stirred at
35 °C for 0.5 h followed by addition of the substrate solution (0.2 mmol; 400uL, 0.5 M in CH,Cl,). The reaction
mixture was stirred at 35 °C and detected by TLC. The residue was purified by flash chromatography on silica
gel (Pet/EtOAc = 10:1 — 6:1) to afford the desired products.

General Procedure C:

A dry reaction tube was charged with L-PiPrz (6.5 mg, 5 mol%) and Fe(OTf), (3.5 mg, 5 mol%) followed by the
addition of CH.CI, (1.6 mL). The mixture was stirred at 35 °C for 0.5 h followed by addition of the substrate
solution (0.2 mmol, 400uL; 0.5 M in CH.Cl,). The reaction mixture was stirred at 35 °C and detected by TLC.
The residue was purified by flash chromatography on silica gel (Pet/EtOAc = 10:1 — 6:1) to afford the desired

products.
OH
>0  OH L-PiPr,/Sc(OTf), o
(1:1, 5 mol%)
1 XN
) R CH,Cl, 35 °C R g
— 2V¥12, —
1
2

General Procedure D:

A dry reaction tube was charged with L-PiPr2 (6.5 mg, 5 mol%) and Sc(OTf); (4.9 mg, 5 mol%) followed by the
addition of CH,CI, (1.6 mL). The mixture was stirred at 35 °C for 0.5 h followed by addition of the substrate
solution (0.2 mmol, 400uL; 0.5 M in CH,Cl,). The reaction mixture was stirred at 35 °C and detected by TLC.
The residue was purified by flash chromatography on silica gel (Pet/EtOAc = 10:1 — 6:1) to afford the desired

products.

OH

e OH L-RaPr,/Fe(OTf),
(1:1, 10 mol%)

Ph
O CH,CICH,CI Ph
‘ 35°C,11 h ‘

1u 2u

)

General Procedure E:

A dry reaction tube was charged with L-RaPr2 (14.0 mg, 10 mol%), Fe(OTf). (7.0 mg, 10 mol%) and CH.Cl, (1.0
mL) and the resulting solution was stirred at 35 °C for 0.5 h. After removing the solvent under vacuo, 1u (0.2
mmol) was weighted into the tube followed by adding CH>CICHCI (2.0 mL). The reaction mixture was stirred at
35 °C for 11 h. The residue was purified by flash chromatography on silica gel (Pet/EtOAc = 15:1 — 10:1) to

afford the desired products.



OH

(o) OH L-RaPr,/Fe(OTf), o
(1:1, 10 mol%)

7
F F
O O CHCI3, 35°C, 15 h O O

1v 2v

General Procedure F:

A dry reaction tube was charged with L-RaPr2 (14.0 mg, 10 mol%), Fe(OTf), (7.0 mg, 10 mol%) and CHCl, (1.0
mL) and the resulting solution was stirred at 35 °C for 0.5 h. After removing the solvent under vacuo, 1v (0.2
mmol) was weighted into the tube followed by adding CHCI; (2.0 mL). The reaction mixture was stirred at 35 °C
for 15 h. The residue was purified by flash chromatography on silica gel (Pet/EtOAc = 15:1 — 10:1) to afford the

desired products.

OH
ZS0  OH L-PiPr, (10 mol%)
Fe(OTf)s (10 mol%) o)
Ph
CH,Cly, H,0 (5 L) Ph
35°C, 2h
1a 2a

General Procedure G:

A dry reaction tube was charged with L-PiPr2 (6.5 mg, 10 mol%) and Fe(OTf); (5.0 mg, 10 mol%) followed by
the addition of CH,Cl, (0.8 mL). The mixture was stirred at 35 °C for 0.5 h followed by addition of H,O (5 pL)
and then continued to stir at 35 °C for 5 minute, followed by addition of the substrate solution (0.1 mmol, 200uL;
0.5 M in CH.Cl,). The reaction mixture was stirred at 35 °C for 2 h. The residue was purified by flash

chromatography on silica gel (Pet/EtOAc = 10:1 — 6:1) to afford the desired products.

4. General procedure for the synthesis of chromanones

OH (0]
(o) PCC o)
- =
CH,Cl,, 3 h 1
R! \7R2 R \7R2
= =
2 3

To a solution of chromanols 2 (1 equiv) in CH,Cl, (0.1 M) was added PCC (3 equiv). The reaction mixture was
stirred at 35 °C for 3 h. The residue was purified by flash chromatography on silica gel (Pet/EtOAc = 10:1) to

afford the chromanones 3. Isolated yield of chromanone 3 over two steps.



5. General procedure for the scale-up reaction

PN OH
~ 0 OH L-PiPr, (1 mol%)
Fe(OTf), (1 mol%

Ph (0T, ( o) o
CH,Cl, (0.1 M) Ph
35°C, 4 h

Me 1.04 g, 96% yield

10 2 Me

(4.5 mmol) (96% ee)

A round-bottomed flask was charged with L-PiPr2 (29.3 mg, 0.045 mmol, 1 mol%) and Fe(OTf), (15.8 mg, 0.045
mmol, 1 mol%) followed by the addition of CH,Cl, (36.0 mL). The mixture was stirred at 35 °C for 0.5 h followed
by addition of the substrate solution (4.5 mmol, 9.0 mL; 0.5 M in CH,Cl,). The reaction mixture was stirred at
35 °C for 4 h. After removing the solvent under vacuo, the residue was purified by flash chromatography on

silica gel (Pet/EtOAc = 10:1 — 6:1) to afford the desired product 20 in 96% yield (1.04 g) with 96% ee.

6. Synthetic transformation

OH
(0] Ph
DIPA, AcOH Me J\
Ph e —— N
NaCNBH; )\
MeOH, 35 °C OH
Me .
20 (R)-tolterodine
96% ee

A dry reaction tube was charged with chromanol 20 (35.8 mg, 0.149 mmol), diisopropylamine (0.053 mL, 0.372
mmol), CH3CO;H (0.017 mL, 0.30 mmol), NaCNBH3; (23.4 mg, 0.372 mmol), and dry MeOH (0.36 mL). The
reaction was stirred at 35 °C under N, atmosphere for 70 h. After removing the solvent under vacuo, the residue

was purified by flash chromatography on silica gel (EtsN/EtOAc/Pet = 1:30:70) to afford (R)-tolterodine in 72%

yield (35.1 mg).
0
o [
N Ph O
Ph O L
SOas
THF, 10 h
‘ OH
3u

4u

To a solution of 3u (20.2 mg, 0.074 mmol, 95% ee) in THF (3.7 mL) was added piperidine (0.4 mL, 4.05 mmol).
The reaction mixture was stirred at 35 °C for 10 h. After removing the solvent under vacuo, the residue was
purified by flash chromatography on silica gel (Pet/EtOAc = 4:1 — 2:1) to afford the desired product 4u in 99%
yield (26.4 mg) with 95% ee.
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. () @
: v CL TS

H
s N
THF, 10 h
‘ OH
3v

4v

To a solution of 3v (18.5 mg, 0.063 mmol, 95% ee) in THF (3.2 mL) was added piperidine (0.34 mL, 3.48 mmol).
The reaction mixture was stirred at 35 °C for 10 h. After removing the solvent under vacuo, the residue was
purified by flash chromatography on silica gel (Pet/EtOAc = 4:1 — 2:1) to afford the desired product 4v in 94%
yield (22.4 mg) with 95% ee.



7. The optimization of reaction conditions

Table S1. Screening of metal salts.

OH
Z o oH L-PiPr, (10 mol%)
Metal salts (10 mol%) o)
Ph
CH,Cl,, 35°C, 2 h Ph
(+)-1a 2a
entry? Metal salts yield (%)° ee (%)°
1 Fe(OTf):. 93 98
2 Sc(OTf)s 86 90
3 Zn(OTf), 13 69
4 Fe(OTfs 19 0

@ Unless otherwise stated, all reactions were performed with 1a (0.1 mmol) and L-PiPr,/Metal salts (1/1, 10 mol%) in

CH.Cl, (0.1 M) at 35 °C for 2 h. " Isolated yields. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S2. Screening of ligands.

OH
Z>0  OH Ligand (10 mol%) J\
Fe(OTf), (10 mol%) o 0" Mo
Ph +
CH,Clp, 35°C,2h  pp, Ph
2a 2a

Ar/N\H - H/N\Ar Ph Ph

::::,;Z:'X;%gf;gfg?ﬁ;y”:;z L-RaPr,: Ar = 2,6-Pr,CqHs Ph-Box
L-PiPr,: Ar = 2,6-iPr,CgHs, n =2
L-PiPrj: Ar = 2,4,6-iPrzCgH,, n =2
entry? Ligand yield (%)° ee (%)°

1 L-PiPr; 93 98

2 L-RaPr; 80 94

3 L-PrPr; 80 91

4 L-PiMe, 86 96

5 L-PiPr; 79 96

6 Ph-Box 67 0

7¢ none 29 0




2 Unless otherwise stated, all reactions were performed with 1a (0.1 mmol) and Ligand/Fe(OTf), (1/1, 10 mol%) in
CH.Cl, (0.1 M) at 35 °C for 2 h. ® Isolated yields of 2a. ¢ Determined by HPLC analysis on a chiral stationary phase. ¢
Isolated yield of byproduct 2a" was 63% vyield.

Table S3. Screening of solvent.

OH
Z>0 O L-PiPr, (10 mol%)
Fe(OTf), (10 mol%) (0]
Ph
solvent, 35°C, 2 h Ph
(¥)-1a 2a
entry? solvent yield (%)° ee (%)°

1 CH,Cl, 93 98
2 PhCH, 75 96
3 THF 90 98
4 EtOAc 87 96

@ Unless otherwise stated, all reactions were performed with 1a (0.1 mmol) and L-PiPr./Fe(OTf), (1/1, 10 mol%) in

solvent (0.1 M) at 35 °C for 2 h. ° Isolated yields. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S4. Screening of catalyst loading.

OH
~0  OH L-PiPr, (x mol%)
Fe(OTf), (x mol%) O
Ph
CH,Cl,, 35°C, 2 h Ph
(+)-1a 2a
entry? X yield (%)° ee (%)°
1 10 93 98
2 5 93 98
3 1 93 99
4 0.1 84 98

2Unless otherwise stated, all reactions were performed with 1a (0.1 mmol) and L-PiPr,/Fe(OTf), (1/1, x mol%) in CH,Cl,

(0.1 M) at 35 °C for 2 h. " Isolated yields. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S5. Screening of H,O when Fe(OTf); as metal salt.

OH
Z>0  oH L-PiPr, (10 mol%)
Fe(OTf); (10 mol%) 0
Ph
CH,Cly, H,0 (x uL) Ph
35°C, 2 h
(+)-1a

2a



entry? X pL yield (%)° ee (%)°

1 0 19 0
5 1 44 92
3 5 71 99
4 10 72 98
5¢ 0 63 98

2Unless otherwise stated, all reactions were performed with 1a (0.1 mmol), L-PiPr./Fe(OTf); (1/1, 10 mol%) and H,O
(X ML) in CH2Cl, (0.1 M) at 35 °C for 2 h. ® Isolated yields. ¢ Determined by HPLC analysis on a chiral stationary phase.

41 mol% catalyst loading.

Table S6. Screening of different counteranions with Fe(lll) and HOTHf.

OH
Z0  OH L-PiPr, (10 mol%)
Fe(OTf); (10 mol%) o}
Ph
CH,Cl,, H,0 (5 pL) Ph
35°C,2h
t)-1a
& 2a
entry? variation from “standard conditions” yield (%)° ee (%)°
1 none 71 99
2 Fe(ClO4)3-xH,0 instead of Fe(OTf)s 46 98
3 FePO,4-xH;0 instead of Fe(OTf); N.R. -
4 Fe(acac); instead of Fe(OTf); 0 -
5d HOTf 0 -
6° HOTf N.R. -

2Unless otherwise stated, all reactions were performed with 1a (0.1 mmol), L-PiPr,/Fe(OTf); (1/1, 10 mol%) and H,O
(5 uL) in CH,CI, (0.1 M) at 35 °C for 2 h. ® Isolated yields. ¢ Determined by HPLC analysis on a chiral stationary phase.
9HOTS (10 mol%) instead of H,O (5 pL). ¢ HOTf (10 mol%) instead of Fe(OTf)s (10 mol%) and H,O (5 pL).

8. Scope limitation

T U U G
CRenciacRacias

unsuccessful substrate synthesis
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9. HRMS analysis

The mixture of L-PiPr2/Fe(OTf), (1/1, 0.01 mmol) with D-O (50 pL) in CH2Cl,, and the
mixture of L-PiPr2/Fe(OTf); (1/1, 0.01 mmol) with DO (50 pL) in CHyCl, were
monitored by HRMS (Figure S1 and Figure S2). The signals in response to the
complexes of iron salt, chiral ligand and water showed that higher peaks was found
from the system of Fe(OTf), than Fe(OTf)s. It might indicate that the ferrous catalyst is

a slightly sensitive to moisture than the corresponding ferric catalyst.

200507_FE2_D20 5 (0.086) TOF MS ES+
100+ 345.2518 696

[L-PiPra+Fe®+HOTf +-OTf +H,0P*
Cal. 510.6589/511.1605
Found 510.7841/511.2906

%

649.4658

346.2562

1650.4751

! 320.2533

!
! 651.4744 799.4125 852.3564
102.9575

TN - .L L‘Jl

! !
1020J5681 1170.5344

G0 TR T e b 600 700 800 900 1000 | 1100 1200 1300 1400 iz

Figure S1 HRMS spectra of L-PiPrz/Fe(OTf)z (1/1, 0.01 mmol) with DO (50 pL)
200507_FE3_D20 8 (0.137) TOF MS ES+
345.2488 952

1004

[L-PiPra+Fe3+HOTf +-OTf +H,0P*
Cal. 510.6589, Found 510.7849

%

649.4634
346.2551

650.4742
799.4259

|
! | 344.2085| 426.6 33.4702 [651.4794 ! ! | |
) 800.4164, ! !
1076440 179.4619 L l 510.7849 [ 704,408 4109879.2996 1407 2699 1347.1643 iz

0 T T T T T t L T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

Figure S2 HRMS spectra of L-PiPr2/Fe(OTf)s (1/1, 0.01 mmol) with D20 (50 uL)
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10. Spectral characterization data

2-(Phenyl(vinyloxy)methyl)phenol (1a)

Ph

Colorless oil, 61% yield; *H NMR (400 MHz, CDCls) & 7.38 — 7.23 (m, 5H), 7.20 — 7.15 (m, 1H), 7.10 — 7.05 (m,
1H), 6.92 — 6.81 (m, 2H), 6.59 (s, 1H), 6.45 (dd, J = 14.1, 6.6 Hz, 1H), 6.03 (s, 1H), 4.50 (dd, J = 14.1, 2.1 Hz,
1H), 4.16 (dd, J = 6.6, 2.1 Hz, 1H). *C{*H} NMR (100 MHz, CDCls) 5 154.2, 149.5, 139.2, 129.5, 128.5, 128.46,
128.1, 126.9, 125.3, 120.4, 117.0, 91.8, 82.0. IR (film): v (cm™) 3422, 3032, 1637, 1616, 1487, 1454, 1231,
1166, 1094, 1043, 939, 835, 751, 697. HRMS (FTMS+c ESI) calcd for [CisH1402+Na*]: 249.0886, found
249.0887.

2-(o-tolyl(vinyloxy)methyl)phenol (1b)

Colorless oil, 53% yield; H NMR (400 MHz, CDCls) & 7.15 — 7.05 (m, 5H), 6.83 — 6.71 (m, 3H), 6.57 (s, 1H),
6.34 (dd, J = 14.1, 6.6 Hz, 1H), 6.13 (s, 1H), 4.37 (dd, J = 14.1, 2.1 Hz, 1H), 4.06 (dd, J = 6.6, 2.1 Hz, 1H), 2.23
(s, 3H). *C{tH} NMR (100 MHz, CDCls) & 154.8, 149.6, 136.8, 136.5, 130.7, 129.6, 128.6, 128.4, 127.7, 126.1,
124.2,120.4,116.7, 91.6, 79.2, 19.2. IR (film): v (cm) 3424, 3026, 1612, 1487, 1457, 1281, 1233, 1094, 1040,
942, 818, 753. HRMS (FTMS+c ESI) calcd for [C1H1602+Na']: 263.1043, found 263.1040.

2-(m-Tolyl(vinyloxy)methyl)phenol (1c)

Pale yellow oil, 11% yield; *H NMR (400 MHz, CDCls) & 7.25 — 7.07 (m, 6H), 6.92 — 6.87 (m, 2H), 6.67 — 6.59
(m, 1H), 6.47 (dd, J = 14.0, 6.6 Hz, 1H), 6.00 (s, 1H), 4.52 (dd, J = 14.0, 2.1 Hz, 1H), 4.19 (dd, J = 6.6, 2.1 Hz,
1H), 2.34 (s, 3H). 3C{IH} NMR (100 MHz, CDCls) & 154.3, 149.5, 139.1, 138.3, 129.5, 129.0, 128.5, 128.5,
127.6, 125.3, 124.0, 120.3, 117.04, 91.8, 82.4, 21.5. IR (film): v (cm™) 3411, 2920, 1613, 1487, 1455, 1322,
1283, 1228, 1159, 1040, 943, 821, 753, 698. HRMS (FTMS+c ESI) calcd for [C1sH1s02+Na*]: 263.1043, found
263.1044.

2-((3-Fluorophenyl)(vinyloxy)methyl)phenol (1d)

L

O OH
T

12



Pale yellow oil, 52% yield; *H NMR (400 MHz, CDCls) & 7.21 — 7.12 (m, 1H), 7.10 — 7.05 (m, 1H), 7.05 — 6.95
(m, 3H), 6.88 — 6.76 (M, 2H), 6.74 — 6.69 (M, 1H), 6.39 — 6.29 (M, 2H), 5.94 (s, 1H), 4.38 (dd, J = 14.1, 2.2 Hz,
1H), 4.07 (dd, J = 6.6, 2.2 Hz, 1H). C{*H} NMR (100 MHz, CDCls) 5 162.8 (d, J = 244.8 Hz), 153.9, 149.4,
142.2 (d, J = 6.9 Hz), 130.0 (d, J = 8.1 Hz), 129. 7, 128.3, 125.2, 122.4 (d, J = 2.9 Hz), 120.6, 116.8, 114.9 (d,
J =21.0 Hz), 113.8 (d, J = 22.4 Hz), 91.8, 80.3. 1F{*H} NMR (376 MHz, CDCls) & —112.37. IR (film): v (cm%)
3411, 3063, 1619, 1591, 1516, 1485, 1442, 1400, 1261, 1217, 1152, 1033, 941, 815, 782, 744, 684. HRMS
(FTMS+c ESI) calcd for [C1sH1sFO+Na*]: 267.0792, found 267.0798.

L

O OH

Me l l

Pale yellow oil, 18% yield; *H NMR (400 MHz, CDCl3) & 7.17 — 7.12 (m, 2H), 7.07 — 7.01 (m, 3H), 7.00 — 6.95
(m, 1H), 6.79 — 6.72 (m, 2H), 6.61 (s, 1H), 6.34 (dd, J = 14.1, 6.6 Hz, 1H), 5.91 (s, 1H), 4.39 (dd, J = 14.1, 2.1
Hz, 1H), 4.05 (dd, J = 6.6, 2.1 Hz, 1H), 2.20 (s, 3H). 3C{*H} NMR (100 MHz, CDCls) & 154.2, 149.5, 137.8,
136.3, 129.3, 129.2, 128.3, 126.9, 125.5, 120.3, 116.9, 91.6, 81.8, 21.1. IR (film): v (cm™) 3423, 3028, 1637,
1617, 1511, 1487, 1455, 1321, 1286, 1230, 1168, 1093, 1042, 942, 822, 753. HRMS (FTMS+c ESI) calcd for
[C16H1602+Na*]: 263.1043, found 263.1036.

2-(p-Tolyl(vinyloxy)methyl)phenol (1e)

2-((4-Fluorophenyl)(vinyloxy)methyl)phenol (1f)

L

O OH

T

Pale yellow oil, 48% yield; *H NMR (400 MHz, CDCl3) & 7.35 — 7.27 (m, 2H), 7.23 — 7.18 (m, 1H), 7.11 — 7.07
(m, 1H), 7.04 — 6.98 (m, 2H), 6.92 — 6.84 (M, 2H), 6.50 — 6.36 (M, 2H), 6.02 (s, 1H), 4.49 (dd, J = 14.1, 2.2 Hz,
1H), 4.18 (dd, J = 6.6, 2.2 Hz, 1H). 3C{*H} NMR (100 MHz, CDCl3) 5 162.4 (d, J = 245.4 Hz), 154.1, 149.4,
135.2 (d, J = 3.1 Hz), 129.7, 128.8 (d, J = 8.2 Hz), 128.3, 125.2, 120.5, 117.0, 115.4 (d, J = 21.5 Hz), 91.9, 81.1.
19E{1H} NMR (376 MHz, CDCls) & —113.95. IR (film): v (cm) 3442, 3044, 1639, 1605, 1509, 1457, 1322, 1277,
1225, 1157, 1099, 1045, 943, 832, 755. HRMS (FTMS+c ESI) calcd for [C1sH13FO2.+Na*]: 267.0792, found
267.0799.

2-((4-Chlorophenyl)(vinyloxy)methyl)phenol (1g)

L

O OH

T

Pale yellow oil, 56% yield; *H NMR (400 MHz, CDCls) & 7.19 — 7.13 (m, 4H), 7.06 — 7.00 (m, 2H), 6.81 — 6.75
(m, 1H), 6.72 — 6.68 (m, 1H), 6.43 (s, 1H), 6.32 (dd, J = 14.1, 6.6 Hz, 1H), 5.93 (s, 1H), 4.37 (dd, J = 14.1, 2.2
Hz, 1H), 4.06 (dd, J = 6.6, 2.2 Hz, 1H). C{*H} NMR (100 MHz, CDCls) 5 153.7, 149.4, 138.1, 133.7, 129.5,
128.6, 128.2, 128.2, 125.3, 120.6, 116.7, 91.7, 80.2. IR (film): v (cm™) 3426, 3041, 1639, 1618, 1489, 1456,
1403, 1322, 1284, 1230, 1166, 1090, 1045, 1013, 942, 823, 754. HRMS (FTMS+c ESI) calcd for
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[C15H15%ClO2+Na*]: 283.0496, found 283.0490; HRMS (FTMS+c ESI) calced for [C1sH133"CIO+Na*]: 285.0467,
found 285.0462.

2-(1-(Vinyloxy)ethyl)phenol (1h)

Me

Pale yellow oil, 48% yield; 'H NMR (400 MHz, CDCls3) & 7.24 — 7.15 (m, 1H), 7.12 — 7.05 (m, 1H), 6.93 — 6.84
(m, 2H), 6.83 — 6.76 (M, 1H), 6.36 (dd, J = 14.1, 6.6 Hz, 1H), 5.09 (q, J = 6.6 Hz, 1H), 4.45 (dd, J = 14.1, 2.0 Hz,
1H), 4.14 (dd, J = 6.6, 2.1 Hz, 1H), 1.60 (d, J = 6.6 Hz, 3H). 3C{*H} NMR (100 MHz, CDCls) & 154.1, 149.3,
129.1,127.1, 126.7, 120.3, 116.9, 91.2, 78.0, 21.5. IR (film): v(cm™) 3422, 2979, 1617, 1587, 1491, 1451, 1345,
1289, 1229, 1172, 1119, 1068, 1018, 961, 826, 751, 624, 568. HRMS (FTMS+c ESI) calcd for [C10H120,+Na*]:
187.0730, found 187.0733.

2-(1-(Vinyloxy)propyl)phenol (1i)

Et

Yellow oil, 41% yield; *H NMR (400 MHz, CDCl3) & 7.24 — 7.12 (m, 1H), 7.09 — 6.97 (m, 1H), 6.97 — 6.82 (m,
2H), 6.81 (s, 1H), 6.37 (dd, J = 14.1, 6.6 Hz, 1H), 4.79 (t, J = 6.9 Hz, 1H), 4.44 (dd, J = 14.1, 2.1 Hz, 1H), 4.12
(dd, J = 6.6, 2.1 Hz, 1H), 2.08 — 1.95 (m, 1H), 1.93 — 1.79 (m, 1H), 0.96 (t, J = 7.4 Hz, 3H). *C{*H} NMR (100
MHz, CDCly) 8 154.4, 149.7, 129.1, 127.9, 125.3, 120.0, 116.9, 91.1, 83.9, 28.6, 10.1. IR (film): v (cm') 3432,
2931, 1618, 1491, 1455, 1350, 1228, 1172, 1082, 1039, 982, 835, 753. HRMS (FTMS+c ESI) calcd for
[C11H1402+Na*]: 201.0886, found 201.0888.

2-(Cyclopropyl(vinyloxy)methyl)phenol (1j)

Yellow oil, 4% yield; *H NMR (400 MHz, CDCl3) 8 *H NMR (400 MHz, CDClz) 8 7.21 — 7.14 (m, 1H), 7.08 — 6.99
(m, 1H), 6.93 - 6.82 (m, 3H), 6.34 (dd, J = 14.0, 6.5 Hz, 1H), 4.50 — 4.28 (m, 2H), 4.09 (dd, J = 6.5, 2.0 Hz, 1H),
1.43 — 1.34 (m, 1H), 0.69 — 0.61 (m, 1H), 0.56 — 0.48 (m, 1H), 0.45 — 0.31 (M, 2H). ¥C{*H} NMR (100 MHz,
CDCl3) & 154.4, 149.4, 129.3, 128.0, 124.5, 120.0, 116.8, 91.3, 85.9, 15.6, 3.9, 2.5. IR (film): v (cm™) 3429,
2922, 2855, 1635, 1619, 1589, 1488, 1457, 1336, 1234, 1175, 1028, 975, 828, 754. HRMS (FTMS+c ESI) calcd
for [C1oH1402+Na*]: 213.0886, found 213.0886.

2-(Cyclohexyl(vinyloxy)methyl)phenol (1k)
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Pale yellow oil, 15% yield; *H NMR (400 MHz, CDCls) §7.23 — 7.13 (m, 1H), 7.00 — 6.93 (m, 1H), 6.92 — 6.78
(m, 3H), 6.34 (dd, J = 14.0, 6.5 Hz, 1H), 4.52 (d, J = 7.9 Hz, 1H), 4.42 (dd, J = 14.0, 2.0 Hz, 1H), 4.09 (dd, J =
6.5, 2.1 Hz, 1H), 2.10 — 2.02 (m, 1H), 1.91 — 1.81 (m, 1H), 1.81 — 1.74 (m, 1H), 1.71 — 1.58 (m, 2H), 1.43 - 1.35
(m, 1H), 1.30 — 0.87 (m, 5H). 3C{*H} NMR (100 MHz, CDCls) & 154.7, 150.1, 129.1, 128.9, 124.0, 119.6, 117.0,
91.0,88.0,42.5,29.3,29.3, 26.2, 25.9, 25.8. IR (film): v(cm) 3448, 2924, 2852, 1637, 1617, 1588, 1488, 1452,
1347, 1230, 1170, 1083, 1027, 988, 941, 880, 835, 753. HRMS (FTMS+c ESI) calcd for [CisHa0O2+Na']:
255.1356, found 255.1353.

2-Methoxy-6-(phenyl(vinyloxy)methyl)phenol (1)

L

O OH

OMe
Ph

Yellow oil, 22% yield; *H NMR (400 MHz, CDCls) & 7.61 — 7.52 (m, 2H), 7.46 — 7.37 (m, 2H), 7.37 — 7.29 (m,
1H), 7.11 (dd, J = 7.9, 1.1 Hz, 1H), 6.94 (t, J = 8.0 Hz, 1H), 6.83 (dd, J = 8.0, 1.3 Hz, 1H), 6.60 (dd, J = 14.2, 6.7
Hz, 1H), 6.43 (s, 1H), 6.06 (s, 1H), 4.51 (dd, J = 14.2, 1.8 Hz, 1H), 4.17 (dd, J = 6.7, 1.8 Hz, 1H), 3.88 (s, 3H).
13C{tH} NMR (100 MHz, CDCl3) & 150.4, 146.2, 142.6, 140.7, 128.2, 127.4, 126.9, 126.6, 119.8, 119.2, 109.6,
89.5, 76.2, 55.8. IR (film): v (cm®) 3509, 3031, 1635, 1619, 1480, 1442, 1353, 1270, 1220, 1171, 1080, 1047,
1000, 827, 767, 731, 698. HRMS (FTMS+c ESI) calcd for [CysH1605+Na*]: 279.0992, found 279. 0980.

2-Chloro-6-(phenyl(vinyloxy)methyl)phenol (1m)

L

O OH

Cl
Ph

Pale yellow oil, 59% yield; *H NMR (400 MHz, CDCls) & 7.42 — 7.37 (m, 2H), 7.36 — 7.30 (m, 2H), 7.29 — 7.22
(m, 3H), 6.86 (t, J = 7.9 Hz, 1H), 6.45 (dd, J = 14.2, 6.7 Hz, 1H), 6.21 (s, 1H), 6.08 (s, 1H), 4.39 (dd, J = 14.2,
2.1 Hz, 1H), 4.10 (dd, J = 6.7, 2.1 Hz, 1H). *C{*H} NMR (100 MHz, CDCl,) & 150.1, 148.6, 139.8, 128.5, 128.5,
128.4, 127.9, 126.8, 126.4, 121.1, 120.3, 90.4, 77.7. IR (film): v (cm™) 3511, 3032, 1618, 1452, 1322, 1242,
1165, 1130, 1051, 956, 828, 771, 733, 700, 636. HRMS (FTMS+c ESI) calcd for [C1sH133ClO,+Na*]: 283.0496,

found 283.0497; HRMS (FTMS+c ESI) calcd for [C1sH13%"CIO,+Na*]: 285.0467, found 285.0461.

5-Chloro-2-(phenyl(vinyloxy)methyl)phenol (1n)
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Ph

Cl
Pale yellow oil, 65% yield; 'H NMR (400 MHz, CDCls) & 7.35 — 7.27 (m, 5H), 6.98 (d, J = 8.1 Hz, 1H), 6.89 —
6.83 (M, 2H), 6.80 (s, 1H), 6.43 (dd, J = 14.0, 6.6 Hz, 1H), 5.98 (s, 1H), 4.50 (dd, J = 14.0, 2.3 Hz, 1H), 4.20 (dd,
J = 6.6, 2.3 Hz, 1H). 3C{*H} NMR (100 MHz, CDCls) 5 155.1, 149.2, 138.7, 134.7, 129.4, 128.7, 128.4, 126.9,
123.9,120.6, 117.4, 92.2, 81.6. IR (film): v(cm*) 3416, 3031, 1638, 1607, 1487, 1452, 1413, 1316, 1162, 1081,
1027, 998, 903, 841, 798, 742, 696, 638. HRMS (FTMS+c ESI) calcd for [C1sH15%ClO+Na*]: 283.0496, found
283.0500; HRMS (FTMS+c ESI) calcd for [C1sH153"ClO,+Na*]: 285.0467, found 285.0461.

4-Methyl-2-(phenyl(vinyloxy)methyl)phenol (10)

L

O OH

Ph

Me
Colorless oil, 46% yield; *H NMR (400 MHz, CDCls3)  7.39 — 7.29 (m, 5H), 7.04 — 6.99 (m, 1H), 6.92 — 6.87 (m,
1H), 6.79 (d, J = 8.2 Hz, 1H), 6.48 (dd, J = 14.0, 6.6 Hz, 1H), 6.37 (s, 1H), 5.99 (s, 1H), 4.52 (dd, J = 14.0, 2.1
Hz, 1H), 4.19 (dd, J = 6.6, 2.1 Hz, 1H), 2.25 (s, 3H). 3C{*H} NMR (100 MHz, CDCls) & 152.0, 149.6, 139.3,
130.1, 129.6, 128.9, 128.6, 128.1, 126.9, 124.8, 116.9, 91.8, 82.4, 20.5. IR (film): v (cm™) 3414, 2919, 1620,
1499, 1452, 1323, 1253, 1167, 1043, 995, 945, 814, 726, 697. HRMS (FTMS+c ESI) calcd for [C1sH1602+Na*:
263.1043, found 263.1039.

4-Methoxy-2-(phenyl(vinyloxy)methyl)phenol (1p)

L

O OH
Ph

OMe

Pale yellow oil, 36% yield; *H NMR (400 MHz, CDCl3) & 7.41 — 7.28 (m, 5H), 6.83 — 6.73 (m, 2H), 6.70 — 6.64
(m, 1H), 6.48 (dd, J = 14.1, 6.6 Hz, 1H), 6.11 (s, 1H), 6.00 (s, 1H), 4.51 (dd, J = 14.1, 2.1 Hz, 1H), 4.19 (dd, J =
6.6, 2.1 Hz, 1H), 3.73 (s, 3H). **C{*H} NMR (100 MHz, CDCl3) & 153.3, 149.6, 148.0, 139.1, 128.6, 128.2, 127.0,
126.2,117.7,114.4,113.9, 91.7, 81.8, 55.7. IR (film): v (cm™) 3399, 3031, 1637, 1620, 1499, 1451, 1430, 1322,
1268, 1232, 1167, 1035, 997, 944, 816, 757, 732, 697. HRMS (FTMS+c ESI) calcd for [C16H1603+Na*]: 279.0992,
found 279.0985.

4-Fluoro-2-(phenyl(vinyloxy)methyl)phenol (1q)

L

O OH
Ph
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Pale yellow oil, 40% yield; *H NMR (400 MHz, CDCls) & 7.38 — 7.27 (m, 5H), 6.90 — 6.79 (m, 2H), 6.79 — 6.73
(m, 1H), 6.47 —6.25 (m, 2H), 5.99 (s, 1H), 4.48 (dd, J = 14.1, 2.2 Hz, 1H), 4.18 (dd, J = 6.6, 2.2 Hz, 1H). 3C{tH}
NMR (100 MHz, CDCls) & 156.7 (d, J = 237.0 Hz), 150.0 (d, J = 2.1 Hz), 149.4, 138.7, 128.7, 128.4, 126.9,
126.8, 117.8 (d, J = 7.9 Hz), 115.7 (d, J = 22.9 Hz), 114.7 (d, J = 24.0 Hz), 91.9, 80.8. °F{*H} NMR (376 MHz,
CDCls) 8 —123.43. IR (film): v (cmt) 3425, 3033,1639, 1623, 1494, 1437, 1322, 1261, 1230, 1163, 1046, 1001,
947, 816, 767, 732, 697. HRMS (FTMS+c ESI) calcd for [CisHysFO,+Na*]: 267.0792, found 267.0789.

4-Chloro-2-(phenyl(vinyloxy)methyl)phenol (1r)

L

O OH
Ph

Cl
Pale yellow oil, 78% yield; *H NMR (400 MHz, CDCl3) & 7.36 — 7.25 (m, 5H), 7.14 — 7.06 (m, 2H), 6.74 (d, J =
8.5 Hz, 1H), 6.61 (s, 1H), 6.41 (dd, J = 14.1, 6.6 Hz, 1H), 5.96 (s, 1H), 4.48 (dd, J = 14.1, 2.3 Hz, 1H), 4.18 (dd,
J = 6.6, 2.3 Hz, 1H). *C{*H} NMR (100 MHz, CDCls) 8 152.7, 149.3, 138.6, 129.2, 128.7, 128.4, 128.0, 127.1,
126.8,125.2,118.3,92.1, 81.1. IR (film): v(cm™) 3424, 3032, 1639, 1621, 1486, 1418, 1320, 1269, 1234, 1164,
1110, 1047, 999, 886, 817, 744, 698, 649. HRMS (FTMS+c ESI) calcd for [C15H13%°ClO,+Na*]: 283.0496, found
283.0487; HRMS (FTMS+c ESI) calcd for [C15H13%"ClO+Na*]: 285.0467, found 285.0460.

4-Bromo-2-(phenyl(vinyloxy)methyl)phenol (1s)

L

O OH
Ph

Br

Colorless oil, 29% vield; ‘H NMR (400 MHz, CDCls) & 7.37 — 7.28 (m, 5H), 7.28 — 7.24 (m, 1H), 7.24 — 7.21 (m,
1H), 6.71 (d, J = 8.6 Hz, 1H), 6.64 (s, 1H), 6.42 (dd, J = 14.0, 6.6 Hz, 1H), 5.96 (s, 1H), 4.49 (dd, J = 14.0, 2.3
Hz, 1H), 4.19 (dd, J = 6.6, 2.3 Hz, 1H). **C{*H} NMR (100 MHz, CDCl3) 5 153.2, 149.2, 138.6, 132.2, 130.9,
128.7, 128.4, 127.5, 126.8, 118.8, 112.4, 92.2, 81.2. IR (film): v (cm™) 3419, 3031, 1638, 1620, 1480, 1414,
1397, 1319, 1269, 1234, 1162, 1103, 1045, 999, 936, 814, 752, 696, 623. HRMS (FTMS+c ESI) calcd for
[C1sH13"°BrO,+Na*]: 326.9991, found 326.9985; HRMS (FTMS+c ESI) calcd for [C15H13%BrO,+Na*]: 328.9971,
found 328.9974.

3-Fluoro-2-(phenyl(vinylox)methyl)phenol (1t)
LO OH
Ph
F

Pale yellow oil, 44% yield; 'H NMR (400 MHz, CDCls) & 7.44 — 7.35 (m, 3H), 7.35 — 7.23 (m, 3H), 7.17 — 7.08
(m, 1H), 6.73 — 6.66 (M, 1H), 6.66 — 6.57 (m, 1H), 6.46 (dd, J = 14.0, 6.6 Hz, 1H), 6.36 (s, 1H), 4.57 (dd, J =
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14.0, 2.5 Hz, 1H), 4.24 (dd, J = 6.6, 2.5 Hz, 1H). 3C{!H} NMR (100 MHz, CDCls) 5 160.1 (d, J = 243.2 Hz),
156.2 (d, J = 5.0 Hz), 149.0, 138.3, 130.0 (d, J = 10.8 Hz), 128.7, 128.4, 126.4, 113.3(d, J = 2.9 Hz), 113.0 (d,
J =16.0 Hz), 106.8 (d, J = 22.2 Hz), 92.3. °F{*H} NMR (376 MHz, CDCls) § —118.11. IR (film): v (cm™) 3427,
3033, 1624, 1588, 1471, 1342, 1263, 1217, 1155, 1022, 940, 834, 781, 755, 697. HRMS (FTMS+c ESI) calcd
for [C1sH1sFO,+Na*]: 267.0792, found 267.0793.

1-(Phenyl(vinyloxy)methyl)naphthalen-2-ol (1u)

L

O OH

Ph

Yellow oil, 47% yield; *H NMR (400 MHz, CDCls) 5 7.84 (s, 1H), 7.80 — 7.69 (m, 3H), 7.44 — 7.32 (m, 3H), 7.32
—7.20 (m, 4H), 7.18 — 7.13 (m, 1H), 6.78 (s, 1H), 6.51 (dd, J = 14.0, 6.6 Hz, 1H), 4.52 (dd, J = 14.0, 2.4 Hz, 1H),
4.16 (dd, J = 6.6, 2.4 Hz, 1H). *C{*H} NMR (100 MHz, CDCls) 5 153.6, 149.3, 138.2, 131.8, 130.6, 128.9, 128.8,
128.6, 128.5, 127.3, 127.1, 123.2, 121.2, 119.5, 114.4, 92.2, 80.1. IR (film): v (cm™*) 3414, 3061, 1624, 1517,
1467, 1401, 1315, 1264, 1220, 1159, 1063, 1030, 816, 746, 701. HRMS (FTMS+c ESI) calcd for [C1oH1602+Na*]:
299.1043, found 299.1046.

1-((3-Fluorophenyl)(vinyloxy)methyl)naphthalen-2-ol (1v)

Yellow oil, 39% yield; *H NMR (400 MHz, CDCls) & 7.83 — 7.69 (m, 3H), 7.62 (s, 1H), 7.47 — 7.36 (m, 1H), 7.34
—7.27 (m, 1H), 7.24 — 7.07 (m, 4H), 6.99 — 6.88 (m, 1H), 6.77 (s, 1H), 6.49 (dd, J = 14.0, 6.6 Hz, 1H), 4.52 (dd,
J =140, 2.4 Hz, 1H), 4.17 (dd, J = 6.6, 2.4 Hz, 1H). 3C{*H} NMR (100 MHz, CDCls) & 162.9 (d, J = 244.9 Hz),
153.5, 149.2, 141.1 (d, J = 6.9 Hz), 131.8, 130.9, 130.1 (d, J = 8.2 Hz), 129.0, 128.9, 127.3, 123.4, 122.7 (d, J
= 2.9 Hz), 121.2, 119.4, 115.3 (d, J = 21.0 Hz), 114.3 (d, J = 4.8 Hz), 114.1, 92.3, 78.7. F{*H} NMR (376 MHz,
CDCls) 5 —112.18. IR (film): v (cm™) 3423, 3066, 1621, 1593, 1517, 1486, 1443, 1264, 1220, 1163, 1065, 944,
819, 784, 747, 685. HRMS (FTMS+c ESI) calcd for [CioHysFO,+Na*]: 317.0948, found 317.0957.

(4R)-4-phenylchroman-2-ol (2a)
OH

Ph
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2 h, L-PiPr2/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 42.0 mg, 93% yield, 3.5:1 d.r., 99% ee; [a]®
=-165.9 (c = 0.79 in CH.Cly, A = 436 nm); HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230
NM) trmajon = 7.17 MIN, trgninory = 9.43 min; *H NMR (400 MHz, CDCls) & 7.38 — 7.06 (m, 6H), 6.94 — 6.63 (m, 3H),
5.74 — 5.59 (m, 1H), 4.33 (dd, J = 11.0, 5.8 Hz, 1H), 3.34 (dd, J = 3.8, 1.5 Hz, 1H), 2.36 — 2.2 (m, 1H), 2.20 —
2.09 (m, 1H). ¥ C{*H} NMR (100 MHz, CDClI3) 5 151.8, 144.2, 129.6, 128.8, 128.6, 127.9, 126.7, 125.4, 121.0,
116.8, 91.3, 36.8, 36.01. IR (film): v (cm™) 3420, 1582, 1488, 1452, 1272, 1224, 1092, 1054, 1015, 895, 754,
701. HRMS (FTMS+c ESI) calcd for [C15H1402+Na*]: 249.0886, found 249.0892.
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(R)-4-phenylchroman-2-one (3a)
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White solid, Mp: 109-113 °C, 37.4 mg, 83% yield over two steps, 99% ee; [a]?° = -106.7 (c = 0.73 in CH.Clz, A
= 436 nm); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 95/5, 1.0 mL/min, 230 nm) trminony = 19.51 Min, trgmajor)
= 20.33 min; *H NMR (400 MHz, CDCl3) & 7.39 — 7.23 (m, 4H), 7.21 — 7.01 (m, 4H), 7.01 — 6.93 (m, 1H), 4.34
(t, J = 6.9 Hz, 1H), 3.11 — 2.97 (m, 2H). 3C{*H} NMR (100 MHz, CDCl3) & 167.6, 151.7, 140.2, 129.1, 128.8,
128.3, 127.6, 127.5, 125.7, 124.6, 117.1, 40.6, 37.0. IR (film): v (cm™) 1769, 1488, 1454, 1275, 1218, 1177,
1136, 920, 756, 700. HRMS (FTMS+c ESI) calcd for [C15H1,02+Na*]: 247.0730, found 247.0737.
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2-methyl-4-phenyl-4H-benzo[d][1,3]dioxine (2a')

L

@)

Ph

0]

Colorless oil; *H NMR (400 MHz, CDCls) & 7.40 — 7.33 (m, 5H), 7.19 — 7.13 (m, 1H), 6.93 — 6.86 (m, 1H), 6.85
—6.76 (M, 1H), 6.68 — 6.58 (M, 1H), 5.98 (s, 1H), 5.47 (q, J = 5.1 Hz, 1H), 1.61 (d, J = 5.1 Hz, 3H). 3C{*H} NMR
(100 MHz, CDCls) & 153.1, 140.3, 128.7, 128.6, 128.6, 128.3, 127.0, 124.7, 121.0, 116.5, 97.2, 79.7, 20.9. IR
(film): v(cm™) 1585, 1485, 1459, 1406, 1352, 1238, 1123, 1094, 931, 915, 752, 698. HRMS (FTMS+c ESI) calcd

for [C1sH1402+H*]: 227.1067, found 227.1062.

(4R)-4-(o-tolyl)chroman-2-ol (2b)
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3 h, L-PiPr2/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 33.5 mg, 70% yield, 3.7:1 d.r.; [a]® = -132.7
(c = 0.54 in CHoCly, A = 436 nm); *H NMR (400 MHz, CDCl3) & 7.23 — 7.07 (m, 4H), 7.05 — 6.94 (m, 1H), 6.93 —
6.85 (m, 1H), 6. 85 — 6.76 (m, 1H), 6.76 — 6.63 (M, 1H), 5.83 — 5.62 (m, 1H), 4.60 (dd, J = 10.7, 5.9 Hz, 1H),
3.41 — 3.17 (m, 1H), 2.40 (s, 3H), 2.30 — 2.00 (m, 2H). 3C{*H} NMR (100 MHz, CDCls) & 152.1, 142.2, 136.4,
130.5, 129.3, 128.7, 127.7, 126.5, 126.4, 125.5, 121.1, 116.9, 91.5, 34.6, 32.8, 19.6. IR (film): v (cm™) 3411,

2931, 1582, 1487, 1453, 1274, 1215, 1114, 1054, 1015, 939, 898, 754. HRMS (FTMS+c ESI) calcd for
[C16H1602+Na*]: 263.1043, found 263.1039.

(R)-4-(o-tolyl)chroman-2-one (3b)

Colorless oil, 29.0 mg, 61% yield over two steps, 97% ee; [a]>” =-161.9 (c = 0.40 in CH,Cl, A = 436 nm); HPLC
(Daicel chiralcel ID, n-hexanefi-PrOH 98/2, 1.0 mL/min, 230 NM) trminon = 17.14 min, trmajony = 18.13 min; *H
NMR (400 MHz, CDCls) & 7.33 — 7.11 (m, 5H), 7.10 — 7.01 (m, 1H), 6.95 — 6.87 (m, 1H), 6.87 — 6.80 (m, 1H),
4.59 (dd, J = 8.9, 6.0 Hz, 1H), 3.13 — 2.80 (m, 2H), 2.40 (s, 3H). *C{*H} NMR (100 MHz, CDCls) 5 167.8, 152.0,
138.0, 135.9, 131.0, 128.7, 128.0, 127.5, 126.9, 126.8, 125.9, 124.7, 117.0, 36.5, 35.9, 19.5. IR (film): v (cm™)

2922, 1770, 1609, 1587, 1487, 1454, 1279, 1215, 1175, 1143, 918, 755. HRMS (FTMS+c ESI) calcd for
[C16H140.+Na*]: 261.0886, found 261.0882.
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Retention Time Area % Area
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=

N

(4R)-4-(m-tolyl)chroman-2-ol (2c)

ROA®

3 h, L-PiPr2/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 40.6 mg, 85% yield, 3.7:1 d.r.; [a]*° = -163.2
(c = 0.79 in CHLCl,, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.25 — 7.18 (m, 1H), 7.16 — 6.93 (m, 4H), 6.93 —
6.66 (m, 3H), 5.72 — 5.59 (m, 1H), 4.29 (dd, J = 11.0, 5.8 Hz, 1H), 3.39 — 3.24 (m, 1H), 2.32 (s, 3H), 2.29 — 2.23
(m, 1H), 2.21 — 2.10 (m, 1H). 3C{*H} NMR (100 MHz, CDCls) & 151.8, 144.1, 138.2, 129.7, 129.5, 128.5, 127.8,
127.5,125.9,125.5,121.0, 116.8, 91.4, 36.7, 36.1, 21.4. IR (film): v(cm™) 3420, 2934, 1607, 1582, 1486, 1452,
1272, 1223, 1092, 1057, 1016, 913, 755. HRMS (FTMS+c ESI) calcd for [CisH1602+Na*]: 263.1043, found
263.1047.

(R)-4-(m-tolyl)chroman-2-one (3c)

O

(0]

T

Colorless oil, 38.9 mg, 82% yield over two steps, 99% ee; [a]*° = -107.4 (c = 0.69 in CH,Cl,, A = 436 nm); HPLC
(Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) trgminory = 10.44 Min, trmajony = 12.27 min; *H
NMR (400 MHz, CDCls) & 7.32 — 7.20 (m, 2H), 7.17 — 7.02 (m, 3H), 7.01 — 6.88 (m, 3H), 4.30 (t, J = 7.0 Hz, 1H),
3.13 — 2.92 (m, 2H), 2.32 (s, 3H). 13C{*H} NMR (100 MHz, CDCls) & 167.7, 151.7, 140.2, 138.8, 129.0, 128.7,
128.4, 128.3, 128.2, 125.9, 124.6, 124.6, 117.0, 40.6, 37.0, 21.4. IR (film): v (cm™) 2918, 1771, 1608, 1586,
1486, 1454, 1278, 1216, 1165, 1133, 920, 757, 702. HRMS (FTMS+c ESI) calcd for [C16H140-+Na*]: 261.0886,
found 261.0882.
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(4R)-4-(3-fluorophenyl)chroman-2-ol (2d)

T

8 h, L-PiPra/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 43.9 mg, 90% vyield, 4:1 d.r.; [a]*® = -145.6 (c
= 0.86 in CH2Cl,, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.33 — 7.23 (m, 1H), 7.19 — 7.07 (m, 1H), 7.05 —
6.69 (m, 6H), 5.74 — 5.60 (m, 1H), 4.34 (dd, J = 11.1, 5.7 Hz, 1H), 3.42 (dd, J = 3.6, 1.5 Hz, 1H), 2.34 — 2.23 (m,
1H), 2.19 — 2.03 (m, 1H). 3C{*H} NMR (100 MHz, CDCls) & 163.0 (d, J = 244.4 Hz), 151.7, 146.9 (d, J = 6.9 Hz),
130.1 (d, J =8.2 Hz), 129.5, 128.1, 124.7, 1245 (d, J = 2.6 Hz), 121.1, 117.0, 115.6 (d, J = 21.2 Hz), 113.7 (d,
J=21.0Hz),91.2, 36.6 (d, J = 1.3 Hz), 35.9. *F{*H} NMR (376 MHz, CDCl3) 5 -112.85. IR (film): v(cm) 3417,
1586, 1486, 1450, 1270, 1223, 1138, 1056, 1017, 894, 756. HRMS (FTMS+c ESI) calcd for [C15H13FO2+Na*]:
267.0792, found 267.0792.

(R)-4-(3-fluorophenyl)chroman-2-one (3d)

T

Colorless oil, 40.8 mg, 84% yield over two steps, 99% ee; [a]*° = —61.8 (c = 0.80 in CH2Cl,, A = 436 nm); HPLC
(Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 NmM) trgmino = 12.87 Min, trmajony = 16.21 min; *H
NMR (400 MHz, CDCl3) & 7.42 — 7.26 (m, 2H), 7.21 — 7.06 (m, 2H), 7.06 — 6.88 (m, 3H), 6.87 — 6.78 (m, 1H),
4.35 (t, J = 6.7 Hz, 1H), 3.16 — 2.91 (m, 2H). 3C{*H} NMR (100 MHz, CDCls) & 167.1, 163.1 (d, J = 245.7 Hz),
151.6,142.8 (d, J=6.7 Hz), 130.7 (d, J =8.2 Hz), 129.1, 128.2, 124.9, 124.8, 123.2 (d, J = 2.8 Hz), 117.3, 114.7
(d, 3 = 7.0 Hz), 114.5 (d, J = 7.8 Hz), 40.4 (d, J = 1.7 Hz), 36.8. °F{*H} NMR (376 MHz, CDCl3) & -111.73. IR
(film): v (cm™) 1771, 1588, 1486, 1453, 1345, 1265, 1218, 1157, 919, 756. HRMS (FTMS+c ESI) calcd for
[CisH11FO2+Na*]: 265.0635, found 265.0638.
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(4R)-4-(p-tolyl)chroman-2-ol (2e)
OH

(0]

Me I I

3 h, L-PiPr2/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 36.7 mg, 76% vyield, 3.5:1 d.r.; [a]*® = -168.2
(c = 0.74 in CHLCl,, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.21 — 7.01 (m, 5H), 6.95 — 6.72 (m, 3H), 5.79 —
5.62 (m, 1H), 4.32 (dd, J = 11.0, 5.8 Hz, 1H), 3.43 — 3.18 (m, 1H), 2.37 (s, 3H), 2.32 — 2.23 (m, 1H), 2.22 — 2.11
(m, 1H). *C{*H} NMR (100 MHz, CDCl3) 8 151.8, 141.2, 136.3, 129.6, 129.3, 128.7, 127.8, 125.6, 121.0, 116.8,
91.4, 36.4, 36.1, 21.0. IR (film): v (cm™) 3418, 2927, 1582, 1512, 1486, 1451, 1303, 1224, 1112, 1056, 1016,
938, 898, 815, 756. HRMS (FTMS+c ESI) calcd for [C16H1602+Na*]: 263.1043, found 263.1046.
(R)-4-(p-tolyl)chroman-2-one (3e)
O

Me I I

White solid, Mp: 107-111 °C, 30.9 mg, 65% yield over two steps, 96% ee; [a]*® =-96.6 (c = 0.39 in CH2Cly, A =
436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) trminor) = 11.38 mMin, trmajor)
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= 12.27 min; 'H NMR (400 MHz, CDCls) & 7.32 — 7.27 (m, 1H), 7.22 — 7.01 (m, 6H), 7.01 — 6.96 (m, 1H), 4.31
(t, J = 7.1 Hz, 1H), 3.14 — 2.87 (m, 2H), 2.34 (s, 3H). 3C{H} NMR (100 MHz, CDCls) & 167.7, 151.7, 137.3,
137.2, 129.8, 128.7, 128.3, 127.4, 126.0, 124.6, 117.0, 40.3, 37.0, 21.0. IR (film): v (cm) 2921, 1769, 1513,
1486, 1454, 1279, 1218, 1177, 1136, 917, 882, 820, 759. HRMS (FTMS+c ESI) calcd for [CisH14O2+Na*]:
261.0886, found 261.0881.
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(4R)-4-(4-fluorophenyl)chroman-2-ol (2f)
OH
(0]

2 h, L-PiPr2/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 46.1 mg, 94% yield, 4:1 d.r.; [a]?* =-117.5 (c
=0.90 in CH2Cly, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.23 — 7.11 (m, 3H), 7.08 — 6.97 (m, 2H), 6.93 —
6.79 (M, 2H), 6.79 — 6.68 (M, 1H), 5.72 — 5.62 (m, 1H), 4.34 (dd, J = 11.3, 5.7 Hz, 1H), 3.48 (dd, J = 3.7, 1.7 Hz,
1H), 2.36 — 2.20 (m, 1H), 2.18 — 2.06 (M, 1H). *C{*H} NMR (100 MHz, CDCls) & 161.7 (d, J = 243.4 Hz), 151.7,
139.8 (d, J =3.2 Hz), 130.2 (d, J = 7.8 Hz), 129.4, 128.0, 125.2, 121.1, 116.9, 115.4 (d, J = 21.1 Hz), 91.2 (d, J
= 2.5 Hz), 36.2, 36.0. °F{*H} NMR (376 MHz, CDCls) & —116.17. IR (film): v (cm') 3423, 1605, 1509, 1487,
1452,1271, 1225, 1092, 1056, 1016, 899, 834, 756. HRMS (FTMS+c ESI) calcd for [C1sH13FO»+Na*]: 267.0792,
found 267.0787.

(R)-4-(4-fluorophenyl)chroman-2-one (3f)
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Colorless oil, 39.7 mg, 82% yield over two steps, 98% ee; [a]?> = —70.3 (¢ = 0.64 in CH,Cly, A = 436 nm); HPLC
(Daicel chiralcel OJH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 254 nm) trgminon = 21.70 min, trmajon = 23.51 min; *H
NMR (400 MHz, CDCls) & 7.38 — 7.28 (m, 1H), 7.22 — 6.88 (m, 7H), 4.34 (t, J = 6.8 Hz, 1H), 3.16 — 2.86 (m, 2H).
13C{1H} NMR (100 MHz, CDCls) 5 167.3, 162.1 (d, J = 245.1 Hz), 151.6, 136.0 (d, J = 3.2 Hz), 129.1 (d, J = 8.1
Hz), 128.9, 128.2, 125.5, 124.7, 117.2, 116.0 (d, J = 21.4 Hz), 40.0, 37.1. **F{*H} NMR (376 MHz, CDCl3) & —
114.60. IR (film): v(cm™) 1769, 1606, 1509, 1487, 1454, 1278, 1222, 1136, 918, 884, 837, 759. HRMS (FTMS+c
ESI) calcd for [C15H11FO2+Na*]: 265.0635, found 265.0633.
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(4R)-4-(4-chlorophenyl)chroman-2-ol (29)
OH

(0]

Cl I I

2 h, L-PiPr2/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 49.0 mg, 94% yield, 4:1 d.r.; [a]** = -158.3 (c
= 0.97 in CHyCl,, A = 436 nm); *H NMR (400 MHz, CDClz) & 7.35 — 7.25 (m, 2H), 7.22 — 7.06 (m, 3H), 6.93 —
6.77 (m, 2H), 6.77 — 6.63 (m, 1H), 5.75 — 5.60 (m, 1H), 4.31 (dd, J = 11.3, 5.7 Hz, 1H), 3.49 (dd, J = 3.4, 1.4 Hz,
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1H), 2.34 — 2.20 (m, 1H), 2.15 — 2.03 (m, 1H). 3C{*H} NMR (100 MHz, CDCls) & 151.7, 142.7, 132.5, 130.1,
129.4, 128.8, 128.1, 124.9, 121.1, 117.0, 91.2, 36.2, 36.0. IR (film): v (cm™) 3423, 1582, 1488, 1451, 1302,
1273, 1225, 1090, 1056, 1015, 939, 899, 826, 754. HRMS (FTMS+c ESI) calcd for [CisH13*°ClO2+Na*]:
283.0496, found 283.0490; HRMS (FTMS+c ESI) calcd for [C1sH133"ClO,+Na']: 285.0467, found 285.0460.
(R)-4-(4-chlorophenyl)chroman-2-one (3g)

O

0]

Cl I I

White solid, Mp: 138-141 °C, 41.6 mg, 81% yield over two steps, 97% ee; [a]??> = —87.0 (¢ = 0.69 in CH,Cl,, A =
436 nm); HPLC (Daicel chiralcel OJH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 254 nm) trminorny = 21.61 min, tr(major)
= 25.21 min; *H NMR (400 MHz, CDCl3) & 7.38 — 7.27 (m, 3H), 7.17 — 7.05 (m, 4H), 7.02 — 6.93 (m, 1H), 4.33
(t, J = 6.8 Hz, 1H), 3.13 — 2.93 (m, 2H). 3C{*H} NMR (100 MHz, CDCls) 5 167.2, 151.6, 138.8, 133.5, 129.3,
129.0, 128.9, 128.2, 125.2, 124.7, 117.2, 40.1, 36.9. IR (film): v (cm™) 1768, 1586, 1489, 1454, 1411, 1280,
1219, 1176, 1134, 1092, 914, 882, 830, 756. HRMS (FTMS+c ESI) calcd for [C1sH11%°ClO,+Na']: 281.0340,
found 281.0342; HRMS (FTMS+c ESI) calcd for [C1sH113"ClO2+Na*]: 283.0310, found 283.0311.
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(4S)-4-methylchroman-2-ol (2h)
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OH

Me

2 h, L-PiPr2/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 27.7 mg, 84% vyield, 2.6:1 d.r.; [a]** = —79.0
(c = 0.48 in CH.Cly, A = 436 nm); *H NMR (400 MHz, CDCl) & 7.26 — 7.18 (m, 1H), 7.17 — 7.08 (m, 1H), 6.97 —
6.89 (m, 1H), 6.87 — 6.78 (m, 1H), 5.65 — 5.58 (m, 1H), 3.46 — 3.35 (M, 1H), 3.24 — 3.09 (m, 1H), 2.13 — 2.01
(m, 1H), 1.77 — 1.65 (m, 1H), 1.37 (d, J = 7.0 Hz, 3H). 3C{*H} NMR (100 MHz, CDCls) & 151.3, 127.4, 127.3,
127.2,121.0, 116.8, 91.4, 35.5, 24.2, 20.4. IR (film): v (cm™) 3413, 2960, 1581, 1488, 1450, 1219, 1131, 1099,
1039, 978, 893, 754. HRMS (FTMS+c ESI) calcd for [C10H1202+Na*]: 187.0730, found 187.0731.
(S)-4-methylchroman-2-one (3h)
(0]

(0]

Me

Colorless oil, 21.8 mg, 67% yield over two steps, 98% ee; [a]** = —63.1 (c = 0.21, CH,Cl,, A = 436 nm); HPLC
(Daicel chiralcel ID, n-hexanefi-PrOH 95/5, 1.0 mL/min, 230 NM) trminon = 11.82 min, trmajoy = 12.48 min; *H
NMR (400 MHz, CDCls) & 7.22 — 7.15 (m, 2H), 7.09 — 7.02 (m, 1H), 7.01 — 6.95 (m, 1H), 3.18 — 3.04 (m, 1H),
2.78(dd, J = 15.8, 5.5 Hz, 1H), 2.52 (dd, J = 15.8, 7.2 Hz, 1H), 1.27 (d, J = 7.0 Hz, 3H). 13C{*H} NMR (100 MHz,
CDCl3) 5 168.3, 151.2, 128.3, 127.8, 126.5, 124.6, 117.0, 36.8, 29.5, 19.9. IR (film): v (cm™) 2965, 1769, 1612,
1487, 1454, 1347, 1286, 1218, 1151, 1079, 909, 831, 760. HRMS (FTMS+c ESI) calcd for [C10H1002+Na*]:
185.0573, found 185.0573.
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1 11.823 47223 0.78

2 12.480 6031330 99.22
(4S)-4-ethylchroman-2-ol (2i)
OH
0]
Et

5 h, L-PiPr2/Fe(OTf), (1/1, 5 mol% catalyst loading); colorless oil, 32.1 mg, 90% vyield, 2.7:1 d.r.; [a]® = -57.8
(c = 0.61 in CH.Cl,, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.24 — 7.16 (m, 1H), 7.16 — 7.05 (m, 1H), 6.97 —
6.87 (M, 1H), 6.87 —6.73 (M, 1H), 5.70 — 5.55 (m, 1H), 3.39 (d, J = 4.7 Hz, 1H), 3.05 - 2.90 (m, 1H), 2.11 —1.91
(m, 2H), 1.91 — 1.77 (m, 1H), 1.73 — 1.54 (m, 1H), 1.06 — 0.94 (m, 3H). 3C{*H} NMR (100 MHz, CDCl5) & 151.8,
127.6,127.4,126.0, 120.9, 116.9, 91.6, 32.0, 31.4, 27.3, 10.9. IR (film): v(cm™) 3417, 2963, 1580, 1487, 1453,
1270, 1219, 1132, 1008, 901, 754. HRMS (FTMS+c ESI) calcd for [C11H140-+Na*]: 201.0886, found 201.0883.
(S)-4-ethylchroman-2-one (3i)
O

0]

Et

Colorless oil, 28.7 mg, 82% yield over two steps, 99% ee; [a]*! = —93.0 (c = 0.53, CH,Cl,, A = 436 nm); HPLC
(Daicel chiralcel 1A, n-hexane/i-PrOH 98/2, 1.0 mL/min, 230 NM) trgminor) = 7.39 MiN, trimajory = 7.98 min; *H NMR
(400 MHz, CDCl3) & 7.29 — 7.22 (m, 1H), 7.21 — 7.16 (m, 1H), 7.15 — 7.08 (m, 1H), 7. 08 — 7.01 (m, 1H), 2. 96 —
2.87 (m, 1H), 2. 87 — 2.80 (m, 1H), 2.80 — 2.72 (m, 1H), 1.72 — 1.55 (m, 2H), 0.97 (t, J = 7.4 Hz, 3H). 13C{*H}
NMR (100 MHz, CDCls) 6 168.5, 151.3, 128.2, 127.9, 126.5, 124.2, 117.0, 36.6, 34.4, 27.5, 11.1. IR (film): v
(cm™) 2967, 1769, 1613, 1486, 1456, 1267, 1217, 1151, 1116, 1091, 911, 757. HRMS (FTMS+c ESI) calcd for
[C11H1202+Na*]: 199.0730, found 199.0728.
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(4R)-4-cyclopropylchroman-2-ol (2j)
OH

5 h, L-PiPr2/Fe(OTf), (1/1, 5 mol% catalyst loading); colorless oil, 29.3 mg, 77% vyield, 3.0:1 d.r.; [a]?® = -284.0
(c = 0.48 in CH,Cl,, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.70 — 7.56 (m, 1H), 7.11 — 7.08 (m, 1H), 7.01 —
6.89 (m, 1H), 6.88 — 6.76 (M, 1H), 5.76 — 5.60 (M, 1H), 3.37 — 3.15 (M, 1H), 2.36 — 1.99 (m, 2H), 1.96 — 1.81
(m, 1H), 0.92 — 0.76 (M, 2H), 0.62 — 0.43 (M, 2H), 0.30 — 0.15 (m, 1H). 3C{*H} NMR (100 MHz, CDCls) & 151.3,
127.7, 127.6, 126.2, 120.8, 116.6, 91.8, 34.6, 33.6, 15.9, 6.4, 1.9. IR (film): v (cm™) 3422, 2999, 1580, 1486,
1453, 1270, 1219, 1108, 1018, 916, 883, 754. HRMS (FTMS+c ESI) calcd for [C12H140-+Na*]: 213.0886, found
213.0884.

(R)-4-cyclopropylchroman-2-one (3j)

Colorless oil, 28.0 mg, 74% yield over two steps, 88% ee; [a]?* = —177.7 (c = 0.54, CH,Cl,, A = 436 nm); HPLC
(Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 NM) trgminor) = 5.52 MiN, trgmajor = 6.11 Min; *H NMR
(400 MHz, CDCl3) 8 7.20 — 7.12 (m, 1H), 7.09 — 7.03 (m, 1H), 6.98 — 6.88 (m, 1H), 6.87 — 6.81 (m, 1H), 2.72 —
2.64 (m, 1H), 2.59 — 2.51 (m, 1H), 2.18 (dd, J = 14.1, 7.2 Hz, 1H), 0.72 — 0.63 (m, 1H), 0.48 — 0.33 (m, 2H), 0.15
—0.07 (M, 1H), 0.03 — 0.04 (M, 1H). *C{*H} NMR (100 MHz, CDCls) 5 168.5, 151.4, 128.5, 127.5, 125.8, 124.4,
116.9, 39.2, 35.5, 15.0, 4.2, 2.7. IR (film): v(cm™) 3000, 1769, 1612, 1586, 1485, 1455, 1274, 1216, 1154, 1023,
931, 874, 756. HRMS (FTMS+c ESI) calcd for [C12H1,02+Na*]: 211.0730, found 211.0727.
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(4R)-4-cyclohexylchroman-2-ol (2k)
OH
(@)

5 h, L-PiPra/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 42.7 mg, 92% vyield, 2.7:1 d.r.; [a]?* = -32.1
(c = 0.81 in CHLCly, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.22 — 7.08 (m, 2H), 6.95 — 6.80 (m, 2H), 5.76 —
5.54 (m, 1H), 3.36 (d, J = 4.8 Hz, 1H), 2.92 — 2.84 (m, 1H), 2.16 — 1.53 (m, 8H), 1.43 — 1.07 (m, 4H), 0.97 — 0.84
(m, 1H). *C{*H} NMR (100 MHz, CDCl3) 8 152.2, 127.8, 127.2, 125.1, 120.7, 117.1, 92.0, 39.9, 35.5, 31.5, 28.7,
27.8, 26.9, 26.6, 26.6. IR (film): v (cm™) 3409, 2924, 2851, 1581, 1487, 1450, 1220, 1187, 1125, 1051, 1013,
933, 899, 752. HRMS (FTMS+c ESI) calcd for [C15H2002+Na*]: 255.1356, found 255.1355.
(R)-4-cyclohexylchroman-2-one (3k)
O

Colorless oil, 38.7 mg, 84% yield over two steps, 99% ee; [a]*! = —67.4 (¢ = 0.71, CH,Cl,, A = 436 nm); HPLC
(Daicel chiralcel ASH, n-hexane/i-PrOH 95/5, 1.0 mL/min, 230 NM) trmajory = 9.78 Min, trminoy = 10.93 min; *H
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NMR (400 MHz, CDCls) & 7.29 — 7.23 (m, 1H), 7.19 — 7.00 (m, 3H), 2.99 — 2.86 (m, 1H), 2.83 — 2.65 (M, 2H),
1.84 — 1.56 (m, 5H), 1.51 — 1.37 (m, 1H), 1.26 — 0.94 (m, 5H). 3C{*H} NMR (100 MHz, CDCls) 5 168.9, 151.6,
129.1, 128.1, 125.5, 123.9, 117.0, 41.7, 41.2, 32.2, 30.5, 29.5, 26.1, 26.1, 26.0. IR (film): v (cm™) 2926, 2852,
1770, 1586, 1486, 1452, 1349, 1215, 1151, 1073, 915, 851, 759. HRMS (FTMS+c ESI) calcd for [C1sH1502+Na*]:

253.1199, found 253.1196.
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(4R)-8-methoxy-4-phenylchroman-2-ol (2I)
OH
(0]
OMe
Ph

16 h, L-PiPr2/Sc(OTf)s (1/1, 5 mol% catalyst loading); colorless oil, 49.7 mg, 97% yield, 4.9:1 d.r.; [a]*° =-137.4
(c = 0.45 in CH,Cl,, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.36 — 7.14 (m, 5H), 6.84 — 6.63 (m, 2H), 6.45 —
6.23 (M, 1H), 5.88 — 5.58 (M, 1H), 4.43 — 4.11 (m, 2H), 3.86 (s, 3H), 2.51 — 2.26 (m, 1H), 2.24 — 2.08 (m, 1H).
13C{*H} NMR (100 MHz, CDClI3) & 148.1, 144.3, 141.2, 128.8, 128.5, 126.7, 126.3, 121.5, 120.1, 109.3, 91.5,
55.7, 36.6, 36.0. IR (film): v (cm™) 3459, 1584, 1472, 1261, 1207, 1085, 1012, 956, 894, 762, 732, 700. HRMS
(FTMS+c ESI) calcd for [C16H1603+Na*]: 279.0992, found 279.0997.

(R)-8-methoxy-4-phenylchroman-2-one (3I)

O
O

M
Ph OMe
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Colorless oil, 17.8 mg, 35% yield over two steps, 80% ee; [a]*® = -105.8 (c = 0.33 in CH,Cl, A = 436 nm); HPLC
(Daicel chiralcel ID, n-hexane/i-PrOH 80/20, 1.0 mL/min, 230 nm) tr (minon = 13.10 min, tr (majony = 15.61 min; *H
NMR (400 MHz, CDCls) & 7.37 — 7.23 (m, 3H), 7.21 — 7.08 (m, 2H), 7.08 — 6.97 (m, 1H), 6.95 — 6.84 (m, 1H),
6.62 — 6.46 (M, 1H), 4.34 (t, J = 6.6 Hz, 1H), 3.92 (s, 3H), 3.19 — 2.88 (m, 2H). 3C{*H} NMR (100 MHz, CDCls)
8 166.9, 147.8, 141.0, 140.3, 129.1, 127.6, 127.5, 126.8, 124.5, 119.7, 111.4, 56.1, 40.9, 36.8. IR (film): v(cm"
1) 1767, 1589, 1481, 1275, 1180, 1138, 1091, 910, 832, 770, 730, 700. HRMS (FTMS+c ESI) calcd for
[C16H1403+Na*]: 277.0835, found 277.0836.

0.15

2 0.10] )
0.05] T
0.00
000 100 200 300 400 500 600 700 800 9.00 1000 11.00 12.00 13.00 14.00 1500 1600 17.00 18.00
Minutes
Retention Time Area % Area
1 13.043 3556716 50.00
2 15.579 3557042 50.00
0.12
0.10]
0.08]
2 0.06 §
0.04 o]
0.02] o
oook
000 1.00 200 300 4.00 500 6.00 7.00 800 900 1000 1100 1200 1300 14.00 1500 16.00 17.00 18.00
Minutes
Retention Time Area % Area
1 13.104 311094 10.18
2 15.607 2746126 89.82
(4R)-8-chloro-4-phenylchroman-2-ol (2m)
OH
(0]
Cl

Ph

11 h, L-PiPr2/Fe(OTf); (1/1, 5 mol% catalyst loading); colorless oil, 51.4 mg, 99% yield, 4.9:1 d.r.; [a]*° =-217.9
(c = 0.85 in CH,Cly, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.40 — 7.29 (m, 2H), 7.29 — 7.24 (m, 1H), 7.24 —
7.11 (m, 3H), 6.77 — 6.69 (m, 1H), 6.68 — 6.56 (M, 1H), 5.89 — 5.74 (m, 1H), 4.35 (dd, J = 11.6, 5.8 Hz, 1H), 3.68
—3.52 (m, 1H), 2.39 — 2.25 (m, 1H), 2.24 — 2.11 (m, 1H). *C{*H} NMR (100 MHz, CDCls) & 147.6, 143.6, 128.7,
128.7, 128.4, 128.1, 127.5, 126.9, 121.7, 121.0, 91.8, 36.7, 35.7. IR (film): v (cm™) 3421, 1448, 1357, 1229,
1139, 1098, 1073, 1018, 946, 920, 889, 817, 761, 732, 700. HRMS (FTMS+c ESI) calcd for [C15H13*°CIO+Na*]:
283.0496, found 283.0499; HRMS (FTMS+c ESI) calcd for [C1sH13%3"ClO,+Na']: 285.0467, found 285.0466.
(R)-8-chloro-4-phenylchroman-2-one (3m)
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Cl
Ph

Colorless oil, 46.9 mg, 91% yield over two steps, 96% ee; [a]** =-210.4 (c = 0.82 in CH,Cl, A = 436 nm); HPLC
(Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 240 nm) trgminon = 15.90 min, trgmajory = 19.10 min; *H
NMR (400 MHz, CDCls) & 7.41 — 7.27 (m, 4H), 7.23 — 7.13 (m, 2H), 7.06 — 6.95 (m, 1H), 6.94 — 6.82 (m, 1H),
4.37 (t,J = 6.9 Hz, 1H), 3.14 — 2.98 (m, 2H). 3C{*H} NMR (100 MHz, CDCl5) 5 166.2, 147.6, 139.6, 129.6, 129.2,
127.9,127.7,127.5,126.7,124.8, 122.1, 40.9, 36.6. IR (film): v(cm™) 1771, 1495, 1341, 1224, 1173, 1127, 974,
908, 797, 765, 731, 699. HRMS (FTMS+c ESI) calcd for [C15H11%ClO,+Na*]: 281.0340, found 281.0334; HRMS
(FTMS+c ESI) calcd for [C15H113"CIO2+Na*]: 283.0310, found 283.0300.
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(4R)-7-chloro-4-phenylchroman-2-ol (2n)
OH

Ph

Cl
14 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 43.1 mg, 83% yield, 4.3:1 d.r.; [a]??> =-130.5
(c = 0.81 in CH,Cly, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.38 — 7.29 (m, 2H), 7.29 — 7.24 (m, 1H), 7.23 —
7.10 (m, 2H), 6.88 (d, J = 2.1 Hz, 1H), 6.81 — 6.73 (m, 1H), 6.72 — 6.66 (M, 1H), 5.66 (d, J = 2.4 Hz, 1H), 4.27
(dd, J=11.4, 5.7 Hz, 1H), 3.40 (s, 1H), 2.32 — 2.20 (m, 1H), 2.19 — 2.02 (m, 1H). 2*C{*H} NMR (100 MHz, CDCls)
5152.4,143.6, 132.8, 130.6, 128.7, 128.7, 126.9, 124.1, 121.2, 117.0, 91.5, 36.3, 35.8. IR (film): v (cm™) 3399,
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1601, 1573, 1483, 1452, 1409, 1216, 1128, 1096, 1080, 1048, 1012, 920, 858, 756, 700. HRMS (FTMS+c ESI)
calcd for [C15H13%°ClO,+Na*]: 283.0496, found 283.0500; HRMS (FTMS+c ESI) calcd for [CisH13%’CIO,+Na*:
285.0467, found 285.0467.

(R)-7-chloro-4-phenylchroman-2-one (3n)

Ph

Cl

White solid, Mp: 96—100 °C, 35.3 mg, 68% yield over two steps, 94% ee; [a]* = -107.4 (¢ = 0.59 in CH,Cl,, A =
436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) trminor) = 15.54 min, trmajor)
= 22.41 min; *H NMR (400 MHz, CDCl3) & 7.41 — 7.26 (m, 3H), 7.20 — 7.11 (m, 3H), 7.09 — 7.10 (m, 1H), 6.95 —
6.86 (M, 1H), 4.32 (dd, J = 7.8, 6.3 Hz, 1H), 3.21 — 2.97 (m, 2H). 3C{*H} NMR (100 MHz, CDCls) 5 166.8, 152.1,
139.7, 134.0, 129.3, 129.2, 127.9, 127.5, 124.8, 124.4, 117.5, 40.3, 36.7. IR (film): v (cm™) 1777, 1606, 1579,
1485, 1453, 1409, 1221, 1179, 1132, 1078, 946, 864, 821, 757, 699. HRMS (FTMS+c ESI) calcd for
[C15H11%°ClO2+Na*]: 281.0340, found 281.0345; HRMS (FTMS+c ESI) calcd for [C15H1:%ClO2+Na*]: 283.0310,
found 283.0313.
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(4R)-6-methyl-4-phenylchroman-2-ol (20)
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OH

Ph

Me

4 h, L-PiPr2/Fe(OTf); (1/1, 1 mol% catalyst loading); colorless oil, 45.0 mg, 94% yield, 3.5:1 d.r.; [a]*® = -76.1
(c = 0.84 in CHoCly, A = 436 nm); *H NMR (400 MHz, CDCl3) & 7.38 — 7.15 (m, 5H), 6.96 — 6.85 (m, 1H), 6.84 —
6.70 (M, 1H), 6.61 — 6.55 (m, 1H), 5.69 — 5.56 (m, 1H), 4.29 (dd, J = 10.9, 5.8 Hz, 1H), 3.52 — 3.32 (m, 1H), 2.32
—2.21 (M, 1H), 2.19 — 2.02 (m, 4H). 3C{*H} NMR (100 MHz, CDCl3) 5 149.6, 144.4, 130.2, 129.8, 128.8, 128.6,
128.5,126.6, 124.9, 116.6, 91.3, 36.9, 36.3, 20.5. IR (film): v(cm™) 3417, 3026, 1494, 1451, 1272, 1239, 1211,
1128, 1092, 1054, 1018, 925, 893, 816, 756, 701. HRMS (FTMS+c ESI) calcd for [C16H1602+Na*]: 263.1043,
found 263.1038.

(R)-6-methyl-4-phenylchroman-2-one (30)

Ph

Me

White solid, Mp: 108-111 °C, 34.8 mg, 73% yield over two steps, 99% ee; [a]'® = -9.4 (c = 0.72 in CH,Clp, A =
436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) trminor) = 10.81 min, trmajor)
= 12.87 min; *H NMR (400 MHz, CDCl3) & 7.37 — 7.24 (m, 3H), 7.21 — 7.12 (m, 2H), 7.12 — 7.05 (m, 1H), 7.05 —
6.99 (M, 1H), 6.82 — 6.74 (m, 1H), 4.29 (t, J = 6.7 Hz, 1H), 3.11 — 2.88 (m, 2H), 2.25 (s, 3H). 3C{H} NMR (100
MHz, CDCls) 6 167.8, 149.6, 140.5, 134.3, 129.3, 129.1, 128.6, 127.6, 127.5, 125.3, 116.8, 40.7, 37.1, 20.7. IR
(film): v(cm™) 3029, 1768, 1494, 1454, 1276, 1244, 1199, 1144, 970, 927, 895, 818, 750, 700. HRMS (FTMS+c
ESI) calcd for [C16H1402+Na*]: 261.0886, found 261.0893.
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(4R)-6-methoxy-4-phenylchroman-2-ol (2p)
OH

Ph

OMe

4 h, L-PiPr2/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 49.9 mg, 97% vyield, 4.0:1 d.r.; [a]?® = -49.9
(c = 0.96 in CHLCl,, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.36 — 7.28 (m, 2H), 7.27 — 7.16 (m, 3H), 6.85 —
6.76 (M, 1H), 6.74 — 6.67 (m, 1H), 6.36 — 6.28 (m, 1H), 5.69 — 5.57 (m, 1H), 4.30 (dd, J = 11.1, 5.8 Hz, 1H), 3.60
(s, 3H), 3.47 (s, 1H), 2.31 — 2.20 (m, 1H), 2.18 — 2.00 (M, 1H). 3C{*H} NMR (100 MHz, CDCls) & 153.7, 145.8,
144.1, 128.8, 128.6, 126.7, 126.0, 117.4, 114.4, 113.8, 91.2, 55.6, 37.1, 36.2. IR (film): v (cm™) 3421, 2936,
1491, 1453, 1422, 1273, 1151, 1092, 1039, 1014, 920, 894, 812, 761, 701. HRMS (FTMS+c ESI) calcd for
[C16H1603s+Na*]: 279.0992, found 279.0988.

(R)-6-methoxy-4-phenylchroman-2-one (3p)

Ph

OMe

Colorless oil, 19.2 mg, 38% yield over two steps, 98% ee; [a]?* = +20.8 (¢ = 0.34 in CH2Cl,, A = 436 nm); HPLC
(Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 NM) trgmajor) = 19.55 min, trgminor = 22.13 min; *H
NMR (400 MHz, CDCls) & 7.39 — 7.26 (m, 3H), 7.20 — 7.12 (m, 2H), 7.07 (d, J = 8.9 Hz, 1H), 6.82 (dd, J = 8.9,
3.0 Hz, 1H), 6.49 (dd, J = 2.9, 0.5 Hz, 1H), 4.30 (t, J = 7.2 Hz, 1H), 3.71 (s, 3H), 3.11 — 2.91 (m, 2H). 3C{'H}
NMR (100 MHz, CDCls) & 167.8, 156.3, 145.6, 140.1, 129.1, 127.7, 127.5, 126.7, 117.9, 113.7, 113.5, 55.6,
40.9, 37.0. IR (film): v(cm™) 2920, 1758, 1490, 1454, 1426, 1274, 1193, 1137, 1033, 928, 896, 815, 767, 700.
HRMS (FTMS+c ESI) calcd for [C16H1403+Na*]: 277.0835, found 277.0836.
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(4R)-6-fluoro-4-phenylchroman-2-ol (2q)
OH
(0]
Ph
F

26.00

3 h, L-PiPra2/Fe(OTf), (1/1, 0.1 mol% catalyst loading); colorless oil, 48.4 mg, 99% yield, 4.2:1 d.r.; [a]?* =-179.1
(c =0.93 in CH,Cly, A =436 nm); *H NMR (400 MHz, CDCl3) 8 7.42 — 7.27 (m, 3H), 7.25 — 7.15 (m, 2H), 6.91 —
6.72 (M, 2H), 6.52 — 6.39 (M, 1H), 5.68 (dd, J = 5.9, 3.1 Hz, 1H), 4.32 (dd, J = 11.6, 5.8 Hz, 1H), 3.43 (dd, J =
3.6, 1.8 Hz, 1H), 2.34 — 2.21 (m, 1H), 2.20 — 2.07 (m, 1H). **C{*H} NMR (100 MHz, CDCl3)  157.1 (d, J = 237.0
Hz), 147.7 (d, J = 2.0 Hz), 143.4, 128.8, 128.7, 127.0, 126.8 (d, J = 15.9 Hz), 117.8 (d, J = 7.9 Hz), 115.5 (d, J
= 23.3 Hz), 114.6 (d, J = 23.1 Hz), 91.3, 36.8, 35.6. °F{*H} NMR (376 MHz, CDCl3) 5 -122.81. IR (film): v (cm
1) 34083, 1489, 1424, 1255, 1189, 1135, 1092, 1054, 1017, 935, 815, 757, 701. HRMS (FTMS+c ESI) calcd for
[C15H13FO2+H*]: 245.0972, found 245.0965.

(R)-6-fluoro-4-phenylchroman-2-one (3q)
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Ph

F

Colorless oil, 38.2 mg, 79% yield over two steps, 99% ee; [a]*?* = -101.5 (c = 0.72 in CH,Cl, A = 436 nm); HPLC
(Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 254 nm) trgminon = 17.15 min, trgmajory = 18.59 min; *H
NMR (400 MHz, CDCls) & 7.44 — 7.27 (m, 3H), 7.21 — 7.13 (m, 2H), 7.13 — 7.07 (m, 1H), 7.03 — 6.91 (m, 1H),
6.73—6.59 (M, 1H), 4.32 (dd, J = 8.3, 6.2 Hz, 1H), 3.13 — 2.92 (m, 2H). 3C{*H} NMR (100 MHz, CDCls) 5 167.18,
159.1 (d, J = 242.5 Hz), 147.6 (d, J = 2.8 Hz), 139.38, 129.26, 127.94, 127.6 (d, J = 7.7 Hz), 127.51, 118.4 (d,
J = 8.4 Hz), 115.5 (d, J = 23.4 Hz), 114.8 (d, J = 24.4 Hz), 40.67, 36.47. °F{!H} NMR (376 MHz, CDCl3) & —
117.46. IR (film): v(cm™) 1769, 1488, 1428, 1243, 1185, 1138, 973, 902, 820, 757, 700. HRMS (FTMS+c ESI)
calcd for [C1sH11FO,+H*]: 243.0816, found 243.0816.
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(4R)-6-chloro-4-phenylchroman-2-ol (2r)
OH
(0]
Ph
Cl

11 h, L-PiPr2/Fe(OTf); (1/1, 1 mol% catalyst loading); colorless oil, 51.8 mg, 99% yield, 4.0:1 d.r.; [a]*® = -13.0
(c = 0.88 in CH,Cly, A = 436 nm); *H NMR (400 MHz, CDCls) & 7.39 — 7.27 (m, 3H), 7.24 — 7.15 (m, 2H), 7.10
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(dd, J = 8.7, 2.4 Hz, 1H), 6.85 — 6.78 (m, 1H), 6.78 — 6.67 (M, 1H), 5.72 — 5.63 (m, 1H), 4.30 (dd, J = 11.4, 5.7
Hz, 1H), 3.40 (d, J = 1.6 Hz, 1H), 2.31 — 2.24 (m, 1H), 2.20 — 2.08 (M, 1H). 3C{*H} NMR (100 MHz, CDCls) &
150.4, 143.3, 129.1, 128.8, 128.7, 127.9, 127.1, 127.03, 125.8, 118.3, 91.3, 36.7, 35.7. IR (film): v (cm™) 3397,
1476, 1405, 1260, 1230, 1176, 1120, 1094, 1052, 1014, 917, 896, 815, 759, 736, 699. HRMS (FTMS+c ESI)
calcd for [C15H13%°ClO,+Na*]: 283.0496, found 283.0500; HRMS (FTMS+c ESI) calcd for [CisH13%CIO,+Na*:
285.0467, found 285.0471.

(R)-6-chloro-4-phenylchroman-2-one (3r)

Ph

Cl

Colorless oil, 36.9 mg, 72% yield over two steps, 98% ee; [a]?> = +52.3 (¢ = 0.63 in CH,Cl, A = 436 nm); HPLC
(Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) trgminor) = 16.94 Min, trmajory = 19.99 min; *H
NMR (400 MHz, CDCls) & 7.42 — 7.29 (m, 3H), 7.28 — 7.24 (m, 1H), 7.18 — 7.12 (m, 2H), 7.07 (d, J = 8.7 Hz,
1H), 6.94 (dd, J = 2.5, 0.7 Hz, 1H), 4.31 (t, J = 7.6 Hz, 1H), 3.17 — 2.94 (m, 2H). 13C{H} NMR (100 MHz, CDCls)
5166.9, 150.2,139.4, 129.8, 129.3, 128.8, 128.1, 128.0, 127.5, 127.5, 118.5, 40.6, 36.5. IR (film): v(cm™) 1774,
1478, 1413, 1263, 1218, 1174, 1136, 1085, 968, 924, 881, 822, 762, 699. HRMS (FTMS+c ESI) calcd for
[C1sH11%°ClO2+Na*]: 281.0340, found 281.0342; HRMS (FTMS+c ESI) calcd for [C15H1:%7ClO2+Na*]: 283.0310,
found 283.0318.
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(4R)-6-bromo-4-phenylchroman-2-ol (2s)
OH

Ph

Br
3 h, L-PiPr2/Fe(OTf), (1/1, 1 mol% catalyst loading); colorless oil, 58.0 mg, 95% vyield, 3.9:1 d.r.; [a]?° = +61.8
(c =1.08 in CH.Cly, A = 436 nm); *H NMR (400 MHz, CDCl) & 7.39 — 7.27 (m, 3H), 7.26 — 7.16 (m, 3H), 6.93 —
6.82 (m, 1H), 6.81 —6.72 (m, 1H), 5.67 (dd, J = 5.8, 3.0 Hz, 1H), 4.31 (dd, J = 11.3, 5.7 Hz, 1H), 3.43 (d, J = 2.1
Hz, 1H), 2.32 — 2.21 (m, 1H), 2.19 — 2.07 (m, 1H).23C{*H} NMR (100 MHz, CDCls) 5 151.0, 143.2, 132.0, 130.8,
128.8, 128.7, 127.7, 127.0, 118.7, 113.2, 91.4, 36.7, 35.7. IR (film): v (cm') 3408, 1476, 1401, 1263, 1229,
1178, 1126, 1094, 1051, 1015, 918, 894, 815, 757, 701. HRMS (FTMS+c ESI) calcd for [CisH13"°BrO+Na’]:
326.9991, found 326.9996; HRMS (FTMS+c ESI) calcd for [C15H158BrO,+Na*]: 328.9971, found 328.9976.
(R)-6-bromo-4-phenylchroman-2-one (3s)
O

)
Ph

Br

White solid, Mp: 128-131 °C, 45.5 mg, 76% yield over two steps, 99% ee; [a]??> = +99.1 (c = 0.71 in CH,Cl,, A =
436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) trminor) = 18.40 min, trmajor)
= 24.48 min; *H NMR (400 MHz, CDCl3) 5 7.44 — 7.34 (m, 3H), 7.34 — 7.28 (m, 1H), 7.19 — 7.12 (m, 2H), 7.10
(dd, J = 2.3, 0.7 Hz, 1H), 7.02 (d, J = 8.6 Hz, 1H), 4.31 (t, J = 6.8 Hz, 1H), 3.11 — 2.92 (m, 2H). *C{*H} NMR
(100 MHz, CDCIs) 6 166.8, 150.7, 139.4, 131.8, 131.0, 129.3, 128.0, 127.9, 127.4, 118.9, 117.3, 40.5, 36.6. IR
(film): v(cm™) 1773, 1475, 1408, 1268, 1220, 1173, 1135, 1075, 967, 921, 882, 819, 757, 700. HRMS (FTMS+c
ESI) caled for [CisH11"°BrO,+Na‘'l: 324.9835, found 324.9834; HRMS (FTMS+c ESI) calcd for
[C15H1:®'BrO,+Na*]: 326.9814, found 326.9815.
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(4R)-5-fluoro-4-phenylchroman-2-ol (2t)
OH

Ph

F
11 h, L-PiPr2/Sc(OTf); (1/1, 5 mol% catalyst loading); white solid, Mp: 112-116 °C, 34.0 mg, 70% yield, 4.5:1
d.r.; [o]*® = —152.6 (¢ = 0.50 in CH,Clp, A = 436 nm); *H NMR (400 MHz, CDCl3) & 7.36 — 7.25 (m, 2H), 7.25 —
7.05 (m, 4H), 6.82 — 6.68 (M, 1H), 6.68 — 6.48 (m, 1H), 5.38 (g, J = 5.1 Hz, 1H), 4.42 (t, J = 5.7 Hz, 1H), 3.52 —
3.35 (m, 1H), 2.32 — 2.02 (m, 2H). 3C{*H} NMR (100 MHz, CDCls) 5 161.0 (d, J = 245.6 Hz), 154.4 (d, J = 7.0
Hz), 144.2,128.7, 128.6, 127.4, 126.6, 112.6 (d, J = 3.1 Hz), 111.9 (d, J = 19.7 Hz), 107.7 (d, J = 21.4 Hz), 91.5,
36.9, 34.5. F{'H} NMR (376 MHz, CDCl3) & —113.33. IR (film): v (cm%) 3400, 1622, 1585, 1465, 1310, 1260,
1130, 1048, 982, 884, 757, 702. HRMS (FTMS+c ESI) calcd for [C1sH13FO2+Na*]: 267.0792, found 267.0795.
(R)-5-fluoro-4-phenylchroman-2-one (3t)
O

O
Ph

F
White solid, Mp: 108-114 °C, 30.1 mg, 62% yield over two steps, 89% ee; [a]*° = —170.8 (c = 0.58 in CH,Cl5, A
=436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) trgminory = 9.37 Min, tramajor)
=10.84 min; *H NMR (400 MHz, CDCl3) & 7.34 — 7.21 (m, 4H), 7.16 — 7.08 (m, 2H), 7.01 — 6.94 (m, 1H), 6.93 —
6.85 (m, 1H), 4.64 (dd, J = 6.1, 2.8 Hz, 1H), 3.14 — 3.00 (m, 2H). *C{*H} NMR (100 MHz, CDCl5) 5 166.5, 159.6
(d, J=246.7 Hz), 152.6 (d, J = 6.5 Hz), 140.0, 129.4 (d, J = 9.5 Hz), 129.1, 127.6, 126.6, 113.5 (d, J = 21.8 Hz),
113.0 (d, J = 3.4 Hz), 111.6 (d, J = 21.3 Hz), 36.3, 34.7. °F{*H} NMR (376 MHz, CDCls)  -116.47. IR (film): v
(cm™) 1772, 1624, 1594, 1467, 1342, 1253, 1182, 1131, 1030, 966, 880, 793, 745, 698. HRMS (FTMS+c ESI)
calcd for [C1sH1:FO2+Na*]: 265.0635, found 265.0639.
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(1R)-1-phenyl-2,3-dihydro-1H-benzo[flchromen-3-ol (2u)

Ph

OH
0

11 h, L-RaPr2/Fe(OTf), (1/1, 10 mol% catalyst loading) in CH,CICHCI; white solid, Mp: 160-164 °C, 33.3 mg,
60% vyield, 4.9:1 d.r.; [a]*® = —225.2 (c = 0.44 in CH,Cly, A = 436 nm); *H NMR (400 MHz, CDCl3) 5 7.82 — 7.67
(m, 2H), 7.49 — 7.39 (m, 1H), 7.32 — 7.07 (m, 8H), 5.50 — 5.27 (m, 1H), 4.85 — 4.56 (m, 1H), 3.22 (d, J = 6.5 Hz,
1H), 2.47 — 2.17 (m, 2H). ¥*C{*H} NMR (100 MHz, CDCl3) d 151.8, 145.1, 132.4, 129.5, 129.4, 128.7, 128.4,
128.0, 126.5, 126.5, 123.4, 123.4, 118.7, 113.9, 91.4, 37.9, 37.7. IR (film): v (cm™) 3386, 1622, 1598, 1454,
1398, 1344, 1230, 1121, 1063, 1020, 894, 821, 745, 698. HRMS (FTMS+c ESI) calcd for [C19H1602+Na™]:
299.1043, found 299.1039.
(R)-1-phenyl-1,2-dihydro-3H-benzo[flchromen-3-one (3u)
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Ph

0]

Pale yellow solid, Mp: 150-154 °C, 32.8 mg, 60% yield over two steps, 95% ee; [o]?*® = —147.9 (c = 0.33 in
CH,Cl,, A = 436 nm); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 80/20, 1.0 mL/min, 230 nm) trmajory = 11.56
Min, trgninory = 13.10 min; *H NMR (400 MHz, CDCl3) & 8.01 — 7.71 (m, 3H), 7.51 — 7.40 (m, 2H), 7.39 — 7.33 (m,
1H), 7.31 — 7.05 (m, 5H), 4.94 (dd, J = 6.5, 2.0 Hz, 1H), 3.31 — 3.07 (M, 2H). 3C{*H} NMR (100 MHz, CDCls) &
167.1, 149.7, 140.5, 131.0, 130.9, 129.9, 129.2, 128.7, 127.5, 127.4, 126.9, 125.2, 123.0, 117.5, 117.5, 37.6,
37.4. IR (film): v (cm™) 1776, 1513, 1458, 1250, 1215, 1179, 1134, 969, 885, 816, 749, 701. HRMS (FTMS+c
ESI) calcd for [C19H1402+Na*]: 297.0886, found 297.0890.
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(1R)-1-(3-fluorophenyl)-2,3-dihydro-1H-benzo[flchromen-3-ol (2v)
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15 h, L-RaPr2/Fe(OTf), (1/1, 10 mol% catalyst loading) in CHCls; colorless oil, 46.2 mg, 79% yield, 6.1:1 d.r.;
[o]!® = —194.7 (c = 0.66 in CH,Clz, A = 436 nm); H NMR (400 MHz, CDCls) & 7.82 — 7.68 (m, 2H), 7.45 — 7.34
(m, 1H), 7.30 — 7.11 (m, 4H), 6.95 — 6.66 (M, 3H), 5.75 — 5.20 (M, 1H), 4.85 — 4.55 (m, 1H), 3.44 (d, J = 6.7 Hz,
1H), 2.43 = 2.22 (m, 2H). 3C{*H} NMR (100 MHz, CDCls) & 163.0 (d, J = 244.9 Hz), 151.7, 147.8 (d, J = 6.5 Hz),
132.2,130.2 (d, J = 8.2 Hz), 129.6, 129.5, 128.5, 126.7 (d, J = 2.8 Hz), 123.6, 123.5, 123.2, 118.7, 115.0 (d, J
=21.6 Hz), 113.5 (d, J = 21.0 Hz), 113.2, 91.3, 37.6, 37.4. 1°F{{H} NMR (376 MHz, CDCl3) & -112.57. IR (film):
v (cm1) 3403, 1618, 1591, 1483, 1442, 1265, 1229, 1130, 1057, 993, 816, 745, 700. HRMS (FTMS+c ESI)
calcd for [C1gH15sFO2+Na*]: 317.0948, found 317.0958.
(R)-1-(3-fluorophenyl)-1,2-dihydro-3H-benzo[flchromen-3-one (3v)

Yellow oil, 39.7 mg, 68% yield over two steps, 95% ee; [a]*® = —146.7 (c = 0.67 in CH,Cl, A = 436 nm); HPLC
(Daicel chiralcel 1A, n-hexane/i-PrOH 95/5, 1.0 mL/min, 230 nm) trminoy = 11.80 min, tremajon = 12.96 min; *H
NMR (400 MHz, CDCls) & 7.96 — 7.82 (m, 2H), 7.81 — 7.71 (m, 1H), 7.55 — 7.39 (m, 2H), 7.39 — 7.29 (m, 1H),
7.27 —7.19 (m, 1H), 7.04 — 6.86 (m, 2H), 6.86 — 6.69 (M, 1H), 5.04 — 4.78 (m, 1H), 3.36 — 2.96 (M, 2H). 3C{'H}
NMR (100 MHz, CDCls) 6 166.7, 163.2 (d, J = 245.8 Hz), 149.8, 143.0 (d, J = 6.7 Hz), 131.08, 130.87, 130.8 (d,
J =25 Hz), 130.23, 128.82, 127.59, 125.36, 122.79, 122.6 (d, J = 2.9 Hz), 117.53, 116.84, 114.6 (d, J = 21.0
Hz), 114.1 (d, J = 21.9 Hz), 37.27, 37.24. °F{*H} NMR (376 MHz, CDCls) & -111.67. IR (film): v (cm™) 1773,
1589, 1486, 1444, 1252, 1217, 1158, 1123, 977, 907, 816, 784, 749. HRMS (FTMS+c ESI) calcd for
[C1gH13FO2+Na*]: 315.0792, found 315.0794.
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(R)-3-(2-hydroxynaphthalen-1-yl)-3-phenyl-1-(piperidin-1-yl)propan-1-one (4u)

O Ph O
9009
OH

White solid, Mp: 161-164 °C, 26.4 mg, 99% yield, 95% ee; [a]*® = +673.0 (c = 0.23 in CH,Cl,, A = 436 nm);
HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 80/20, 1.0 mL/min, 230 nm) trminory = 6.85 Min, trmajory = 7.79 min;
14 NMR (400 MHz, CDCls) & 9.30 (s, 1H), 7.76 — 7.62 (m, 2H), 7.61 — 7.46 (m, 1H), 7.31 — 7.09 (m, 8H), 5.57
(dd, J = 9.9, 3.7 Hz, 1H), 3.66 — 3.37 (m, 5H), 3.36 — 3.27 (m, 1H), 1.65 — 1.24 (m, 5H), 1.21 — 1.09 (m, 1H).
13C{*H} NMR (100 MHz, CDCl3) 8 171.2, 153.7, 143.3, 132.0, 130.3, 129.1, 128.9, 128.3, 127.0, 125.7, 125.4,
124.0, 1225, 122.4, 121.0, 46.8, 43.4, 36.6, 34.9, 26.0, 25.4, 24.2. IR (film): v (cm™) 3058, 2937, 1602, 1511,
1472, 1439, 1267, 1017, 816, 746, 700. HRMS (FTMS+c ESI) calcd for [C24H2sNO2+Na*]: 382.1778, found
382.1769.
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(R)-3-(3-fluorophenyl)-3-(2-hydroxynaphthalen-1-yl)-1-(piperidin-1-yl)propan-1-one (4v)

White solid, Mp: 162-166 °C, 22.4 mg, 94% yield, 95% ee; [a]'® = +671.9 (c = 0.16 in CH.Cl,, A = 436 nm);
HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 95/5, 1.0 mL/min, 230 nm) trminor) = 24.82 min, trmajor) = 28.25 min;
H NMR (400 MHz, CDCls) & 9.33 (s, 1H), 7.82 — 7.59 (m, 2H), 7.56 — 7.39 (m, 1H), 7.30 — 7.11 (m, 4H), 7.00 —
6.87 (M, 2H), 6.87 — 6.75 (M, 2H), 5.54 (dd, J = 10.2, 2.3 Hz, 1H), 3.72 — 3.09 (m, 6H), 1.69 — 1.37 (m, 4H), 1.37
—1.27 (m, 1H), 1.23 — 1.11 (m, 1H). 3C{*H} NMR (100 MHz, CDCls) & 170.8, 162.9 (d, J = 243.5 Hz), 153.7,
146.2 (d, J = 6.7 Hz), 131.9, 130.4, 129.6 (d, J = 8.3 Hz), 129.3, 129.0, 125.6, 123.8, 122.7 (d, J = 2.6 Hz),
122.6, 121.8, 121.0, 114.0 (d, J = 22.1 Hz), 112.6 (d, J = 21.0 Hz), 46.8, 43.5, 36.5, 35.0, 26.1, 25.4, 24.2.
19F{'H} NMR (376 MHz, CDCls) & —113.22. IR (film): v (cm™) 3062, 2938, 1608, 1512, 1480, 1439, 1267, 1016,
818, 742, 697. HRMS (FTMS+c ESI) calcd for [C24H24FNO>+Na*]: 400.1683, found 400.1678.

0.064
©
& N
_ oo &
<
0.024
000’%\\"}\"”&/@“—/&
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2500 2800 3000 3200 3400
Mnutes
Retention Time Area % Area
1 24.004 4747008 48.72
2 27.347 4995825 51.28
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"24.824

FAN

000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
Minutes

Retention Time Area % Area

=

24.824 108811 2.24

N

28.245 4744373 97.76

(R)-tolterodine

Ph NJ\
on

Colorless oil, 35.1 mg, 72% yield; [a]?*p = +30.2 (c = 0.38 in CH3zOH, A = 589 nm); *H NMR (400 MHz, CDCl3) &
7.42 —7.27 (m, 4H), 7.25 — 7.17 (m, 1H), 6.90 — 6.75 (m, 2H), 6.63 — 6.46 (M, 1H), 4.62 — 4.40 (m, 1H), 3.36 —
3.08 (M, 2H), 2.79 — 2.67 (m, 1H), 2.45 — 2.27 (m, 2H), 2.16 — 1.98 (m, 4H), 1.14 (d, J = 6.7 Hz, 6H), 1.08 (d, J
= 6.7 Hz, 6H). *C{*H} NMR (100 MHz, CDCl3) 8 153.2, 144.8, 132.4, 129.3, 128.6, 128.5, 128.3, 127.7, 126.1,
118.2, 47.8, 42.0, 39.3, 33.2, 20.7, 20.0, 19.5. IR (film): v (cm™) 2967, 1603, 1492, 1456, 1388, 1255, 1161,
1112, 1033, 815, 755, 701. HRMS (FTMS+c ESI) calcd for [C22H3:NO+Na*]: 348.2298, found 348.2290.
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11. Copies of NMR spectra for the substrates and the products

00°0-—

14
14
LIy
L'y
sry
8ry
3-8 4
[4:44

€0'9—
vr9—

€897
58'9/
989"
B.&
689
102
10
60"
60°L1
Sl
91
i
0z'L]
9L
8L
ogL
L
eeL
9L

L

7.30 725 7.20 715

735

OH

Ph

0¢C

(7

7.05 7.00 6.95 6.90 6.85 6.80

710

1a

—

0L

44 43 42 41
A PO |

45

I

45

—0’L

650 6.48 6.46 644 642 6.40

6.52

=0'k
=01

0l
w0’k
=0'L
ro0e
=0'L
w_;

0's

3.0 25 20 1.5 10 0.5 0.0 0.5

3.5

40

100 95 9.0 85 8.0 7.5 70 6.5 6.0 5.5 50

10.5

1.0

899
oo.hhw
(AN
96°18—

SLL6—

S6°9LL~
8€0ZL—
62521 —
[%:143
vs8cl

veeel—

vSevi—
444 D

OH

1a

Ph

TN

125.5

128.5 127.5 126.5

129.5

-10

T
140

T T T T T
200 190 180 170 160

T
210

49



€CT—

S0V
S0V
90
07
SeY
Sey
-1 4
(4

€19
_‘n.o/
€e9

e
9c'9
z.@\w
IRy
2.@%
929/
1094
08°9-
289
50°L
80°.-
L]
ZLL]
eLL
siL

I TR

e
€5

-

0L

6.1

6.2

T
6.3

6.4

T
6.5

6.6

440 435 430 425 420 415 410 4.05

L

1b

=0’
oL

=0l
=0’}
=0’}
Ble
e

1.0 105 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -1.0

15

€C6L—

89'9L
co.nnv.
(47
6 _‘.ah\

§5°1L6—

LL9LL
44147
[4474]
€19zl
99°/21
9¢'8¢c1

eroeL”/
596k
srogt

L96vL—
28VsL—

L
Me O OH

T T T T T T T T T T T T T
135 132 131 130 129 128 127 126 125 124

136

137

1b

134 133

-10

T
130

T
140

T T T T T
200 190 180 170 160

T
210

50



vee—

8Ly
6LV
[\Ia4
oy
R4
204
&0 4
sy

00°9—
w9
s..ww
£9'9—
18'9
s89/s
veo |
80"
80
602
o012
z1L]
v
912
8L'L
6L°L
1zl
L
vz
vz L]
9Z'L

~59

o

0L

T T
7.20 7.16

T
724

r0'C

Me

T T T
6.90 6.88 6.86

T
6.92

1c

0L

0L

L

T T T T T T T

6.70 665 660 655 650 645 640 6.35

=0'¢

=0}
ko

Fo't
oL
=0'L
=02
Fs9

9.5 9.0 85 8.0 7.5 70 6.5 6.0 5.5 5.0 45 40 3.5 3.0 25 20 1.5 1.0 0.5 00 05 1.0

10.0

Sv'ie—

w@.wh
ooshw
(42

128

8L°16—

YOLL—
ce0zh—
covzL—
95124~
ze8zL’

0£'8EL~
e

€56VL—
vEPSL—

L
O OH

Me

1c

T T
128.0 127.5

1285

T

129.0

12710

129.5

-10

70 60 50 40 30 20 10

80

130 120 110

140

170 160

180

51



00°0-—

90
07
80¥
80¥
9eY
LY
oy
or'vy

V6'5—
19—

LL9
129
€194
£L9]
1097
1091
18'91
1891
28'9]
£8'9]
18'9]
1691
10°2]
£o'Z]
90°L

90°L

60°L

eLL

LV'L

5.9

6.1

e
o
T
64 63

L
O OH

o'k

715 7.10 7.05 7.00 6.95 6.90

7.20

1d

T T T T T T
6.85 6.80 6.75 6.70 6.65 6.60

T
6.90

—
oL

0l

9.0 85 8.0 75 70 6.5 6.0 55 5.0 45 40 3.5 3.0 25 20 1.5 10 05 0.0 05

95

10.0

89°9L
oo.tv
celL
mN.cw\

SL'16—

oLk
z6°cLL
9LV
167LL
z8'9LL”.
z9'0z1/
ve'zzL

%”mx\
mF.NSV
revL—
18°¢5L—
19°19L—
9091

T T T
114.5 13.5

T
115.5

T
1165

L
O OH

T
142.3 1422 1421

L

1420 1419

1d

nm

T T T T T
129 128 127 126 125

T
130

1223 1221

1225

-10

T
110

T
120

T
140

T T T T T
200 190 180 170 160

T
210

52



LETLL—

L
O OH

1d

T T T T T
170 180 190 200 210

T
-160

T T T T T T T
90 100 110 120 130 140 150

T
80

70

60

T
-30

T
20

-10

0ce—

o'y
SoY
90’V
90V
A4
8e’y
344
Wy

16—
1€°9—
19'9—
zL9]
AN
v29]
vL°9
9.9
9.°94
829
8L'9]
169
169
669
669
20°L
y0°L
y0°L
90°L
90,
eLL

SL'L

0L

~0¢

T T T T
6.35 6.33 6.31 6.29

T
6.37

745 744 743 742 11

7.16

L
O OH

0L

4.35 4.25 415 4.05

4.45

T T T
7.00 6.98 6.96

T
7.02

T
7.06

1e

Me

0l

0

6.75 6.70 6.65 6.60 6.55

6.80

IJ =0°1

oL
=0'L
0L
"oz

'l
0'¢
0C

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 1.0 15

1.0

53



So0'le—

89'9.
oo.tW
(47
18°18—

09°L6—

58'9LL—
62°0ZL—
9v'szL—
mu.@NFM

ezeck
€81

56Vl —
9LvSL—

1e

L
O OH

Me

T T T
127 126 125

T
128

T
129

T T T T T T T
170 160 150 140 130 120 110

T
180

000-—

L'y
8Ly
6LV
6LV

vy
8v'y
LSy

204

09—
9—

78°9-
58'9/
18°9
189
68°9
16°9]
66'9]
10°2]
£0°L
£0°/]
80°L
80°L
oLl
oLl
8L'L
0z'L
0z'L
L
€7'L
0g'L
el

gL

KA

6.3 6.1 5.9

6.5

" U

ree

0T

-

Lo

0L

F

7.05 700 695 690 6.85

7.10

4.40 4.30 420

4.50

A

=0’}
oL

=0}
XA
22
ioz

0l

0¢

1.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0

12.0

54



899/
oo.nnv
eelL
€ —.._.m.\
68°L6—

€eGLL
18110
66°9LL~
€5°0CL—
LLSZL—
78112
9L'6¢l
m—.mn_.N.

evevl—
(1% 41

0z'19L—
99°¢9L

135.0

135.3

L
O OH

129.0 128.0

130.0

1f

m

Al

A

120

122

-10

50

70

20

T
190

S6CLL-—

OH

1f

-120 -140 -160 -180 -200

0o -10 -20 -30 -40 -50 -60 -70 -80 -90 -100

10

55



00°0-—

vo'y
S0V
90
L0v
Sev
ey
4
6EV

£6'5—
0£'9
19
£€°9
59
£vo
89'9
89'91
029
0L9

9.9
891
089
10°2]
£0°2}
S0°L

B.&
viL]
v
6L

4.10

420

4.30

440

¥

oOMrrOoOO0O OO
farEEe - -

713
T
6.25
Sl
10

T
6.30

715
T
6.35
12

717
T
6.40
13

14

705 7.00 6.95 6.90 685 680 6.75 6.70

719
6.45

15

(i)

16

89'9.
ooNhW
(407
S _‘.om\

89°L6—

699LL—
65021 —
Lesel—
65°8CL

§0'8€L—

eVl —
cLes—

-10

10

20

30

19
70 60

L
O OH

Cl
56

120

130

i

150

1290 128.5
19 180 170 160

1295
200

210




69°L
_‘w._‘v.

eLy
1424
SLy
SLy
vy
wv.v\

90°g
80°G
60°S

s

g9
59
189
6€'9
8,9
6.9/
8.@%
1894

689
16°9-
1021
601
AWE
CIVE
612
0z'L

12l

L

9L

i
e
T T T
435 425 415

o
4.45

0e

——

6.8

7.2

el
170 1.65 1.60 1.55 1.50

T T T
6.40 6.30 6.20

T
6.50

0l

=0’}
ko

Fo

Fol
SO
Foz
=0
Aotk

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05

9.5

[4: N T

89°9L
00°LL
celL
86°LL
V16—

V691~
9z°0CL—
€L'9CL7
oLzeL

N_‘.mN_,\

LTevi—
Wys—

OH

128.0 127.0

129.0

Me

1h

76.0

77.0

78.0

-10

10

30

50

70

130

190

210

57



60
mm.eW
860
237
€8l
8l
98’L
88'L
06°}L
c6°L

00¢C
Ly
1184
(434
el

(44 2

LYy
mhéw
[11: 24

ve9
9¢'9
8¢9

189
989
189
889
889
689
689
0L
£0°L1
0L
S0°L
v
8Ll
6L
6l'L
1zL
1zL
9L

0¢

T

1.80

1.85

0L

T

1.90

L

Et

-0l

T

210 205 2.00

0L

~6F

~0'L

1.95

6.8

6.9

7.0

71

OH

6.1
T T T
470 465 460

T
4.75

0l

6.4
T
4.80

T
485

T
490

Ay
e

koL
FoL
Fo

e

SIS <@
e e -

ST

10 15

0.5

100 95 9.0 85 8.0 75 70 6.5 6.0 55 50 45 40 35 3.0 25 20 15 10 05 0.0

10.5

L00L—

86'8C—

m@.wh
oo.kw.
el

26'¢8—
cLL6—

°6°9LL~
LoogL—
Le'selL—
£6°L2L7
43147

896V —
LEVSL—

-10

10

80

T
130

T
140

T
160

T T T
200 190 180

T
210

58



00°0-—

8£0~
S.ow
050

i
21
8¢l
(%
or'L
wi
(443
el

L0Y
80Y
60V
(4
8cy
vy
oy
ey
1444

1£'9
£€'9
59
1£9
y8'9¢
v8'9k
589
589"
189

16'9
20
20
y0°L
¥0'21
S1°2
912
e
8121
6121
oz

142 140 138 136 134 132

T

T

146 1.44

OH

7.05 6.95 6.85

715

6.2

6.5 64 6.3

1j

0’k

-0

40

42

43

44

45

voz
L
2oL

kot
Foz

r0'e
=0
0L

6.5 6.0 55 50 4.5 4.0 35 3.0 25 20 15 1.0 0.5 0.0 05

70

8ve~
16¢”

GGG —

w@.wh
oo.hhv.
ceLL

88'G8—
L6 —

189LL~
00z —
vsvel—
0082l
mN.ri\

vvevi—
9eYSL—

.\.I IH 1 }

-10

70

T
130

T
140

T
160

T T T
200 190 180

T
210

59



—

0Ll

4.2 41

43

4.5

0l

OH

0'¢

0l

—
T

1k

6.34 6.28

6.40

0.8

20 18 16 14 12 10

22

=0k

€c
0l
0l

H,{._‘

=01
0l
(1N

T T T T T T T T T T T T T T T T T T T
15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

-1.0

1.0 05 0.0

899
co.t.v
celL
86°/8—
€016

S6°9LL~
V9'6LL—
vz —
06'8¢C1L

_‘_‘.mN_‘W

80°051—
89VSL—

OH

128.6

129.2

129.8

1k

29.4 292 29.0

29.6

T
26.4

|

920

170 150 130 110 80 70 60 50 40 30 20 10 -10

190

210

60



88'¢—
9Ly—

6vy
(44
[4:44

€SV

909—

£r'9—
85'9-f
09°9t
199+
€99
289
£8'9
7891
68791
26'91
691
969
oLl
0L
[AVE
L
9L
gL
ze'L
eeL
£e'L
se'L
6€°L

Wi

44 4.3 42 41

45

)
=
o
I
o
o -
=/
o
Lot o Fo'Lf
™ =
~ E
X'l = I,
|2 oL
3 [
- Lok
ozl ™ »
L FOLT
S

69 68 67 66 6.5

7.0

71

=0¢
=0l
=01

=0t
=0
0L
Wo._.
(7
0L
M/c.w
0¢

10 05 0.0

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.5

1.5

08'6G—

02'9L
899
00°LL
ceLL

Lv'68—

€9'60L—

02611
m\..mer

19921
z.mﬁw
61821

zLovL—
19zvL”
ro5L—

OMe

OH

Ph

121

124

127

-10

10

30

50

70

110

120

170 160 150

180

61



60
oLy
Ly

Ly

LEV
eV
oy

344

809~
29—
£v'9—
3’
om.oW
889
€Tl
2L
GZ'L
k- YAV A
82°L
rA WA
velL
Ge'L
[1] A

ol

7.20

T
o
o~
740 735 730 725

7.45

4.35 425 415

445

Cl

OH

JAL

0k

1m

Ph

6.4

6.5

6.7

6.9

=0'b
=0l

»0'b
=0'b
oL

8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0

85

89'9.
00°LL
eelL

L9°LL

0v'06—

ezl
ov.vaV
L8921 —
16°L21
Sv'8cl

28'6EL—

6581~
607051

OH

Cl

Ph

1280 1275 1270 1265

128.5

1m

60

T
130

140

T T
170 160

T
180

T
190

62



6LV
6LV
oy

244

8vy
8y
224

[4:h4

86'G—
or9
3.@%

08'9—
989/
Zig
82’1

8z'L]
82'L1
62'L

0e'L1
gL
be'L]
Le'L]
el

ve'L]
ve'L

0k

T T T
6.46 6.42 6.38

6.50

735 730 725 720

7.40

OH

Ph

4.40

Cl

1n

0L E

r0eC

bl

6.95 6.90 6.85 6.80

7.00

=0
=o'l

=01
=01
0L
0
=V
Feg

0.0 -05

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

9.0

89'9.

oo.:/
cell—
v9'l8—

81°C6—

SeLLL

mm.ou_‘/
vm.nN_‘/
ww.ww_‘/
L£'821
89'8¢C1L

Le'6CL—

eLVEL—
LLgel—

veevi—
0651 —

OH

Ph

Cl

1n

Lok

128.0 127.0

129.0

20

40

80

90

120

170 160 150 140

180

63



§¢Cc—

8Ly
6LV
(44

oy

0S¥
-4
1424

104

66'G—
189
9\

89—
002~

9Tl
0e’L
0g’L
el
el
(43
€e’L
ve'L
Se'L
9¢°L
Le°L

0l

7.38

44 4.3 4.2

4.5

OH

Ph

Me

70 69 68 67 66 6.5

71

10

L

Jaa

=0
oL

=0

S0
£l

=

Ll
I

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

9.5

05°02—

899
oo.nnW
(4w
0v'z8—

9L°16—

L69LL—

8L¥CL—
€1'8eL-7

/

geBeL—

LG6V1~
v0zsL—

OH

Ph

Me

10

130 129 128 127 126 125 124

131

L

-10

40 30

50

190

210

64



eLe—
8Ly
oy

A4
sy
€Y
€SV

009~
19—
Sv'9—
89'9—
S99
921
889
0gL
L
eeL
seL
181
8L

s

T
7.34

T
o
O
|\ h
o
-0l
-2 o'l
L2
T 8
o}
L L8
T FE
©w
-0zl g 0L
©w
©

4.40 430 420

450

OMe

1p

ko
0L

0.0

0.5

10

1.5

30

4.0

8.0

99'65—

mw.wn
co.EW.
eelL

SL'18—

cLll6—

L6ELL
L
992117

91'9zL—
618217
60°6EL—

20'8Fi~
85°6VL~"
££'e5L

OH
OMe

Ph

|

129 128 127 126 125 124

130

-10

10

30

70

T
120

T
140

T T T T T
200 1%0 180 170 160

T
210

65



00°0—

Ly
14
(%4

6LV

v’y
v
0s'y

0S¥

66'G—
ve'9
Nv.oV

yL9—
£8'9”
7'l
87'L
8Z'L
62'L
62'L
0g'L
8L
ye'L
se°L

8l

7.30 7.26

7.34

7.38

6.45 6.35 6.25

6.55

685 680 675 6.70

6.90

4.45 435 425 415

4.55

0l
ko

Fo

0l
X4

Fig

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0

9.0

899/
S.Rv
Ll

vaos’
Z6°16—
1571

8Ll

£9'GLL

9851l \
fFadt—
ge'gzh”
zL8el—
sevly
16617

§56GL—
26517

115.0

118.0 117.0 116.0

OH

Ph

149.7 149.4

T
150.0

128.0 127.5 127.0

128.5

-10

20 10

170 150 130 110 9 80 70 60 50 40 30

190

210

66



evez-—

-55 -65 -75 -85 -95 -105 -115 -125 -135 -145 -155 -165 175 -185

-45

00°0-—

L'y
8Ly
6LY

o'y

A4
vy
s’y

s’y

96'5—
669
)
e’

:..”w\

60°L '
oL
0L
z1 L
zv]
9z°L
7L
8z
62°L
0g°L
e'L
£e'L
ve'L

ILXA

OH

7.35 7.25 715 7.05

M

7.45

4.40 4.30 420

4.50

Ph

1r

Cl

6.5 6.4

6.6

6.7

6.8

=0

oL
=0l
=0l
®1e
4]

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

9.5

67



89'9L
oo.hnW
celL
[4%%:

80°C6—

SZ'8LL—
ATAR
90°L2L7
8¢'8Z1

8581 —

STVl —
19251

-10

10

20

30

40

OH
Cl
50

Ph
1r
60

110 100 90 80 70

125
120

126
130

128 127
160 150 140

129
170

130

180

00°0—

8Ly
6LY
oy

oy

vy
wy
sy

sy

96'5—
6£9
£r'o-L
v9'9—
zL9
V\zL
£zl
sz
171
el
1eL
ve'L

0l

[

:

0'g

4.35 4.25 4.15

4.45

4.55

OH

Ph

7.30 7.25 7.20 7.15

7.35

1.0 0.5 0.0

1.5

25 20

6.50  6.40 1s
Br
65 60 55 50 45 40 35 3.0

6.60
7.0

6.70
7.5

8.0




mw.cn
oo.tw
celL

9L'18—

€LT6—

wzL—
9L8LL—
v8'9Z1

S.wﬁw
88°0€L~

§G8€L—

€TevL—
vees—

OH

127.5 126.5

T
128.5

T
129.5

Ph

1s

Br

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

00°0-—

Ty
£z
vey
sz
12
S5y
8gY
65V
99
sv'9
6v'9
69'9
299
v9'9-7
59,
[ARY
L
sLLd
912
9z'2
ras
62°L
0L
162
e
veL
sl
iy
6¢°L]
Wl

0L

~0L

T
710

T T T T
735 730 725 1.20

T
7.40

T
745

T
6.40

T
6.45

T
6.50

OH

715

T

460 455 450 445 440 435 430 425 420

0l

T

T

T

T

T

T

T

0l

T

1t

6.55

6.60

6.65

6.70

6.75

=o'
Fo

0L
Wo._‘
0L
0L
=0
0¢
6T

9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 20 1.5 10 0.5 0.0 0.5

9.5

69



owow © ~ T2 3N
NO N~ O ~ © < @ o~ © N o
WO o o0 W W W N OO o g
owww < ] NN G~ = OO o NN o
e - - B - NN~
= | | =~ | ~
NN
T T T T T T
1564 156.2 156.0 l
_ M
T T T T T
130 129 128 127 126
T T T T
107.5 107.0 106.5 106.0
T T T T T T
134 130 112.6

T T T T T T T T T T T T
210 200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

—-118.11

O OH

1t

T T T T T T T T T T T T T T T T T T T T T T T

10 0 -10 20 -30 -40 -50 -60 -0 80 %0 100 110 120 -130 -140 150 160 -170 180 -190 -200 -210

70



00°0-—

SLy
9Ly
Ly
Ly
sy
sy
€Y
1204

8v'9
059
(48]
€9'9—
89—

SVL—
el

€L'L
SLL
9L,
Ll
8L'L
8L

T T T T T
7.85 7.80 1.75 7.70 765

T
790

g

41

43

4.5

46

OH

Ph

0k

oy

roe

735 730 725 720 7.5

7.40

1u

0l

ﬁvo._.

66 6.5 6.4 6.3

6.7

6.8

oL

rou
=01
0’k
A\.o..v
0¢
0'¢
0’k

9.0 85 8.0 75 70 6.5 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 05 -1.0

95

899
oo.hnW
Nn.hn\
0108

02°26—

|
Lo OH

Ph

127

128

129

130

131

132

1u

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

71



00°0-—

1% 4
9y
Ly
154
0S¥y
284
€5y
1204

o
8r'9
059
259
19—
169
£6°9")
v6'9
969
602
WL
1
912
0z
ez
62 L1
1]
ee'l
ov'L
Wi
]
29°L
voL
oLl
wi
8L L]
6L

7.80 775  1.70 765 7.60

785

M

_JA

| ]
1v

o
)
45

46

e
=01

0k
0L
0k
Fey
Mo

0’k
Jo._.
0'¢

00 05

0.5

1.0 105 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10

15

899
oo.t.w.
eelL
Nh.mn\

2°eT6—

8071
LeiL
i
0z'zk
0Lz
STLTh
00'624~
Loel’
90'k7L
ISR

L6V —
vSesl—

89°19L—
4% 158

L
O OH

N

T
141.05

141.15

1305 129.5 128.5 121.5

1315

1v

T T T
1148 114.4 114.0

T
115.2

T
156

L

-10

T
110

T
120

T
140

T T T T T
200 1% 180 170 160

T
210

72



8LCLL-—

L
O OH

1v

T T T T T T T T T T T T T
-%0 100 110 120 -130 -140 150 160 170 180 -190 200 -210

T
-80

T T T
20 230 40

-10

e
1%
vz
1T
91z
10T
8121
6121
v
522
9227
122
8221
62T
62T
0eT

vee
vee
see
ge'e

ey
(444
ey
Sy

v9's
599
99°G
19§

129
9.9
6.9
989"

Wig
€L’L
SL°L
6L°L
2L
SC’L
0g’L
(43
ve'L

o'l

~6¢

31

21

22

OH

Ph

2a

!

A

73



80°9¢~,
6,957

899
oo.t.v
gLl

veL6—

89LL—
00°kgL—
9e'5gL—
mmsﬁw
ﬂ.mﬁ

34445
18151 —

OH

Ph

2a

5

125

126

127

128

129

130

-10

10

T
130

T
140

T T T T T
200 1% 180 170 160

T
210

000-—

86'C
oo'¢
coe
vo'e
so0'¢
90°¢
60°¢
oL'e

(44
#n.vv
1 4

169,
86°91
90°Z7
80°L
0L'LA
[4WA
S.TW
oLL—
mu.h\w
8Z'L

8z'L]
0g°L
£€° L
veL]
o¢'L!

2.95

3.00

3.05

3.10

Ph

T
420

T
430

T
440

T
4.50

3a

Foz

Fou

20 1.5 1.0 05 0.0 -05

25

8.0 75 7.0 65 6.0 5.5 50 45 4.0 35 3.0

8.5

74



§6'9¢—
€90V —

899
oo.t.v
gLl

L0°LLL—

Lovel—
NQNNFM
60621

veovli—

89°1G1—

99°.91—

Ph

3a

129 128 127 126 125

130

-10

10

30

T
130

T
140

T T T T T
200 1% 180 170 160

T
210

09'L
_.o._.v

Sv's
Lv's
8v's
6¥'S
86'G—

£9'9
s99-f
2.@%
189
£8'0
mmﬂ
069
viL]
912
W
9L
ve'L
sl
187
8¢L
8eL

09°}—
19—

Ph

-
-

o¢

2a'

6.85 680 6.75 6.70 665 6.60 6.55

6.90

.

|

0L

5.52 548 544 540

5.56

=0'¢

=0l
=0'k

Noo
0= = e

15

75



98°0¢—

899
ooNhW
celL
89'6L

9L°L6—

8roLL—
86021 —
ZLveL—
B.@NFM

ER 5L

60°¢5L—

Ph

2a'

'

1286 128.4 1282

128.8

-10

10

40

70

T
120

T
140

T T T T T
200 1% 180 170 160

T
210

00°0—

80¢C
60C
434
€1e
194
194
6LC
\I44
1ze

e et —

ore
cee
£ee
£ee
vee

8s'v
0¥
224
[4:h4

99'G
99'
196
89'G

L9
vh.ok
61'9~

18'9-

£8'9
189"
68'9]
16'9
169
0021
20°L
o012
ZvLd
i
t.&
612
1L

R N e =

M

I
B
-
T T T T T T T
1.95

T

230 225 220 215 210 205 2.00

31

32

33

T

o

-
T

3.5

71

3.4

3.6

OH

o)

Me

2b

ﬁm._‘
e

S9999
e e

=

8.5 8.0 75 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 20 15 10 0.5 0.0 0.5

9.0

95

76



§G6L—

0872e~
SSveE

89'9L
oc.RW
(47

SV'L6—

88°9LL—
80°LZL—
or'sZL—
19221
evogL—
v —

0251 —

OH
(@)

Me

2b

128.5 1215 126.5 125.5

129.5

1305

-10

10

T
130

T
140

T T T T T
200 190 180 170 160

T
210

00°0-—

ov'e—
€6'CF
16T
0o0'¢
LSV
65
09y
(204

€89
589
069
269
024
0]
50°2
902
1021
8021
yi L]
912
L]
8Ll
8L'L
0zL
0zL
L
L
veL
sTL
9L
8zL
621
LeL

0L

r0g

)

Me

3b

F0L[

T
745

T
720

T
7.25

T
7.30

705 700 695 690 685 6.80

710

0l

4.45

4.55

4.65

475

15

77



8v'6L—

y6°5E~,
8v9g”

89'9L
oc.RW
(47

coLiL—

L9v2L—
15221

06'5€L—
s6'LeL”

0TS —

18291 —

(0]

Me

3b

125

126

127

128

129

130

131

T
130

T
140

T T T T T
200 190 180 170 160

T
210

(444

Nn.n
nn.nN

Vx4 4
8y
ey
ey

95
§9'
99'
19
L9
vL9
159
6.9
189
£8'9-
98'9
88'91
06'91
16'91
669
10'L1
20,

90°L

80'L

1]
L]
si'L

si'L

6LL

1z'2]
€71

€L

OH

=V

6.7

6.8

6.9

7.0

71

72

T
212

216

T
220

Me

T
540

570 5.65 560 555 550 545

T
5.15

2c

e

0

430 425 420 415 410

440 435

4.45

o
ke

N9
onNo«

0'¢
oy
7

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05

1.0

78



e —

S0'9E~
A:1

899
oc.hnW
celL

1816

08'9LL—
86°0ZL—
W'sZL—
S.Ew
8’8zl

128eL—

eLvpL—

67161 —

OH

Me

2c

N

129.0 128.5 128.0 1215

1295

T
125.0

T
125.5

T
126.0

ron

A

-10

T T T T T T T T
170 160 150 140 130 120 110 100

T
180

00°0-—

eeT—
16T
66C
loe
€0¢
s0'¢

8y
cn.vv‘
2584

£6'9
96°01
66'91
90°L7
10°L4
60°LA
WL
(AWE
gLz
12
£z,
sz
121
121
62°1
Le'Ld
Le'L

—0¢

—0¢

x4

7.25 715 7.05 6.95

735

Me

-0l

435 4.30 4.25 420 415

440

3c

~0¢

3145 310 305 300 295 290

3.20

Foe

Foz

Fou

T
1.0

15

12.0

-1.0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05

9.0

105 10.0 95

79



evie—

§6°9¢—
L5°0v—

mw.o\.
oc.:w.
cellL

vo'LLL—

15V2L—
mm.ma_‘N

89°8tl
6L°0VL"

99°LGL—

197291 —

-10

30 20

3c

60

Me

70

80

100

110

120

130

1288 1284 1280
12470 124.60 124.50 12440
200 1%0 180 170 160 150 140

129.2

210

00°0-—

80¢C
60C
e
[4%4
14
194
vee
2T
9zc
yx44
e
e
eve
eve
(444
ey
1404
9EY

v9'S
S9'G
99°'G
196

= R e e

zL9
19
£8'9-!
989
889
16'94F
569
1691
6691
1021
zved
912
vz L]
szL
1zt
7L
621
1L

et

OH

b
T T T T T
360 355 350 345 340 335 330

-0l

2d

F

73

0L

~02¢

20

21

A

4.45 435 4.25 4.15

4.55

o

Fou

(A e P
-0 o
- ©

55 50 45 40 35 30 25 20 15 10 05 0.0 0.5 -1.0

6.0




< o N 0 O —ONOoDOoOOOO O

N~ N~ 00 O W -0 W ~ N O T

< = © O R R R ] b i o o o0

0 0 0 <t <N NN AN~~~ - NN~ O [-N-W}

- - TrETE O TrrTrTTETTET e o NN~ ™Mo

(DA SV R NN [N -

e OH
1471 1469 146.7 146.5
130.0 129.5 129.0 128.5 128.0
17.0 116.0 115.0 114.0
36.80 36.70 36.60 36.50
e " o 3
" . i b
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
wn
-]
o
o
N
i
09.0 -109.5 -110.0 -110.5 1110 111.5 -112.0 -112.5 -113.0 -113.5 -114.0 -1145 -115.0 -115.5 -116.0 -116.5 -117.0

81



86C
00°¢
c0e
vo'e
90°¢
80°¢
oLe
cLe

.vn<
mn,vv
ey

£8'9
89
89
98'9
98'9
18'9
$69~
9697
869
669
1072
60°L
602
L
WL
gL'l
(IVE
9Z'L
62'L
Le'L
1eL
£€°L1
S€°L

o'l

~0¢

T T T T T T
320 315 310 3.05 3.00 295 290 28

T
[y}

7.00 6.95 6.90 6.85 6.80 6.75

7.05

Foz

Foi

0l
Mmo.n
0C

Foe

100 95 9.0 8.5 8.0 75 70 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 0.5 0.0 0.5

105

zZ8'9¢
9c'oy
seor”

899
oo.t.v
el

arvLL
5L
89WLL
SLVLL
STLLL—
9L'ezL—
R.«ﬁm
£2'8Z1
59°0€L
LTyl
vyl

V9lSL—
187191~

ZEVY9L—
zL9L”

1305 130.0 1295 1290 1285 1280

131.0

3d

40.5 404 40.3 402

406

124.5 124.0 1235 1230

125.0

1145 1143

1147

114.9

-10

30 20 10

40

70 60

80

200 1% 180 170 160 150 140 130 120 110 100

210

82



CL M —

3d

20 30 40 50 60 70 80 90 100 -110 120 -130 -140 -150 -160 170 -180 -190 200 -210 -2

-10

(4%

€T

1254
912
81
61T

1221
522
92'Z1
1227
122
822§
6221
0£'T
1£Z
18T

9¢g’e
nn.nv

e’y
ey
ey
Ve

SL'9
19
08'9
289}
£8°9
mm.o%
88°9

0691
26°9
60"
WL

€LL

512
e
9z'L]

99°G
19°G
89°G
69°9

8’

00"

OH

S

245 240 235 230 225

2.50

71

7.2

T T T
218 214 210

T
222

2e

Me

&
-
T T T T T T T
580 575 570 565 560 5.55 550 5.45 5.40

45 44 43 42 4.1 4.0

46

J

S

e b
oMo

Foe
Fos

T
-0

83



€0’le—

€log
on.onv.

89'9L
oo.RW
(47

ov'L6—

08°9LL—
96°0CL—
95°6CL—

8Cc9¢L—
vl —

18151 —

-10

OH
2e

40

Me
60

70

80

100

110

120

140 130

350

150

127 126
36.0 355
170 160

128
180

129
370 36.5
200 190

130
210

veT—
16T
66C
Lo
€0°¢
0

6V
_‘n#W
eeY

169
6691
y0°24
90°L1
80°L
0L
VR
y1°L
s1L]
Ve
9Z°L4
172
827,

62°L
zs%
zeL

0k

69

0L

3e

Me

T

41

T

T
42

43

T

e

T

T
730 725 7.20 745 7.10 7.05 7.00 6.95
44

T

45

AL

T T
295 290 285

T
3.00

0T

T
3.05

3.10

T
315

Foe

ol
6'g
0L

10 105 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05

15




00—

€0°Le~
9zov—

89'9L
oo.RW
(47

voLLL—

VAR A
legelL—

0z'Lel
vn.hn_‘ﬂ.

99°LGL—

cLl9L—

’ﬁ‘
3e

Me

M

129 128 127 126 125 124

130

A | | -

-10

10

70

T
130

T
140

T T T T T
200 190 180 170 160

T
210

60
60
Lz
{4
1%
51T
x4
917
LA
5221
LTA4
122
822
622-%
m«.&
07
8v'e
de
eey
seY
9y

9967
$7§
zL9
519
9.'94
18'9-
28'9
89
98°9-
1879
689
169
002
102
20,
20,
y0°L
50°L
gL
vLL
sLL
9Ll
WL
8LL
6LL
0zL
9L

OH

6.7

6.8

6.9

7.0

71

7.2

~0'L

2f

5.70 565 5.60 5.55 5.50 545

15

21

22

08"

435 430 4.25 4.20

440

o

FoL

0l
0z
202
o

13

15

85



© < " ol WM MNWLNMO®MN
© w0 o~ T ONNO =™ wno WO m o w
0 < ~ DO TOANOO W™ < N - O 0 -
NS ¥ gooaNwWroww NN NSe =9
w0 0 wn MMM NNNN- ~ b nosh NN w0 0
e = CFrT T o0 NN~ © ™
[ RS IRNPISIS LI SN [
; ; ; . ; ; (0]
140.0 1398 1396 1394
e F 2f
1305 130.0 129.5 129.0 128.5 128.0
9135 9130 9125 9120 9115 91.10
117.0 116.6 116.2 115.8 1154
37.0 365 36.0 355 35.0
‘ } J ' | I l |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
N~
=
©
<
b1
109 110 A1 12 113 114 115 116 17 118 119 -120 121 122 -123 124

86



S6°C
16T
66T
loe
vo'e
90°¢
80°¢
oLe

eey
vn.vv
9eY

16°91
8691
10°7
£0°Z
50°L+
80°L
S.Tw
0L'L

oL
(Ve
[AVE
IV
[IVE
92°.
62°.1
0€°.
18l
1€
£e/
geL”

0L

T T T T T T T
3.0 29 28 27 26

440 435 430 425 420 415

T

450 4.45

35 34 33 32 31

3f

7.28

7.30

7.32

734
T

736

720 745 7.10 705 7.00 695 6.90 685 6.80

738

Fou

fm.o

o't

9.5 9.0 85 8.0 75 70 6.5 6.0 5.5 50 45 4.0 35 30 25 20 1.5 10 05 0.0

100

voL’Le~
SY6'6€—

nw@.@h
coo.t.v
81elL

068'GLL
voL9LL
88L°LLL—

8LLvelL—
Lv6'8CL—

§.6'GEL
200'9¢ _‘N

Lol —
9v8'09L~

162°€9L—
veeL9L—

-10

3f

87

110

120

130

115.0
140

1359 1358
126 125
116.0 155
170 160 150

136.0
1271

116.5
180

136.1
128
17.0
190

200

129
"5
210




09vhL-—

3f

T T T T T T T T T T
-108 12 -116 120 124 -128 -132 -136 -140 144

T
-104

000-—

10T
60Z
€Lz
€2
v2z
11
6v'e
6v'c
62
ey
Y
eey
9’
73]
ZL9
v29]
6.9’
089’
z8'9
891
5891
189
68'91
oL
VL
VL
L
L
sLL]
8Z'L1
8zL
0g'L

OH

TS

4.20

08’

=

415

4.35 4.30 4.25

4.40

r0¢

730 725 720 745 7.0 705

7.35

=]
LS
™
i
-8
3
Ol g
™
i
=4
i
H
o~
o
N
O
0’}
-0g

6.85 6.80 6.75 6.70 6.65

6.90

0l

54

5.5

56

5.7

58

59

i
e
- -

Fou
Fou

Fo

0’k
0Z
~0¢
Jo.m

88



Fc.mn
m_‘.wnv

89'9L
oo.:v
celL

LL'L6—

S69L1L
o_‘._‘N—./
mwéw_‘/
mo.nmv/

NES/
ezl
woeL/
ovzsL

oLzvL—

WS —

OH

2g

Cl

1300 1295 129.0 1285 128.0 1275

1305

-10

T T T T T T T T T T T
200 19 180 170 160 150 140 130 120 110 100

T
210

§6C
16T
66°C
e
vo'e
90°¢
80°¢
oL'e

—.né
nn.«W
SeY

96'9
86'9
80°L
oLL
L2
W]
W]
YL
9z'L
0¢’.
1eL
el
el
ee’l

—_—

4.1

42

0l

46

7.36 734 7.32 7.30 728

738

39

Cl

33 32 34 30 29 28 27

34

0L

0

T T T T T T
710 705 700 695 6.90 6.85

T
715

T
7.20

Foz

oL

0L
Foy
-0'e

-1.0

3.0

4.0

5.0

89



689~
L000v—

89'9L
oo.:v
celL

(444 o
vivel—
88821 —
6v'ect—
SL'8¢L—

L9161 —

LV9L—

39

Cl

125

127

128

126

|

T
170

T T T T T T
150 140 130 120 110 100

T
160

T T
200 190 180

T
210

9¢’L
nn._.V

el

0T
§0°C
S0C

993
vie
9Lt
et

e
Nv.nN

09
19
29'g

€96

289
89
989

7679~
69
8.@%
66°9

9691
o
e1L]
e
1L
g1

nN.L

T T
215 2.05

=
225

1.34

1.40

6.9

7.0

71

7.2

73

OH

5.55 5.45

5.65

Me

2h

3.2

3.4

3.6

Foe
Fo

ST
b s P

e -

8.0 7.5 7.0 6.5 6.0 55 5.0 45 40 3.5 3.0 25 20 15 1.0 0.5 00 -05

85

90



ov'oz—
€ere—

29°6e—

89'9L
co.\.hv
ceLL

Wie—

08°9LL—
66°0CL—

€Tzl
mN.hN_,N
ov'2L

6C°L5L—

OH

Me

2h

127.2

127.7

-10

10

80

190

210

000-—

6v'C
244
€8T

5T
§L'T—

L0°€¢
60°¢
e
e
vi'e
9L’e

86°9
002
VoL
vo'L
90°L
90°L
80°L
80°L
9L
LVL
PAYA
6L°L
eL
gL

LA

1.24

1.27

1.30

T T T T T
715 710 7.05 7.00 6.95

T
7.20

A
"

.

25

2.7

29

3.1

Me

3h

|

15

=0¢

ol
FoL
Fo

X4

0.5 0.0

1.0

8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0

85

9.0

91



1861—

y'ec—

89—

m@.@n/

Me

3h

00°LL
Nn.\.n.\

86°9LL—
85zl

3.8»
€821 7
szazy/

€TS8 —

ve89L—

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

160
860
660
00}
100
0L
15—
89'L7,

vw._‘w
V6L

11:k4
vm.m/
16T

6€°¢
cv.nN

09'
19g
19g
29'
29
£€9'
£8'9
3.&.
v8'9f
sg'9f
589
98'9
0691
06'9]
26'9
26'91
69
69
0L'L
[
AW
W]
vLL
6l'L
0z'L
i
9z'L

BN Ve

~0¢

60

—0¢CH

21

22

F0br

0k

FOL[

6.8

6.9

70

71

72

OH

T T T T T T T

575 5.70 5.65 560 5.55 5.50 545 540 535

Et

2i

A

~9z'0

350 345 340 335 330

355

T
1.55

T
1.60

g

T
165

T
1.70

10 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 05 1

1.5

92



v60L—

ve'le—
9g’Le—~
mm.rn\

mw.wﬁ
oo.RW
(47

v9'L6—

9’151 —

-10

OH
2i

Et

100

110

120

126.5 126.0
150 140 130

127.0
160

127.5
170

80

00°0-—

§6°0
hm.ow
660
§S°1
1571
6571
19l
(447

1T
ETRA\
S.N\w
287

582
982
887
682

062

162
262
v62-

y0°L
90°Z1
60°L1
oL'Z
WL
£LL
€LLA
81 LA
8LL-
0z
0z’
ve'L
vz
9z'L]
97'L1
87,
8z,

0.0

0.5

20 1.5 1.0

T
0.90

e et

- -

3.0 25

T

3.5

T

096 094 092

0.98
Et
45 a0
93

T

1.00

50

T

1.02

7.00
155
6.0 55

7.05
275

7.20 715 710
2.90 285 280
1.65 1.60
8.0 75 70 6.5

725
1.70

295
8.5

7.30



b —

[4: WX An

8eve—
95°9¢/

899
oo.hv
ceLL

Yo'LLL—
vz —
or'ozL
3.&%
0z'8zL

82’151 —

Sv'89L—

Et

3i

128 127 126 125 124 123

129

-10

°
~N
T T T T T T
24 23 22 21 20 1 1.8
T
o
o

70 10

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

T
210

leo
441}
veo
§¢0
92’0
00—

180
280
80
980
98’L
181
16—
4 X4r3
14%4
9Lc
444

Lee
e
8t
8ce

196
896
69°G
[7A:]

28’9
89
98’9

937

8G°L—¢
09°L
[4:)
v9'L

FOLL =

o
-

—
=] o
- -

T T
2 6

ke
2
~
L
2
= ©w
oL@
R
2

OH
l8 T ; O

|
[r:}
o~

0l

rie

2j

T T T T

o

575 5.70 565 560 555 550 545 5.40

T T T T T T T T

10 09 08 07 06 05 04 03 02 041

Lo

T
1.1

0k

3.20

330

340

3.50

’

Fou
Loz

Fou

-

-

-

0L
0L
Fou

0.5

0.0

94



81—
144

68°GL—

29°€E~.
29ve”

899
oo.hv
ceLL

9L'L6—

9IS —

OH

T T
127.0 126.5

127.5

T

1280

126.0

-10

10

70

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

T
210

vuu
co0-
100
000
100
200
80°0
60°0
oL'o
4]

vEe0--
270
o
9¥'0
v9°0
190
0.0
912
VANA
6L°C
ee—
[4: K4y
1£K4
992
89°C
99°C
192
0L2
e

£8'9)
£8'91
8'91
8'91
06°91
06°9
26'97
gff
769~

69/

E.L
50°2
90°L1
90°L1
80°L
80"
2&
0L

710

Foif
Fouf

T T
05 04 03 02 01 0.0

0.6

ok

6.80

6.85

6.90

6.95

i

—r

0L

e
]

e
pa

27 26 25 24 23 22 21

28

0’}
0'L

ke
BVl

Fou

¥0'b
071

it
(-N-N-N-]
iR i

7.5 7.0 6.5 6.0 5.5 5.0 45 40 3.5 3.0 25 20 1.5 1.0 05 0.0 0.5 -1.0 15

8.0

85

95



e~
9Ly

S6VL—

16°6E—
LL'6E—

899
oo.hv
ceLL

g8 oLl —
8eVZL—
v8'52Lf
vzl
o8zl

risL—

Sv'89L—

880
060
160
€60
v6°0
960
60°L
9Ll
1
(4417
og’L
ee’l
£
or’L
§S°1
691
98T
27
88¢C
68T
ge'e

nn.nv.

S el

€96
v9's
§9'G

99'g

z8'9
%L
£8'9-
£8'9
789"
58'9
68'9]
169}
£6'9
£69-
¥6°9-
(VR
ZLL
gL'l
viL
8L'L
6L°L
9z'L

0

7.2

OH
O/%
2k

0L

5.60 5.50 5.40

5.70

3.05 295 2.85 275

3.15

©
~

——
0
©

Fou

-

Foz
Foz

30 25 20 15 10 05 0.0 -05

3.5

90 85 80 75 70 65 6.0 55 50 45 4.0

9.5

96



5592
65°92
98'9¢
6L°LC
(45 TA\
6V’Le—
€9°6E—
06'6€—

89'9L
co.\.hv
ceLL

1026—

90°LLL~
89°0CL—
§0'62L—
ve'lelL
08'.21

0Czs—

OH

2k

122

124

126

128

26.0

285 280 275 270 265

)

-10

10

60

80

190

210

00°0-—

960
o'k

101

L

ozi
i—
[T
s %
99l \
81

69Z
Wz
ez
vz
10
8L
62
967
16T

6T

0L

730 7.25 720 715 7.10 7.05 7.00

]

1.25 1.15 1.05 0.95

1.35

0L

2.90 2.80 2.70

3.00

3k

o’k

re's

17 16 15 14

1.8

koL

Wn.m

Foz
o'l

Fez

=0t

10 05 00 -05

15

30 25 20

3.5

85 80 75 70 65 60 55 50 45 40

9.0

97



3314
cm.mNV
05°0¢
nN.Nn.\
443 &rd
Nn.rv.\

1092
wo.wmw

89'9L
co.\.hv
ceLL

1694 —
16°€2h—
wseL;
S.ﬁ%
90’621

L9°161—

76891 —

3k

26.10 26.00

26.20

-10

10

20

30

170 150 130 110 9 80 70 60 50 40

190

210

00°0-—

€T
E1%4
6LC
62T
62T
ee
(44

98°¢—
lev—-
mm#\
ey
9eY
LY

1879
v8's”"

189—
vi9—

LV
0z’L
L
ve'l
9L
0e’L
el
€e’L

OH

M
Ph OMe

T T T T T T T T T T T
70 69 68 6.7 66 65 64 63 62

T

74 13 72 141

T

2|

410

€87

21

23

26

55

56

5.7

58

59

6.0

41 4.0

4.2

0

43

45

46

a7

A

Fou
Foz
Fes

10 05 00 05 10 15

15

20

25

10.0 95 90 85 8.0 75 10 65 6.0 55 50 45 40 35 30

105

98



o
Le
000-—
° L]
=
o : L s
§6'GE~
09'9¢” — L
% (@)
8
N
LSS —
i re 66Z
o 00°¢
Lo €0'e
899 205
i 90°¢
Mm.mw E L e 60°¢
ove
SY'L6— F 8 26—
— ey
g vnvv
s sey
0£'60L— Le
£L0Zh | g
05121~ —_— =
0£'9zL -
moauvw -8
L1821 g 959N
T IrL— L _ rs 859~
S0'8YL— @ R — 68'9-7
-8 gk 169
% oﬁﬁ
L g 202
< 0L
[n s1Ld
8 g v
9zL1
- - 8z
& -8 62 L1
[8 2e'L]
ve'L
L -2 sl

1.0

27

28
0.5

29
0.0

0.5

OMe
31 3.0
1.5 10

3.2

3.3
20

3l
25

Ph
3.0

35

UL
99

50

5.5

4.15
6.0

6.5

T
6.6
420
6.5

o
-

T T
4.25
7.0

4.30
2999 9

70 69 68 67
435
by
M N ™
8.0 75

4.40

8.5

T T
450 445
9.0

74 713 72 11

9.5




28'9¢—
060V —

6095 —

899
oo.hv
ceLL

181 —
LL6LL—
orvzL—
E.oﬁM

90'6C1
SeovL—

6L°LVL—

68'99L—

OMe

3l

Ph

110 100

120

140 130

125

127 126
170 160 150

180

128

190

29
200

1

By

210

00°0-—

€L'e
€L'e
912
PANA
612
0z'e
0z'e
344

8ccT

€9°¢—

(404
ver
Se'Y

PA 4

08'S
18°G
[4: 5]
28'G

19°9—

Yy
81
0z
0z
[4A0%
faAs
2]
£2°L
vZ'L
yZ'L
szl
9z'L
9z'L
82'L
82'L
82'L
1eL
zeL
€€,
yeL
yeL
S€°L

eA]

€80

730 725 720

7.35

T T
425 415

4.35

4.45

Cl

OH

715 7.10

3.4

3.5

2m
100

Ph

6.55

6.60

5.65
95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0

6.65
5.75

6.70
10.5

6.75
5.85
1.5




9966~
89'9¢”

89'9L
co.\.hv
celL

6L°16—

OH

Cl
2m
1

Ph

T T
128.0 127.4

128.6

-10

10

30

80

190

210

=0

coe
vo'e
90°¢
L0¢
L0¢
80°¢
e
e

mn.v
nn.vW
6EV

0]

O
Ph

189
689
00°L
2oL
VoL
4%
91l
9l’L
9T'LF
62°L
(452
veL
9¢g’L
9L
8¢l

4.50 4.45 440 4.35 430 4.25

Cl JU U

=0

740 735 730 725 7.20 715 7.10

3.05 2.95

3.15

3m

inl'd

700 695 690 685 6.80

7.05

Foz

ov-oo
<o -

T T
7.5

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

7.0

90 85 8.0

9.5

101



659 —
€60V —

89'9L
oo.hnv
celL

14%447
LLveL
99'9¢1
sviz)
0L'lzL
98°.Z1
0z'6Zh
95'6C1

99'6EL—
69°LyL—

2T99L—

Cl

Ph

3m

T T
122

T

125

121

123

124

129 128 127 126

130

-10

10

T T T T T T T T T T T
200 1% 180 170 160 150 140 130 120 110 100

T
210

000-—

80'C
60'C
[41%4
vie
SL'e
LT
ve'e
144
A4
9T

ove—

A4
9aTY
8Ty
6CY

99°'G
ho.mv.

199
699
@\..w/

88'9”
LIV
Y
6127
0z
ve' L
9L
1T
87/
87'L
1e'L
£€'L
YL
5¢'L]
S€'L

==yl

440 435 430 425 420 415 410 405

6L

<

T

18

T

T T T T T
7.30 7.25 7.20 715 710

T
7.35

3.2

34

T
36

OH

—0'L

0L

6.55

675 6.70 665 6.60

685 6.80

6.95 6.90

Ph

Cl

2n

T T T T T

S
-
580 575 570 565 560 555 5.50 545

102



1168~
1e9e”

89'9L
oo.hhv
celL

05°L6—

Lo°LLL
vN.FNF/
42743
€6'9C1
wo.wNvW
nh.wwv\
mm.onw\
£8eel
L9Vl —

vres—

OH

Ph

Cl

1300 1295 129.0 1285 1280 1275 127.0

130.5

2n

J

T T T T T T T T T T T
200 1% 180 170 160 150 140 130 120 110 100

T
210

86C
00°¢
(4155
o€
S0°¢
90°¢
60°¢
oL'e

eeY

689
689
169
169
G0
502
102
20°2]
y1°L
(Vs
Ve
Ve
9L'L

9zL

8721
0¢'2
1721
1721
ze L]
zeL
e
e
9¢°/]
9L

8¢'L]

1184
(454
(454

ges

7.38 7.34 7.30

7.42

4.35 430 4.25 420

4.40

Cl

3n

Ph

7.10 7.05 7.00

7.15

o

7.20

0cC

2.90

—0'L

6.87

6.90

6.93

Foz

Fol

Ko“_‘
H/o.n

-0.5

95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0

10.5

1.5

103



L9~
STov—

89'9L
co.\.hv
ceLL

Sl —

sevel—
98°LZL—
coveEL—
69'6EL—

§0CsL—

9,991 —

129.15

129.30

Ph

Cl

3n

126.5 125.0

128.0

-10

20 10

30

170 150 130 110 9 80 70 60 50 40

190

210

00°0-—

80°C
0L'e
€L'e
134
14
(444
€2T
€ee
vee
§T'T
92T
2T

e
mv.nv

7y
14
oe'y
ey

19°G
29'S
€9°
€9°G

nm.@
nm.wV
9L'9—

559,
6L
YAV
XAV
€C’L
GZ'L
2L
0g’L
2¢L
veL

oy

-0l

72 11 70 69 68 67 66 65

73

210 2.05

215

240 235 230 225

245

OH

0l

0.0

1.0

15

Ph

Me

20

IR
J o

25

45

6.0

6.5

FoL |
0’k
0L |

70

104



6v°02—

ze9e~
26'9¢”

89'9L
oo.:v
celL

82'16—

09°9LL—

S8yl —
sv'8zi
8,821

3 444%
L9'6vL—

OH

Ph

Me

20

T T
129.2 128.8

1296

130.0

1284

130.4

124.0

126.0 125.0

12710

T T T T T T T T T T T
200 19 180 170 160 150 140 130 120 110 100

T
210

000-—

§¢T—

96°C
wm.w/
00°¢e—¢
o'e
({18
vo'e

7y
aN.vW
ey

8L'9
mn.@V
10°2-,
£0°2
102
802
60"
oL
v
9121
912
sz
9Z'L
8Z'L
0g'L
zeL
ve'L
9¢°L

oL
o'k

73 7.2 71 7.0 6.9 6.8

74

o'l

Ph

T

415

T

430

435

4.10

420

4.25

4.40

Me

30

T

3.00 295 290 285

310 3.05

315

Fog

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 3.5 3.0 25 20 15 1.0 05 0.0

10.0

105



¢Loz—

80°L¢—
890V —

89'9L
oo.:v
celL

08'91L—
125zl

N@.@N»
8ZvEL—
wopL—

0961 —

18291 —

Ph

Me

30

125

126

127

128

129

T
110

T
120

T
140

T T T T T
200 1% 180 170 160

T
210

000-—

0T
10T
60°C
0L'e
0L'e
4%
€Le
14
14
e

vee

Ly'e~
09°¢—

8y
62V
ey

(404

(4R}
nw.mv

g9
_‘n.wv.
g9

09—

Vi
612
1z
1z
€'
ve'L]
vz L]
sz'L
9z'L]
9L
17l
0g'L
ze'L

OH

6.8 6.7

70 69

72 71

73

430 4.20 4.10

4.40

0L

-0’k

20

21

22

23

24

25

Ph

F0'L

6.30 6.25 6.20

6.35

6.40

2p

OMe

0L

5.7 5.6 55 5.4 5.3

5.8

Fob
0L
Wo._‘

0¢
0

-0.5

40 35 30 25 20 15 10 05 0.0

45

65 6.0 55 50

75 70

8.0

9.0 85

9.5

106



SL'9g~
sLie”

19°65—

89'9L
oo.t.v
celL

(44

£8°Eh
eI
i’
§6'5ZL—
22%
29821

S0VVL
£8'GyL—

§9'¢Sl—

OH

147 146 145 144 143

148

Ph

2p

OMe

H}L

T T T
1270 1265 126.0

1275

T

128.0

1285

13.5

115.5

114.5

165

175

-10

10

T
110

T
120

T
140

T T T T T
200 1% 180 170 160

T
210

96°C
86C
0o'¢
coe
€0°¢
§0°¢
L0¢
60°¢
Le—

8Ty
on.vv.
ey

6v'9
6v'9
059
059
189
18'9
8.&“
89
90°2
80°L
IWE
9L
v
L
9z'L
7L
621
LeL
1872
eeL
eeL
seL
gL
9¢'L
oy

~0¢

3.10 3.05 3.00 2.95 290

3.15

L.

15

735 730 725 720 745 710 7.05

7.40

Ph

[ m—

OMe

3p

0’}

T T T
6.70 6.60 6.50

T
6.80

0l

Foz

=0'k

=0k
0L
0l
0C
0'¢

125 120 15

00 05

0.5

1.0

85 80 75 7.0 65 60 55 50 45 40 35 30 25 20

105 100 95 9.0

1.0

107



96'9¢—
€60V —

19°66—

wo.wn
oo.RW
el

SvelL
on.n:‘V
S8°LLL—
(45147
nm.nwrW
m@.nwr\
(43147
oLovi—
€971 —

82951 —

€8°291—

Ph

3p

OMe

1290 1285 1280 127.5 127.0 1265

129.5

T T T T
17 115 13 m

T
19

80

T
110

T
120

T
130

T
140

T
150

160

T
170

T
180

0Ly
e
44
€12
14%4
9172
ANA
14
927
9221
NN.N)r
82T
622
0eZ
1£2

e
e
ev'e
eve

62V
ey
(454

1494

196
89'G
699

699
9
9

69—

0z'L
1zl
[AA%
€21
92'.
122
62°L

1L

veL
G¢°L
1¢°2
8¢’

mﬁlw

~0'¢

T

T

740 735

3.50 3.40

3.60

715

730 7.25 720

0C

-0l

FOL <
o~

Ph

6.4

6.8 6.7

6.9

2q

—0'L

5.55

5.65

575

0L
0l

o'l
Foz

0cC
0¢

-1.0

T T
00 -0.5

15

T T T T T
85 80

9.0

T

9.5

10 0.5

30 25 20

3.5

50 45 40

5.5

6.0

6.5

75 7.0

108



<t WM Mmoo tOoON~<
QaooaN BaNd GINL g N8 s
SERS9Y Lo wudd O Ko P
FrrTrTrT Trr e - N~~~ X
NS T ] Y =" | ~ Y4
147.70 147.60
OH
(0]
129.0 1285 128.0 1275 127.0 Ph
2q
F
—— T ——————
118.0 17.0 116.0 115.0

I Jl\ 1 !

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

20 10 -10
-
el
o
I}
3
|
OH
0]
Ph
2q

F

L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-117.0 -118.5 -120.0 -121.5 -123.0 -1245 -126.0 -127.5 -129.0

109



q"

-0¢

435 430 425 420

4.40

7.40 7.35 7.30

745

=0C

Ph

ol

r0¢

T T T T T

720 715 710 7.056 7.00 6.95

T

T

320 315 3.10 3.05 3.00 295 290

3q

~0'L

6.68 6.64 6.60

6.72

Foz

-0.5

10.5 9.5 8.5 75 6.5 55 4.5 35 25 15 0.5

1.5

ee—
L9°07—

89'9L
co.\.hv
ceLL

[7A 477
96'vLL
Se6LL
89°GLL
(45123
_.v.m_._‘N
1§22 —

oN.mN_‘\
8€6EL—

€9°LVL
mw.nﬁ—.w.
68,51 —

81791 —

147.65 147.55

147.75

Ph

3q

|

1284 127.8

129.0

117.0 116.0 115.0

118.0

-10

80

190

210

110



WLi-—

Ph

3q

-120 -140 -160 -180 -200

o -10 -20 -30 -40 -50 -60 -70 -80 -90 -100

10

oLe
€Le
9lc
:1%4
e
144
9T
px44
82T
62T
62¢C
(114

ove
ore
1s¢
€6°¢
9y
LY
6LV
oy
8y
ey

€5'G
s .mW
95°G

896

(K}
2@/
289~
80,
S.tw
0Lz

w
812
0zZ'L
12
9L

827,

62°L1
e
ye'L]
9¢°L
8¢’

—— ——

0'Lr

X4

L'e

02l

081

0L

4.20

4.30

0

73 7.2 71

7.4

3.2

——t
- o
< <
e

35 34 33

3.6

OH

Ph

A

26 25 24 23 22 21 20

Cl

2r

I

FoL

Fu

0L
0L
(18
F_‘.N
L'e

10 05 00 -05

15

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

9.5

111



§9°GE~.
8996~

mw.on
oo.t.W
eeLL

Vel —

928 L —
[4: 143
€022}
n_..hu_.v.
882}

18821
seevl—

Wosk—

OH

128.0 127.0 126.0

129.0

Ph

2r

Cl

el

160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0 -10

170

00°0-—

16T
66°C
e
€0
vo'e
90°¢
80°¢
oL'e

mw.v
_‘n.vW
eey

6'9]
691
5691
5691
9021
80°L4)
A WA\]
912
912
sz
sz
9z
12
T
e/
0g'L
zeL
£l
se'L
Y
6L
6L

ok

g

4.30 425 4.20

4.35

440

732 7.28 724

736

7.40

Ph

0k

3r

T T T T T T T T
716 714 742 710 708 7.06 7.04 7.02

T
718

T T T T T
310 3.05 300 295 290

T
3.15

Cl

6.92

6.94

6.96

6.98

Foz

Fob

0L
0L
mmo.u

0'¢

0.0

0.5

1.0

1.5

20

35

4.0

45

9.5

T
105

T
1.0

112



59e—
850V —

89'9L
oo.hhv
celL

ovaLL—
iz

16221
z8'8zL/

9€'6EL—

0Z'0SL—

18991 —

Ph

3r

Cl

1295 129.0 128.5 128.0 1215

1300

-10

10

T T T T T T T T T
200 19 180 170 160 150 140 130 120

T
210

oL'e
€Le
%4
91'c
8¢
vee
144
A4
LI44
e
8c¢C
62°¢C
62°¢C

eve
ev'e &

62V
ey
ey
eey

99'G¢
99'G
196
896

§L9
mh.o/
cm.o/

612
1z
€71
9z'24
621
621
LE L
L

veL]
9¢°L]
8¢
8g L]

I
o

-be

ree

735 730 7.25 720 745

7.40

T

T

T

T

T

T

Ph

0’k

365 360 3.55 3.50 3.45 3.40 335 330

2s

T T T T
6.85 6.80 6.75 6.70

T
6.90

T
6.95

Br

Fo'L

0L

T

5.80 575 570 5.65 560 555 5.50 5.45

235 2.25 215

2.45

FoL

for

e
Sz

40 35 3.0 25 20 1.5 10 0.5 0.0 05

45

9.0 85 8.0 75 70 6.5 6.0 55 5.0

9.5

113



89°GE~
99'9¢”

89'9L
oo.:.W
celL

GE'16—

vTEb—
vLBLL—
Y0221~
198217
8L0g)

zzerL—

16°0SL—

OH

Ph

Br

HU

121

128

129

130

131

132

-10

T T T T T T T T T T T
200 19 180 170 160 150 140 130 120 110 100

T
210

16T
66C
e
€0°¢
€0°¢
s0'¢
L0¢
60°¢

ey
—.n.vv
4

0l

T

0k

T

62T

T

T

T
744 742 740 738 736 734 732 730 7.28

4.40 435 430 425 4.20

4.45

Ph

~0¢

T T T T
710 7.05 7.00 6.95

T
715

T
7.20

3s

3.10 3.05 3.00 295 29

315

Br

Foz

ko

P
moooo

LR

30 25 20 15 10 0.5 0.0 05

35

9.0 85 8.0 75 7.0 65 6.0 55 50 45 4.0

95

114



99'9€—
£50v—

89'9L
oo.:W
celL

LTl
G8'8LL"

iz —
oc6zL’
Le6EL—

€051 —

L1991 —

-10

3s
Br

Ph

110 100

120

130

121.5
140

1305 1295 128.5
190 180 170 160 150

200

131.5

210

000-—

0ce
744
(444
A4
9T
8cC
114

Sv'e
VA wv.

ov.v
Nv.vv
ey

9¢°g
A"
6€°G
or's

699
nw.@/
L9
mn.wV

60°L
oy
1L
912
o1
AVE
81°L
6121
vz
€zl
€zl
vzl
1z
621
oL

e

1.9

T T
30
20

21

T T

22

T

23

T
24

T

3.7 36 35 34 33 32 341

25

T

26

27

OH
2t

(0]
Ph
F

4.35 4.30 4.25

4.40

4.45

450

0L
0L
oy
02

05 1.0

0.0

05

95 9.0 8.5 8.0 75 70 6.5 60 5.5 5.0 45 4.0 35 3.0 25 20

10.0




-0 o®m o —WONN Qoo

NN O N NODMW bON~DO© N~ N o ® 0o
N ¥ ¥ FEngoccossE I o228 @D
©Ww Www NNNN+--+-0O0 v N~ © o <
e e - FrrTrT e O NN~ © o
ST 1 [ == T S \7

T T T T T T T

154.7 1545 154.3 1541

T T T T T

128.5 128.0 1215 127.0 126.5 Ph

T T T T
113.0 12.5 1120 1115

L 1. L

T T T T T T T T T T T T
210 200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

-113.33

OH

Ph

2t

L L

T T T T T T T T T T T T T T T T T T T T T T
104 105 106 107 108 109 110 1N M2 M3 114 M5 M6 M7 118 19 120 121 122 123 124 125

116



- : 3
L8 s
o~
000-— L i = L2
-3 B
Bl ~ L@
=]
[ ~oz| & -
FoLEE r2 M=
i - 89 e~
s e 1297
® e
L8 - b g
L ~
@
£0'¢ Fa
y0'e
L0¢ Lo .
80 ——————= toz [ Mwmv
60°¢
Zve o L« zeLL
eLe “
© & 3
w Wil
€Oy - 89°LLL
14 = e S6ZLL
gop o = Fot 86211
SoY Lo seell
e 19€LL
L 15'9ZL—
0 £L6zL
189 1 B
189 e s LS zo0vL
689 = 3
: Lo 85251
MM.W 0z e e yozsL -
96'9 L2 Eil 0L L£'851—
869 = |7 -3 Lo L=
- Aoz | 25991 —
VL ~
yLL -8 He oy [ .
yLL T M~
veL 3
sTL g o
7L ~ ] =
©w
62L oY
62L & U] Lo
ogL R @
el = .
1 ~ [ o

-10

3t

Ph

117

120

130

140

1.5

lll{

150

1265

1528 1526 1524
1295 1285 1215
113.0 125 12.0
200 190 180 170 160

135
210




rolL-—

Ph

3t

T T T T T T T T T T T T T T T T T T
20 30 40 50 -60 70 -80 -9 100 110 120 -130 140 150 160 170 180 -190 200 -210

-10

10

00°0-—

0g'e
1ee
ve'e
Se'T
18T
6€C
6€C
or'e
e

1ee
NN.n“v.

Wy
€LY
12784
1784
SLY

or's
34 mw
ev's

0L’L
145
0T'L
9T'L
6€°L
m.v.n/
VWl
vLlL
SL'L
9L'L
6L°L

OH

08

0

77 716 15 14 13 72 14 10

78

€8’

Ph

-0'C

2u

21

26

27

0

0k

e

Fos

oL
Foz

T
0.5

T
0.0

118



vLlle
om.hnv

89'9L
oo.RW
celL

r6—

98¢l —
1Z5:12%
leeel—
09°92} ¢
volmwr\
§9'821

14214
9’151 —

OH

Ph

1295 1290 1285 128.0 1275

130.0

2u

T T
375 36.5

3.5
|

T
395

T

125.0

126.0

123.5

Ll MH\ L\

125.5

126.5

-10

T T T T T T T T T T T
200 1% 180 170 160 150 140 130 120 110 100

T
210

000-—

e
e
9l’e
9l
L'e
6L°¢
lee
€T’e

€6’
V6’V
6
S6°7

]
eV
0z'L
L
9L
e
ye L~
9 s/
i
Yot
8L
18°L
187

5.00 4.95 4.90 4385

5.05

7.95 785 115 765

8.05

k4

7.40 7.30 7.20 7.10

7.50

325 3.20 3.15 3.10 3.05

3.30

3u

0
0l
0¢C

10

20

25

4.0

45

50

55

6.0

70

119



evie
wm.nnv.

89'9L
oo.:v
celL

_‘m.n_‘r
vm.h_,vV
Loegt—
68'9ZL 7
vm.hur\
61621

sy'ovi—

vievL—

0L°29L—

Ph

130 129 128 127 126 125 124 123

131

3u

T T T T
375 37.0 36.5 36.0

T
38.0

T
38.5

-10

T T T T T T T T T T T
200 19 180 170 160 150 140 130 120 110 100

T
210

62°C
(444
veT
9¢¢C
9¢¢C
8¢¢
ove

eve
mv.nv,

oLy
(VA 4
(724
(724
8¢’s
8¢’s
or's
4]
[44°]

LL9
08’9
689

6897
eLi—
821~

Wil
eL'L
SL'L
SL'L
9L'L

-

m4dd

98

T

T

T

—

30 29 28

37 36 35 34 33 32 31

2v

72 71 70 6.9 6.8 6.7

73

21

22

24

~02

25

27

54

J

-

0l

LJLL_

0’k

A

Fuy

Fi

Foz

120



OO TNO MOYN® oNN
AN Ro® WOoOork ©9N N No® 23
g NN OO0 00 o600 N 008 0.
©©® LYY ONNNNe «ee - NNO© ~ I~
fr rrre rrrrr e S NN~ © o
NTOSNY s | ~ N
T T T T T T T
148.0 14756 1472 F
T T T T T
150 1145 1140 1135 1130
2v
T T T T T T
132 131 130 129 128 127
T T T T T T T T T
39.0 38.0 37.0 36.0
——T— T T T T T
1239 123.7 123.5 1233 1231 1229
ll 11 l 1 In
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
N~
wn
o
-
5
|
2v
N TINY g N
T T T T T T T T T T T T T T T T T
-105 -106 107 -108 -109 -10 -1 12 113 114 115 -116 17 -118 19 120 121

121



DN OO WO M-V ] 0w < < N OCWWOWNN 8
W@WONMN MN OO~ ] NNN*T*™ )
NRNNNN NN 666666 < << PR o S S
T T
o o o VALY
& e
; ; . . . BR
795 790 785 780 715 770 e} &
e e S
J\AAJ\—JUL_JN\A‘—- E 505 495 4.85 475
T T T
e S Qe
o - -
S 1
755 750 745 740 7.35 730 125 720 1.5 :
o
&
3v T T T T T T T T T
335 330 325 320 345 310 305 300 295
T T
o o
~ =
. . . : . . .
700 695 690 685 680 675 6.70
7o) Wereadi IR B e 59 e
o000 oo o o
dede e ae = N
; . . ; : T r ; : ; : ; . . . . . . : . :
00 95 90 85 80 75 710 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
238 & 38R3R5Z RIS 888 NS
83z 9 gd93ndyy #9458 o ~ N
- - rrrrrTrTe e ~~~ Y
STe 1 S PSS [
e
1436 1432 1428 1424 o)
T : P
1314 1310 130.6 1302 129.8
3v
: ; : . . . . .
129 128 127 126 125 124 123 12
. : ; . .
18 1" 116 115 14
. . - ; - . - . - . - . - . - : - - . - : - .
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -0

122



L9°bL—

3v

T T T T T T T T T T T T T
70 -80 -9 100 110 120 -130 140 150 160 170 180 -190 200 -210

T
-60

20 30

-10

10

000-—

(17
Sl
611
8T~
el
sel
vl
PA A"
ee
£€ee
ve'e
se'e
or'e
ev'e
Sv'e
av'e
6v'¢

§6'S
99’
19§
89S

0L’L
€L
9L
VLS

vm.n
wm.nﬂ
99°L
89°L
Wl

=

0€'6—

Ph

T T T T T T T
3.65 360 3.55 3.50 345 340 335 330 325

OH

4u

725 720 745 740 7.05

7.30

0L

5.4

55

5.6

571

0’k
0’

Lo

Fvs
0L
02

0L

105 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -0

11.0

123



6LvC
hn.mNW
€092
v6ve—

6eeyr—
SLov—

89'9L
oo.hhv
celL

6021
orzzh
svzzL
vovzL
6e'5Z)
vLszL
56921~
R.&%

8062}
ceevl—

99'¢SL—

9LLLL—

Ph

4u

OH

s

T T T T T T T
131 130 129 128 127 126 125

T
132

1235 123.0 1225 1220 1215 1210

1240

L] le

-10

10

T T T T T T T T T
200 1% 180 170 160 150 140 130 120

T
210

000-—

P
142
9L’
AN
8Ll
0Tl
1
(45
ve'L
7%
0g'e
(455
ge'e
e~
Svef
6¥'¢
[4:5%
€9°¢
99°¢

(4}
€9'S
§6'S
§6'S

089
:Gap
96’9

¢ EM
L
0z L
szl

621 \
7L

69'L
vl

£€'6—

3.1

3.2

3.4

T T T T
5.55 550 545 540

T
560

T
5.65

Lozt

a4

T T T T
690 6.85 680 6.75

T
6.95

T
7.00

16 15 14 13 12 11

1.7

OH

4v

A

|

70

< = -

L P
< -

09

Lot

0L

02
Fvy
o
roz

6.0 55 50 45 4.0 35 3.0 25 20 15 1.0 05 0.0 05 A(

6.5

95 9.0 8.5 8.0 b £

10.0

124



o o { % OCOTNTODO LMW
-} ~ ~ NT=TMOOLUNODOO ~OOMNW NO @ N~ w0 n wn~ N~
S r €8 OOoPWANNS doaN Qo0 N @ e
~ o w0 TFTANANNNN =~ Ll oM < OWw<
- - T TETETETET OTe e NN~ < < Mo NN N
| | e ) B ~— N I "Ssle?
T T T T T
146.4 1463 1462 1461 1460
F
T T T T T T T o
1320 1315 1310 1305 1300 1295 1290
N
OH
4v
T T T T T T T T T T
125.5 1245 1235 1225 121.5
T T T T T T T T
115.0 140 130 12.0

T T T T T T T T T T T

T T T T T T T T T T T T
210 200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

-113.22

o)

)
OH
4

v

T T T T T T T T T T T T
10 0 -10 20 -30 40 50 -60 70 -80 -9 100 110 120 -130 140 150 160 170 180 -190 200 -210

125



01
60°L
€Ll
SL'L

S0¢C
202
eLe—
ee—

W2+

E\

0ze
[44%
vee
§ce

sy
6vv
284
224

2 —

§59
mm.eV
LL9—

gL
(44
€L
vl
S¢'L
9L
el
€e’L
veL

0cC

0L

~0v

oy

0C

735 730 725 720 745

740

33 32 31 30 29 28 27

34

23 22 21 20 19

|

Ph

24

25

=
o
£
< 5
o
S
]
T =
c o
o o ¥
—
x -
=
“w
o | s
e b
o'k -
Le rs
L8
e ol
@ L8
oz ¢ =
- 8
F& LT+

09
Ww.m

[4:X-13
mm.m—W
€102
g€eee—
92’6 —

[4: XA 2

89'9L
oo.RW
(47

9L'8LL—
0L9zZL—

14147
[4°X:141

SLYVL—

6L°€5L—

OH
(R)-tolterodine

131 130 129 128 127 126

132

-10

10

70

T
130

T
140

T T T T T
200 1% 180 170 160

T
210

126



12. Copies of CD spectra for in CH,Cl,
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	2-(Cyclohexyl(vinyloxy)methyl)phenol (1k)
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	5-Chloro-2-(phenyl(vinyloxy)methyl)phenol (1n)
	Pale yellow oil, 65% yield; 1H NMR (400 MHz, CDCl3) δ 7.35 – 7.27 (m, 5H), 6.98 (d, J = 8.1 Hz, 1H), 6.89 – 6.83 (m, 2H), 6.80 (s, 1H), 6.43 (dd, J = 14.0, 6.6 Hz, 1H), 5.98 (s, 1H), 4.50 (dd, J = 14.0, 2.3 Hz, 1H), 4.20 (dd, J = 6.6, 2.3 Hz, 1H). 13C...
	4-Methyl-2-(phenyl(vinyloxy)methyl)phenol (1o)
	Colorless oil, 46% yield; 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.29 (m, 5H), 7.04 – 6.99 (m, 1H), 6.92 – 6.87 (m, 1H), 6.79 (d, J = 8.2 Hz, 1H), 6.48 (dd, J = 14.0, 6.6 Hz, 1H), 6.37 (s, 1H), 5.99 (s, 1H), 4.52 (dd, J = 14.0, 2.1 Hz, 1H), 4.19 (dd, J = 6....
	4-Methoxy-2-(phenyl(vinyloxy)methyl)phenol (1p)
	Pale yellow oil, 36% yield; 1H NMR (400 MHz, CDCl3) δ 7.41 – 7.28 (m, 5H), 6.83 – 6.73 (m, 2H), 6.70 – 6.64 (m, 1H), 6.48 (dd, J = 14.1, 6.6 Hz, 1H), 6.11 (s, 1H), 6.00 (s, 1H), 4.51 (dd, J = 14.1, 2.1 Hz, 1H), 4.19 (dd, J = 6.6, 2.1 Hz, 1H), 3.73 (s,...
	4-Fluoro-2-(phenyl(vinyloxy)methyl)phenol (1q)
	Pale yellow oil, 40% yield; 1H NMR (400 MHz, CDCl3) δ 7.38 – 7.27 (m, 5H), 6.90 – 6.79 (m, 2H), 6.79 – 6.73 (m, 1H), 6.47 – 6.25 (m, 2H), 5.99 (s, 1H), 4.48 (dd, J = 14.1, 2.2 Hz, 1H), 4.18 (dd, J = 6.6, 2.2 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 156...
	4-Chloro-2-(phenyl(vinyloxy)methyl)phenol (1r)
	Pale yellow oil, 78% yield; 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.25 (m, 5H), 7.14 – 7.06 (m, 2H), 6.74 (d, J = 8.5 Hz, 1H), 6.61 (s, 1H), 6.41 (dd, J = 14.1, 6.6 Hz, 1H), 5.96 (s, 1H), 4.48 (dd, J = 14.1, 2.3 Hz, 1H), 4.18 (dd, J = 6.6, 2.3 Hz, 1H). 13C...
	4-Bromo-2-(phenyl(vinyloxy)methyl)phenol (1s)
	Colorless oil, 29% yield; 1H NMR (400 MHz, CDCl3) δ 7.37 – 7.28 (m, 5H), 7.28 – 7.24 (m, 1H), 7.24 – 7.21 (m, 1H), 6.71 (d, J = 8.6 Hz, 1H), 6.64 (s, 1H), 6.42 (dd, J = 14.0, 6.6 Hz, 1H), 5.96 (s, 1H), 4.49 (dd, J = 14.0, 2.3 Hz, 1H), 4.19 (dd, J = 6....
	3-Fluoro-2-(phenyl(vinylox)methyl)phenol (1t)
	Pale yellow oil, 44% yield; 1H NMR (400 MHz, CDCl3) δ 7.44 – 7.35 (m, 3H), 7.35 – 7.23 (m, 3H), 7.17 – 7.08 (m, 1H), 6.73 – 6.66 (m, 1H), 6.66 – 6.57 (m, 1H), 6.46 (dd, J = 14.0, 6.6 Hz, 1H), 6.36 (s, 1H), 4.57 (dd, J = 14.0, 2.5 Hz, 1H), 4.24 (dd, J ...
	1-(Phenyl(vinyloxy)methyl)naphthalen-2-ol (1u)
	Yellow oil, 47% yield; 1H NMR (400 MHz, CDCl3) δ 7.84 (s, 1H), 7.80 – 7.69 (m, 3H), 7.44 – 7.32 (m, 3H), 7.32 – 7.20 (m, 4H), 7.18 – 7.13 (m, 1H), 6.78 (s, 1H), 6.51 (dd, J = 14.0, 6.6 Hz, 1H), 4.52 (dd, J = 14.0, 2.4 Hz, 1H), 4.16 (dd, J = 6.6, 2.4 H...
	1-((3-Fluorophenyl)(vinyloxy)methyl)naphthalen-2-ol (1v)
	Yellow oil, 39% yield; 1H NMR (400 MHz, CDCl3) δ 7.83 – 7.69 (m, 3H), 7.62 (s, 1H), 7.47 – 7.36 (m, 1H), 7.34 – 7.27 (m, 1H), 7.24 – 7.07 (m, 4H), 6.99 – 6.88 (m, 1H), 6.77 (s, 1H), 6.49 (dd, J = 14.0, 6.6 Hz, 1H), 4.52 (dd, J = 14.0, 2.4 Hz, 1H), 4.1...
	(4R)-4-phenylchroman-2-ol (2a)
	2 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 42.0 mg, 93% yield, 3.5:1 d.r., 99% ee; [(]20 = –165.9 (c = 0.79 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(major) = 7.17 min, t...
	(R)-4-phenylchroman-2-one (3a)
	White solid, Mp: 109–113  C, 37.4 mg, 83% yield over two steps, 99% ee; [(]20 = –106.7 (c = 0.73 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 95/5, 1.0 mL/min, 230 nm) tR(minor) = 19.51 min, tR(major) = 20.33 min; 1H NMR (400 MHz...
	(4R)-4-(m-tolyl)chroman-2-ol (2c)
	3 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 40.6 mg, 85% yield, 3.7:1 d.r.; [(]20 = –163.2 (c = 0.79 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.25 – 7.18 (m, 1H), 7.16 – 6.93 (m, 4H), 6.93 – 6.66 (m, 3H), 5.72 – 5.59 ...
	(R)-4-(m-tolyl)chroman-2-one (3c)
	Colorless oil, 38.9 mg, 82% yield over two steps, 99% ee; [(]20 = –107.4 (c = 0.69 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(minor) = 10.44 min, tR(major) = 12.27 min; 1H NMR (400 MHz, CDCl3) δ 7...
	(4R)-4-(3-fluorophenyl)chroman-2-ol (2d)
	8 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 43.9 mg, 90% yield, 4:1 d.r.; [(]18 = –145.6 (c = 0.86 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.33 – 7.23 (m, 1H), 7.19 – 7.07 (m, 1H), 7.05 – 6.69 (m, 6H), 5.74 – 5.60 (m...
	(R)-4-(3-fluorophenyl)chroman-2-one (3d)
	Colorless oil, 40.8 mg, 84% yield over two steps, 99% ee; [(]19 = –61.8 (c = 0.80 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(minor) = 12.87 min, tR(major) = 16.21 min; 1H NMR (400 MHz, CDCl3) δ 7....
	(4R)-4-(p-tolyl)chroman-2-ol (2e)
	3 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 36.7 mg, 76% yield, 3.5:1 d.r.; [(]23 = –168.2 (c = 0.74 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.21 – 7.01 (m, 5H), 6.95 – 6.72 (m, 3H), 5.79 – 5.62 (m, 1H), 4.32 (dd, J ...
	(R)-4-(p-tolyl)chroman-2-one (3e)
	White solid, Mp: 107–111  C, 30.9 mg, 65% yield over two steps, 96% ee; [(]19 = –96.6 (c = 0.39 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(minor) = 11.38 min, tR(major) = 12.27 min; 1H NMR (400 MH...
	(4R)-4-(4-fluorophenyl)chroman-2-ol (2f)
	2 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 46.1 mg, 94% yield, 4:1 d.r.; [(]21 = –117.5 (c = 0.90 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.23 – 7.11 (m, 3H), 7.08 – 6.97 (m, 2H), 6.93 – 6.79 (m, 2H), 6.79 – 6.68 (m...
	(R)-4-(4-fluorophenyl)chroman-2-one (3f)
	Colorless oil, 39.7 mg, 82% yield over two steps, 98% ee; [(]22 = –70.3 (c = 0.64 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel OJH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 254 nm) tR(minor) = 21.70 min, tR(major) = 23.51 min; 1H NMR (400 MHz, CDCl3) δ 7....
	(4R)-4-(4-chlorophenyl)chroman-2-ol (2g)
	2 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 49.0 mg, 94% yield, 4:1 d.r.; [(]23 = –158.3 (c = 0.97 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.35 – 7.25 (m, 2H), 7.22 – 7.06 (m, 3H), 6.93 – 6.77 (m, 2H), 6.77 – 6.63 (m...
	(R)-4-(4-chlorophenyl)chroman-2-one (3g)
	White solid, Mp: 138–141  C, 41.6 mg, 81% yield over two steps, 97% ee; [(]22 = –87.0 (c = 0.69 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel OJH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 254 nm) tR(minor) = 21.61 min, tR(major) = 25.21 min; 1H NMR (400 MH...
	(4S)-4-methylchroman-2-ol (2h)
	2 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 27.7 mg, 84% yield, 2.6:1 d.r.; [(]21 = –79.0 (c = 0.48 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.26 – 7.18 (m, 1H), 7.17 – 7.08 (m, 1H), 6.97 – 6.89 (m, 1H), 6.87 – 6.78 (...
	(S)-4-methylchroman-2-one (3h)
	Colorless oil, 21.8 mg, 67% yield over two steps, 98% ee; [(]21 = –63.1 (c = 0.21, CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 95/5, 1.0 mL/min, 230 nm) tR(minor) = 11.82 min, tR(major) = 12.48 min; 1H NMR (400 MHz, CDCl3) δ 7.22 –...
	(4S)-4-ethylchroman-2-ol (2i)
	5 h, L-PiPr2/Fe(OTf)2 (1/1, 5 mol% catalyst loading); colorless oil, 32.1 mg, 90% yield, 2.7:1 d.r.; [(]23 = –57.8 (c = 0.61 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.24 – 7.16 (m, 1H), 7.16 – 7.05 (m, 1H), 6.97 – 6.87 (m, 1H), 6.87 – 6.73 (...
	(S)-4-ethylchroman-2-one (3i)
	Colorless oil, 28.7 mg, 82% yield over two steps, 99% ee; [(]21 = –93.0 (c = 0.53, CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 98/2, 1.0 mL/min, 230 nm) tR(minor) = 7.39 min, tR(major) = 7.98 min; 1H NMR (400 MHz, CDCl3) δ 7.29 – 7...
	(4R)-4-cyclopropylchroman-2-ol (2j)
	5 h, L-PiPr2/Fe(OTf)2 (1/1, 5 mol% catalyst loading); colorless oil, 29.3 mg, 77% yield, 3.0:1 d.r.; [(]23 = –284.0 (c = 0.48 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.70 – 7.56 (m, 1H), 7.11 – 7.08 (m, 1H), 7.01 – 6.89 (m, 1H), 6.88 – 6.76 ...
	(R)-4-cyclopropylchroman-2-one (3j)
	Colorless oil, 28.0 mg, 74% yield over two steps, 88% ee; [(]21 = –177.7 (c = 0.54, CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(minor) = 5.52 min, tR(major) = 6.11 min; 1H NMR (400 MHz, CDCl3) δ 7.20 –...
	(4R)-4-cyclohexylchroman-2-ol (2k)
	5 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 42.7 mg, 92% yield, 2.7:1 d.r.; [(]21 = –32.1 (c = 0.81 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.22 – 7.08 (m, 2H), 6.95 – 6.80 (m, 2H), 5.76 – 5.54 (m, 1H), 3.36 (d, J = ...
	(R)-4-cyclohexylchroman-2-one (3k)
	Colorless oil, 38.7 mg, 84% yield over two steps, 99% ee; [(]21 = –67.4 (c = 0.71, CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 95/5, 1.0 mL/min, 230 nm) tR(major) = 9.78 min, tR(minor) = 10.93 min; 1H NMR (400 MHz, CDCl3) δ 7.29 –...
	(4R)-8-methoxy-4-phenylchroman-2-ol (2l)
	16 h, L-PiPr2/Sc(OTf)3 (1/1, 5 mol% catalyst loading); colorless oil, 49.7 mg, 97% yield, 4.9:1 d.r.; [(]20 = –137.4 (c = 0.45 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.14 (m, 5H), 6.84 – 6.63 (m, 2H), 6.45 – 6.23 (m, 1H), 5.88 – 5.58...
	(R)-8-methoxy-4-phenylchroman-2-one (3l)
	Colorless oil, 17.8 mg, 35% yield over two steps, 80% ee; [(]20 = –105.8 (c = 0.33 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 80/20, 1.0 mL/min, 230 nm) tR (minor) = 13.10 min, tR (major) = 15.61 min; 1H NMR (400 MHz, CDCl3) δ ...
	(4R)-8-chloro-4-phenylchroman-2-ol (2m)
	11 h, L-PiPr2/Fe(OTf)2 (1/1, 5 mol% catalyst loading); colorless oil, 51.4 mg, 99% yield, 4.9:1 d.r.; [(]20 = –217.9 (c = 0.85 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.40 – 7.29 (m, 2H), 7.29 – 7.24 (m, 1H), 7.24 – 7.11 (m, 3H), 6.77 – 6.69...
	(R)-8-chloro-4-phenylchroman-2-one (3m)
	Colorless oil, 46.9 mg, 91% yield over two steps, 96% ee; [(]21 = –210.4 (c = 0.82 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 240 nm) tR(minor) = 15.90 min, tR(major) = 19.10 min; 1H NMR (400 MHz, CDCl3) δ 7...
	(4R)-7-chloro-4-phenylchroman-2-ol (2n)
	14 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 43.1 mg, 83% yield, 4.3:1 d.r.; [(]22 = –130.5 (c = 0.81 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.38 – 7.29 (m, 2H), 7.29 – 7.24 (m, 1H), 7.23 – 7.10 (m, 2H), 6.88 (d, J ...
	(R)-7-chloro-4-phenylchroman-2-one (3n)
	White solid, Mp: 96–100  C, 35.3 mg, 68% yield over two steps, 94% ee; [(]23 = –107.4 (c = 0.59 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(minor) = 15.54 min, tR(major) = 22.41 min; 1H NMR (400 MH...
	(4R)-6-methyl-4-phenylchroman-2-ol (2o)
	4 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 45.0 mg, 94% yield, 3.5:1 d.r.; [(]19 = –76.1 (c = 0.84 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.38 – 7.15 (m, 5H), 6.96 – 6.85 (m, 1H), 6.84 – 6.70 (m, 1H), 6.61 – 6.55 (...
	(R)-6-methyl-4-phenylchroman-2-one (3o)
	White solid, Mp: 108–111  C, 34.8 mg, 73% yield over two steps, 99% ee; [(]18 = –9.4 (c = 0.72 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(minor) = 10.81 min, tR(major) = 12.87 min; 1H NMR (400 MHz...
	(4R)-6-methoxy-4-phenylchroman-2-ol (2p)
	4 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 49.9 mg, 97% yield, 4.0:1 d.r.; [(]23 = –49.9 (c = 0.96 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.28 (m, 2H), 7.27 – 7.16 (m, 3H), 6.85 – 6.76 (m, 1H), 6.74 – 6.67 (...
	(R)-6-methoxy-4-phenylchroman-2-one (3p)
	Colorless oil, 19.2 mg, 38% yield over two steps, 98% ee; [(]21 = +20.8 (c = 0.34 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(major) = 19.55 min, tR(minor) = 22.13 min; 1H NMR (400 MHz, CDCl3) δ 7....
	(4R)-6-fluoro-4-phenylchroman-2-ol (2q)
	3 h, L-PiPr2/Fe(OTf)2 (1/1, 0.1 mol% catalyst loading); colorless oil, 48.4 mg, 99% yield, 4.2:1 d.r.; [(]24 = –179.1 (c = 0.93 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.42 – 7.27 (m, 3H), 7.25 – 7.15 (m, 2H), 6.91 – 6.72 (m, 2H), 6.52 – 6.3...
	(R)-6-fluoro-4-phenylchroman-2-one (3q)
	Colorless oil, 38.2 mg, 79% yield over two steps, 99% ee; [(]22 = –101.5 (c = 0.72 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 254 nm) tR(minor) = 17.15 min, tR(major) = 18.59 min; 1H NMR (400 MHz, CDCl3) δ 7...
	(4R)-6-chloro-4-phenylchroman-2-ol (2r)
	11 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 51.8 mg, 99% yield, 4.0:1 d.r.; [(]23 = –13.0 (c = 0.88 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.27 (m, 3H), 7.24 – 7.15 (m, 2H), 7.10 (dd, J = 8.7, 2.4 Hz, 1H), 6...
	(R)-6-chloro-4-phenylchroman-2-one (3r)
	Colorless oil, 36.9 mg, 72% yield over two steps, 98% ee; [(]22 = +52.3 (c = 0.63 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(minor) = 16.94 min, tR(major) = 19.99 min; 1H NMR (400 MHz, CDCl3) δ 7....
	(4R)-6-bromo-4-phenylchroman-2-ol (2s)
	3 h, L-PiPr2/Fe(OTf)2 (1/1, 1 mol% catalyst loading); colorless oil, 58.0 mg, 95% yield, 3.9:1 d.r.; [(]20 = +61.8 (c = 1.08 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.27 (m, 3H), 7.26 – 7.16 (m, 3H), 6.93 – 6.82 (m, 1H), 6.81 – 6.72 (...
	(R)-6-bromo-4-phenylchroman-2-one (3s)
	White solid, Mp: 128–131  C, 45.5 mg, 76% yield over two steps, 99% ee; [(]22 = +99.1 (c = 0.71 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(minor) = 18.40 min, tR(major) = 24.48 min; 1H NMR (400 MH...
	(4R)-5-fluoro-4-phenylchroman-2-ol (2t)
	11 h, L-PiPr2/Sc(OTf)3 (1/1, 5 mol% catalyst loading); white solid, Mp: 112–116  C, 34.0 mg, 70% yield, 4.5:1 d.r.; [(]18 = –152.6 (c = 0.50 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.25 (m, 2H), 7.25 – 7.05 (m, 4H), 6.82 – 6.68 (m, 1H...
	(R)-5-fluoro-4-phenylchroman-2-one (3t)
	White solid, Mp: 108–114  C, 30.1 mg, 62% yield over two steps, 89% ee; [(]20 = –170.8 (c = 0.58 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 90/10, 1.0 mL/min, 230 nm) tR(minor) = 9.37 min, tR(major) = 10.84 min; 1H NMR (400 MH...
	(1R)-1-phenyl-2,3-dihydro-1H-benzo[f]chromen-3-ol (2u)
	11 h, L-RaPr2/Fe(OTf)2 (1/1, 10 mol% catalyst loading) in CH2ClCH2Cl; white solid, Mp: 160–164  C, 33.3 mg, 60% yield, 4.9:1 d.r.; [(]19 = –225.2 (c = 0.44 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.82 – 7.67 (m, 2H), 7.49 – 7.39 (m, 1H), 7.3...
	(R)-1-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one (3u)
	Pale yellow solid, Mp: 150–154  C, 32.8 mg, 60% yield over two steps, 95% ee; [(]20 = –147.9 (c = 0.33 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 80/20, 1.0 mL/min, 230 nm) tR(major) = 11.56 min, tR(minor) = 13.10 min; 1H NMR (...
	(1R)-1-(3-fluorophenyl)-2,3-dihydro-1H-benzo[f]chromen-3-ol (2v)
	15 h, L-RaPr2/Fe(OTf)2 (1/1, 10 mol% catalyst loading) in CHCl3; colorless oil, 46.2 mg, 79% yield, 6.1:1 d.r.; [(]18 = –194.7 (c = 0.66 in CH2Cl2, λ = 436 nm); 1H NMR (400 MHz, CDCl3) δ 7.82 – 7.68 (m, 2H), 7.45 – 7.34 (m, 1H), 7.30 – 7.11 (m, 4H), 6...
	(R)-1-(3-fluorophenyl)-1,2-dihydro-3H-benzo[f]chromen-3-one (3v)
	Yellow oil, 39.7 mg, 68% yield over two steps, 95% ee; [(]19 = –146.7 (c = 0.67 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 95/5, 1.0 mL/min, 230 nm) tR(minor) = 11.80 min, tR(major) = 12.96 min; 1H NMR (400 MHz, CDCl3) δ 7.96 –...
	(R)-3-(2-hydroxynaphthalen-1-yl)-3-phenyl-1-(piperidin-1-yl)propan-1-one (4u)
	White solid, Mp: 161–164  C, 26.4 mg, 99% yield, 95% ee; [(]19 = +673.0 (c = 0.23 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 80/20, 1.0 mL/min, 230 nm) tR(minor) = 6.85 min, tR(major) = 7.79 min; 1H NMR (400 MHz, CDCl3) δ 9.30 ...
	(R)-3-(3-fluorophenyl)-3-(2-hydroxynaphthalen-1-yl)-1-(piperidin-1-yl)propan-1-one (4v)
	White solid, Mp: 162–166  C, 22.4 mg, 94% yield, 95% ee; [(]19 = +671.9 (c = 0.16 in CH2Cl2, λ = 436 nm); HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 95/5, 1.0 mL/min, 230 nm) tR(minor) = 24.82 min, tR(major) = 28.25 min; 1H NMR (400 MHz, CDCl3) δ 9.33...
	(R)-tolterodine
	Colorless oil, 35.1 mg, 72% yield; [(]21D = +30.2 (c = 0.38 in CH3OH, λ = 589 nm); 1H NMR (400 MHz, CDCl3) δ 7.42 – 7.27 (m, 4H), 7.25 – 7.17 (m, 1H), 6.90 – 6.75 (m, 2H), 6.63 – 6.46 (m, 1H), 4.62 – 4.40 (m, 1H), 3.36 – 3.08 (m, 2H), 2.79 – 2.67 (m, ...
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