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General Methods

Unless otherwise noted, reagents and solvents were purchased from commercial sources and used
without further purification. 1,16-Dihydroxytetraphenylene (DHTP) and DHTP-derived ligands [(S)-L1,
(R)-L1, (S)-L2, (S)-L3 and (5)-L4 and (S§,S,S5)-L5] were synthesized according to literature procedure
(Synthesis 2017, 49, 181-187; Chem. Sci. 2022, 13, 4608-4615). Potassium alkynyltrifluoroborates were
prepared according to literature (Org. Lett. 2020, 22, 7427-7432; J. Am. Chem. Soc. 2018, 140, 16387-
16391; Org. Lett. 2013, 15, 5052-5055). (£)-Allylic alcohols were prepared according to literature (ACS
Catal. 2021, 11, 7060-7069; Angew. Chem. Int. Ed. 2017, 56, 6558-6562; Angew. Chem. Int. Ed. 2012,
51, 3470-3473). The iridium-catalyzed allylic alkynylations were performed in Schlenk tubes under an
atmosphere of argon. Thin layer chromatography was performed on precoated silica gel 60 F>3* plates.
Flash column chromatography was performed using silica gel (200-300 mesh). '"H NMR and *C NMR
spectra were recorded on Bruker Ascend™ 400 and Ascend™ 600 spectrometers. Chemical shifts (ppm)
were referenced to TMS or deuterated solvents, and coupling constants were given in Hz. Data for 'H
NMR were recorded as follows: chemical shift (6, ppm), multiplicity (s, singlet; brs, broad singlet; d,
doublet; dd, double doublet; ddd, double-double doublet; t, triplet; td, triple doublet; tt, triple triplet; q,
quartet; qd, quadruple doublet, m, multiplet), coupling constants (Hz), integration. Data for '3C NMR are
reported in chemical shift (3, ppm). Data for 1F NMR and 3'P NMR were reported in chemical shift (3,
ppm). High resolution mass spectra (HRMS) were obtained on Thermo Scientific Q Exactive (ESI), or
Waters Xevo G2-XS QTof spectrometers (ESI and APCI). X-ray crystallographic data were recorded on
Bruker CMOS area detector diffractometer. High pressure liquid chromatography (HPLC) analyses were
performed on Agilent 1260 Infinity IT equipped with chiral column from Daicel®. Melting points (mp)
were determined on an SGW X-4A microscopic melting point apparatus. Optical rotations were recorded
on a Rudolph Automatic Polarimeter. IR spectra were collected on Bruker VERTEX 70v and Bruker
VERTEX 80v spectrometers. Selectivity factors (s) and conversion (C) of kinetic resolution were
calculated using the method reported by Kagan (Top. Stereochem. 1988, 18, 249-330; Angew. Chem. Int.
Ed. 2005, 44, 3974-4001): s = In [(1-C)(1-ee,))/In[(1-C)(1+eey)], C = eey/(eesteep). Known compounds

were characterized by comparison of their previously reported 'H and '3C NMR spectra.
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Figure S1 List of allylic alcohols (+)-1

Allylic alcohols (£)-1e-h were purchased from commercial sources, (£)-1a-d and (+)-1i-o0 were

synthesized according to the literature. [1]

Genneral procedure:

Vinyl magnesium bromide (1.0 M in THF, 1.0 eq.) was added to a solution of the corresponding
aldehyde (1.0 eq.) in THF at 0 °C. After being stirred for 15 min, the reaction was allowed to warm to
room temperature (25 °C) and stirred for 1-3 h. The reaction mixture was quenched by the addition of
saturated aqueous NH,4Cl and extracted with Et,0O. The organic phase was washed with brine and dried

over MgSQO,4. The solvent was removed under vacuum. The residue was purified by column

chromatography to provide the corresponding allylic alcohol 1 as a colorless oil.

o THF OH

)j\ + /\MgBr —_— R}\/

R™ 'H 0°Ctor.t.

Scheme S1
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Figure S2 List of potassium alkynyltrifluoroborates 2

All potassium alkynyltrifluoroborates 2a-p were synthesized according to the literature. []

Genneral procedure:

To a solution of terminal alkyne (1.0 eq.) in dry THF (0.4 M) at -78 °C was added "BuLi (1.6 M in
hexane, 1.0 eq.) dropwise. The resulting solution was stirred for 0.5 h at -78 °C. Trimethylborate (1.5 eq.)
was then added dropwise at -78 °C. After being stirred for 0.5 h at -78 °C, the reaction mixture was
warmed to -20 °C and stirred for 0.5 h. A solution of potassium hydrogen difluoride (6.0 eq.) in H,O (4.5
M) was then added. The resulting mixture was vigorously stirred for 1 h at room temperature (25 °C).
The solvent was removed under reduced pressure. The resulting solid was dried under vacuum to remove
water and then dissolved in hot acetone. The solution was filtered, and the filtrate was concentrated under

vacuum to ~10 mL. Then, Et,0 (10 mL) was added to precipitate the potassium trifluoroborate. The



mixture was cooled to 0 °C to complete the precipitation. The white solid was collected by filtration to

give the corresponding potassium alkynyltrifluoroborate 2.

1) "BuLi, B(OMe)s, THF, -78 "
2) KHF, (4.5 M aq. ), -20 °C to rt

R—= R—=——BF,K

2a-p
Scheme S2

Potassium alkynyltrifluoroborates 2a-e and 2g-p are known compounds and their NMR data are

consistent with reported data. While 2f is a new compound, the characterizations of 2f are shown below.

MeO OMe

BF;K
2f

White solid. 53% yield. mp 214.2 —215.4 °C.

'TH NMR (400 MHz, Acetone-dg): 6 = 6.48 (d, J= 2.3 Hz, 2H), 6.35 (t, J= 2.1 Hz, 1H), 3.75 (s, 6H).
13C NMR (100 MHz, DMSO-dg) 8 160.56, 127.43, 109.16, 100.38, 89.79 (relaxation time d1 = 3 seconds,
no clear signal for the second acetylenic carbon atom), 55.59.

19F NMR (376 MHz; DMSO-d;) & = -131.88 (s).

HRMS (ESI): [M-K]~ Calcd. for [Co(H9BF;0,]~ 229.0653, found 229.0643.

IR (neat): 3300, 2943, 2843, 2195, 1584, 1456, 1421, 1211, 1159, 983, 918, 833, 814, 671 cm™'.



Synthesis of ligand (R)-L1

H
N
+
"BuLi |
2. THF, r.t.
overnight
(R)-DHTP phosphorochloridite
Scheme S3

A flame-dried Schlenk flask under argon was charged with the (R)-DHTP (1 mmol, 1.0 eq.) and
PCl; (15.0 eq.). The mixture was heated at 50°C for 30 min. The initially heterogeneous mixture turned
into a brownish homogenous solution. After cooling to room temperature (25°C), the excess PCl; was
thoroughly evaporated in vacuo to remove the remaining PCl;. The resulting phosphorochloridite was
redissolved in anhydrous THF (5 mL). In a separate Schlenk flask under argon, the corresponding amine
(1.2 eq.) dissolved in anhydrous THF (10 mL) was deprotonated at -78°C by the slow addition of "BuLi
(1.6 M solution in hexanes, 1.1 eq.). After being stirred at -78 °C for 1 hour, the aforementioned
phosphorochloridite solution was slowly transferred into the resulting solution via syringe. The resulting
mixture was stirred at -78°C, then warmed to 25°C and continued to stir overnight. The solvent was
evaporated in vacuo and purification by flash chromatography on silica gel using hexanes/toluene as the
eluents to give (R)-L1 as a white solid in 78% yield (434.9 mg). [a]**p: +287.20 (¢ = 1.0, CHCI;).

'TH NMR (400 MHz, Acetone-ds) 8 7.39 — 7.16 (m, 15H), 7.08 — 6.95 (m, 6H), 6.91 — 6.82 (m, 2H), 6.75
(d, J=7.5Hz, 1H).

13C NMR (100 MHz, Acetone-dg) & 149.45, 149.05 (d, J = 6.5 Hz), 144.06 (d, J= 1.6 Hz), 142.99 (d, J
=1.4 Hz), 142.94, 142.75, 142.28 (d, /J=4.4 Hz), 141.25, 141.15, 141.01, 140.58, 136.43 (d, J=3.2 Hz),
13598 (d,J=1.1 Hz), 131.59, 131.59, 131.19, 130.41 (d, J=4.5 Hz), 129.51, 129.40, 129.22, 129.07 (d,
J =5.0 Hz), 129.06, 128.98, 128.61, 128.59 (d, J = 1.1 Hz), 128.43 (d, J = 8.4 Hz), 128.26, 128.16,
127.81, 127.70, 127.30, 127.27, 126.91 (d, J = 1.1 Hz), 126.66, 126.65, 125.12, 120.66 (d, J = 2.3 Hz),
120.36.

DEPT 135 13C NMR (100 MHz, Acetone-dg) 6 131.59, 131.19, 129.51, 129.40, 129.22, 129.21, 129.07
(d, J=5.0 Hz), 129.06, 128.98, 128.62, 128.59 (d, J = 1.4 Hz), 128.44 (d, J = 8.3 Hz), 128.26, 128.16,
127.82,127.70, 127.30, 127.27, 126.91 (d, J= 1.4 Hz), 126.67, 126.65, 125.13 (d, /= 1.2 Hz), 120.66 (d,
J=2.3 Hz), 120.37.

3IP NMR (162 MHz, Acetone-dg) & = 135.09.

HRMS (ESI): [M+H]" Calcd. for [C33H,5sNO,P]* 558.1617, found 558.1614.



General procedure for the Ir-catalyzed allylic alkynylation/kinetic resolution

[Ir(cod)Cl], (4 mol%)
(S)-L1 (16 mol%) R

R
OH "Bu,NBr (10 mol%) Il
- +
AIkyI)\/ + | 12 "
(#)-1 2 (1:2 eq) Alkyl” F

BF3K  CF,CO,H (1.5 eq.)
2 1,4-dioxane
0°C,8h

(R)-3 & (R)-4

Scheme S4

[Ir(cod)Cl]; (10.8 mg, 16.0 pmol, 4 mol%) and (S)-L1 (35.6 mg, 64.0 umol, 16 mol%) were
dissolved in 1,4-dioxane (0.4 mL) in a Schlenk tube and stirred for 30 min. To the resulting brownish red
solution, alkyl allylic alcohol (£)-1 (0.4 mmol, 1.0 eq.), potassium alkynyltrifluoroborate 2 (0.48 mmol,
1.2 eq.), "BuyNBr (13.0 mg, 40 pmol, 10 mol%), KHF, (37.5 mg, 0.48 mmol, 1.2 eq.), and CF;CO,H
(68.4 mg, 0.6 mmol, 1.5 eq.) were sequentially added. The resulting heterogeneous yellow mixture was
stirred at 0 °C for 8 h. The reaction mixture was diluted with hexane (1.0 mL), treated with triethylamine
(0.1 mL), and directly subjected to silica gel flash chromatography to afford the corresponding 1,4-enyne

and unreacted allylic alcohol.

The stereoconfigurations of obtained 1,4-enynes and unreacted allylic alcohols were determined by
comparison of optical rotations of (R)-3a and (S)-1a previously reported in literature. 31 For (S)-1a, the

absolute configuration (S) was further confirmed by an X-ray crystallographic analysis of its derivative

(S)-1a’.

The 1,4-enynes (x£)-3a-p and (£)-4a-m for HPLC determination were prepared by using racemic
BINOL-based (£)-L6 as a ligand under the above standard conditions.

[Ir(cod)CI], (4 mol%)
(+)-L6 (16 mol%) R

OH R "Bu,NBr (10 mol%) QO SN
Alkyl 2 . OO O

KHF, (1.2 eq.)

(#)-1 BFK CFyCO.H (15 eq)
2 o (#)38& &4 (£)-L6

Scheme S5



General procedure for the esterification of ($)-1a and (S)-1e-m

Table S1 Esterification of allylic alcohols (S)-1a and (S)-1e-m

| Esterification of (S)-1a and (S)-1e-m |

o O,N NO, NEt; (1.5 eq.) O:N NO,
To CH,Cl,
Aky- N7 F >
(1(5)-1 ) o -5°Ctor.t. o” "o
.0 eq. 5h =
3,5-dinitrobenzoyl Alkyl” 7
(1.2eq.) (S)-1"
R
O,N NO, O:N \E?/Noz OzN\g
oo oo
P NP H,e” NF CHs CH7

(S)-1a" / - (S)-1e’ (S)-1F (S)-1g'
83% yield CCDC 2159810 82% yield 83% yield 79% yield

98% ee 85% ee 93% ee 94% ee

\(Er O, O;N \(E( OzN\(Er O,N NO, O.N NO, ON NO,
oo o oo O\/c)\/o o Yo
CHe NF CsHy N\F CeHi NF  TBSO A~ A~ = W
(S)-1h’ (S)-1i* (S)1j' (S)-1K' (S)y-1I' (S)-1m’
82% yield 80% yield 81% yield 78% yield 75% yield 73% yield

99% ee 98% ee 95% ee 94% ee 98%ee 31% ee

To a solution of the obtained allylic alcohol (1.0 eq.) in CH,Cl, was added triethylamine (1.5 eq.) and
3,5-dinitrobenzoyl chloride (1.2 eq.) at -5 °C. The mixture was stirred for 5 h at room temperature before
water (2.0 mL) was poured into the mixture at 0 °C. The aqueous phase was extracted with Et,O, and
combined organic phases were washed with saturated brine solution, dried over anhydrous MgSQO,, and
concentrated under reduced pressure. The residue was purified by silica gel chromatography to give the

corresponding esterification products (S)-1a’ and (S)-1e’-m’.

The absolute configuration of (S)-1a was further confirmed by an X-ray crystallographic analysis of
its esterification product (S)-1a’. The enantiomeric excesses of (S)-le-m were determined by HPLC

analysis of their corresponding esterification products (S)-1e’-m’.



Scale-up preparation of (S)-1a

OH
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+
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Scheme S6

0°C,8h

36% yield (0.40 g)

OMe

OH

Il + Ph/\/:{/

R
Z

(R)-3a

95% ee

(S)1a

43% yield (0.28 g)
96% ee

[Ir(cod)Cl]; (107.5 mg, 0.16 mmol) and (S)-L1 (356.9 mg, 0.64 mmol) were dissolved in 1,4-dioxane

(4.0 mL) in a Schlenk tube and stirred for 30 min. To the resulting brownish red solution, alkyl allylic

alcohol (+)-1a (0.65 g, 4.0 mmol), potassium alkynyltrifluoroborate 2a (1.14 g, 4.8 mmol), "BuyNBr (0.13

g, 0.4 mmol), KHF, (0.37 g, 4.8 mmol), and CF;CO,H (0.68 g, 6.0 mmol) were sequentially added. The

resulting heterogeneous yellow mixture was stirred at 0 °C for 8 h. The reaction mixture was diluted with

hexanes (10.0 mL) and treated with triethylamine (1.0 mL). After being stirred for 10 min, the solvent

was removed under reduced pressure. The residue was purified by flash chromatography on silica gel to

give (R)-3a (0.40 g, 36% yield, 95% ee) and (S)-1a (0.28 g, 43% yield, 96% ee).

HPLC for the obtained (R)-3a: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C,

220 nm; 95% ee (tg (major) = 20.53 min, tg(minor) = 25.58 min).

Racemic
mAU 3 Signal 2: DAD1 B, Sig=220,4 Ref=off 2
703 <
3 Peak RetTime Type Width Area Height Area ~
el # [min] [min] [mAU*s] [mAU] %
90 it s i R e —r e premee |
40 1 21.683 BB 0.4463 2457.70923 83.29174 50.4979
30 2 26.093 BB 0.5687 2409.24878 64.35799 49.5021
20
10 Totals : 4866.95801 147.64973
Ot—ﬂf\%/b_ |
T % T T T
2 10 15 20 25 min|
Enantioenriched
mAU ] &
{1 Signal 1: DAD1 A, Sig=228,4 Ref=off E
200 ,
1 Peak RetTime Type Width Area Height Area | \
1507 # [min] [min]  [mAU*s] [mAU] % ‘ '
{IRERESI E R ERRE |+ emeees |wememees |+mmees |
108 1 20.529 BB ©.5142 8341.52148 238.42882 97.5484 | 4
1 2 25.583 MM 8.5235 209.63698 6.67412  2.4516 1 > o2
50 | 8 {5’19
[ Totals : 8551.15846 245.10293 | &°
0 T o, —— Lt T -"""-I.._. — p—
- | T T T T T | T
5 10 15 20 25 min|




HPLC for the obtained (S)-1a: Daicel Chiralcel® OD-H, 12 % PrOH, 88% hexane, 1.0 mL/min, 35 °C,

220 nm; 96% ee (tg (major) = 6.03 min, tg(minor) = 7.38 min).

Racemic
mAU ] Signal 2: DAD1 B, S$ig=220,4 Ref=off -
50 2]
Peak RetTime Type Width Area Height Area b
40 # [min] [min] [mAU*s] [mAU] %
30 R | i | ! oty iTan i Ty i orimon e e |
1 5.934 BB 0.1048 365.18744 54.08819 50.1313
20 2 7.195 BB 0.1298 363.27454 43.33007 49.8687
104 Totals : 728.46198 97.41827
. : L
T ——— T —
9 i 8 min
Enantioenriched
mAU ] . i K =
1 Signal 1: DAD1 A, Sig=220,4 Ref=off %
] |
400 -| Peak RetTime Type Width Area Height Area ||
# [min] [min] [mAU*s] [mAU] % I
300 <eeefemmnoe- | =eemmenee |=mreeees | <mmneee [-omeeeen |
1 1  6.027 BV R ©.1334 4570.35938 503.86540 97.8916 |
200 - 2 7.375 MM 9.1473 98.43723 11.13543 2.1084 Il |
] v
1 [i i} &
] : x
100__ Totals : 4668.79661 514.208083 I| | © ,éé'b
I i) :\e‘
=) i | iy
0 s s / 2l ; S I e e |
B T T T T T T I T T T T T T T T
2 4 6 8 10 min|
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Scale-up preparation of (S)-matsutakeol

OH OMe
/\/\/g\/ [Ir(cod)Cl], (4 mol%)
(£)-1i (S)-L1 (16 mol%) OH
0.51 g (4.0 mmol) "Bu,NBr (10 mol%) He :
+ - || + NN :
KHF; (1.2 eq.) R (S)-Matsutakeol
MeOO%BF3K CF3CO,H (1.5 eq.) =
" 1,4-:!ioxane (R)-4i (S)-1i :
a 0°C,8h 34% yield (0.33 g) 48% yield (0.246 g) (S)-L1
1.14 g (4.8 mmol) 95% ee 97% ee
Scheme S7

[Ir(cod)Cl]; (107.5 mg, 0.16 mmol) and (S)-L.1 (356.9 mg, 0.64 mmol) were dissolved in 1,4-dioxane
(4.0 mL) in a Schlenk tube and stirred for 30 min. To the resulting brownish red solution, alkyl allylic
alcohol 1i (0.51 g, 4.0 mmol), potassium alkynyltrifluoroborate 2a (1.14 g, 4.8 mmol), "BuyNBr (0.13 g,
0.4 mmol), KHF, (0.37 g, 4.8 mmol), and CF;CO,H (0.68 g, 6.0 mmol) were sequentially added. The
resulting heterogeneous yellow mixture was stirred at 0 °C for 8 h. The reaction mixture was diluted with
hexanes (10.0 mL) and treated with triethylamine (1.0 mL). After being stirred for 10 min, the solvent
was removed under reduced pressure. The residue was purified by flash chromatography on silica gel to
give (R)-4i (0.33 g, 34% yield, 95% ee) and (S)-1i (0.246 g, 48% yield, 97% ee).
HPLC for the obtained (R)-4i: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C,
220 nm; 95% ee (tg (major) = 5.66 min, tg(minor) = 6.48 min).

Racemic
mAU 7 g . ]
350 i % Signal 2: DAD1 B, 51g=226,4 Ref=off
E ~
300 = ; . .
3 Peak RetTime Type Width Area Height Area
20 #  [min] [min]  [mAU*s] [mAU] %
2004 Sl T |omee]emmnene |-memeenees |[<ommeenees [-oeeenes |
150 3 1 5.810 BB 8.1067 2523.25317 373.94553 49.3592
100; 2 6.784 BV R ©.1371 2588.77092 292.96827 56.6488
50 5 Totals : 5112.82319 666.98579
U_':‘ 1 II
5 = O &= % ® F & % % E = 5 & 1= ® = E T = & A & B =&
2 4 6 8 10 12 14 min
Enantioenriched
mAU | — : 3
1 |signal 1: DAD1 A, Sig=228,4 Ref=off E
200 .
| |Peak RetTime Type Width Area Height Area [
150 | # [min] [min]  [mAU*s] [mAU] % | |
i e |-===]--=---- |-==-meme-- [---------- |-------- I
1004 1 5.664 BB ©.1042 1642.89929 239.84974 97.5488 [
1 2 6.477 MM ©.1368  41.29706 5.26226 2.4520 || AN
1 (| 119
50+ [ ~
{ |Totals : 1684,19635 244,31200 ] 5 &
0 ‘:_ I . = = A - T L--.'T I I
I T T T " T T T T T
1 2 3 4 5 6 7 8 g min

11



(8)-1i was converted to (S)-1i’ for the HPLC analysis.

HPLC for the obtained (S)-1i’ : Daicel Chiralcel® OD-H, 5% ‘PrOH, 97% hexane, 1.0 mL/min, 35 °C,
220 nm; 97% ee (tg (major) = 13.18 min, tg(minor) = 10.46 min).

Racemic
mAU ] .- F =
] Signal 1: DAD1 A, Sig=220,4 Ref=off
2504 E
Sk Peak RetTime Type Width Area Height Area o
1 # [min] [min] [mAU*s] [mAU] %
L B R |sme femmaane e | s s I
E 1 18.671 BB ©.2320 4237.11328 284.18565 49.999@
100 2 13.709 BB ©.3335 4237.27588 194.99551 50.0010
50 -]
] Totals : 8474 .38916 479.10117
0__.4-"%—1’\/\ L |
A e S S S LI — 1 |
2 4 6 8 10 12 14 16 miry
Enantioenriched
mAU . . =
- Signal 1: DAD1 A, Sig=22@,4 Ref=off iy
400 | peak RetTime Type Width Area Height Area | i
i 1 # [min] [min]  [mAU*s] [mAU] % |
e P [ P e i — | R
200_: 1 1©.459 MM ©.2821 207.43663 17.18358 1.7492 | '.I
2 13.177 BB 8.3375 1.16515e4 515.8623@ 98.2588 t;é\ | |
] A~ |
100 8 -
1 Totals : 1.18590e4  532.96580 S & -
0 __ e TR T T  — _/-\\_ “l _\_'_ e —
2 T T T T T T T T ¥ T
2 4 6 8 10 12 14 16 min|
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Scale-up preparation of (R)-matsutakeol

OH OMe
/\/\/E\/ [Ir(cod)CI], (4 mol%)
(£)-1i (R)-L1 (16 mol%) OH
0.51 g (4.0 mmol) "Bu,NBr (10 mol%) I . /\/\/'{/
+ >
KHF, (1.2 eq.) s (R)-Matsutakeol
MeO—@%BHK CF,CO,H (1.5 eq.) "y 2
1,4-dioxane (S)-4i (R)-1i :
2a 0°C,8h 36% yield (0.35 g) 47% yield (0.24 g) ¢ (R)-L1
1.14 g (4.8 mmol) 98% ee 99% ee
Scheme S8

[Ir(cod)Cl]; (107.5 mg, 0.16 mmol) and (R)-L1 (356.9 mg, 0.64 mmol) were dissolved in 1,4-dioxane
(4.0 mL) in a Schlenk tube and stirred for 30 min. To the resulting brownish red solution, alkyl allylic
alcohol 1i (0.51 g, 4.0 mmol), potassium alkynyltrifluoroborate 2a (1.14 g, 4.8 mmol), "BuyNBr (0.13 g,
0.4 mmol), KHF, (0.37 g, 4.8 mmol), and CF;CO,H (0.68 g, 6.0 mmol) were sequentially added. The
resulting heterogeneous yellow mixture was stirred at 0 °C for 8 h. The reaction mixture was diluted with
hexanes (10.0 mL) and treated with triethylamine (1.0 mL). After being stirred for 10 min, the solvent
was removed under reduced pressure. The residue was purified by flash chromatography on silica gel to
give (5)-4i (0.35 g, 36% yield, 98% ee) and (R)-1i (0.24 g, 47% yield, 99% ee).

HPLC for the obtained (S)-4i: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C,

220 nm; 98% ee (tg (major) = 6.37 min, tg(minor) = 5.60 min).
Racemic

Enantioenriched
1 .. . ’
mAU 1 signal 1: DAD1 A, Sig=220,4 Ref=off g &
] & K
200 _ _ . | R
1 Peak RetTime Type Width Area Height Area .[?sg,"b'
1501 # [min] [min] [mAU*s ] [mAU] % | |
e | ] e fommsm s [s=msamans |======== | [
] 1 5.684 BB ©.1016 18.69984  2.81044 ©.9665 W
100 2 6.367 MM ©.1343 1916.84736 237.76538 99,0335 '
] i
207 Totals : 1934.74720 240.57574 3 '
4 w
{ L w | L
0 i ) T —_— - —— I . ks - dimi— e o
L B B B B T T T
1 2 3 4 5 6 7 8 9 mi
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(R)-1i was converted to (R)-1i’ for the HPLC analysis.

HPLC for the obtained (R)-1i’ : Daicel Chiralcel® OD-H, 5% PrOH, 95% hexane, 1.0 mL/min, 35 °C,

220 nm; 99% ee (tg (major) = 10.57 min, tg(minor) = 13.71 min).
Racemic

Enantioenriched
mAU . ) 2
200 Signal 1: DAD1 A, Sig=220,4 Ref=off il
175 s ; : ﬁ
150 Peak RetTime Type Width Area Height Area '
- # [min] [min] [mAU*s] [mAU] % | |
iy it il i [=ememmmnan [ERETE T | sesanmas [ Il
100 1 1@.570 BB  ©.2252 3197.86323 220.44124 99.4649 ||
75 2 13.765 MM ©.3620 17.20021 7.91923e-1 ©.5351 | ‘ G
50 Il '| g Y
25- Totals : 3214.26344 221,23316 o L
0  R— e RE— _l_/" \ ' ,_v‘s P ————
T S N R & L, = & | I T T
2 4 6 8 10 12 14 16 min
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The synthetic transformations of (5)-1a
A) The Mitsunobu reaction of (§)-1a with N-hydroxyphthalimide

o)

OH o
is PPh,, DEAD
PR NN+ N—OH > N,
(S)-1a THF, 0 °C to r.t. © °
98% ee o ph/\/'\/

N-Hydroxyphthalimide
0.4 mmol 0.48 mmol (R)-5

Scheme S9

To a solution of (S)-1a (64.9 mg, 0.4 mmol, 98% ee) in THF (1.5 mL) was added PPh; (125.9 mg,
0.48 mmol,) and N-Hydroxyphthalimide (78.3 mg, 0.48 mmol). The resulting mixture was cooled to 0 °C
before diethyl azodicarboxylate (DEAD, 83.6 mg, 0.48 mmol) was added dropwise. After being stirred
0.5 h at 0 °C, the reaction was allowed to warm to room temperature (25 °C) and stirred until the reaction
completed by TLC analysis. The solvent was evaporated in vacuo and the residue was purified by column
chromatography to provide 103.3 mg (R)-5 as a colorless oil in 84% yield (103.3 mg) with 99% ee.

The stereoconfiguration of (R)-5 was determined by comparison of optical rotation of its enantiomer

previously reported in literature. []

B) The esterification of (§)-1a

OH
zs
A~ 1. CCI;C(O)NCO, OCONH,
Ph Z DCM, 0 °C to r.t. P
(S)-1a > KCo. o > Ph” TN
() - 2 3y T12%,
98% ee MeOH, r.t. (S)-6
0.4 mmol
Scheme S10

To a solution of ($)-1a (64.9 mg, 0.4 mmol, 98% ee) in CH,Cl, (1.0 mL) was added Trichloroacetyl
isocyanate (90.4 mg, 0.48 mmol) dropwise at 0 °C. The reaction was allowed to warm to room
temperature (25 °C) and stirred until the reaction completed by TLC analysis. The excess solvent was
evaporated in vacuo. The residue was cooled to 0 °C and dissolved in MeOH-water (4:1, 2.0 ml). K,CO;
(221.2 mg, 1.6 mmol) was added in one portion to the mixture. The resulting mixture was warmed to
room temperature (25 °C) and continued to stir overnight. The solvent was removed under vacuum, and
the residue was purified by column chromatography to provide 69.6 mg (S5)-6 as a white solid in 85%
yield with >999% ee.

The stereoconfiguration of ($)-6 was determined by comparison of optical rotation of its analogue

previously reported in literature. [°]
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C) The cyclopropanation of (S)-1a

OH
=S OH
Ph” T NF CH,l,, Et,Zn s
(S)-1a > Ph/\/\<]
98% oe DCM/DME (S)-7
-20 °C to r.t.
0.4 mmol
Scheme S11

To a solution of Dimethoxyethane (DME, 144.2 mg, 1.6 mmol) in CH,Cl, (10.0 mL) was added
Et,Zn (1.0 M in hexane, 1.6 mL, 1.6 mmol) and CH,I, (857.1 mg, 3.2 mmol) dropwise at -20 °C under
argon. Then a solution of (S)-1a (64.9 mg, 0.4 mmol, 98% ee) in CH,Cl, (2.0 mL) was added at -20 °C.
The reaction was allowed to warm to room temperature (25 °C) and stirred until the reaction completed
by TLC analysis. The reaction was quenched by saturated solution of NH,4Cl and the resulting mixture
was extracted with Et,O. The combined organic layers were washed with brine, dried over MgSO,. The
solvent was removed under vacuum and the residue was purified by column chromatography to provide
60.1 mg (S)-7 as a colorless oil in 85% yield with 99% ee.

The stereoconfiguration of (S)-7 was determined by comparison of optical rotation of its analoguel*

and its enantiomerl(® previously reported in literature.

D) The hydrogenation of (5)-1a

OH
:s
OH
PN PdIC, H, iR
(S)-1a P TN
K MeOH, r.t.
98% ee (R)-8
0.4 mmol
Scheme S12

To a solution of (S)-1a (64.9 mg, 0.4 mmol, 98% ee) in MeOH (2.0 mL) was added 10 wt% Pd/C
(100.6 mg, 0.1 equiv). The reaction was stirred at room temperature under H, (1 atm balloon) overnight.
The reaction was filtered through a celite plug. Then the solvent was removed under vacuum and the
residue was purified by column chromatography to provide 63.6 mg (R)-8 as a white solid in 98% yield
with 98% ee.

The stereoconfiguration of (R)-8 was determined by comparison of its optical rotation previously

reported in literature. []
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Control experiments using enantiopure allylic alcohol (S)-1a as substrate

A) Using (S)-L1 as ligand:

OH
ph/\/-\s/ OMe
(S)-1a [Ir(cod)Cl], (4 mol%)
96% ee (S)-L1 (16 mol%)
0.4 mmol "Bu,NBr (10 mol%) OH
+ - + RS
KHF, (1.2 eq.) I Ph NN
Meo—< >—: BF;K  CF3CO,H (1.5 eq.)
1,4-dioxane Ph z (S)-1a
2a 0°C, 8 h 3a 78% yield
0.48 mmol 0% yield 98% ee
Scheme S13

[Ir(cod)Cl]; (10.8 mg, 16.0 umol) and (S)-L1 (35.6 mg, 0.64 umol) were dissolved in 1,4-dioxane
(0.4 mL) in a Schlenk tube and stirred for 30 min. To the resulting brownish red solution, alkyl allylic
alcohol (S5)-1a (64.9 mg, 0.4 mmol, 96% ee), potassium alkynyltrifluoroborate 2a (114.3 mg, 0.48 mmol),
"BuyNBr (13.0 mg, 40 ummol), KHF, (37.5 mg, 0.48 mmol), and CF;CO,H (68.4 mg, 0.6 mmol) were
sequentially added. The resulting heterogeneous yellow mixture was stirred at 0 °C for 8 h. The reaction
mixture was diluted with hexanes (1.0 mL) and treated with triethylamine (0.1 mL). The resulting mixture
was purified by flash chromatography on silica gel to only give (S)-1a in 78% yield with 98% ee, while

no 3a was afforded.

HPLC for (S)-1a: Daicel Chiralcel® OD-H, 12 % ‘PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 98%
ee (tg (major) = 6.09 min, tg(minor) = 7.65 min).

Racemic
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Enantioenriched

mAU | @
- Signal 1: DAD1 A, Sig=220,4 Ref=off g
400__j Peak RetTime Type Width Area Height Area .
[ # [min] [min]  [mAU*s] [mAU] %
B emesfanenes [z frresnns S [y frosionan |
1 6.086 BE  ©.1282 4710.64209 527.42694 99.2168
200l 2 7.648 MM e.161¢ 37.47182  3.87987 0.7892
1 A
100 | Totals : 4748.11311 531.3@681 o _r;\?‘
o &
b T T T T T
2 4 6 8 10 min|
B) Using (R)-L1 as ligand:
OH
2S
PhW OMe
(S)1a [Ir(cod)CI], (4 mol%)
96% ee (R)-L1 (16 mol%)
0.4 mmol "BU4NBI' (10 mol%) QH
+ —_— + /\/:\S/
KHF, (1.2 eq.) Il . Ph Z
MeO@%BF K  CF3;CO,H (1.5 eq.) ),
’ 1,4-dioxane Ph (S) ;/ (S)-1a
2a 0 ~oa 0% yield
0.48 mmol oc.8h 74% yield "y (R)-L1
: 99% ee
Scheme S14

[Ir(cod)Cl]; (10.8 mg, 16.0 umol) and (R)-L1 (35.6 mg, 0.64 umol) were dissolved in 1,4-dioxane

(0.4 mL) in a Schlenk tube and stirred for 30 min. To the resulting brownish red solution, alkyl allylic

alcohol (S5)-1a (64.9 mg, 0.4 mmol, 96% ee), potassium alkynyltrifluoroborate 2a (114.3 mg, 0.48 mmol),
"BuyNBr (13.0 mg, 40 ummol), KHF, (37.5 mg, 0.48 mmol), and CF;CO,H (68.4 mg, 0.6 mmol) were

sequentially added. The resulting heterogeneous yellow mixture was stirred at 0 °C for 8 h. The reaction

mixture was diluted with hexanes (1.0 mL) and treated with triethylamine (0.1 mL). The resulting mixture

was purified by flash chromatography on silica gel to give (S)-3a in 74% yield with 99% ee, and no (S)-

1a was recovered.
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HPLC for the obtained (S)-3a: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C,

220 nm; 99% ee (tg (major) = 24.08 min, tg(minor) = 20.22 min).
Racemic

Enantioenriched
mAU ] _. . 3
Signal 1: DAD1 A, Sig=220,4 Ref=off §
140 ]
420 Peak RetTime Type Width Area Height Area | ‘,I
] # [min] [min] [mAU*s] [mAU] % |
e | |--=] | | | ! |
| wesdlsdusel e fnesie e i sdvnl s Beedinus Taunwaes .
-4 |
80 - 1 20.218 MM ©.3744  33.36129 1.48529 ©.5065 [l
60 2 24.e83 BB ©.5884 6552.92725 164.63380 99.4935 5 |
§ K, |
40+ w ik \
90| Totals : 6586.28854 166.11910 N g I|
0 _f e -lLI‘\_."L, = e - ?‘\_Ngb 'l‘ : T S
— —— ‘ ——
2 10 15 20 25 minl

19



3P NMR experiment of (S)-L1 and [Ir(cod)Cl], in a ratio of 4: 1

[Ir(cod)CI], " (S)-L1
(0.016 mmol) (0.064 mmol)
Ir[(S)-L1],ClI
Scheme S15

In a glove box, to a bottle was added [Ir(cod)Cl], (10.7 mg, 0.016 mmol, 1.0 equiv.), (S)-L1 (35.7
mg, 0.064 mmol, 4.0 equiv.) and CDClI; (0.8 mL). The resulting solution was stirred at room temperature
for 2 hours. The reaction solution was transferred into an NMR tube and analyzed by *'P NMR and HRMS
spectroscopies.

3P NMR (162 MHz, CDCl;) 6 = 135.6 (s).

HRMS (ESI): [M-CI]* Calcd. for [C7¢HasIrN,O4P,]" 1307.2713, found 1307.2744.

According to the 3'P NMR and HRMS analyses, the structure of the generated product was proposed
as Ir[(S)-L1],CL

- 135.6260
N\ 134.7698

cocl, \; Y /
[Ir(cod)Cl]; + (S)-L1 —_— Lo p. A D \
(0.016 mmol) (0.064 mmol) rt.,2h A o™ | | o i
] | & @

Ir[(S)-L1],CI

—134.7698

(s}L1

LA AN A M \f\ﬁj/\\ ‘f\/\n A Ar

T T T T T T T T T
135.2 134.8 134.4
1 (ppm

— T T T T T T T T [ T T T T T T -ttt 7T
220 210 [200 (190 180 170 160 150 140 130 |12 110 100 90 BO |70 | 60 (50 40| 30 2p |10 ©O| -10 -20 -30 -40 -50 -60
1 (gpm)

Figure S3 3'P NMR (162 MHz, CDCls) spectrum of the in situ generated Ir[(S)-L1],C1
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HRMS anylysis of the in situ generated

G1#6-12 RT: 0.08-0.13 AV: 3 NL: 5.75E6
T: FTMS + p ESI Full ms [500.0000-1500.0000]

Ir[(S)-L1],Cl

1307.27437
z=1
C?5 H43 04 N2|FP2:1307.27131
100 2.34040 ppm
90
2 1309.27896
80 z=1
70+
60
] 1305.27207
50 =1
404
304
] 1375.24018
T z=1
20 1311.27895
] z=1 1378.23935
] 1373.23729
1323.26899 1339.26485 i z=1
109 __ 7= —y 135?.213163 1 I . R
7] z=
] v z=1
o2 ‘IJ i|“I, Hkl““““h..|..||“l!|. i | Iil]. gl ly,
Y AN N IO 2 et O RN PR ) il W R o o el RN TR il e ) i ) P B i il e ) ) P R AR T 2 i ) e e il el P I )
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miz

Figure S4 ESI-MS spectrum of the spectrum of the in situ generated Ir[(S)-L1],Cl
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a)
Zoom in, [C75H43N204P2|l‘]+

G1#6-12 RT: 0.08-0.13 AV: 3 NL: 5.75E6
T: FTMS + p ESI Full ms [500.0000-1500.0000]
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Figure S5 a) Experimental and b) simulated isotopic distribution of {Ir[(S)-L1],}*
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3P NMR experiment of (S)-L1 and [Ir(cod)Cl], in a ratio of 2: 1

CDCI;
[Ir(cod)Cl], + (S)-L1 —
(0.016 mmol) (0.032 mmol) rt,2h

[(S)-L1](cod)IrCI

Scheme S16

In a glove box, to a bottle was added [Ir(cod)Cl], (10.7 mg, 0.016 mmol, 1.0 equiv.), (S)-L1 (17.9
mg, 0.032 mmol, 2.0 equiv.) and CDClI; (0.8 mL). The resulting solution was stirred at room temperature
for 2 hours. The reaction solution was transferred into an NMR tube and analyzed by *'P NMR and HRMS
spectroscopies.

3P NMR (162 MHz, CDCl;) 6 = 109.0 (s).

HRMS (ESI): [M-CI]* Calcd. for [C4H36IrNO,P]" 858.2118, found 858.2114.

According to the 3'P NMR and HRMS analyses, the structure of the generated product was proposed
as [(S)-L1](cod)IrClL

—109.0001

=

: cl
cocl, ~— \
[Ir{cod)CI], 3 (S)-L1 » l - O~p--
(0.016 mmol) (0.032 mmol) rt.2h e 7 C v"'l

|

[(S)-L1](cod)IrCI 6

—— 1 . ——— T . . . , . . . . . . .
200 190 180 170 160 150/ 1401 130 [120 [110 100 90 80 70 || |60 |50 |[40 30 | 20| 10 0 -10 -20 -30 -40 -50 -60
1 (ppm

Figure S6 *'P NMR (162 MHz, CDCls) spectrum of the in situ generated [(S)-L1](cod)IrCl
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HRMS anylysis of the in situ generated [(S)-L1](cod)IrCl
Positive mode:

G2#8 RT: 010 AV: 1 NL: 8.52E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]

858.21045
Cas Has O2 N Ir P = 858.21074

100 -0.34043 ppm
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Figure S7 ESI-MS spectrum of the spectrum of the in situ generated [(S)-L1](cod)IrCl
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a)
Zoom in, [CasH3sNO2PIr]*

G2#8 RT: 010 AV:1 NL: 8.52E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]
858.21045
CagHag O2 NIr P =85821074
-0.34043 ppm

4
=)
i

w0
(=]

oW
[s=]

~l
[=]

@
[==]

856.20892

859.21228

o
o

857.21185

(%)
o

b
o

42}
o
T T T S T A Y

‘ 860.21564

-
o

|‘ | 861.21948
A b A i 1 I\

o

a T T B R
854 855 856 857

A RARE R2as Ridd nin B LRERZE REEI RARE Lang I T B3R EEAd RERD Rk T[T
858 859 860 861 862 863 864
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Figure S8 a) Experimental and b) simulated isotopic distribution of {[(S)-L1](cod)Ir}*
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The comparison of 3P NMR spectra of (S)-L1, [(S)-L1](cod)IrCl and Ir[(S)-L1],Cl

—134.7939

— —135.6259_—__%

—109.0001

Ir[(S)-L1],CI

—
150 1

Figure S9 3'P NMR spectra of (S)-L1, [(S)-L1](cod)IrCl and Ir[(S)-L1],Cl
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60

T 7
50 40

1 (ppm)
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3P NMR experiment of (R)-1a combined with [Ir(cod)Cl], and (S)-L1

In a glove box, to a bottle was added [Ir(cod)Cl], (10.7 mg, 0.016 mmol, 1.0 equiv.), (5)-L1 (35.7
mg, 0.064 mmol, 4.0 equiv.), (R)-1a (15.6 mg, 0.096 mmol, 6.0 equiv.) and CDClI; (0.8 mL). The resulting

solution was stirred at room temperature for 2 hours. The reaction solution was transferred into an NMR

tube under Ar and analyzed by 3'P NMR spectroscopy.
31P NMR (162 MHz, CDCLy) & = 108.6 (d, J = 30.2 Hz), 103.1 (d, J = 29.9 Hz).

According to the 3'P NMR anylysis, the structure of the generated intermediate was proposed as

(S,S,R)-A.
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Figure S10 3'P NMR (162 MHz, CDC]s) spectrum of the in situ generated (S,S,R)-A
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3P NMR experiment of (S)-1a combined with [Ir(cod)Cl], and (S)-L1

In a glove box, to a bottle was added [Ir(cod)Cl], (10.7 mg, 0.016 mmol, 1.0 equiv.), (5)-L1 (35.7
mg, 0.064 mmol, 4.0 equiv.), (S)-1a (15.8 mg, 0.096 mmol, 6.0 equiv.) and CDCl; (0.8 mL). The resulting
solution was stirred at room temperature for 2 hours. The reaction solution was transferred into an NMR
tube under Ar and analyzed by 3'P NMR spectroscopy.

3IP NMR (162 MHz, CDCl3) 6 = 135.7 (s).

According to the 3'P NMR anylysis, the structure of the mainly generated intermediate was Ir[(S)-
L1],Cl, while no propoesd (S,S,5)-A was generated.

—135.6817

5@‘ or\‘:"
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Figure S11 3P NMR (162 MHz, CDCls) spectrum of (S)-1a combined with [Ir(cod)Cl], and (S)-L1
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Synthesis and isolation of Ir[(S5)-L1],Cl

CDCl;
[ir(cod)CI], . (S)-L1 (2mL)
rt,12h
324 mg 111.5 mg
(0.05 mmol) (0.20 mmol)
Ir[(S)-L1],CI
75.4 mg
56% yield
Scheme S17

In a glove box, a solution of [Ir(cod)Cl], (32.4 mg, 0.05 mmol) and (S)-L1 (111.5 mg, 0.20 mmol)
in CHCI; (2 mL) was stirred for 12 hours. The reaction mixture was concentrated to about 2/3 of the
initial volume, then n-pentane (5 mL) was added. The resulting precipitate was isolated by filtration. The
filter cake was washed with n-pentane (3 x 5 mL) and dried under vacuum to give Ir[(S)-L1],Cl (75.4
mg) in 56% yield as a yellow solid.

TH NMR (600 MHz, CD,Cl,) 8 8.11 (d, J= 8.4 Hz, 1H), 7.34 (t,J= 8.0 Hz, 1H), 7.30 (t, /= 7.5 Hz, 1H),
7.28 —7.20 (m, 6H), 7.19 — 7.10 (m, 7H), 7.04 (d, J = 7.6 Hz, 1H), 7.00 (dd, J = 13.2, 7.5 Hz, 2H), 6.94
(d, J=7.7 Hz, 1H), 6.64 (d, J= 8.0 Hz, 1H), 6.49 (d, /= 8.1 Hz, 1H), 4.85 — 4.74 (m, 1H), 3.68 — 3.61
(m, 1H).

I3C NMR (150 MHz, CDCl;) 6 147.74, 147.52, 144.05, 143.48, 141.91, 141.14, 141.12, 140.80, 140.74,
140.39, 139.42, 139.33, 131.42, 130.84, 129.89, 129.81, 129.43, 128.76, 128.19, 128.15, 128.00, 127.98,
127.92,127.77, 127.73, 127.53, 127.23, 127.18, 127.09, 126.38, 126.11, 125.39, 121.11, 46.95, 42.85.
3IP NMR (162 MHz, CDCl;) 8 135.6.

HRMS (ESI): [M-CI]" Calcd. for [C7¢H4gIrN,O4P,]" 1307.2713, found 1307.2716.
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Crystallographic Data

X-ray diffraction of (5)-1a’ (CCDC 2159810)

Single-crystal X-ray diffraction data for (S)-1a’ as recorded on a Bruker CMOS area detector
diffractometer. The crystal was kept at 100 K during data collection. Using Olex2, the structure was
solved with the SHELXT structure solution program using Intrinsic Phasing and refined with the
SHELXL refinement package using Least Squares minimisation. Basic information pertaining to crystal
parameters and structure refinement is summarized in follow (Table S2). CCDC 2159810 contains the
supplementary crystallographic data of (S)-1a’ for this paper. These data can be obtained free of charge
via www.ccdc.cam.ac.uk/data_request/cif, or by emailing data request@ccdc.cam.ac.uk, or by
contacting The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax:
+44 1223 336033.

Prob
Temp

50
100

-18 Y

- (181221)

PLATON-Dec 31 08:48:07 2021

Z -74  eoxy3457_0Om P1211 R = 0.03 RES= 0-100 X

Figure S12 X-ray structure of of (S)-1a’
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Table S2 Crystal data and structure refinement for (5)-1a’

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

a/A

b/A

c/A

o

o/
pr°

V/°

Volume/A3

Z

Peateg/cm’®
wmm-!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/®

Index ranges
Reflections collected

Independent reflections

cxy3457 Om
CisHi6N2Og

356.33

100

monoclinic

P2,

5.6781(3)

9.7730(6)
15.2351(9)

90

92.831(3)

90

844.40(8)

2

1.401

0.900

372.0

0.32 x0.32 x0.29
CuKa (A =1.54178)
5.808 to 136.53
-6<h<6,-11<k<11,-
18<1<18

14263

3048 [Riy = 0.0493,
Rgigma = 0.0351]

Data/restraints/parameters 3048/1/236
Goodness-of-fit on F? 1.079

Final R indexes [I>=2c (I)] R; =0.0293, wR, =0.0745
Final R indexes [all data] R;=0.0297, wR, =0.0747
Largest diff. peak/hole /e A 0.22/-0.22

Flack parameter 0.00(5)
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Characterization data

OMe

Ph Z
(R)-3a

Colorless oil. 43.1 mg, 39% yield. [a]*°p: +7.4 (¢ = 1.0, CHCI;) (1itB): [a]*3p: +2.4 (¢ = 1.0, CHCly)).
TH NMR (400 MHz, CDCl3) & 7.39 (d, J = 8.8 Hz, 2H), 7.30 (t, J = 7.4 Hz, 2H), 7.26 — 7.17 (m, 3H),
6.84 (d, J= 8.8 Hz, 2H), 5.86 (ddd, J = 16.5, 10.0, 6.1 Hz, 1H), 5.38 (dt, J=17.0, 1.5 Hz, 1H), 5.14 (dt,
J=10.0, 1.5 Hz, 1H), 3.81 (s, 3H), 3.28 (q, /= 6.4 Hz, 1H), 2.90 — 2.77 (m, 2H), 1.98 — 1.88 (m, 2H).
13C NMR (100 MHz, CDCl;) 6 159.21, 141.85, 137.95, 132.99, 128.58, 128.38, 125.88, 115.88, 115.32,
113.84, 88.42, 83.89, 55.30, 37.09, 35.57, 33.30.

HRMS (ESI): [M+H]" Calcd. for [CyoH,;0]" 277.1587, found 277.1585.

HPLC: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C, 220 nm; 95% ee (tr (major)
= 20.18 min, tg(minor) = 24.97 min).

Racemic

Enantioenriched
mAU B
] Signal 2: DAD1 B, Sig=220,4 Ref=off g
200 | K
] Peak RetTime Type Width Area Height Area | |
150 - # [min] [min]  [mAU*s] [mAU] % ‘
St e T [rmsmmsmmes [see=sseman -------- | i
100—7 1 2e.182 BB ©.5132 7933.57178 230.71692 97.44%4 | I'.
— 2 24.966 MM ©.5311 287.65851 6.51658 2.5586 ‘II é-,\
1 | A-
50 | | &
] Totals : 8141.22229 237.23342 2 P
| (\NS
0 i L, N i T — T — ,""--,__[
—_—— ————— —
5 10 15 20 25 min|
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Ph NN F
(8-1a  Obtained from the preparation of (R)-3a.

Colorless oil. 27.9 mg, 43% yield. [a]*°p: -3.5 (¢ = 1.0, CHCl3) (1it®]: [a]?*3p: -3.6 (¢ = 0.4, CHCl5)).

TH NMR (400 MHz, CDCl;) 6 7.34 — 7.25 (m, 2H), 7.25 — 7.16 (m, 3H), 5.99 — 5.85 (m, 1H), 5.26 (dq,

J=17.2,1.5Hz, 1H), 5.15 (dq, J=10.3, 1.4 Hz, 1H), 4.14 (q, /= 6.4 Hz, 1H), 2.82 — 2.64 (m, 2H), 1.93

—1.82 (m, 2H).

13C NMR (100 MHz, CDCl;) 6 141.89, 141.02, 128.48, 128.42, 125.87, 114.96, 72.49, 38.53, 31.65.

HPLC: Daicel Chiralcel® OD-H, 12% PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 98% ee (tg

(major) = 6.09 min, tg(minor) = 7.57 min).

Ra

Enantioenriched
mAU 1 =)
1?5_5 ] Signal 2: DADL B, Sig=220,4 Ref=off
150_; Peak RetTime Type Width Area Height Area
125 3 #  [min) [min] [mAU*s] [mAU] %

E e === | |---- R \
100 4 1 6.090 BB 0.1248 1630.52734 200.69261 98.9208
75 - @b 2 7.565 MM 0.1826 17.78861  1.62339 1.0792

= Al
50; o R Totals : 1648.31596 202.31600
25 8 &

O_i_—,_,__w\.f‘\ L ?"
— & 2 T &% & 5 o & % % L F & T ] T T T
2 4 6 8 10 12 14 min|
O,N NO,
oo
(S)1a'

White solid. 50.9 mg, 83% yield. mp: 60.3 — 60.8 °C. [a]**p: -19.7 (¢ = 1.0, CHCl;)
TH NMR (400 MHz, CDCl;) 8 9.23 (s, 1H), 9.08 (d, J = 2.1 Hz, 2H), 7.29 — 7.24 (m, 2H), 7.20 (d, J =
7.4 Hz, 2H), 7.14 (t, J= 7.2 Hz, 1H), 5.97 (ddd, J= 17.2, 10.5, 6.8 Hz, 1H), 5.63 (q, J = 6.6 Hz, 1H), 5.43
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(d,J=17.2 Hz, 1H), 5.36 (d, J= 10.5 Hz, 1H), 2.88 — 2.70 (m, 2H), 2.27 (dt, J = 15.3, 7.4 Hz, 1H), 2.17

(dq, J= 14.3, 6.3 Hz, 1H).
13C NMR (100 MHz, CDCLy) 5 161.70, 148.60, 140.75, 135.06, 134.05, 129.35, 128.56, 128.29, 126.08,

122.31, 118.83, 77.65, 35.34, 31.65.

HRMS (ESI): [M-H] Calcd. for [C;gH;sN>Og]~ 355.0936, found 355.0921.

IR (neat): 3112, 2988, 2922, 1719, 1630, 1539, 1452, 1342, 1280, 1171, 1072, 923, 866, 719 cm™'.
HPLC: Daicel Chiralcel® OJ-H, 30% ‘PrOH, 70% hexane, 1.0 mL/min, 35 °C, 220 nm; 98% ee (tg

(major) = 18.98 min, tg(minor) = 16.44 min).

Racemic
mAU o e
1 signal 1: DAD1 A, Sig=228,4 Ref=off b @
600 ~° £ © @
m| 1 "-‘
500-] Peak RetTime Type Width Area Height Area || | [ |
il # min min mAU*s mAU % | [
400—:5 ----|-£---!-|----|-E.-.E.|-E ..... E--|--E-_-E-.-| ........ | Ii !1 II
300 1 1 16.233 BB  ©.5034 2.22321e4  680.00165 50.0500 - [
1 | |
. 2 18.805 BB 8.5665 2.21876e4 595.77692 49.950@ I | |
200 - .
100 Totals : 4.44197e4 1275.77856 | (
0 f 7 PO e 5 1S S _|_ |
T T T T T i T T T T T T T T I T T T T T T T T T i T T T T T T
25 5 75 10 125 15 175 20 225 min
Enantioenriched
mAU ]| =
Signal 1: DAD1 A, Sig=220,4 Refzoff g
200 al
1 Peak RetTime Type Width Area Height Area II |
| #  [min] [min]  [mAU*s] [mAU] % |
[ Y P |=eeneeeees |ammee s [amme e | -mmeeee | [
] 1 16.440 MM  ©.5837 ©95.11432  2.83028 1.1235 I
100 2 18.976 BB ©.5572 8723.00586 240.46292 98.8765 |
- l’b |
| B
50 Totals : 8822,12018 243.29320 § é@- .'I
1 el /
o] o P 3 e i N |
1 T T T T T T T T T T T I T T I T I T T T T I T T T T T T L T T T T
25 5 75 10 125 15 17.5 20 225 min|
Ph 7
(R)-3b

Colorless oil. 27.6 mg, 28% yield. [a]*°p: +7.8 (¢ = 1.0, CHCI3) (1itBb]: [a]?3p: +7.28 (¢ = 0.98, CHCly)).
1H NMR (400 MHz, CDCls) § 7.49 — 7.42 (m, 2H), 7.36 — 7.26 (m, 5H), 7.26 — 7.17 (m, 3H), 5.87 (ddd,
J=16.3,10.0, 6.1 Hz, 1H), 5.40 (dt, J = 16.9, 1.5 Hz, 1H), 5.16 (dt, J = 10.1, 1.4 Hz, 1H), 3.30 (q, J =

6.4 Hz, 1H), 2.94 — 2.76 (m, 2H), 2.01 — 1.87 (m, 2H).
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I3C NMR (100 MHz, CDCls) 6 141.77, 137.72, 131.65, 128.57, 128.40, 128.23, 127.78, 125.90, 123.72,
115.44, 90.02, 84.15, 37.02, 35.53, 33.28.

HRMS (APCI): [M]* Calcd. for [C9H g]" 246.1403, found 246.1406.

HPLC: Daicel Chiralcel® OJ-H, 5 % ‘PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 97% ee (tg (major)

= 8.68 min, tg(minor) = 9.10 min).

Racemic
mAU = g
703 Signal 2: DAD1 B, Sig=220,4 Ref=off e
60 Peak RetTime Type Width Area Height Area
50 # ‘ [min] | | [min] | [MAU*s] | [mAU] ‘ % ‘
404 1 8.904 BV 0.1365 681.17908 77.53891 50.0378
304 2 9.328 VB 0.1453 680.15057 72.62817 49.9622
20  Totals : 1361.32965 150.16708
10
0 BARES Bt . :
P — — ; —————7— T —— . ——
2 4 6 8 10 12 14 miny
Enantioenriched
- [+0]
MAUS  ciona1 2: papi B, $ig=220,4 Ref-off ,]:_b"'
400 L
E 5
350i Peak RetTime Type Width Area Height Area P
300 _f B [min] [min] [mAU*s] [mAU] % ?S
B T [====]-—-———- |=mmmmm - | == [-———mm—- [
E 1 8.678 MM 0.1453 3842.82324 440.86121 98.4416
200 2 9.095 MM 0.1285 60.83271 7.88741  1.5584
150 = A
i Totals : 3903.65596 448.74861 el
100
50
03
— — ; T ; —— — — ; —— ——
2 4 6 8 10 12 14 mir
OH
(S)y1a

Obtained from the preparation of (R)-3b.

Colorless oil. 30.4 mg, 47% yield.

HPLC: Daicel Chiralcel® OD-H, 12% PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 94% ee (tg
(major) = 6.00 min, tg(minor) = 7.33 min).

Racemic

BT
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Enantioenriched

mAU Es
250 piE
] Signal 2: DAD]1 B, Sig=220,4 Ref=off
200
3 Peak RetTime Type Width Area Height Area
150_: # [min] [min] [mAU*s] [mAU] %
] i s I Sel =g | ol Ty i |
100_: 1 5.998 BB 0.1107 1906.10571 268.90298 97.0782
1 @b 2 7.329 MM 0.1646 57.36858 5.80759 2.9218
] /\r;,
50 g 2
1 k m@"b" Totals : 1963.47429 274.71057
b =
O_i PN Il 1_-"’“—,
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 —
2 4 6 8 10 12 14 min
‘Bu
Ph =
(R)-3c

Colorless oil. 42.3 mg, 35% yield. [a]?°p: +1.6 (¢ = 1.0, CHCIs).

'TH NMR (400 MHz, CDCl;) 8 7.42 (d, J = 8.4 Hz, 2H), 7.39 — 7.29 (m, 4H), 7.29 — 7.19 (m, 3H), 5.89
(ddd, J=16.9, 10.0, 6.0 Hz, 1H), 5.42 (dd, J = 17.0, 1.5 Hz, 1H), 5.17 (dd, J = 10.0, 1.3 Hz, 1H), 3.32
(q,/=7.2,6.7Hz, 1H), 2.88 (tt, J = 14.4, 6.4 Hz, 2H), 2.03 — 1.89 (m, 2H), 1.34 (s, 9H).

13C NMR (100 MHz, CDCl;) 6 150.98, 141.85, 137.86, 131.35, 128.58, 128.38, 125.87, 125.22, 120.72,
115.33, 89.24, 84.21, 37.10, 35.54, 34.72, 33.29, 31.21.

HRMS (APCI): [M]" Calcd. for [Cy3Hy6]* 302.2029, found 302.2035.

IR (neat): 3022, 2966, 2203, 1703, 1605, 1499, 1456, 1263, 1215, 1090, 1022, 750, 700, 667 cm™'.
HPLC: Daicel Chiralcel® OJ-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 40 °C, 220 nm; 92% ee (tgr (major)

=5.75 min, tg(minor) = 5.39 min).

.
Racemic
- o —
MUE Signal 2: DAD1 B, Sig=220,4 Ref=off &
350—;
300_: Peak RetTime Type Width Area Height Area
1 #  [min] [min] [mAU*s] [mAU] %
204 e R R e e |=mmmmmm |
2004 1 5.040 BV 0.1226 3095.29590 389.81677 48.6705
E 2 5.361 VW R 0.1409 3264.39722 363.12241 51.3295
150
1003 Totals : 6359.69312 752.93918
50
0 ‘
L e e T e B e e S e e L e e A B s s
1 2 3 4 5 (5] rd 8 miny
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Enantioenriched

] =
mAU 1 Signal 2: DADl B, Sig=220,4 Ref=off ‘?::6
300+ "2
_ P
Peak RetTime Type Width Area Height Area B
2507 @
1 # [min] [min]  [mAU*s] [mAU] % v
2004 ! ===l | === [esE=mses
1 1 5.392 MM 0.1329 118.80383 14.89869 3.2870
150 2 5.747 MM 0.1544 3018.36255 325.83945 96.2130
] @l\
100 ] 1otals : 3137.16638 340.73814 .
] &
50+ 5]
E i
0 T T
T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 min
OH
Ph NNF
(S)y-1a

Obtained from the preparation of (R)-3c.
Colorless oil. 28.6 mg, 44% yield.

HPLC: Daicel Chiralcel® OD-H, 12% PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 93% ee (tg
(major) = 6.50 min, tg(minor) = 8.12 min).

Racemic

Enantioenriched
mAU ]
6004 Signal 2: DAD1 B, Sig=220,4 Ref=off
500_: Peak RetTime Type Width Area Height Area
] i < *
400 - # ‘ [min] | | [min] ‘ [mAU*s] ‘ [mAT] | % |
300 1 6.496 BB 0.1271 5151.88623 645,39972 96.6319
1 2 8.120 MM 0.1370 179.56836 21.83986 3.3681 @‘b
200 o
A
1 =] LY
100 Totals : 5331.45459 667.23958 S
] ooy
0 L T -
T r r T T . T T T T T T T T T T r T
2 4 6 8 10 min
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MeO

Ph

Colorless oil. 34.3 mg, 31% yield. [a]*°p: +8.0 (¢ = 0.5, CHCI;).

IH NMR (400 MHz, CDCLy) § 7.22 (t, J = 7.5 Hz, 2H), 7.19 — 7.07 (m, 4H), 6.98 (d, J = 7.6 Hz, 1H),
6.90 (s, 1H), 6.78 (dd, J = 8.3, 2.5 Hz, 1H), 5.78 (ddd, J = 16.3, 10.0, 6.1 Hz, 1H), 5.31 (d, /= 17.0 Hz,
1H), 5.08 (d, J = 10.0 Hz, 1H), 3.72 (s, 3H), 3.21 (q, J = 6.2 Hz, 1H), 2.85 — 2.67 (m, 2H), 1.95 — 1.78

=
(R)-3d

(m, 2H).
13C NMR (100 MHz, CDCl;) 6 159.31, 141.75, 137.68, 129.29, 128.57, 128.41, 125.92, 124.74, 124.24,

116.54, 115.50, 114.38, 89.92, 84.07, 55.29, 37.00, 35.53, 33.29.
HRMS (APCI): [M]* Calcd. for [C2H2,0]" 276.1509, found 276.1518.
IR (neat): 3078, 3028, 2924, 2856, 2191, 1639, 1599, 1574, 1491, 1456, 1285, 1205, 1165, 1045, 991,

922, 854, 748, 700, 687 cm™.
HPLC: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C, 220 nm; 90% ee (tg (major)

= 11.95 min, tg(minor) = 13.75 min).

Racemic
mAU - §
SUO—E Signal 2: DAD1 B, Sig=220,4 Ref=off i
500—2 Peak RetTime Type Width Area Area
] ¥ min min mAU*s %
ol ————\—E———i—\————|—E———]——\——[—————1——\ —————————— |-————-- [
300—3 1. ;795 BB 0.2404 1.07558e4 688.00702 49.9809
200 3 2 13,460 BB 0.2827 1.07640e4 585.03076 50.0191
100; Totals : 2.1519%e4
0
T T T T T T ]
2 4 8 10 12 14 min
Enantioenriched
mAU 3 ‘ . o
4 Signal 1: DAD1 A, Sig=220,4 Ref=off !
700 3
005 FPeak RetTime Type Width Area Height Area
3 i ni *
500 4 # [min] [min] [mAU*s] [mAU] %
400_5 | e e S ! it e o Vi o= |
E 1 11.945 BB 0.2536 1.38092e4 840.77051 94,9545
ik 2 13.749 MM 0.2849 733.76874  42.93145  5.0455 Pt
2 (=]
200 S
] PR
1003 rtotals : 1.45430e4  883.70196 o
0 3 l/ﬂ\"'l
T — — T ‘ — :
2 4 6 8 10 12 14 16 mirg
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PN\ N\
(8-1a  Obtained from the preparation of (R)-3d.
Colorless oil. 31.8 mg, 49% yield.

HPLC: Daicel Chiralcel® OD-H, 12% PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 90% ee (tg

(major) = 6.01 min, tg(minor) = 7.37 min).

Racemic

Enantioenriched
mAU 1 2
1 d Signal 2: DAD1 B, S$ig=220,4 Ref=off
250 : : ‘
] Peak RetTime Type Width Area Height Area
200 3 # [min] [min] [mAU*s] [mAU] %
] it ey s e Sy =g [ |
150 1 6.009 BB 0.1192 2396.23999 306.50504 95.0017
] 2 7.370 MM 0.4109 126.07268 5.11320 4,9983
100 4 &
] ” ,:&' Totals : 2522.31267 311.61824
50 A [
] M &
] 7
0: _,_._/s-rLN\a_,_._,_., 1 . e
T = ¥ T S ! * I d 2 d | ' d " T I | I i
2 4 6 8 10 12 14 miry
MeO
Ph z
(R)-3e

Colorless oil. 30.9 mg, 28% yield. [a]?°p: +6.0 (¢ = 0.5, CHCI).

TH NMR (400 MHz, CDCl3) § 7.35 (dd, J = 7.5, 1.6 Hz, 1H), 7.25 — 7.19 (m, 4H), 7.18 — 7.16 (m, 1H),
7.15 - 7.09 (m, 1H), 6.87 — 6.76 (m, 2H), 5.80 (ddd, J = 17.0, 10.0, 5.9 Hz, 1H), 5.39 (dt, /= 17.0, 1.6
Hz, 1H), 5.08 (dt, J = 10.0, 1.5 Hz, 1H), 3.82 (s, 3H), 3.28 (q, /= 6.2 Hz, 1H), 2.88 — 2.74 (m, 2H), 1.93

~ 1.81 (m, 2H).
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13C NMR (100 MHz, CDCl;) 8 160.06, 142.01, 137.73, 133.49, 129.14, 128.63, 128.36, 125.82, 120.34,
115.44,112.91, 110.59, 94.17, 80.42, 55.77, 37.16, 35.80, 33.22.

HRMS (APCI): [M]" Calcd. for [CyoH,,0]" 276.1509, found 276.1519.

IR (neat): 2991, 2930, 2192, 1668, 1601, 1494, 1456, 1217, 1155, 1049, 1026, 752, 665 cm™'.

HPLC: Daicel Chiralcel® OJ-H, 5% iPrOH, 95% hexane, 1.0 mL/min, 40 °C, 220 nm; 98% ee (tr (major)

= 8.03 min, tg(minor) = 9.26 min).

.
Racemic
mAU N u
?0; Signal 2: DAD1 B, Sig=220,4 Ref=off : g
Boi Peak RetTime Type Width Area Height Area
50 ¥ [min] [min] [mAU*s] [mAU] %
04 Il e [peama— | === | === [
1 7.922 BB 0.1435 756.64636 82.15382 49.3586
30 2 9.095 BB 0.1692 776.31177 70.07719 50.6414
20
104 Totals : 1532.95813 152.23100
04 o ST P S S
——— 77—
2 4 6 8 10 12 14 min
. .
Enantioenriched
mAU
6003 signal 2: DAD1 B, Sig=220,4 Ref=off
500 ‘ ‘ ‘
1 Peak RetTime Type Width Area Height Area
400 4 #  [min] [min] [MAU*s] [mAU] %
i 11— | === === \ |-——- e [
300 1 8.028 MM 0.1563 6099.39453 650.18884 99.1064
200 2 9.264 MM 0.1613  54.99427 5.68405 0.8936
1004 Totals : 6154.38881 655.87289
0
I 1 ] 1 I | I :
2 4 6 8 10 12 14 min
OH
(S)1a

Obtained from the preparation of (R)-3e.

Colorless oil. 30.5 mg, 47% yield.

HPLC: Daicel Chiralcel® OD-H, 12% ‘PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 89% ee (tg
(major) = 6.24 min, tg(minor) = 7.67 min).

Ra

40



Enantioenriched

mAU 7
7004 Signal 2: DAD1 B, Sig=220,4 Ref=off
600 ‘ : ‘
Peak RetTime Type Width Area Height Area
500 4 #  [min] [min] [mAU*s] [mAU] %
iE W i i i o i [Ese=——— |
E 1  6.244 BV R 0.1267 6145.87500 770.29742 94.7298
300 5 2 7.669 MM 0.1308 341.9198% 43.57618  5.2702 g
200 4
100 Totals : §487.79483 813.87360
0 ]
| 1 1 | I
2 4 6 8 10 mir|
MeO OMe
/
Ph
(R)-3f

Colorless oil. 55.2 mg, 45% yield. [a]*°p: +3.5 (¢ = 1.0, CHCI;).

IH NMR (400 MHz, CDCls) 8 7.32 — 7.26 (m, 2H), 7.26 — 7.16 (m, 3H), 6.61 (dt, J = 4.7, 2.0 Hz, 2H),
6.43 (d,J=2.1 Hz, 1H), 5.92 — 5.80 (m, 1H), 5.42 — 5.35 (m, 1H), 5.18 — 5.13 (m, 1H), 3.78 (s, 6H), 3.33

~3.24 (m, 1H), 2.90 — 2.76 (m, 2H), 1.94 (g, J= 7.9, 7.1 Hz, 2H).

13C NMR (100 MHz, CDCl;) 6 160.51, 141.73, 137.64, 128.58, 128.42, 125.94, 125.03, 115.55, 109.50,

101.30, 89.71, 84.12, 55.42, 36.97, 35.52, 33.30.

HRMS (ESI): [M+H]* Caled. for [Co1Hx;0,]" 307.1693, found 307.1693.

IR (neat): 3003, 2937, 2841, 2208, 1591, 1456, 1420, 1205, 1155, 1065, 926, 839, 771, 700 cm™!.
HPLC: Daicel Chiralcel® OJ-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 40 °C, 220 nm; 96% ee (tr (major)

= 7.86 min, tg(minor) = 9.70 min).

Racemic
J o
i Y Signal 2: DAD1 B, Sig=220,4 Ref=off
1000 - 4 3
800 ] b Peak RetTime Type Width Height Area
] = [min] [min] [mAU] %
600 Se s B e G g i e !
1 8.132 BB 0.1799 1.31106ed4 1125.59009 49.7234
400 2 9.934 BB 0.2641 1.32565e4  780.85907 50.2766
200
#__/u\_f\ Totals : 2.63671ed 1906.44916
0_ L
—_———— . .
5 10 15 20 25 min
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Enantioenriched

. 2 Signal 2: DAD1 B, Sig=220,4 Ref=off
D500 | ] 2 ) v S5 E
2000_: Peak RetTime Type Width Area Height Area
] $  [min) (min]  [mAU*s] (mAU] 3
1500 S Dot et Sttt [;srmr=menn = [smmm e \
] 1 7.859 BB 0.2438 4.10646e4 2694.23779 97.9609
10007 & 2 9.698 MM 0.2200 854.78430  62.19962  2.0391
500 @ ‘.‘b‘}.
_ © Totals : 4.19194e4 2756.43742
] o
0 :
B T T T T T T T T | T T T T | T T | T T T T T T T T T i
5 10 15 20 25 min
OH
/\/-\/
Ph z
(S)-1a

Obtained from the preparation of (R)-3f.

Colorless oil. 31.1 mg, 48% yield.

HPLC: Daicel Chiralcel® OD-H, 12% ‘PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 97% ee (tg
(major) = 6.00 min, tg(minor) = 7.35 min).

Racemic

o .
Enantioenriched
mAU 4 o
300 4 Signal 2: DADl B, Sig=220,4 Ref=off
250—f Peak RetTime Type Width Area Height Area
] # min min mAU*s mAU %
200} [ ] [ ] [ ] [ 1
2 iy it BEa g lESi Ly = T |
150 4 1 6.001 BV R 0.1140 2555.82813 352.68036 98.6947
a5 E 2 7.345 BV 0.1439  33.80362 3.52540 1.3053
50 Totals : 2589.63175 356.20576 g
0 E B I L L ks
T T T T T T T r T T T T T T T T T T :
2 4 6 8 10 min
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Ph zZ
(R)-3g

Colorless oil. 27.5 mg, 26% yield. [a]*°p: +3.4 (¢ = 1.0, CHCI;).

'TH NMR (400 MHz, CDCl;) 8 7.36 (dd, J = 8.6, 5.5 Hz, 2H), 7.24 (t, J = 7.5 Hz, 2H), 7.19 — 7.12 (m,
3H), 6.94 (t, J = 8.7 Hz, 2H), 5.80 (ddd, J = 16.5, 10.0, 6.1 Hz, 1H), 5.36 — 5.27 (m, 1H), 5.10 (dd, J =
10.0, 1.5 Hz, 1H), 3.22 (q, J = 6.5 Hz, 1H), 2.84 — 2.70 (m, J= 7.5 Hz, 2H), 1.93 — 1.84 (m, 2H).

I3C NMR (100 MHz, CDCl3) 8 162.21 (d, J=248.5 Hz), 141.69, 137.62, 133.44 (d, J= 8.1 Hz), 128.55,
128.41,125.94, 119.75 (d, J= 3.4 Hz), 115.51, 115.45 (d, J=21.9 Hz), 89.7, 83.05, 36.95, 35.48, 33.27.
YF NMR (376 MHz, CDCl;): 6 =-113.93.

HRMS (APCI): [M]* Calcd. for [CoH7F]" 264.1309, found 264.1313.

IR (neat): 3022, 2970, 2926, 2178, 1728, 1597, 1508, 1456, 1412, 1325, 1213, 1067, 750, 667 cm’!
HPLC: Daicel Chiralcel® OJ-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 40 °C, 220 nm; 99% ee (tg (major)

= 5.20 min, tg(minor) = 5.79 min).

o
Racemic
mAU 4 ]
] ]
300_' Signal 2: DADl B, S5ig=220,4 Ref=off
250 9 Peak RetTime Type Width Area Height Area
] # [min] [min] [mAU*s] [mAU] E
200 e [==== [ ===mmnm \ -—-- | |
150"; 1 5.442 Vv 0.0903 2058.16357 351.31662 50.4446
E 2 5.888 VB 0.0975 2021.88293 321.12982 49.5554
100 ]
1 Totals : 4080.04651 672.44644
50
0
T T T T T -
2 4 6 B8 10 min|
o .
Enantioenriched
il =~
mAU_ﬂz %:, \?_’Co
:: Signal 1: DAD1 A, Sig=228,4 Ref=off [1.] (\‘b
250 | |\ &
| Peak RetTime Type Width Area Height Area I%ﬁ
200 # [min] [min] [mAU*s] [mAu] % I
IR EEe |--=-]------ |==eeemeeee |--mneenee R |
1504: 1 5.197 MM ©.8969 1781.55858 306.41855 99.3847 |
1 2 5.786 MM 0.1318 11.e3191 1.39587 ©8.6153 | |
1UU—§ 5l
1 Totals : 1792.99048 307.81362 | | Q'b
50 el 8 g
] ‘ I e
04 B = 7] il i
1 T T T T I
2 4 6 8 10 min,
OH
(S)-1a

Obtained from the preparation of (R)-3g.
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Colorless oil. 30.5 mg, 47% yield.
HPLC: Daicel Chiralcel® OD-H, 12% PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 98% ee (tg

(major) = 6.07 min, tg(minor) = 7.52 min).

Racemic

Enantioenriched
mAU . =
1 Signal 1: DAD1 A, Sig=228,4 Ref=off g
200 | peak RetTime Type Width Area Height Area ‘
1 # [min] [min]  [mAU*s] [mAU] % |
150 —ooefemeenn- [ R Jommmeeeee |ommmmeee |+emmeees ||
| 1 6.870 BB 8.1121 18e5.60693 250.62857 98.8816
100 - 2 7.518 MM @8.1478 20.42210 2.38233 1.1184 il
| i
| | g
50 -] Totals : 1826.82903 252.93090 | o ']/0
| o &
4 | ~
0_ e odfie B, g T u L_"\ _ S E—
T T T T
2 4 6 8 10 min
Cl
Ph 2
(R)-3h

Colorless oil. 25.8 mg, 23% yield. [a]?°p: +4.5 (¢ = 0.5, CHCI;).

'H NMR (400 MHz, CDCl;) 8 7.45 — 7.35 (m, 2H), 7.34 — 7.27 (m, 4H), 7.22 (dd, J= 14.4, 6.6 Hz, 3H),
5.93 - 5.80 (m, 1H), 5.43 — 5.33 (m, 1H), 5.21 - 5.13 (m, 1H), 3.29 (q, /= 7.3, 6.7 Hz, 1H), 2.90 - 2.76
(m, 2H), 1.95 (q, /= 7.6 Hz, 2H).

13C NMR (100 MHz, CDCl;) 6 141.63, 137.48, 133.74, 132.87, 128.54, 128.42, 125.96, 122.19, 115.58,
91.13, 83.03, 36.89, 35.52, 33.26.

HRMS (APCI): [M]" Calcd. for [C19H;,C1]* 280.1013, found 280.1004.

IR (neat): 3024, 2924, 2858, 2208, 1639, 1603, 1489, 1454, 1217, 1092, 1015, 920, 827, 752, 698 cm’!.

HPLC: Daicel Chiralcel® OJ-H, 5% 'PrOH, 95% hexane, 1.0 mL/min, 40 °C, 220 nm; 98% ee (tg (major)

= 5.46 min, tg(minor) = 6.18 min).
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Racemic

mAUEs' 1 2: DADL B, Sig=220,4 Ref=off T tEp
- igna . 1g=. er=o
2007: 9 ¢ 519 ’ g
3 w
1?5_; Peak RetTime Type Width Area Height Area
150@ # [min] [min] [mAU*s] [mAU] %
1253 ——--I Izz==l I [ \ I
3 1 5.616 BB 0.0939 1319.01685 214.05954 50.7824
1003 2 6.227 BB  0.1141 1278.37146 173.15991 49.2176
753
50 Totals : 2597.38831 387.21945
25
04 ’ ;
= T T T T T T T T T T T T T T T y
2 4 6 8 10 mir
Enantioenriched
mAU 4
] Signal 1: DAD1 A, Sig=22@,4 Ref=off
350__ -1 s B »
300—: Peak RetTime Type Width Area Height Area
i # i i AU* AU %
250 .-..|-ETTT!.|-..-|.ETT-|.ET.-.§!-.|.-ET--E.--| ........ |
2003 1 5.458 VB R ©.8954 2519.36353 397.50156 99.1531
150 3 2 6.1806 BB ©.1187  21.51898 2.82908 ©.8469
100 Totals : 2540.88242 400.33064
E 8
0- ' L
- - - T . : . T : - - T - . : T . - - : .
2 4 6 8 10 min
OH
(S)-1a

Obtained from the preparation of (R)-3h.
Colorless oil. 31.1 mg, 48% yield.

HPLC: Daicel Chiralcel® OD-H, 12 % ‘PrOH, 1.0 mL/min, 88% hexane, 35 °C, 220 nm; 98% ee (tg

(major) = 6.09 min, tg(minor) = 7.50 min).

Racemic

Enantioenriched
mAU )
] signal 1: DAD1 A, Sig=22e,4 Ref=off
3004
250 1 Peak RetTime Type Width Area Height Area
E # [min] [min] [mAU*s] [mau] %
200 -eereenecs R P |-eemmmeees |=mmmmmeees |+mmneee |
150_: 1 6.893 BB @.115e 2618.77808 359.56805 98.8068
E 2 7.497 BB 8.2e54 31.62532 2.230858 1.1932
100
4 Totals : 2650.40339 361.79863 M~
50 A
E -
U - R T R — 1 T 1 Lz T
T . T I T : . T T T T T T . . I . . T T
2 4 6 8 10 mir]
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Br

Ph z

(R)-3i
Colorless oil. 33.7 mg, 26% yield. [a]?°p: +3.3 (¢ = 0.5, CHCI3).
'TH NMR (400 MHz, CDCl;) 8 7.48 — 7.39 (m, 2H), 7.34 — 7.25 (m, 5H), 7.27 — 7.15 (m, 4H), 5.85 (ddd,
J=17.0,10.0, 6.2 Hz, 1H), 5.36 (dt, /= 17.0, 1.5 Hz, 1H), 5.16 (dt, J=10.0, 1.4 Hz, 1H), 3.28 (q, J =
7.5,6.9 Hz, 1H), 2.90 — 2.73 (m, 2H), 2.01 — 1.86 (m, 2H).
13C NMR (100 MHz, CDCl;) 6 141.61, 137.43, 133.10, 131.46, 128.53, 128.41, 125.95, 122.66, 121.91,
115.59, 91.34, 83.08, 36.85, 35.54, 33.25.
HRMS (APCI): [M]" Calcd. for [C19H;Br]" 324.0508, found 324.0512.
HPLC: Daicel Chiralcel® OJ-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 40 °C, 220 nm; 99% ee (tr (major)

= 5.42 min, tg(minor) = 5.84 min).

Racemic
mAU 3
350 4 Signal 2: DADl B, Sig=220,4 Ref=off
3004
250 Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
200 5 s s |====1-- [ |====~ [ \
150 4 1 5.560 vv R 0.1009 2554.79785 371.23462 51.0101
100_ 2 5.974 VV R 0.1134 2453.62231 330.47415 48.9899
504 Totals : 5008.42017 701.70877
0 e —— e
B A e e e ) B e L s e e Y S s e e e LA
2 4 6 8 10 12 14 min
Enantioenriched
mAU

500 - Signal 2: DADL B, Sig=220,4 Ref=off

400 4 Peak RetTime Type Width Area Height Area
] # [min] [min] [mAU*s] (mAU] %
3004 —~—-! [EE===) | === | |
B 1 5.424 MM 0.1127 4006.35059 592.24536 99.6911
200 2 5.837 MM 0.0706 12.41352 2.93107 0.3089
100 4 Totals : 4018.76411 595.17643
0
T T T T T T T T T T -
2 4 8 10 min|
OH
(S)y1a

Obtained from the preparation of (R)-3i.
Colorless oil. 28.6 mg, 44% yield.
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HPLC: Daicel Chiralcel® OD-H, 12% ‘PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 96% ee (tg
(major) = 6.13 min, tg(minor) = 7.53 min).

Racemic

Enantioenriched
mAU ] ) ;
1 Signal 2: DADl B, Sig=220,4 Ref=off
250
200_3 Peak RetTime Type Width Area Height Area
] # [min]) [min] [mAU*s] [mAU] 3
150 - T S v o il iy i  raSy ot [ [
i 6.126 MM 0.1206 2000.15723 276.32745 98.2204
1004 2 7.531 BB 022751 36.23886 1.76838 1.7796
50 Totals : 2036.3960%9 278.09583
0 T
T . T T T . T T T . T T T T T T . T ==
2 4 6 8 10 12 14 miry
CF;
Ph =
(R)-3j

Colorless oil. 33.9 mg, 27% yield. [a]?°p: +0.6 (¢ = 0.5, CHCIL,).

IH NMR (400 MHz, CDCls) & 7.47 (d, J = 8.8 Hz, 2H), 7.44 (d, J = 8.7 Hz, 2H), 7.24 — 7.17 (m, 2H),
7.16 — 7.07 (m, 3H), 5.76 (ddd, J = 17.0, 10.0, 6.1 Hz, 1H), 5.28 (dt, J= 17.0, 1.5 Hz, 1H), 5.08 (dt, J =
10.1, 1.4 Hz, 1H), 3.22 (q, J = 6.4 Hz, 1H), 2.81 — 2.67 (m, 2H), 1.92 — 1.82 (m, 2H).

13C NMR (100 MHz, CDCls) & 141.54, 137.25, 131.89, 129.59 (q, J = 32.6 Hz), 128.55, 128.47, 127.56

(d, J= 1.6 Hz), 126.03, 125.18 (q, J = 3.9 Hz), 124.02 (g, J = 272.1 Hz), 115.77, 92.89, 82.96, 36.83,
35.54, 33.28.

1YF NMR (376 MHz, CDCl): & = -62.75.
HRMS (APCI): [M]" Caled. for [CaoH,-F3]* 314.1277, found 314.1283.
IR(neat): 3020, 2208, 1547, 1479, 1445, 1327, 1217, 1032, 932, 852, 773, 744, 669 cm-".
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HPLC: Daicel Chiralcel® OJ-H, 0.5% PrOH, 99.5% hexane, 1.0 mL/min, 40 °C, 220 nm; 92% ee (tg

(major) = 9.78 min, tg(minor) = 13.87 min).

Racemic
mAU : . - s 5
Signal 2: DAD1 B, Sig=220,4 Ref=off
70 =
8
60 Peak RetTime Type Width Area Height Area o
50 $#  [min] [min] [(MAU*s] [mAU] 3
P B e e [ e e !
30 1 9.847 BB 0.2996 1646.64087 84.38962 54.0988
o 2 13.867 BB 0.3624 1397.12622  59.40392 45.9012
10 Totals : 3043.76709 143.79354
0 J‘p\—___—__,/'\_z\
T ! T
-10 ot Tk = O R R R P S S S S = =
2 4 6 8 10 12 14 miry
Enantioenriched
mAU 1 signal 2: DAD1 B, $ig=220,4 Ref=off 2
30'; Peak RetTime Type Width Area Height Area
254 #  [min] [min) (MAU*s] [mAU] %
Ok M iim |====]====== [E==mram s inbwimiwiint \
E 1 9.776 BB 0.2895 706.43158  37.55114 96.0017
154 2 13.873 MM 0.3405 29.42171 1.44024  3.9983 3
] "
10 o Bl
54 Totals : 735.85329  38.99138 s @,‘19
] ) @
03 J\A‘ J\ g : L/—ﬁ‘;
———————
2 4 6 8 10 12 14 mirg
OH
/\/-\/
Ph =z
(812 Optained from the preparation of (R)-3j.

Colorless oil. 29.9 mg, 46% yield.
HPLC: Daicel Chiralcel® OD-H, 12% ‘PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 90% ee (tg
(major) = 6.05 min, tg(minor) = 7.46 min).

Racemic
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Enantioenriched

MAU 3signal 2: Dbl B, Sig=220,4 Ref=off D
600 >
suo_iEeak RetTime Type Width Area Height Area
1 # [min] [min] [mAU*s] [mAU] %
400 H----|-——---- i ey FE g T =y e e - | |
300 1 3 6.051 BB 0.1231 5098.82715 667.95178 95.1619
] 2 7.459 MM 0.1301 259.22629 33.21721 4.8381 @
3 s
200 (]
] o AP
1Totals : 5358.05344 701.16899 D 4.
100 H < @
3 ~%
0 —-—“/;\*-—‘—
T T T T T T T T T T T T T T r T T r T T -
2 4 6 8 10 min|

s

Ph Z
(R)-3k

Colorless oil. 35.5 mg, 30% yield. [a]*’p: +4.6 (¢ = 0.5, CHC]l5).

TH NMR (400 MHz, CDCls) 6 7.89 (s, 1H), 7.72 (dd, J = 14.0, 8.7 Hz, 3H), 7.48 — 7.36 (m, 3H), 7.27 —
7.16 (m, 4H), 7.16 — 7.11 (m, 1H), 5.83 (ddd, J=17.0, 10.0, 6.1 Hz, 1H), 5.36 (dt, /J=17.0, 1.5 Hz, 1H),
5.11 (dt,J=10.0, 1.4 Hz, 1H), 3.28 (q, /= 6.6 Hz, 1H), 2.89 — 2.74 (m, 2H), 1.91 (q, J = 7.8 Hz, 2H).
13C NMR (100 MHz, CDCl;) 6 141.76, 137.71, 133.03, 132.59, 131.21, 128.72, 128.59, 128.42, 127.85,
127.72,127.63, 126.43, 126.38, 125.93, 121.01, 115.55, 90.41, 84.48, 37.03, 35.64, 33.33.

HRMS (APCI): [M]* Calcd. for [Cy3Hyo]" 296.1560, found 296.1568.

HPLC: Daicel Chiralcel® OJ-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 40 °C, 220 nm; 90% ee (tg (major)
= 11.34 min, tg(minor) = 12.52 min).

Racemic
mAU E @
i signal 2: DAD1 B, Sig=220,4 Ref=off x
300 4 ]
250 Peak RetTime Type Width Area Height Area
E #  [min] [min]  [mAU*s] [mAU] %
L P P |=mmmmeees | =enee J-eeeees z
150_: 1 11.483 BV ©.2444 5813.19043 367.69864 50.2353
] 2 12.483 VB ©.2981 5758.72852 294.49384 49.7647
100 4
50 Totals : 1.15719e4 662.19168
0 T
LA — —+ r* *t 1 Tt ot -t T T
2 4 6 8 10 12 14 min
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Enantioenriched

mAU >
1400 Signal 2: DAD1 B, Sig=220,4 Ref=off
1200 . . i
Peak RetTime Type Width Area Height Area
1000 # [min] [min]  [mAU*s] [mAU] %
0 I i R ot b |-nemmenen T |
9 1 11.337 BV ©.2556 2.60268e4 1552.2926@ 94.7814
600 2 12.523 MM ©.2912 1433.02124 82.01373  5.2186 g
] oS
400 5 QW
200 Totals : 2.74598e4 1634.30634 &4‘5’%’
0,: AN . Pt G
R — e o S —
2 4 6 8 10 12 14 miny
OH
/\/'\/
Ph z

(812 Obtained from the preparation of (R)-3k.
Colorless oil. 31.1 mg, 48% yield.
HPLC: Daicel Chiralcel® OD-H, 12% PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 96% ee (tg
(major) = 6.00 min, tg(minor) = 7.33 min).

Racemic

Enantioenriched
mAU ] =
E : Signal 2: DAD1 B, Sig=228,4 Ref=off
300
] Peak RetTime Type Width Area Height Area
04 # [min] [min]  [mAU*s] [mAU] %
200 S e | s | s | mssmpes e Jpemana |
150_5 1 6.001 BV R ©.1115 2611.86865 362.54132 98.2302
3 2 7.327 BB ©.1523 47.85847  4.64857 1.7698
100
: s Totals : 2658.92712 367.18189
50 o
04 A i
—_— S — e —————
2 4 6 8 10 12 14 min
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(2

Ph =
(R)-3

Colorless oil. 25.2 mg, 25% yield. [a]*°p: -1.4 (¢ = 0.5, CHCl5).

'TH NMR (400 MHz, CDCls) 6 7.34 (dd, J= 3.0, 1.0 Hz, 1H), 7.26 — 7.21 (m, 2H), 7.20 — 7.11 (m, 4H),
7.05 (dd, J=5.0, 1.1 Hz, 1H), 5.78 (ddd, J=17.0, 10.0, 6.1 Hz, 1H), 5.30 (dt,J=17.0, 1.5 Hz, 1H), 5.08
(dt,J=10.0, 1.4 Hz, 1H), 3.21 (q, /= 6.4 Hz, 1H), 2.83 — 2.69 (m, 2H), 1.91 — 1.82 (m, 2H).

13C NMR (100 MHz, CDCl;) 8 141.73, 137.66, 130.06, 128.56, 128.39, 127.93, 125.91, 125.08, 122.64,
115.49, 89.54, 79.07, 36.94, 35.56, 33.27.

HRMS (APCI): [M]" Calcd. for [Cy7H;6S]* 252.0967, found 252.0970.

HPLC: Daicel Chiralcel® OJ-H, 0.5% ‘PrOH, 99.5% hexane, 1.0 mL/min, 40 °C, 220 nm; 96% ee (tg

(major) = 22.18 min, tg(minor) = 28.95 min)

Racemic
mAU | Signal 1: DAD1 A, Sig=228,4 Ref=off g
50 - Peak RetTime Type Width Area Height Area [ 8
# [min] [min]  [mAU*s] [mAU] % | &
Sl IR [ p |+memmmeees |+mmnneeee |=mmmnen | /|
30| 1 22.886 BB  ©.4785 1909.78589 62.49922 50.6185 [ M
! 2 28.200 BB  ©.6573 1863.71094 41.54670 49,3895 [ [
20+ [ | [
10_’ Totals : | 3773.49683 1@4.04592 | | i
| | |
1 \I |'||
0 _ 53 el s F'-I". o) T N T A W O N 7 i \ TRy
' T T T T T T T T T T T T T T T
5 10 15 20 25 30 min
Enantioenriched
mAU - Signal 1: DAD1 A, Sig=220,4 Ref=off 3
40 - o
| Peak RetTime Type Width Area Height Area I
1 # [min] [min]  [mAU*s] [mAU] % (1
B P e e | =eemmnees |---eneme | /|
: 1 22.184 BB ©.4723 1424.80981 46.38807 98.1945
20— 2 28.951 MM  ©.7812 26.19759 6.22642e-1  1.8055 [ |
1 2o
102 Totals : 1451.00748  47.01071 » @:9
] i 8 &V
1 | &
0—-— SR L , — " PR : _“T - —
. —c . . . : .
5 10 15 20 25 30 min)
OH
/\/-\/
Ph =z
(S)y1a

Colorless oil. 31.8 mg, 49% yield.

Obtained from the preparation of (R)-31.
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HPLC: Daicel Chiralcel® OD-H, 12% PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 98% ee (tg
(major) = 6.05 min, tg(minor) = 7.46 min).

Racemic

Enantioenriched
mAU | B
_' Signal 1: DAD1 A, Sig=228,4 Ref=off g
200 ‘ | ‘ u
1 Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] % I
[ [ P [ |-nmmmeeee |-mmmemmnev |==nnnee- 1|
; 1 6.954 BB ©.1123 1729.71545 245.34126 98.7821
100 - 2 7.461 BB ©.1341 21.3253@  2.48545 1.2179 | |
50 Totals : 1751.04076 247.82671 [ | =
] b N
1 A ¢ ~
0d o . -
- T T T T T T T T T T T T T T T T
2 4 6 2] 10 min|
Ph =

(R)-3m
(R)-(3-(cyclopropylethynyl)pent-4-en-1-yl)benzene (3m).

Colorless oil. 26.9 mg, 32% yield. [a]*°p: -4.3 (¢ = 1.0, CHCIy).

1H NMR (400 MHz, CDCl3) & 7.26 — 7.20 (m, 2H), 7.18 — 7.09 (m, 3H), 5.72 (ddd, J = 16.5, 10.0, 6.1
Hz, 1H), 5.22 (dt, /= 17.0, 1.6 Hz, 1H), 5.02 (dt, /= 10.0, 1.5 Hz, 1H), 3.01 — 2.91 (m, 1H), 2.77 — 2.61
(m, 2H), 1.82 — 1.68 (m, 2H), 1.27 — 1.20 (m, 1H), 0.75 — 0.67 (m, 2H), 0.66 — 0.58 (m, 2H).

13C NMR (100 MHz, CDCls) 6 142.32, 138.86, 128.88, 128.68, 126.15, 115.22, 87.50, 75.89, 37.57,
35.38, 33.59, 8.66, 8.62.

HRMS (APCI): [M]" Calcd. for [C1gH;s]* 210.1403, found 210.1403.

52



HPLC: Daicel Chiralcel® OJ-H, 100% hexane, 0.5 mL/min, 40 °C, 220 nm; 98% ee (tg (major) = 13.08

min, tg(minor) = 13.87 min).

Racemic
mAU ] ] ] > i
1 Signal 2: DAD1 B, Sig=228,4 Ref=off 1 @
200 4
Peak RetTime Type Width Area Height Area
150 #  [min] [min] [mAU*s] [mAU] %
S B e e |=nmmemeees | --em e e |
100 2 1 13.117 BV @.287e 3881.839%968 232.84186 50.3682
E 2 13.877 VB ©.2231 3836.78174 211.98826 49.6318
50
] Totals : 6118.62134 444 .,02132
0 ' : =
—— T — — —
2 4 5] 8 10 12 14 miny
Enantioenriched
mAU . X
7003 Signal 2: DAD1 B, Sig=220,4 Ref=off
600 - . . .
: Peak RetTime Type Width Area Height Area
500 #  [min] [min]  [mAU*s] [mAU] %
T R e s P R |-eoeeee |
300_5 1l 13.884 BV R ©.2442 1.1578ee4 749.57198 99.1193
é 2 13.874 VB E ©.1944 182.86845 B8.42748 8.8887
200 +
100 3 Totals : 1.16889%e4 757.999380 2
0 : —_—
— 77— — 7 —————————T—T———
2 4 6 8 10 12 14 minl
OH
/\/-\/
Ph =z
(S)1a

Obtained from the preparation of (R)-3m.

Colorless oil. 27.3 mg, 42% yield.

HPLC: Daicel Chiralcel® OD-H, 12% ‘PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 96% ee (tg
(major) = 5.94 min, tg(minor) = 7.24 min).

Racemic
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Enantioenriched

o o
mAL 1 Signal 2: DAD1 B, Sig=220,4 Ref=off 1
175
150,% Peak RetTime Type Width Area Height Area
E #  [min] [min] [mAU*s ] [mau] %
B Il e <o ommeeee |--emmmneee o |<eeeeee- |
1004 1 5.936 BB 8.1084 1352.14185 196.25878 98.1687
?55 2 7.237 BB 8.1588 25.33668 2.48746 1.8393
903 Totals : 1377.47845 198.74615 "
25 &
3 M~
0 AN i Pl el
. ; . - - . . T . . - ‘ - - . T . T . T - . -
2 4 6 8 10 min
Ph
Ph =
(R)-3n

Colorless oil. 18.8 mg, 18% yield. [a]*°p: -7.0 (¢ = 0.5, CHCl5).

TH NMR (400 MHz, CDCl3) 6 7.41 (d, J = 7.7 Hz, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.32 — 7.25 (m, 3H),
7.22 (d,J="7.5Hz, 3H), 5.84 (ddd, J=16.4, 10.1, 6.1 Hz, 1H), 5.35 (dq, /= 16.9, 1.5 Hz, 1H), 5.13 (dq,
J=10.0, 1.4 Hz, 1H), 3.70 (s, 2H), 3.20 — 3.10 (m, 1H), 2.88 — 2.73 (m, 2H), 1.95 — 1.82 (m, 2H).

13C NMR (100 MHz, CDCl;) 6 141.92, 138.31, 137.41, 128.56, 128.53, 128.47, 128.37, 127.87, 126.47,
125.85, 115.13, 82.68, 81.38, 37.25, 35.17, 33.30, 25.25.

HRMS (APCI): [M]" Calcd. for [CyoHao]" 260.1560, found 260.1562.

IR (neat): 3030, 2934, 2858, 2210, 1707, 1603, 1497, 1452, 1317, 1219, 1074, 1030, 933, 854, 771, 687,
673 cm’!

HPLC: Daicel Chiralcel® OJ-H, 0.5% ‘PrOH, 99.5% hexane, 1.0 mL/min, 40 °C, 220 nm; 99% ee (tg
(major) = 21.64 min).

Racemic
mAL 3
Signal 2: DAD1 B, Sig=220,4 Ref=off g
70 Peak RetTime Type Width Area Height Area b
60 #  [min] [min]  [mAU*s] [mAU] %
1 N R | monm | mmmmmnn | mmszmnmess i |»ommmmns I
403 1 21.556 BB ©.3866 2083.32422 81.40247 49.7210
30 3 2 24.372 BB ©.5865 2106.70093 608.46638 58.2790
20
]  Totals : 4190.82515 141.86884
10
0 | S L : PR T e
" T T T T T T T T T ‘ T T T T I T T T T I T T T T T T T T T
5 10 15 20 25 miny
Enantioenriched
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mAU 2 X n
Signal 2: DAD1 B, Sig=220,4 Ref=off %
100 , ] ) T‘*
1 Peak RetTime Type Width Area Height Area 1
80~ # [min] [min]  [mAU*s] [mAU] % |
B |-ee oo eees |-mmmeeee |--mmmeeees |-=enee e | '.
1 1 21.635 BB 9.5880 4145.61719 122.76696 160.6888 | I|I
402 ‘ ".
Totals : 4145.61719 122.76696 |
20 |
1 , |
o i | - e . ,_,.' Ly - o
T T T ¥ ¥ 1
5 10 15 20 25 min
OH
/\/-\/
Ph =z
(S)-1a

Obtained from the preparation of (R)-3n.
Colorless oil. 31.8 mg, 49% yield.

HPLC: Daicel Chiralcel® OD-H, 12.0% ‘PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 96% ee (tg
(major) = 6.00 min, tg(minor) = 7.33 min).

Racemic

Enantioenriched
mAU 7 (=]
300 signal 2: DAD1 B, Sig=220,4 Ref=off
250 P . z .
eak RetTime Type Width Area Height Area
200 # [min] [min]  [mAU*s] [mAU] %
E S RN S sttty s Jemmnes |
150 4 1 5.998 BV R ©.1138 2299.71362 320.17380¢ 98.8822
2 7.330 MM ©.1596 44.96609  4.69433 1.9178
100 ¢
of
] o > Totals : 2344.67972 324.86812
50 4 @ g
] : @Ib
0

mi

55



Ph

Colorless oil. 25.7 mg, 26% yield. [a]*°p: -8.0 (¢ = 0.5, CHCl5).

Cl

=
(R)-30

'TH NMR (400 MHz, CDCl;) 8 7.33 — 7.27 (m, 2H), 7.21 (d, J = 7.5 Hz, 3H), 5.78 (ddd, /= 17.0, 10.0,
6.0 Hz, 1H), 5.29 (dt,J=16.9, 1.6 Hz, 1H), 5.10 (dt, /= 10.0, 1.5 Hz, 1H), 3.69 (t, /= 6.4 Hz, 2H), 3.10
—3.01 (m, 1H), 2.83 —2.68 (m, 2H), 2.45 (td, J= 6.8, 2.2 Hz, 2H), 1.99 (p, J = 6.6 Hz, 2H), 1.90 — 1.75
(m, 2H).
13C NMR (100 MHz, CDCl;) & 141.84, 138.33, 128.51, 128.37, 125.86, 114.98, 81.89, 81.45, 43.79,
37.18, 35.02, 33.26, 31.76, 16.31.

HRMS (APCI): [M]" Calcd. for [C16H,oCl]* 246.1170, found 246.1169.

HPLC: Daicel Chiralcel® OJ-H, 100% hexane, 1.0 mL/min, 40 °C, 220 nm; 97% ee (tzx (major) = 9.38

min, tg(minor) = 9.99 min).

Racemic
mAU 1 . . 5 38
120 Signal 2: DAD1 B, Sig=228,4 Ref=off ; S
100 Peak RetTime Type Width Area Height Area
] #  [min] [min] [mAU*s] [mAU] %
80+
e |=oee e |<eees |+eemea |=eeeen |
60—: 1 9.457 BV 9.1661 1413.9871@ 132.96685 49.5735
40 ] 2 1e.ee5 VB ©.1807 1438.23718 122.73328 58.4265
ZO_i Totals : 2852.14429 255.69933
0] A : .
i | : g T T ; r 1 T ' y T :
2 4 6 10 min
Enantioenriched
mAU ] =
] Signal 2: DAD1 B, Sig=220,4 Ref=off ]
200
Peak RetTime Type Width Area Height Area
150 - #  [min] [min]  [mAU*s] [mAU] %
) P R E——— | <mmmmmeee |=mmmmmee |
100 4 1 9.381 BV R ©.1727 2685.86084 239.82515 98.7497
p 2 9.986 VB E ©.2258 34.00647 2.23158 1.2563
50 &
Totals : 2719.86731 242.85673 =
[+]
0 1
- . - . ‘ : . - T - . -
2 4 6 10 mir|
OH
/\/-\/
Ph z
(S)y1a

Obtained from the preparation of (R)-3o0.

Colorless oil. 31.8 mg, 49% yield.
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HPLC: Daicel Chiralcel® OD-H, 12% PrOH, 88% hexane, 1.0 mL/min, 35 °C, 220 nm; 98% ee (tg
(major) = 6.06 min, tg(minor) = 7.49 min).

Racemic

Enantioenriched
mAU 3§ signal 2: DADL B, Sig=220,4 Ref=off 2
B0 peak RetTime Type Width Area Height Area
504 # [min] [min] [mAU*s ] [mAU] %
P T Pt |omnneene |-=mmmeeees |mmeee !
1 6.063 BB ©.1090 490.64642 70.69141 98.8604
304 2 7.491 MM @.1399  5.65581 6.73868e-1 1.1396
] M
20 . &
1 Totals : 496.36224  71.36528 &
5 .2
105 =+
i I = o
— =l : : , : | : : . ‘ . : S S .
2 4 6 8 10 min
Ph =
(R)-3p

Colorless oil. 36.1mg, 36% yield. [a]*’p: -3.6 (c = 1.0, CHC]l5).

TH NMR (400 MHz, CDCl3) 8 7.30 (t,J = 7.4 Hz, 2H), 7.21 (dd, J= 14.2, 7.1 Hz, 3H), 6.11 (dt, J=4.1,
2.1 Hz, 1H), 5.82 (ddd, J=16.4, 10.0, 6.0 Hz, 1H), 5.33 (dt, /= 17.0, 1.6 Hz, 1H), 5.12 (d, J = 10.0 Hz,
1H), 3.20 (q, /= 6.8 Hz, 1H), 2.88 —2.72 (m, 2H), 2.23 — 2.08 (m, 4H), 1.94 — 1.80 (m, 2H), 1.71 — 1.57
(m, 4H).

13C NMR (100 MHz, CDCls) 6 141.92, 138.11, 133.71, 128.56, 128.35, 125.83, 120.87, 115.10, 87.07,
85.99, 37.16, 35.46, 33.27, 29.68, 25.61, 22.43, 21.62.

HRMS (APCI): [M]* Calcd. for [Cj9Hp,]" 250.1716, found 250.1718.

HPLC: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C, 220 nm; 98% ee (tg (major)

= 8.64 min, tg(minor) = 9.12 min).
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Racemic

mAU ] 2 3
f Signal 2: DAD1 B, S5ig=220,4 Ref=off : <
600
500_: Peak RetTime Type Width Area Height Area
E # [min] [min] [mAU*s] [mAU] %
s el R |<smmmmeees |<-mememe |-eeee |
300 3 1 8.585 BV ©.1346 6313.96631 732.34607 50.8551
200 2 9.868 VB ©.1442 6300.86299 679.85341 49.9449
1009 Totals : 1.26140e4 1411.39948
0 ] T
T T T T T T T ‘ T T T T T v T T T ‘
2 4 6 10 mil
Enantioenriched
mAU ] . i
Signal 2: DAD1 B, Sig=228,4 Ref=off 1
800 . i '
] Peak RetTime Type Width Area Height Area
] : . .
600 # | [min] | | [min] | [mAU*s] | [mau] | % ]
400_: 1 8.636 BV R ©.1323 8699.91406 1©11.640887 98.7769
] 2 9.122 VB E ©.152e 187.72538 18.83143 1.2231
200 o
1 Totals : 8807.63944 1022.47230 o
0 ' =
: T T T ) T T T T T T T ‘ T ‘ ‘ T
2 4 6 10 miny
OH
/\/-\/
Ph z
(S)-1a

Obtained from the preparation of (R)-3p.
Colorless oil. 29.2 mg, 45% yield.

HPLC: Daicel Chiralcel® OD-H, 12% PrOH, 88% hexane, 1.0 mL/min, 35

(major) = 6.06 min, tg(minor) = 7.51 min).

Racemic

°C, 220 nm; 92% ee (tg

Enantioenriched

mAU 3 . A

E Signal 2: DAD1 B, Sig=220,4 Ref=off

1753

1504 Peak RetTime Type Width Area Height Area

125 # [min] [min] [mAU*s] [mAU] %

wd ot R e |--oonnnee |-ooneeeee |--oeeee |

?55 1 6.960 BB ©.1112 1482.09473 287.90721 96.1779

3 2 7.513 MM 2.1421 58.89866 6.90646 3.8221 q)o?;\

50 3 & &

259 Totals : 15408.99339 214.81367 E\?-“"@‘

0 s il T ‘ P

A W R R E L B L P
1 2 3 4 5 8 min
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OMe

Ph Z
(R)-4b

Colorless oil. 23.1 mg, 22% yield. [a]*p: -2.0 (¢ = 0.5, CHCI;).
IH NMR (400 MHz, CDCl;) § 7.28 — 7.13 (m, 7H), 6.74 (d, J = 8.8 Hz, 2H), 5.80 (ddd, J = 16.9, 10.0,
6.0 Hz, 1H), 5.28 (dt, J= 17.0, 1.6 Hz, 1H), 5.05 (dt, J = 10.0, 1.4 Hz, 1H), 3.73 (s, 3H), 3.45 (¢, J = 7.1

Hz, 1H), 2.91 — 2.79 (m, 2H).

13C NMR (100 MHz, CDCl;) 6 159.19, 138.98, 137.34, 132.89, 129.48, 128.11, 126.38, 115.81, 115.56,
113.79, 88.24, 84.37, 55.27, 42.08, 38.19.

HRMS (ESI): [M+H]" Calcd. for [C,

oH190]" 263.1430, found 263.1429.

IR (neat): 3020, 2934, 2841, 2203, 1709, 1607, 1510, 1443, 1246, 1219, 1034, 924, 831, 771, 686, 673

cm’!

HPLC: Daicel Chiralcel® OJ-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 40 °C, 220 nm; 94% ee (tgr (major)

= 8.65 min, tg(minor) = 10.60 min).

Racemic
mAU 1 = -
600 - signal 2: DAD1 B, Sig=22@,4 Refzoff ] ©
9 o
500 , . _ =
4 Peak RetTime Type Width Area Height Area
4004 # [min] [min]  [mAU*s] [mAU] %
1----l------- ==z ]zmnnmms |emssmmmmns |=rrsasanasy |=smmmmas |
30{); 1 8.671 BB ©.1557 6525.74268 646.75185 49.9314
] 2 18.623 BB ©.2872 6543.66260 485.52189 508.8686
200 4
E Totals : 1.38694e4 1132.27384
1004
04 N
K T J ® k T y i t T d I I I T T I :
2 4 6 8 10 12 14 16 18 min
Enantioenriched
mAL 3 2
3 Signal 2: DAD1 B, Sig=220,4 Ref=off 3
300 A
] Peak RetTime Type Width Area Height Area
250 # [min] [min]  [mAU*s] [mAU] %
2009 -~-l-mmm--- i (e |---=------ Caiinnininmnin I [
3 1 8.649 BB 8.1492 3588.47266 369.91177 S6.8028
150 2 10.596 BB ©.1961 118.520855  9.33529  3.1972
100 3
1 Totals : 3786.993280 379.24766 8
n wn
23 =)
0
| I T | i T T T
2 4 6 8 10 12 14 mir]
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OH

PhN

(S)-1b
Colorless oil. 28.5 mg, 48% yield. [a]*°p: +2.6 (¢ = 1.0, CHCI;) (1it®!: [a]*p: +12.7 (¢ = 1.0, CHCL3)).
TH NMR (400 MHz, CDCl3) 8 7.26 — 7.20 (m, 2H), 7.18 — 7.13 (m, 3H), 5.85 (ddd, J=17.3, 10.5, 5.8
Hz, 1H), 5.16 (dt, J = 17.2, 1.5 Hz, 1H), 5.04 (dt, J= 10.4, 1.4 Hz, 1H), 4.29 — 4.22 (m, 1H), 2.82 — 2.67
(m, 2H).
13C NMR (100 MHz, CDCl;) 6 140.16, 137.75, 129.58, 128.50, 126.59, 114.98, 73.66, 43.85.
HPLC: Daicel Chiralcel® OD-H, 10% PrOH, 90% hexane, 1.0 mL/min, 35 °C, 220 nm; 99% ee (tg

(major) = 5.75 min, tg(minor) = 5.13 min).

Racemic
mAU it = E
E ©
?00_' Signal 2: DAD1 B, Sig=228,4 Ref=off
600 J Peak RetTime Type Width Area Height Area
500_2 #  [min] [min] [mAU*s] [mAU] %
-l |==en]mmmm- jonmassonas [==mmmmmne |===eene- |
400 1 5.814 VW R ©.8926 4866.11768 815.11859 58.8790
300 3 2 5.612 BV R ©.1024 4850.76025 734.48651 49.9210
200 4 Totals : 9716.87793 1549.60510
100"3
0 - 1
T T T . I T T T T v .
2 4 6 8 10 min|
. .
Enantioenriched
= 7]
AL ] signal 1: DAD1 A, 5ig=228,4 Ref=off
700
600 3 Peak RetTime Type Width Area Height Area
1 # [min] [min] [mAU*s] [mAU] %
500 ----------- R EERREE e |-emmmeees |-onmeee z
400__ 1 5.125 VB R ©.1146 33.92277 4.18174 8.6375
E 2 5.753 BV ©.1042 5287.68262 789.31232 99.3625
300 4
1 Totals : 5321.68538 793.49406
200*:
wn
100 4 o~
] Te]
0 T
T T ] T T T
2 4 [ 8 10 min
OMe
Ph %
(R)-4c

Colorless oil. 38.3 mg, 33% yield. [a]*°p: -25.4 (¢ = 1.0, CHCI;) (1itB): [a]?5p: -2.6 (¢ = 0.5, CHCly)).
H NMR (400 MHz, CDCl3) § 7.36 (d, J = 8.7 Hz, 2H), 7.30 (d, J = 7.6 Hz, 1H), 7.26 (d, J = 6.4 Hz,
1H), 7.24 — 7.15 (m, 3H), 6.82 (d, J = 8.7 Hz, 2H), 5.83 (ddd, J = 16.5, 10.0, 6.1 Hz, 1H), 5.35 (dt, J =
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17.0, 1.5 Hz, 1H), 5.11 (dt, J=10.0, 1.4 Hz, 1H), 3.80 (s, 3H), 3.29 (q, J = 6.4 Hz, 1H), 2.72 — 2.62 (m,
2H), 1.93 — 1.76 (m, 2H), 1.71 — 1.61 (m, 2H).

13C NMR (100 MHz, CDCl;) 8 159.17, 142.36, 138.16, 132.96, 128.45, 128.32, 125.74, 115.94, 115.04,
113.82, 88.68, 83.48, 55.28, 36.03, 35.66, 34.97, 28.83.

HRMS (ESI): [M+H]" Calcd. for [C,;Hy30]" 291.1743, found 291.1741.

HPLC: Daicel Chiralcel® OJ-H, 10% ‘PrOH, 90% hexane, 0.5 mL/min, 40 °C, 220 nm; 89% ee (tg

(major) = 40.80 min, tg(minor) = 30.51 min).

Racemic
mAU § signal 1: DAD1 A, Sig=220,4 Ref=off T &
60 4 . " y [=]
Peak RetTime Type Width Area Height Area =
304  # [min] [min]  [mAU*s] [mAU] %
PP R Rl ER |-nmmmeneee |-eeeeee- |--emeee [
3 1 38.111 BB 9.5395 2538.45264 72.09888 49.7438
30 2 48.575 BB 8.7314 2556.59961 54.89461 50.25786
20
10: Totals : 5887.e5225 126.19349
04 A . B - :
— 7" T[T T T[T
5 10 15 20 25 30 35 40 mir
Enantioenriched
— o
mAU: Signal 1: DAD1 A, Sig=220,4 Ref=off
1204
100 Peak RetTime Type Width Area Height Area
i # [min] [min] [mAU*s] [mAU] %
e e o |--omeeeee |-eemeeeeee |-o-eeoo- !
60 -1 1 3e.5e6 MM 8.5348 372.39856 11.68618 5.2539 %
2 4©.883 BB 8.7630 6715.49178 135.30482 94.7461 ’9
40 g ,g\’l'
wn -
204 Totals : 7©87.88226 146.91e11 %‘v‘:e?
gl oWk a R e R Full ,
. Y N e O T T O i o B S B S S DO e 2o T |
D 10 15 20 25 30 35 40 min|
OH
Ph\/\/:\/
/
(S)-1¢

Colorless oil. 31.7 mg, 45% yield. [a]*°p: +3.7 (¢ = 1.0, CHCI;) (lit™*: [a]?p: +6.9 (¢ = 0.48, CHCI;)).
'TH NMR (400 MHz, CDCl3) 6 7.34 — 7.26 (m, 2H), 7.25 — 7.16 (m, 3H), 5.87 (ddd, /= 16.9, 10.4, 6.2
Hz, 1H), 5.23 (dt,J=17.1, 1.5 Hz, 1H), 5.12 (dt, /= 10.4, 1.4 Hz, 1H), 4.12 (q, /= 6.3 Hz, 1H), 2.66 (t,
J=17.5Hz, 2H), 1.79 — 1.66 (m, 2H), 1.64 — 1.54 (m, 2H).

13C NMR (100 MHz, CDCl3) & 142.34, 141.16, 128.45, 128.33, 125.78, 114.75, 73.12, 36.56, 35.81,
27.20.

HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 98% ee (tr (major)

= 9.25 min, tg(minor) = 8.50 min).
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Racemic

mAU 1 signal 1: DAD1 A, Sig=228,4 Ref=off 3 g
300+ : 4
250_‘ Peak RetTime Type Width Area Height Area
1 # [min] [min]  [mAU*s] [mAuU] %
2] == fpesass (| S | p=msmmnn frmmsamas \
1 1 8.459 BB ©.1645 3430.06030 326.38031 49.9849
1504 2 9.162 BB  ©.1786 3443.13159 303.84398 50.0951
100 Totals : 6873.19189 629.42429
504
0
: i : . | . . : | . . . , |
2 4 6 8 10 min|
Enantioenriched
—] [T
MAUT signal 1: DADL A, Sig=220,4 Ref=off
1753 '
150_5 Peak RetTime Type Width Area Height Area
3 # [min] [min] [mAU*s] [mAU] %
L I P o i e |i=mmminm | #==mmmine |
1003 1 8.584 BB ©.1502 23.12851  2.4857@ 1.8508
e E 2 9.245 BB ©.1762 2177.84448 195.87796 98.9492
503 Totals : 2200.97299 197.48365
25 3
04 v
. 3 . . ‘
2 10 min|
OMe
Ph =z
(R)-4d

Colorless oil. 42.6 mg, 35% yield. [a]*°p: -25.1 (¢ = 1.0, CHCI;).

'TH NMR (400 MHz, CDCl;) 8 7.34 (d, J = 8.8 Hz, 2H), 7.30 — 7.24 (m, 2H), 7.23 — 7.13 (m, 3H), 6.82
(d, /=8.8 Hz, 2H), 5.84 (ddd, J=21.0, 10.0, 6.2 Hz, 1H), 5.39 - 5.30 (m, 1H), 5.14 - 5.07 (m, 1H), 3.80
(s, 3H), 3.26 (g, J = 6.2 Hz, 1H), 2.64 (t,J=7.5 Hz, 2H), 1.75 — 1.46 (m, 6H).

13C NMR (100 MHz, CDCl;) 6 159.15, 142.67, 138.29, 132.97, 128.42, 128.27, 125.63, 115.96, 114.91,
113.79, 88.84, 83.39, 55.28, 36.09, 35.87, 35.33, 31.27, 26.78.

HRMS (ESI): [M+H]" Calcd. for [Cy,H,50]" 305.1900, found 305.1898.

IR (neat): 3022, 2939, 2862, 2210, 1607, 1545, 1510, 1445, 1290, 1219, 1034, 926, 833, 773, 669 cm™'.
HPLC: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C, 220 nm; 91% ee (tr (major)
= 27.24 min, tg(minor) = 23.89 min).
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Racemic

mAU . . g
- signal 1: DAD1 A, Sig=228,4 Ref=off ~
] &
50 peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R IR B RS e |=mmmeee e J-mmmmeee- [-mmmeees |
30 1 23.654 BB ©.5869 2387.57349 63.18273 49.8453
2 27.282 BB ©.6848 2482.39233 52.41279 5@.1547
204
i Totals : 4789.96582 115.59552
N e = ,
S B S —
S 10 15 20 25 mir]
Enantioenriched
mAU Signal 1: DAD1 A, Sig=220,4 Ref=off X
70
60-] Peak RetTime Type Width Area Height Area
505 # [min] [min] [mAU*s] [mAU] %
] smm]emseses fimm s ] smessme Jpesamnn s | s | s I
40 1 23.888 MM  ©.5237 183.03940  5.82465 4.5829
304 2 27.241 BB ©.7102 3810.93530  78.52522 95.4171 o
] >*
204 g &
1 Totals : 3993.97470  84.34936 D g
10—; ?ﬁ"’e
0éﬁAAAAAAAAAJkAEJk&,)RK,_ Jf\\l :
—————— : . : e
5 10 15 20 25 min
OH
/\/\/'\/
Ph z
(S)-1d

Colorless oil. 37.3 mg, 49% yield. [a]*°p: +2.2 (¢ = 1.0, CHCI;).

H NMR (400 MHz, CDCl3) § 7.32 — 7.26 (m, 2H), 7.22 — 7.15 (m, 3H), 5.87 (ddd, J = 16.9, 10.4, 6.2
Hz, 1H), 5.22 (dt, J= 17.2, 1.5 Hz, 1H), 5.11 (dt, J = 10.4, 1.4 Hz, 1H), 4.10 (q, J = 6.1 Hz, 1H), 2.66 —

2.60 (m, 2H), 1.69 — 1.56 (m, 4H), 1.53 — 1.35 (m, 2H).

13C NMR (100 MHz, CDCl3) & 142.59, 141.25, 128.40, 128.29, 125.68, 114.65, 73.18, 36.89, 35.92,

31.44,25.07.

HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 0.5 mL/min, 35 °C, 220 nm; 96% ee (tr (major)

= 19.43 min, tg(minor) = 20.79 min).

Racemic
mAUTY . . o 3
] Signal 1: DAD1 A, Sig=228,4 Ref=off ]
300+
2504 Peak RetTime Type Width Area Height Area
] # [min] [min] [mAU*s] [mAU] %
R B |-emmeeee |-emmeeee |<emmee e E
150_: 1 19.421 BV ©.3413 7395.21826 337.91278 49.6692
E 2 28.534 VB 8.3799 7493.72@7e 385.78986 5@.33e8
100
50 Tota 15z 1.48889%e4 643.70264
04 }
TG FolE m & 1 e d Lot & B oA T T T T [
25 5 75 10 12.5 15 17.5 20 225 min
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Enantioenriched

mAU 5 . . P
] Signal 1: DAD1 A, Sig=228,4 Ref=off 3
250
] Peak RetTime Type Width Area Height Area
200 # [min] [min]  [mAU*s] [mAU] %
e P |-oemmenee |<erennnne |<eeeeeee |
] 1 19.438@ BB 8.3415 6684.32813 299.22968 97.8483
100 2 20.787 BB ©.3855 145.78377 7.48944  2.1597
s
50 Totals : 6750.11189 306.63911 ~
] &
0 L U T
: : : — T ‘ : : : — — . . : . —
5 10 15 20 25 miry
OMe
H3C /
(R)-4e

Colorless oil. 23.8 mg, 32% yield. [a]*’p: -61.1 (¢ = 1.0, CHCI;).

TH NMR (400 MHz, CDCl3) 8 7.36 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 5.89 (ddd, J = 17.0,
10.0, 5.7 Hz, 1H), 5.34 (dt, /= 17.0, 1.5 Hz, 1H), 5.08 (dt, /= 10.0, 1.5 Hz, 1H), 3.80 (s, 3H), 3.36 (dt, J
=12.8, 6.4 Hz, 1H), 1.35 (d, J=7.1 Hz, 3H).

13C NMR (100 MHz, CDCl;) 8 159.14, 139.49, 132.94, 115.89, 113.98, 113.79, 89.92, 82.34, 55.26,
30.21, 21.35.

HRMS (ESI): [M+H]" Calcd. for [C3H50]" 187.1117, found 187.1116.

HPLC: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 0.5 mL/min, 40 °C, 220 nm; 95% ee (tr (major)
= 18.71 min, tg(minor) = 19.77 min).

Racemic
mAU S signal 1: DAD1 A, Sig=220,4 Ref=off T 3
1754
1504 Peak RetTime Type Width Area Height Area
1 # [min] [min] [mAU*s] [mAU] %
125_5 SR EEEEE [-=--]------- [--==mmne-- [-===mmmm-- [---==--- |
100 1 18.742 BV  ©.2974 3892.79907 203.32352 50.08949
754 2 19.644 VB 0.3245 3878.84541 185.06683 49.9051
50 3
25 3 Totals : 7776.84448 388.39035
0
L S s . S
25 5 75 10 125 15 175 20 225 min
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Enantioenriched

AU . . &
B Signal 1: DAD1 A, Sig=2208,4 Ref=off
400 . : ;
1 Peak RetTime Type Width Area Height Area
3005 #  [min] [min] [mAU*s] [mAU] %
R B |<-me e |-mmmeeeee Rt |--eeeeee |
200_: 1 18.713 BV ©.3185 1.8161%e4  492.94391 97.2885
] 2 19.766 VB ©.3164 2B4.07678 14.02024 2.7195
1 w
100 1 Totals : 1.8445%9e4 586.96415 E
4 (2]
0] ey
——— ][ " "7 T T T T
25 5 it 10 125 15 175 20 225 minl
OH
H,C” NF
(S)-1e

Colorless oil. 13.5 mg, 46% yield.

TH NMR (400 MHz, CDCl;) & 5.89 (ddd, J = 16.4, 10.4, 5.8 Hz, 1H), 5.19 (dt, J= 17.0, 1.3 Hz, 1H),
5.04 (dt,J=10.4, 1.4 Hz, 1H), 4.27 (p, /= 6.3 Hz, 1H), 2.06 — 1.92 (m, 1H), 1.25 (d, J = 6.4 Hz, 3H).
13C NMR (100 MHz, CDCl;) 6 142.33, 113.63, 68.99, 23.03.

O,N NO,

White solid. 40.3 mg, 82% yield. mp: 54.2 — 54.9 °C. [a]**p: +16.0 (¢ = 0.5, CHC]l;).

TH NMR (400 MHz, CDCl;) 6 9.22 (t, J = 2.2 Hz, 1H), 9.16 (d, J = 2.1 Hz, 2H), 5.98 (ddd, J = 17.0,
10.5, 6.4 Hz, 1H), 5.68 (p, J = 6.5 Hz, 1H), 5.39 (dt,/=17.1, 1.1 Hz, 1H), 5.29 (dt,J=10.5, 1.1 Hz, 1H),
1.53 (d, J= 6.5 Hz, 3H).

13C NMR (100 MHz, CDCl;) 8 161.73, 148.65, 136.39, 134.31, 129.45, 122.33, 117.69, 74.31, 19.96.
HRMS (ESI): [M-H] Calcd. for [C;;HoN,O¢]~ 265.0466, found 265.0459.

IR (neat): 3103, 3020, 1730,1630, 1549, 1460, 1425, 1346, 1277, 1215, 1076, 1042, 991, 926, 771, 744,
667 cm!.

HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 85% ee (tr (major)
= 20.62 min, tg(minor) = 17.30 min).
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Racemic

mAU 1 . s = G
1 Signal 1: DAD1 A, Sig=228,4 Ref=off
] - 8
120 g . ; 5
1 Peak RetTime Type Width Area Height Area S
1004  # [min] [min]  [mAU*s] [mAU] %
S B Eaee R e |==meemeees |=emeneeees |=mmene ;
60—: 1 17.175 BB ©.3641 3467.88745 146.55072 49.9787
] 2 20.763 BB ©.4949 3470.84888 184.13514 50.8213
40
20.% Totals : 6938.73633 250.68586
0_:_a—,_nll\._,_.}\1\,. s
— T T T T T T T T T T T T T T T T —
25 5 15 10 125 15 175 20 225 miny
Enantioenriched
mAU § signal 1: DADL A, Sig=220,4 Ref=off x
100 | peak RetTime Type Width Area Height Area
: # [min] [min]  [mAU*s] [mAU] %
R P P |+=mmmmeees |+mmmmeees |+mmmeee |
60—: 1 17.299 MM 8.3410 344.87147 16.81817 7.5223 o
] 2 20.623 BB ©.56853 4229.96582 124.22375 92.4777 & o
40 & o
] . ' &
20_: Totals : 4574.03729 141.84193 ",:Q.S
i R R AL\
LI TR S B [N R T R [N I R SR e B S B T T TR TR S R A S B LT PR N T T
25 5 75 10 12.5 15 17.5 20 225 miry

OMe

CH N F
(R)-4f

Colorless oil. 27.2 mg, 34% yield. [a]*°p: -46.4 (¢ = 1.0, CHCI;).
IH NMR (400 MHz, CDCly) 6 7.36 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 5.84 (ddd, J = 16.5,
10.0, 6.1 Hz, 1H), 5.36 (dt, J = 16.9, 1.6 Hz, 1H), 5.12 (dt, J = 10.0, 1.5 Hz, 1H), 3.80 (s, 3H), 3.21 (q, J

= 6.2 Hz, 1H), 1.74 — 1.59 (m, 2H), 1.05 (t, J = 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 159.12, 138.10, 132.95, 116.02, 115.04, 113.79, 88.74, 83.41, 55.27,

37.64, 28.54, 11.46.

HRMS (ESI): [M+H]" Calcd. for [C14H,0]" 201.1274, found 201.1272.
IR (neat): 3020, 2210, 1607, 1510, 1477, 1423, 1215, 1036, 930, 835, 744, 667 cm'.
HPLC: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C, 220 nm; 93% ee (tr (major)

= 17.96 min, tg(minor) = 20.32 min).
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Racemic

mAU 8] sl
604 Signal 1: DAD1 A, Sig=22@,4 Ref=off 3 ;
504 Peak RetTime Type Width Area Height Area
1 # [min] [min] [mAU*s] [mAU] %
el BEEEE PRe |=esesmmnne e e B l
30 1 18.282 BB ©.3567 1595.94587 68.28171 49.8098
E 2 20.112 BB ©.4186 1608.13416 58.8965@ 50.1982
204
104 Totals : 3204.97922 127.17828
04 i\ ~
——Y————7 7 [ T[T [ T T T T T
25 ] 5 10 125 15 175 20 225 miri
Enantioenriched
mAU ) _ '
- Signal 1: DAD1 A, S5ig=220,4 Ref=off
150
1 Peak RetTime Type Width Area Height Area
1259 4 [nin [min]  [mAU*s]  [mAU] %
L B e B |eaeaeees R |
i 1 17.955 BB 0.424@ 5429.18359 185.22687 96.4330
50: 2 20.316 BB 0.3921 200.82283 7.80725 3.5670
1 Totals : 56306.00642 193.83412 E
25 il
o~
0 A
LI PR PR B AR I B LS9 [ N A T SN N S SN I 1T & = F . & Bt & %]
25 5 75 10 125 15 17.5 20 225 min|
OH
CH N\F
(S)-1f

Colorless oil. 15.8 mg, 46% yield.

'TH NMR (400 MHz, CDCls) 8 5.86 (ddd, J = 16.8, 10.4, 6.2 Hz, 1H), 5.23 (dt, J = 17.2, 1.4 Hz, 1H),
5.12 (dt, J=10.4, 1.4 Hz, 1H), 4.03 (q, J= 6.3 Hz, 1H), 1.85 (dd, /= 5.7, 2.3 Hz, 1H), 1.63 — 1.51 (m,
2H), 0.93 (t, /= 7.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 140.97, 114.73, 74.53, 29.83, 9.57.

O,N NO,

(__) 0]

csz/-\/
(S)-1f

White solid. 42.8 mg, 83% yield. mp: 65.5 — 66.4 °C. [a]*°p: +23.0 (¢ = 0.2, CHCI3) (1it!"%): [a]?%p: +28.4
(c = 0.415, CHCly)).
1H NMR (400 MHz, CDCl3) § 9.22 (t, J = 2.1 Hz, 1H), 9.15 (d, J = 2.1 Hz, 2H), 5.90 (ddd, J = 17.3,
10.5, 6.9 Hz, 1H), 5.49 (q,J= 6.7 Hz, 1H), 5.38 (dt, /= 17.2, 1.1 Hz, 1H), 5.31 (dt, /= 10.5, 1.1 Hz, 1H),
1.96 — 1.77 (m, 2H), 1.01 (t, J = 7.4 Hz, 3H).

67



13C NMR (100 MHz, CDCl;) 8 161.81, 148.67, 135.06, 134.33, 129.40, 122.31, 118.68, 79.33, 27.20,

9.50.
HRMS (ESI): [M-H] Calcd for [C,H[1N,O4] 279.0623, found 279.0620.
HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 93% ee (tg (major)

= 18.38 min, tg(minor) = 16.39 min).

Racemic
”ﬁgf Signal 1: DAD1 A, Sig=220,4 Ref=off §
150_; Peak RetTime Type Width Area Height Area
125-5 # [min] [min] [mAU*s] [mAU] %
100_3 e [rrm=frmmeme- f=mcomenamn |reericmmms |z=zmrne- |
] 1 16.186 BB  ©.3605 4389.63037 186.55727 50.2734
75 2 18.513 BB ©.4335 4341.88965 150.88574 49.7266
50
1 Totals : 8731.52802 336.64301
25—;
OLJ—.JL_J\AA
-—_—-
25 5 79 10 12.5 19 175 20 min
Enantioenriched
mAU 3 . . ©
200_; Signal 1: DAD1 A, Sig=22@,4 Ref=off
1?5_§ Peak RetTime Type Width Area Height Area
1503 & [min] [min]  [mAU*s] [mAU] %
1254 ----]------- i i |--==-==--- [-======--- Josmsaaes |
100 4 1 16.392 BB ©.3331 243.88742 11.42227 3.5931
- 2 18.376 VB ©.4523 6543.69873 214.29189 96.4069
E o~
503 Totals : 6787.58615 225.71416 2
25 3 <
0;4_,_/&4;/\;\/\._“._, L
—-_—
25 5 5 10 125 15 175 20 minj
OMe
C3H7 /
(R)-4g

Colorless oil. 30.0 mg, 35% yield. [a]*°p: -55.0 (¢ = 1.0, CHCI;).

H NMR (400 MHz, CDCl3) § 7.36 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 5.84 (ddd, J = 16.4,
10.0, 6.2 Hz, 1H), 5.35 (dt, /= 17.0, 1.6 Hz, 1H), 5.11 (dt, /= 10.0, 1.5 Hz, 1H), 3.80 (s, 3H), 3.27 (q, J
— 6.4 Hz, 1H), 1.64 — 1.4 (m, 4H), 0.96 (t, J = 7.1 Hz, 3H).

13C NMR (100 MHz, CDCls) 6 159.11, 138.40, 132.94, 116.02, 114.77, 113.79, 88.95, 83.23, 55.26,
37.64, 35.90, 20.29, 13.88.

HRMS (ESI): [M+H]* Caled for [C;sH,00]* 215.1430, found 215.1429.
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HPLC: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 0.7 mL/min, 40 °C, 220 nm; 99% ee (tr (major)
= 11.93 min, tg(minor) = 12.69 min).

Racemic
mAUS . . N S
s ] Signal 1: DAD1 A, Sig=220,4 Ref=off ) ©
1503 Peak RetTime Type Width Area Height Area
125_; # ] [min] | | [min] | [mAU*s] | [mAU] | % I
1005 1 11.922 BV  ©.2182 2675.48389 197.25598 49.9776
753 2 12.620 VB ©.2267 2677.88354 183.80287 50,0224
50 3
g5 Totals : 5353.36743 380.25885
03
e, e s e e e e
2 4 6 8 10 12 14 mid
Enantioenriched
mAU ] p ? o
1 Signal 1: DAD1 A, Sig=220,4 Ref=off
200
] Peak RetTime Type Width Area Height Area
150 3 # [min] [min] [mAU*s] [mAU] %
e i et Jm=mm s e | semmaas |
— 1 11.929 BB  ©.2055 3196.57680 239.86162 99.3138
] 2 12.686 BB  0.2046 22.08557  1.67348 ©.6862
07 totals : 3218.65637 241.53519 2
] od
0] —
= s s = S A EREe =
2 4 6 8 10 12 14 min
OH
CH N\F
(S)-1g

Colorless oil. 19.6 mg, 49% yield.

TH NMR (400 MHz, CDCl3) & 5.84 (ddd, J=17.0, 10.4, 6.3 Hz, 1H), 5.19 (d, /= 17.3 Hz, 1H), 5.07 (d,
J=10.4 Hz, 1H), 4.08 (q, /= 6.2 Hz, 1H), 1.91 (d, J=4.7 Hz, 1H), 1.57 — 1.44 (m, 2H), 1.43 — 1.29 (m,
2H), 0.91 (t, J= 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl;) 6 141.33, 114.43, 72.96, 39.14, 18.54, 13.95.

O,N NO,

(__) 0]
c3|-|7/-\/
(S)-1g'
White solid. 45.6 mg, 79% yield. mp: 45.9 — 46,8 °C. [a]**p: +24.5 (¢ = 0.2, CHC]l;).
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TH NMR (400 MHz, CDCl;) 6 9.22 (t, J = 1.8 Hz, 1H), 9.15 (d, J = 2.0 Hz, 2H), 5.91 (ddd, J = 17.3,
10.4, 7.0 Hz, 1H), 5.57 (q, J = 6.7 Hz, 1H), 5.38 (d, /= 17.0 Hz, 1H), 5.29 (d, J=10.5 Hz, 1H), 1.92 —
1.81 (m, 1H), 1.81 — 1.71 (m, 1H), 1.50 — 1.36 (m, 2H), 0.98 (t, /= 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl;) 6 161.80, 148.67, 135.38, 134.33, 129.41, 122.30, 118.48, 77.94, 36.16,
18.43, 13.78.

HRMS (ESI): [M-H] Calcd for [C3H3N,0¢] 293.0779, found 293.0778.

IR (neat): 3103, 3020, 2964, 2937, 2878, 1730, 1630, 1547, 1462, 1425, 1344, 1277, 1215, 1171, 1076,
926, 773, 744, 669 cm’!.

HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 94% ee (tg (major)

= 16.23 min, tg(minor) = 13.81 min).

Racemic
ol I~
mAU; Signal 1: DAD1 A, Sig=228,4 Ref=off 4 o
1 <
N w
200 1 Peak RetTime Type Width Area Height Area 67
] # [min] [min] [mAU*s] [mAU] %
e R |=mefmsaman N e A |
] 1 13.737 BB ©.3041 4881.99316 247.57172 50.0975
100 2 16.445 BB ©.3913 4862.99023 189.58285 49.9025
50 Totals : 9744.98340 437.15376
Oi—anNL._ y .
T e [P
29 2 75 10 125 15 17.5 20 225 mir|
Enantioenriched
MAU 1 signal 1: DAD1 A, Sig=220,4 Ref=off &
200 . ) )
] Peak RetTime Type Width Area Height Area
150 i # [min] [min]  [mAU*s] [mAuU] %
q emzlomnnses |moms|mremams |=mnmmmcmns | rmmmmmmmss fermamsmn |
1 1 13.806 MM  ©.2843 196.96201 11.54820 3.0593
100 2 16.228 BB ©.395@ 6241.12402 238.76489 96.9407 n;
1 Cx
] o
50 Totals : 6438.08603 258.31309 g ®
] e
0 A SN . J/\‘I_
P R@ T L@ &on T [t % L ] WR TR v & L n 2 Bl ® ne & L &k g T § G
25 5 75 10 125 15 175 20 225 min
OMe
C4Hg /
(R)-4h

Colorless oil. 31.2 mg, 34% yield. [a]*°p: -50.1 (¢ = 0.5, CHCI;).
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H NMR (400 MHz, CDCly) § 7.28 (d, J = 8.7 Hz, 2H), 6.74 (d, J = 8.7 Hz, 2H), 5.77 (ddd, J = 16.5,
10.0, 6.2 Hz, 1H), 5.27 (d,J = 16.9 Hz, 1H), 5.03 (d,J= 10.0 Hz, 1H), 3.73 (s, 3H), 3.17 (q, J = 6.5 Hz,
1H), 1.59 — 1.50 (m, 2H), 1.46 — 1.35 (m, 2H), 1.33 — 1.23 (m, 2H), 0.85 (t, /= 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 159.11, 138.42, 132.94, 116.03, 114.78, 113.78, 89.01, 83.22, 55.27,
36.11, 35.21, 29.27, 22.50, 14.05.

HRMS (ESI): [M+H]* Calcd. for [C1¢H0]* 229.1587, found 229.1585.

IR (neat): 3020, 2206, 1607, 1547, 1510, 1445, 1290, 1219, 1109, 1036, 930, 854, 773, 669 cm™!.
HPLC: Daicel Chiralcel® OJ-H, 1% PrOH, 99% hexane, 1.0 mL/min, 40 °C, 220 nm; 91% ee (tr (major)

= 6.29 min, tg(minor) = 7.05 min).

Racemic
mAU 1 signal 1: DAD1 A, Sig=220,4 Ref=off q 5
200 . . ” N
Peak RetTime Type Width Area Height Area
- # [min] [min] [mAU*s] [mAU] %
e e R EE e on e e |
] 1 6.325 BB ©.1144 1758.61243 237.44138 50.1336
1001 5 7.957 BB ©.1356 1749.24243 200.90320 49.8664
50 Totals : 3507.85486 438.34457
0
T W e b L o] T T T T T T |
1 2 3 4 5 6 7 8 9 miny
Enantioenriched
mAU 3 ] @
] Signal 1: DAD1 A, Sig=220,4 Ref=off
400 3
3507 peak RetTime Type Width Area Height Area
3004 # [min] [min]  [mAU*s] [mAU] %
T B [-=--]------- [---=mmmmn- [-----omn- [-------- [
200 3 1 6.286 BV  ©.1151 3379.09131 452.48758 95.2636
1504 2 7.e47 MM @.1338 168.00366 20.92282 4.7364 s
100 4 &
5o Totals : 3547.09497 473.41040 g &
E g
0 N
- T I T T T T ‘ T T T T ! T T T T ‘ T T T T I T T T T | T T I T I I
1 2 3 4 5 6 7 8 9 min
OH
C4H9/\/
(S)-1h

Colorless oil. 22.4 mg, 49% yield.

TH NMR (400 MHz, CDCl;) 4 5.83 (ddd, J=16.8, 10.4, 6.3 Hz, 1H), 5.18 (d, J=17.1 Hz, 1H), 5.06 (d,
J=10.4 Hz, 1H), 4.05 (q, J = 6.5 Hz, 1H), 2.02 (s, 1H), 1.57 — 1.43 (m, 2H), 1.39 — 1.24 (m, 4H), 0.88
(t,J=6.9 Hz, 3H).

13C NMR (10 MHz, CDCl;) 6 141.35, 114.43, 73.21, 36.70, 27.49, 22.60, 13.99.
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O,N NO,

(=) o

c4H9/-\/
(S)-1h’

White solid. 49.5 mg, 82% yield. mp: 60.1 — 60.9 °C. [a]**p: +22.5 (¢ = 0.2, CHC]I5).
'TH NMR (400 MHz, CDCl3) 8 9.22 (t, J = 2.1 Hz, 1H), 9.16 (d, J = 2.1 Hz, 2H), 5.91 (ddd, J = 17.3,
10.4, 7.0 Hz, 1H), 5.56 (q, J = 6.9 Hz, 1H), 5.38 (d, /= 17.2 Hz, 1H), 5.30 (d, J = 10.4 Hz, 1H), 1.93 —
1.73 (m, 2H), 1.45 — 1.32 (m, 4H), 0.97 — 0.87 (m, 3H).
13C NMR (100 MHz, CDCls) & 161.80, 148.67, 135.39, 134.35, 129.41, 122.30, 118.53, 78.21, 33.81,
27.26,22.40, 13.93.
HRMS (ESI): [M-H] Calcd. for [C14H;5N,O¢] 307.0936, found 307.0937.
IR (neat): 3103, 3020, 2961, 2934, 2864, 1730, 1630, 1547, 1462, 1425, 1346, 1274, 1215, 1169, 1076,
961, 926, 750, 667 cm’!.
HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 99% ee (tr (major)
= 14.33 min, tg(minor) = 11.67 min).

Racemic
mAU 1 i =
] Signal 2: DAD1 B, S5ig=220,4 Ref=off o
250 — ]
200_: Peak RetTime Type Width Area Height Area 2
1 # [min] [min]  [mAU*s] [mAU] %
150 === === | == m=me e R | +=mmmeeee |-=eneee- s
: 1 11.613 BB 8.2497 4535.88867 281.86554 50.8189
100 2 14.620 BB ©.3494 4533,91748 199.26862 49.9891
50’; Totals : 9069.80615 481.13416
D_j—_—ﬂ__._/\_/\f\f\,__ .
———————F T —T———
2 4 5] 8 10 12 14 16 mir
Enantioenriched
mAU- . . o
i Signal 2: DAD1 B, S5ig=220,4 Ref=off
5004
1 Peak RetTime Type Width Area Height Area
4004  #  [min] [min]  [mAU*s] [mAU] %
aoge] T N R e . i |
1 11.666 BB 8.2391 87.37855 5.69259 8.5646
200 3 2 14.332 BB ©.3834 1.53895e4 587.97889 99.4354
100 Totals : 1.54769e4  593.66348 §
0_'_—,_._«_._,.:\._._ 1_..-1—_-_
I o ° % i fF % 4 I % & & L 7 5 % I & % & b = & 5 L F 5w L %o 2
2 4 6 8 10 12 14 16 min
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OMe

(R)-4i

Colorless oil. 34.0 mg, 35% yield. [a]*°p: -34.2 (¢ = 1.0, CHCI;).

'TH NMR (400 MHz, CDCl3) 6 7.36 (d, J = 8.7 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 5.84 (ddd, J = 16.5,
10.0, 6.2 Hz, 1H), 5.34 (d, /= 16.9 Hz, 1H), 5.10 (d, J = 10.0 Hz, 1H), 3.80 (s, 3H), 3.25 (q, /= 6.5 Hz,
1H), 1.64 — 1.57 (m, 2H), 1.55 — 1.42 (m, 2H), 1.37 — 1.28 (m, 4H), 0.90 (t, J= 6.7 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 159.10, 138.42, 132.94, 116.04, 114.78, 113.78, 89.01, 83.22, 55.27,
36.14, 35.46, 31.61, 26.74, 22.59, 14.08.

HRMS (ESI): [M+H]" Calcd. for [C7H,;0]" 243.1743, found 243.1741.

HPLC: Daicel Chiralcel® OJ-H, 1% PrOH, 99% hexane, 1.0 mL/min, 40 °C, 220 nm; 98% ee (tg (major)
= 6.07 min, tg(minor) = 7.14 min).

Racemic

Enantioenriched
r:zl(‘)l_: Signal 1: DAD1 A, Sig=22@,4 Ref=off >
120_; Peak RetTime Type Width Area Height Area
100 3 # [min] [min] [mAU*s] [mAU] %
o] -l P | -mmmmees e |=nmmeees |
] 1 6.871 BB ©.1876 1064.48389 152.22296 98.8158
60—: 2 7.136 MM @.1334 12.76532 1.59583 1.1858
1 o
407 &
1 Totals : 1877.249280 153.81799 o NG
20 o o
. @
e Gan WG i . i
-_—_——
1 2 3 4 5 6 7 8 9 mir
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OH

CsH11/-v
(S)-1i

Colorless oil. 23.8 mg, 47% yield.

TH NMR (400 MHz, CDCl;) & 5.85 (ddd, J=16.9, 10.4, 6.3 Hz, 1H), 5.20 (dt, J= 17.2, 1.5 Hz, 1H),
5.08 (dt, J=10.4, 1.4 Hz, 1H), 4.08 (q, J = 6.3 Hz, 1H), 1.73 (s, 1H), 1.57 — 1.44 (m, 2H), 1.42 — 1.23
(m, 6H), 0.88 (t, /= 6.9 Hz, 3H).

13C NMR (100 MHz, CDCl;) 8 141.33, 114.51, 73.28, 37.00, 31.76, 25.01, 22.60, 14.03.

O,N NO,

C=) o
CoHy N F

(S)-1i
White solid. 48.5 mg, 80% yield. mp: 63.1 — 63.8 °C. [a]**p: +22.1 (¢ = 0.5, CHC]l;).
TH NMR (400 MHz, CDCl3) 4 9.23 (t, J = 2.0 Hz, 1H), 9.16 (d, J = 2.0 Hz, 2H), 5.90 (ddd, J = 17.3,
10.4, 7.0 Hz, 1H), 5.55 (q, J = 6.8 Hz, 1H), 5.38 (d, /= 17.2 Hz, 1H), 5.30 (d, /= 10.5 Hz, 1H), 1.92 —
1.73 (m, 2H), 1.44 — 1.27 (m, 6H), 0.89 (t, /= 6.5 Hz, 3H).
13C NMR (100 MHz, CDCl;) 6 161.81, 148.67, 135.38, 134.34, 129.43, 122.32, 118.56, 78.24, 34.05,
31.46,24.79,22.49, 13.98.
HRMS (ESI): [M-H] Calcd. for [Cy5H7N,O¢] 321.1092, found 321.1084.
IR (neat): 3020, 1728, 1630, 1549, 1522, 1477, 1427, 1344, 1277, 1215, 928, 744, 669 cm™'.
HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 98% ee (tg (major)
= 13.80 min, tg(minor) = 10.75 min).

Racemic
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Enantioenriched

(=]
il Signal 1: DAD1 A, Sig=228,4 Ref=off
100
Peak RetTime Type Width Area Height Area
80+ #  [min] [min]  [mAU*s] [mAU] %
R R e S |-nnee |
60 1 18.747 BB 8.2386 24,0169 1.56781 ©.9887
40 2 13.80@ BB @.3261 2483.59375 113.96426 99.€113
. ~
20-] Totals : 2427.59544 115.53287 3
=]
D_V_,_‘,___,_‘_H_"_,_‘,_,—_A-A“J/\f\\/\,\_,‘_,_ 1 '
——— 77— — | |
2 4 6 8 10 12 14 16 min|
OMe
CeH13 =
(R)-4i

Colorless oil. 35.9 mg, 35% yield. [a]*°p: -33.5 (¢ = 1.0, CHC]l5).

IH NMR (400 MHz, CDCl3) & 7.35 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 5.84 (ddd, J = 16.4,
10.0, 6.2 Hz, 1H), 5.34 (dt, J= 17.0, 1.6 Hz, 1H), 5.10 (dt, /= 10.0, 1.5 Hz, 1H), 3.80 (s, 3H), 3.24 (q, J
= 6.4 Hz, 1H), 1.65 — 1.58 (m, 2H), 1.54 — 1.39 (m, 2H), 1.36 — 1.27 (m, 6H), 0.91 — 0.86 (m, 3H).

13C NMR (100 MHz, CDCl3) 6 159.10, 138.43, 132.94, 116.03, 114.77, 113.78, 89.02, 83.21, 55.27,
36.13, 35.50, 31.78, 29.07, 27.03, 22.64, 14.10.

HRMS (ESI): [M+H]* Calcd. for [C15Has0]* 257.1900, found 257.1898.

IR (neat): 3020, 2957, 2934, 2860, 2210, 1607, 1549, 1512, 1445, 1219, 1173, 1034, 932, 854, 773, 744,
669 cm’!.

HPLC: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C, 220 nm; 89% ee (tr (major)

=5.63 min, tg(minor) = 7.16 min).

Racemic
mAU 3
1 q
250_: s Signal 1: DAD1 A, Sig=220,4 Ref=off
- 2
] o™~
200 ~ Peak RetTime Type Width Area Height Area
] # [min] [min] [mAU*s] [mAU] %
150 e el |rme e |==m=mrmnes |mcmmmons |
3 1 5.814 BB  ©.1071 2011.70898 289.28796 49.3860
100 2 7.288 BB ©.1638 2861.72827 194.36850 50.6140
50
] Totals : 4073.43726 483.65646
o il
B T T T l T T T | T T T I T T T ‘ T T T I T T T I T T T [ T T T | T T T I T T T
2 4 6 8 10 12 14 16 18 min
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Enantioenriched

4 M~
mAU Signal 1: DAD1 A, Sig=228,4 Ref=off
300 ]
250_: Peak RetTime Type Width Area Height Area
1 # [min] [min]  [mAU*s] [mAU] %
YT ses]emamann o i i | reennains [ e |
3 1 5.627 BB ©.1130 2360.86987 323.89279 94.7448
1504 2 7.156 MM @.1578 130.95015 13.9@481  5.2552
L F T 2491.82082 337.7976@ np(-g)
50 - 8 5
] ~
04 S SNTI AN T » (SR ! . o
, = " - . ; : : ; : § . E . i : -
2 4 6 8 10 mir|
OH
C6H13/\/
(S)-1i

Colorless oil. 26.2 mg, 46% yield.

'TH NMR (400 MHz, CDCls) 8 5.86 (ddd, J = 16.9, 10.4, 6.2 Hz, 1H), 5.21 (dt, J= 17.2, 1.5 Hz, 1H),
5.09 (dt, J=10.4, 1.4 Hz, 1H), 4.09 (q, J = 6.3 Hz, 1H), 1.59 (s, 1H), 1.56 — 1.45 (m, 2H), 1.43 — 1.24
(m, 8H), 0.88 (t, J= 6.8 Hz, 3H)..

13C NMR (100 MHz, CDCl;) 6 141.34, 114.52, 73.29, 37.06, 31.79, 29.22, 25.29, 22.60, 14.07.

O,N NO,

o
CeHy™ NF
(SJ'
White solid. 51.2 mg, 81% yield. mp: 58.5 — 59.5 °C. [a]**p: +15.0 (¢ = 0.2, CHC]l;).
1H NMR (400 MHz, CDCl3) 8 9.22 (t, J = 2.1 Hz, 1H), 9.15 (d, J = 2.1 Hz, 2H), 5.90 (ddd, J = 17.3,
10.4, 7.0 Hz, 1H), 5.55 (q, J= 7.0 Hz, 1H), 5.37 (dt, /= 17.1, 1.2 Hz, 1H), 5.29 (dt, /= 10.4, 1.1 Hz, 1H),
1.92 — 1.72 (m, 2H), 1.42 — 1.23 (m, 8H), 0.87 (t, J = 6.9 Hz, 3H).
13C NMR (100 MHz, CDCl;) 6 161.80, 148.66, 135.40, 134.33, 129.42, 122.31, 118.51, 78.22, 34.09,
31.64, 28.96, 25.08, 22.55, 14.04.
HRMS (ESI): [M-H] Caled for [C1sH;oN>O4]" 335.1249, found 335.1222.
IR (neat): 3103, 3020, 2930, 2858, 1730, 1630, 1549, 1460, 1427, 1344, 1275, 1215, 1171, 1076, 991,

924, 754, 669 cm™!.
HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 95% ee (tg (major)

mQ

= 13.18 min, tg(minor) = 10.40 min).
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Racemic

mAU 3 =
3 Signal 1: DAD1 A, 5ig=220,4 Ref=off >
400 3 =
350 - ©
3 Peak RetTime Type Width Area Height Area o
3003 #  [min] [min]  [mAU*s] [mAU] %
v e e et e |mmmmaas Jremamames it == |
200 4 1 10.871 BB 9.2242 6192.57275 429.57956 49.9636
15 3 2 12.874 BB ©.3225 6201.59424 293.51276 50.0364
1003 Totals : 1.23942e4  723.89232
50
0
- -
2 4 6 8 10 12 14 min|
Enantioenriched
mAU 1
- Signal 1: DAD1 A, Sig=220,4 Ref=off
250 peak RetTime Type Width Area Height Area
200 # | [min] : | [min] | [mAU*s] | [mAU] F % :
150 1 18.397 MM  ©.2179 187.21885 14.32016 2.6617
] 2 13.181 BB  ©.3318 6846.17676 312.24341 97.3383 N
1004 AP
I~ \tb
1 Totals : 7033.38760 326.56357 8 .
50 S @
-
0 RPN LR T T ; :
T e : : - :
2 4 4] 8 10 12 14 min|
OMe
TBSO
Y
(R)-4k

Colorless oil. 49.6 mg, 36% yield. [a]*°p: -26.7 (¢ = 1.0, CHCI;).

H NMR (400 MHz, CDCL3) § 7.35 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H), 5.84 (ddd, J = 16.3,
10.0, 6.1 Hz, 1H), 5.36 (d, J = 16.9 Hz, 1H), 5.11 (d, J = 10.0 Hz, 1H), 3.80 (s, 3H), 3.67 (t, J = 5.8 Hz,

2H), 3.34 — 3.24 (m, 1H), 1.80 — 1.61 (m, 4H), 0.90 (s, 9H), 0.06 (s, 6H).

13C NMR (100 MHz, CDCl;) 6 159.11, 138.23, 132.95, 115.93, 115.00, 113.77, 88.70, 83.46, 62.94,

55.28, 35.85, 31.81, 30.29, 26.00, 18.39, -5.23.
HRMS (ESI): [M+H]" Calcd. for [C,H330,S1]" 345.2244, found 345.2244.

HPLC: Daicel Chiralcel® OJ-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 40 °C, 220 nm; 87% ee (tr (major)

=4.15 min, tg(minor) = 3.61 min).
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Racemic

mAU 3
160 3 Signal 1: DAD1 A, Sig=228,4 Ref=off
1404
120 3 Peak RetTime Type Width Area Height Area
] # [min] [min]  [mAU*s] [mAU] %
100 s s Jissmreme Jerrmarons Jrmmmoean E
80 o & 3.617 VB 0.0646 720.68933 173.01999 49.6092
60—: 2 4.168 BV R ©.8814 732.84266 14©.11768 5©.39e8
40
9 Totals : 1452.73199 313.137@7
20
0
- — T T ; T T -
1 2 5 6 F i 8 9 mi
Enantioenriched
mAU ]
] Signal 1: DAD1 A, Sig=220,4 Ref=off
200 4
5 Peak RetTime Type Width Area Height Area
150 # [min] [min] [maU*s] [maU] %
] S p— R P |-mnmmmmees [-nmmmmeees |-mmnnee- |
100 4 1 3.613 MM 8.e7es 91.15236 21.56212 6.3748
1 2 4.153 VW R ©.6884 1338.73962 231.96683 93.6252
50
] Totals : 14295.89198 253.52815
0 ~
-—_——7 7 [ [ [ [
1 2 3 4 5 6 7 8 9 minl
OH
TBSO\/\/:\/
/
(S)-1k

Colorless oil. 42.4 mg, 46% yield.

'TH NMR (400 MHz, CDCls) 8 5.86 (ddd, J = 17.2, 10.4, 5.9 Hz, 1H), 5.22 (dt, J = 17.2, 1.6 Hz, 1H),
5.08 (dt,J=10.5, 1.5 Hz, 1H), 4.11 (q, J= 6.4, 5.7 Hz, 1H), 3.65 (t, /= 5.7 Hz, 2H), 2.74 (s, 1H), 1.70 —
1.54 (m, 4H), 0.89 (s, 9H), 0.05 (s, 6H).

13C NMR (100 MHz, CDCl3) 8 141.23, 114.29, 72.64, 63.38, 34.38, 28.74, 25.93, 18.33, -5.38.

O,N NO,

o
TBSO\/\M

(S)-1k’

I||O

Colorless oil. 60.9 mg, 78% yield. [a]*’p: +8.0 (¢ = 1.0, CHC]l5).

IH NMR (400 MHz, CDCl3) 8 9.23 (t, J = 2.1 Hz, 1H), 9.16 (d, J = 2.1 Hz, 2H), 5.91 (ddd, J = 17.3,
10.4, 6.9 Hz, 1H), 5.60 (q, J = 6.8 Hz, 1H), 5.39 (d, J= 17.3 Hz, 1H), 5.31 (d, J = 10.5 Hz, 1H), 3.67 (t,
J=6.2 Hz, 2H), 1.98 — 1.83 (m, 2H), 1.68 — 1.59 (m, 2H), 0.89 (s, 9H), 0.05 (s, 6H).
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13C NMR (100 MHz, CDCls) & 161.77, 148.65, 135.26, 134.27, 129.44, 122.35, 118.69, 77.98, 62.42,
30.63, 28.33, 25.93, 18.34, -5.31.

HRMS (ESI): [M-H] Calcd. for [C19H7N,05Si]~ 423.1593, found 423.1581.

IR (neat): 3105, 2955, 2930, 2887, 2858, 1730, 1630, 1547, 1460, 1344, 1275, 1169, 1099, 986, 920, 835,
775,721 cm’l.

HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 94% ee (tr (major)

= 11.39 min, tg(minor) = 8.97 min).

Racemic
mAU 3 . i 7]
i Signal 1: DAD1 A, Sig=22@,4 Ref=off
600 3 0
5004 Peak RetTime Type Width Area Height Area 5
] # [min] [min]  [mAU*s] [mAU] % =
400 emefonene |=eee e |+mmmnees |=nennns |+=mmneee !
300_: 1 8.845 BB 9.2142 9588.99885 689.66663 50.8648
2 11.375 BB ©.3249 9564.18652 444.75977 49.9352
200—;
4004 Totals : 1.91532e4 1134.42639
0 ' ‘
—— - - e ———— [ ———————————— [
2 4 6 8 10 12 14 min
Enantioenriched
mAU . . 2
600 Signal 1: DAD1 A, 51g=220,4 Ref=off
500~ Peak RetTime Type Width Area Height Area
5 # min min mAU*s mAU %
400_: __‘_I-E_._!_|_.__|_E___i_|£ _____ ?‘-[-_E_“?_-_|_ ....... I
300 1 8.966 MM ©.2182 494.32791 37.75011 3.159%@
2 11.385 BB 8.3489 1.51548e4 662.35376 96.841@ ad
2004 >
L g &
100 - Totals : 1.56483e4 78e.16387 i;é’?‘
0 N
— T T T
2 4 6 8 10 12 14 miny
OMe
(R)-4l

Colorless oil. 39.7 mg, 37% yield. [a]*°p: -39.7 (¢ = 1.0, CHCI;).

IH NMR (400 MHz, CDCly) 6 7.36 (d, J = 8.7 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 5.83 (ddd, J = 16.6,
10.0, 6.3 Hz, 1H), 5.34 (d, J = 17.0 Hz, 1H), 5.09 (d, J= 10.0 Hz, 1H), 3.80 (s, 3H), 3.34 (q, J = 6.5 Hz,
1H), 1.83 (d, J= 12.7 Hz, 1H), 1.78 — 1.65 (m, 4H), 1.55 — 1.50 (m, 1H), 1.47 — 1.40 (m, 1H), 1.28 — 1.15
(m, 3H), 1.05 — 0.79 (m, 3H).
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13C NMR (100 MHz, CDCl3) 8 159.10, 138.74, 132.94, 116.08, 114.55, 113.79, 89.19, 83.01, 55.27,
43.24,35.27,33.61, 33.53, 32.80, 26.65, 26.29, 26.27.

HRMS (APCI): [M]" Calcd. for [C19H»4,0]* 268.1822, found 268.1830.
IR (neat): 3020, 2210, 1607, 1547, 1512, 1445, 1290, 1219, 1107, 1034, 931, 854, 733, 667 cm’!.
HPLC: Daicel Chiralcel® OD-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 35 °C, 220 nm; 94% ee (tg (major)

= 4.24 min, tg(minor) = 3.90 min).

Racemic
mAU ] 2 o
(= »] -
17543 ® F Signal 1: DAD1 A, Sig=228,4 Ref=off
1503 Peak RetTime Type Width Area Height Area
1254 #  [min] [min]  [mAU*s] [mAU] %
100 3 e e  liainii il [-==-=---- |
i 1 3.850 BB  ©.8658 842.50922 208.46239 49.9658
1 2 4.161 BB 0.0727 843.66174 180.83494 50.8342
50—:
25 3 Totals : 1686.17096 380.49733
o
T T
1 2 3 5 6 7 8 9 min
Enantioenriched
mAU 3 @
400 5 Signal 1: DAD1 A, Sig=220,4 Ref=off
350 -
300 3 Peak RetTime Type Width Area Height Area
250_3 # [min] [min]  [mAU*s] [mAU] %

E tolal iy j==—=]=-====- i iy Eiaiaiin [
2003 1 3.899 MM T ©.8679 66.32658 16.28452 2.9195
150 ‘ch,o‘b 2 4.239 BB ©.0799 2205.54248 429.91479 97.0805
100 3 o |
50 8 ¢ Totals : 2271.86006 446.19932

i . ORI
: ; . z : . ‘ | ‘ : E ; : : ; : : ; ; :
2 4 6 8 10 mir
OH
(S)-11

Colorless oil. 25.9 mg, 42% yield.

TH NMR (400 MHz, CDCly) & 5.85 (ddd, J = 16.9, 10.4, 6.3 Hz, 1H), 5.20 (dt, J = 17.2, 1.4 Hz, 1H),
5.07 (dt, J=10.4, 1.4 Hz, 1H), 4.19 (q, J = 6.4 Hz, 1H), 1.77 (d, J = 12.6 Hz, 1H), 1.73 — 1.60 (m, SH),
1.49 — 1.37 (m, 2H), 1.37 — 1.27 (m, 1H), 1.27 — 1.08 (m, 3H), 0.98 — 0.84 (m, 2H).

13C NMR (100 MHz, CDCLy) 5 141.78, 114.26, 70.82, 44.86, 33.93, 33.85, 33.08, 26.57, 26.30, 26.20.
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NO,

o

=z
(S)-1r'

é o
N
4
I||O

White solid. 43.9 mg, 75% yield. mp 74.2 — 75.0 °C. [a]**p: -1.0 (¢ = 0.5, CHCIs).

'TH NMR (400 MHz, CDCl3) 8 9.22 (t, J = 2.2 Hz, 1H), 9.15 (d, J = 2.2 Hz, 2H), 5.90 (ddd, J = 17.3,
10.4, 7.0 Hz, 1H), 5.67 (q, J = 7.1 Hz, 1H), 5.38 (d, /= 17.2 Hz, 1H), 5.28 (d, /= 10.3 Hz, 1H), 1.85 —
1.59 (m, 7H), 1.44 — 1.32 (m, 1H), 1.27 — 1.13 (m, 3H), 1.06 — 0.92 (m, 2H).

13C NMR (100 MHz, CDCl5) & 161.79, 148.69, 135.71, 134.36, 129.43, 122.30, 118.43, 76.26, 41.69,
33.95, 33.35, 33.11, 26.36, 26.09, 26.07.

HRMS (ESI): [M-H] Calcd for [C{7H9N,O¢]~ 347.1249, found 347.1253.

IR (neat): 3105, 2922, 2853, 1717, 1630, 1541, 1460, 1342, 1283, 1173, 1072, 993, 949, 918, 824, 775,
729,719, 689 cm'!.

HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 98% ee (tr (major)

= 13.46 min, tg(minor) = 11.17 min).

Racemic
mAU ] ] 2
< Signal 1: DAD1 A, S5ig=220,4 Ref=off 4 g
150 4 o
1 Peak RetTime Type Width Area Height Area
1259 4 [min] [min]  [mAU*s] [mAU] %
L R |<-mn e | -=meeeas <o mmmeee |<omneeee 1
?5_: 1 11.869 BB ©8.2496 2926.B821e4 182.84774 49.9%601
2 13.651 BB 2.3346 2938.53467 135.69514 50.0999
504
25__ Totals : 5865.35571 317.74289
3 [ I, VN, V, W T
S ! e I A I ) TR
2 4 6 8 10 12 14 16 18 min
Enantioenriched
e [ye]
At Signal 1: DAD1 A, Sig=220,4 Ref=off
200 ; ; ;
] Peak RetTime Type Width Area Height Area
1 # [min] [min] [mAU*s] [mAU] %
L R e e |<oeeeeme o |-oeee- b
100_: 1 11.179 BB 8.2594 59.73644 3.49480 1.8583
] 2 13.463 BB ©.3437 5627.62256 250.86374 98.9497
50 o
] Totals : 5687.3590@ 254.35854 —
0}—m B4 : :
— T 5 & @ I & ¢ % _.F & ¢ 5 .1 & = ¢ L= &% & 4 % = ¢ 1 &% & = L& & & [ & & I
2 4 6 8 10 12 14 16 18 min|
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=
(R)-4m

Colorless oil. 28.1 mg, 33% yield. [a]*°p: -6.5 (¢ = 1.0, CHC]l5).

TH NMR (400 MHz, CDCl;) § 7.37 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 5.96 (ddd, J = 16.7,
10.0, 5.9 Hz, 1H), 5.39 (dt, J= 17.0, 1.6 Hz, 1H), 5.14 (dt, J= 10.0, 1.5 Hz, 1H), 3.80 (s, 3H), 3.02 (t, J
= 6.4 Hz, 1H), 1.07 — 0.97 (m, 1H), 0.58 — 0.49 (m, 2H), 0.48 — 0.37 (m, 2H).

13C NMR (100 MHz, CDCls) & 159.19, 137.71, 133.01, 115.83, 114.73, 113.80, 86.95, 83.36, 55.26,

39.44,15.21, 3.37, 2.75.

HRMS (ESI): [M+H]" Calcd. for [C,5H;0]" 213.1274, found 213.1273.

HPLC: Daicel Chiralcel® OD-H, 1% ‘PrOH, 99% hexane, 1.0 mL/min, 35 °C, 220 nm; 88% ee (tr (major)

= 11.93 min, tg(minor) = 12.81 min).

Racemic
7] o
':‘:;E 1 signal 1: DAD1 A, Sig=220,4 Ref=off . £
1 Peak RetTime Type Width Area Height Area
801 & [min] [min]  [mAU*s] [mAU] %
o i et R S |omssnm e |=sasmmnnas forommmme I
1 1 11.965 BV  ©.2180 1565.88667 111.35292 49.9460
40 2 12.742 VB ©.2446 1568.46875 99.1423@ 50.0540
20-] Totals : 3133.55542 210.49522
0 s : . -
T | el S S —
2 4 6 8 10 12 14 min|
Enantioenriched
mALU [Ty]
2002 Signal 1: DAD1 A, Sig=220,4 Ref=off
175 ; ¢ ;
1 Peak RetTime Type Width Area Height Area
1504 & [min] [min]  [mAU*s] [mAU] %
P s i frmm|mmsnnas et Jesss st [remmanen |
100 3 1 11.925 BB ©.2269 3209.83662 216.57173 93.9327
753 2 12.812 MM ©.2240 207.27916 15.42580 6.8673 A2
E A
E g
504 o s
Totals : 3416.31578 231.99673 } &
253 S
04 . SR
b T T T T T T T T T T T T T
2 4 6 8 10 12 14 min|
OH
W
(S)-1m

Colorless oil. 14.5 mg, 37% yield.
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H NMR (400 MHz, CDCl3) § 5.92 (ddd, J = 17.4, 10.4, 5.8 Hz, 1H), 5.23 (d, J= 17.3 Hz, 1H), 5.08 (d,
J=10.5 Hz, 1H), 3.45 (t, J = 6.9 Hz, 1H), 2.01 (s, 1H), 1.01 — 0.90 (m, 1H), 0.56 — 0.45 (m, 2H), 0.38 —
0.28 (m, 1H), 0.28 — 0.18 (m, 1H).

13C NMR (100 MHz, CDCl3) § 139.73, 114.64, 77.21, 17.35, 3.13, 2.04.

O,N NO,

C=) o
N~
(S)-1m’

White solid. 31.5 mg, 73% yield. mp 77.1 — 78.1 °C. [a]**p: +0.8 (¢ = 0.5, CHC]I;).
'TH NMR (400 MHz, CDCl3) 6 9.23 (t, J = 2.1 Hz, 1H), 9.19 (d, J = 2.1 Hz, 2H), 5.99 (ddd, J = 17.1,
10.5, 6.4 Hz, 1H), 5.41 (d, J=17.1 Hz, 1H), 5.30 (d, J = 10.5 Hz, 1H), 5.06 —4.97 (m, 1H), 1.33 - 1.24
(m, 1H), 0.76 — 0.62 (m, 2H), 0.57 — 0.49 (m, 1H), 0.48 — 0.41 (m, 1H).
I3C NMR (100 MHz, CDCl;) 6 161.90, 148.66, 134.40, 129.52, 122.29, 118.27, 82.29, 14.59, 4.03, 2.92.
HRMS (ESI): [M-H] Calcd. for [Ci3H;1N,O¢]~ 291.0623, found 291.0622.
IR (neat): 3105, 2922, 2855, 1720, 1630, 1543, 1460, 1429, 1342, 1277, 1200, 1165, 1074, 1032, 989,
934, 920, 889, 820, 775, 717, 681 cm’!.
HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 35 °C, 220 nm; 31% ee (tr (major)

=17.70 min, tg(minor) = 16.38 min).

Racemic
mAU] _, . & S
4 Signal 1: DAD1 A, Sig=220,4 Ref=off =}
80+
] Peak RetTime Type Width Area Height Area
1 # [min] [min]  [mAU*s] [mAU] %
60
{ -1 |-===]-mnnmm E——— [ |=-mmeeee |
40 . 1 17.393 BB 9.3628 2246.28052 96.87799 489.%409
g 2 18.974 BB ©.4879 2251.59546 85.3857@ 58.8591
20 Totals : 4497.87598 181.38369
__‘—,—,J\_.m
0 T T
5 T T T T T T T T T T T T T T T T T T T I T T T T I T T T T I T T T T ‘ T T T T I T T T T I
25 5 75 10 125 15 17.5 20 min
Enantioenriched
mAU _—
1204 Signal 1: DADL A, Sig=220,4 Ref=off
100] Peak RetTime Type Width Area Height Area
] # [min] [min]  [mAU*s] [mAU] %
T womftonll Jlasefteeas fesiemnstan ettt e |
60—: 1 16.378 BB ©.3398 1792.34589 81.73348 34.3445
40 ] 2 17.695 BB ©.3917 3426.37671 133.37498 65.6555
2{)—: Totals : 5218.72180 215.18847
0]
-—T 7 T T
25 [ 75 10 125
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(R)-5

Colorless oil. 103.3 mg, 84% yield. [a]*p: +51.4 (¢ = 1.0, CHCI3).

H NMR (400 MHz, CDCLy) & 7.76 ~7.72 (m, 2H), 7.68 — 7.64 (m, 2H), 7.25 — 7.17 (m, 4H), 7.15 - 7.11
(m, 1H), 5.95 — 5.86 (m, 1H), 5.19 — 5.10 (m, 2H), 4.62 (dt, J= 9.2, 6.6 Hz, 1H), 2.77 (t, J = 8.0 Hz, 2H),

2.25-2.16 (m, 1H), 1.97 — 1.88 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 163.98, 141.29, 135.89, 134.36, 128.83, 128.52, 128.45, 126.02, 123.44,

121.66, 88.74, 34.90, 31.33.

HRMS (ESI): [M+H]" Caled. for [C1oH;sNOs]* 308.1282, found 308.1271.

HPLC: Daicel Chiralcel® OJ-H, 10% ‘PrOH, 90% hexane, 1.0 mL/min, 30 °C, 220 nm; 99% ee (tg

(major) = 14.66 min, tg(minor) = 11.97 min).

Racemic
ITER . @ ©
o Signal 1: DAD1 A, Sig=220,4 Ref=off 3@_ B
800 - T& =
E | 1
?00_: Peak RetTime Type Width Area Height Area I‘ ."-I
6003 ¢ [min] [min]  [mAU*s] [mAU] % 'I l
5°°j b Bt | el aaness [Essensaaes B ety Bt | ] a
400 1 11.886 BB  ©.2358 1.36524e4  895.93542 50.1563 I || .
300 - 2 14.576 BB ©.2888 1.35705e4  723.62445 49.8497 | | |
200 - [ .
100 | Totals : 2.72229e4 1619.55988 | |
0- = — \ L o
T T T T T T T T T T i T T T T T T T
2 4 6 8 10 12 14 16 min|
Enantioenriched
mAUT  sjgnal 1: DAD1 A, Sig=220,4 Ref=off %
140 ¥
] |
1201 Peak RetTime Type Width Area Height Area | I|
100 # [min] [min] [mAU*s] [mAU] % [ II
go] ~----|------- | sommlzmmmnne |srsmmmmmss |rommmmnsas [=mmnmnes [ [
- 1 11.968 BB  ©.2243 20.46137  1.49189 ©.6897 |
] 2 14.658 BB  ©.2875 2946.16748 158.02608 99.31@3 :
40 - .
20 Totals : 2966.62885 159.42797 % [
0] _ LT J
R — — —— , : | |
2 4 6 8 10 12 14 16 min
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OCONH,
)
p|1”ﬂ\\\/”~\\¢5;;
(S)-6

White solid. 69.6 mg, 85% yield. mp: 54.2-55.0°C. [a]**p: +3.9 (¢ = 1.0, CHCIy).

TH NMR (400 MHz, CDCl3) § 7.22 — 7.19 (m, 2H), 7.13 — 7.10 (m, 3H), 5.80 — 5.71 (m, 1H), 5.21 (dt, J
=172, 1.4 Hz, 1H), 5.14 — 5.07 (m, 2H), 4.63 (s, 2H), 2.67 — 2.54 (m, 2H), 1.96 — 1.79 (m, 2H).

13C NMR (100 MHz, CDCls) & 156.30, 141.46, 136.59, 128.43, 128.37, 125.95, 116.62, 75.02, 36.08,
31.41.

HRMS (ESI): [M+Na]* Caled. for [C},H;sNO,Na]* 228.0995, found 228.0992.

IR (neat): 3435, 3342, 3028, 2949, 2860, 2361, 2340, 1705, 1603, 1497, 1454, 1385, 1313, 1219, 1109,
1040, 989, 928, 773, 700 cm'.

HPLC: Daicel Chiralcel® 1A, 5% PrOH, 95% hexane, 1.0 mL/min, 30 °C, 220 nm; >99% ee (tg (major)
= 6.77 min).

Racemic
mAU | =3 3
100_{ Signal 1: DAD1 A, Sig=220,4 Ref=off % ,,":
1 | Il
80 1 Peak RetTime Type Width Area Height Area :| I
1 |
1 #  [min] [min]  [mAU*s] [mAU] % [ |I
60 ----l------- [----]------- [---------- [--=-=m---- [-------- | | Al
| 1 6.784 BV R ©.1227 9€9.31592 115.39417 49.4993 | [
40 2 7.758 VB ©.1438 927.71332 100.36127 56.50@7 [ [ |
1 il [
20 Totals : 1837.82924 215.75544 - !4
0;: . _ P i = _._/" SR . ! S o
— == : PN PR P e
1 2 3 4 5 6 7 8 9 min
Enantioenriched
mAU 2
70— Signal 1: DAD1 A, Sig=220,4 Ref=off %
1 |
60 - , " . I
1 Peak RetTime Type Width Area Height Area
03 % [min] [min]  [mAU*s] [mAU] % Il
e [===-]-=------ [-===mmnnn- [-=====---- [-=-n--- I |
304 1 6.776 BB  ©.1201 607.89697 78.71015 180.0060 [
E |
204 I
1 Totals : 687.89697 78.71015 [
10 [
0 4'__ I e — L A -~ =
T T T T T T
1 2 3 4 5 6 7 8 9 min|
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OH
S

Ph "]

(S)-7
Colorless oil. 60.1 mg, 85% yield. [a]*’p: -23.5 (¢ = 1.0, CHCI;).
IH NMR (400 MHz, CDCl3) 8 7.27 — 7.22 (m, 2H), 7.20 — 7.13 (m, 3H), 2.89 — 2.83 (m, 1H), 2.82 —2.76
(m, 1H), 2.74 —2.66 (m, 1H), 1.93 — 1.87 (m, 2H), 1.58 (s, 1H), 0.96 —0.87 (m, 1H), 0.54 — 0.44 (m, 2H),
0.27 — 0.22 (m, 1H), 0.20 — 0.15 (m, 1H).
13C NMR (100 MHz, CDCl3) & 142.26, 128.41, 128.36, 125.75, 76.17, 38.71, 32.05, 18.05, 2.76, 2.58.
HRMS (ESI): [M+H]* Caled. for [C1,H,;0]* 177.1274, found 177.1273.
IR (neat): 3387, 3081, 3026, 3003, 2926, 2862, 1603, 1497, 1454, 1221, 1074, 1042, 955, 914, 824, 770,
746, 689 cm™!.

HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 30 °C, 220 nm; 99% ee (tr (major)

= 8.79 min, tg(minor) = 12.11 min).

Racemic
mAU : : 2
80—':! Signal 1: DAD1 A, 5ig=226,4 Ref=off g o
70 | b
1 Peak RetTime Type Width Area Height Area [ E
60 & [min] [min]  [mAU*s] [mAU] % | I
50._§ S e ittt |omsmmases fomseman | | [
40 1 8.804 BB 9.1606 892.40283 86.31867 49.1132 | I
30 2 12.132 BB ©.2372 924.63098 60.88599 50.8868 | |
20 i [
10_.’ Totals : 1817.03381 147.20467 || | {0
0 B Y | U ) I i . .. e — e 5|
. —— 3 ———— —
2 4 6 8 10 12 14 min
Enantioenriched
AU 7 @
" — Signal 1: DAD1 A, Sig=220,4 Ref=off E
1 w
250 |
1 Peak RetTime Type Width Area Height Area ||
200 # [min] [min] [mAU*s] [mAU] % (|
| e fumeie S ey R —— - — |
150 1 8.789 BB ©.1692 3322.23413 309.60991 99.3988 | ||
e 2 12.111 BB ©.2354 20.89474 1.38697 ©.6012 | '|
E |
50 Totals : 3342.32887 310.91597 [ | =
Il o
0 . R RPN - . - R - i
T | | T T T
2 4 i a 10 12 14 mir]
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(R)-8
White solid. 63.6 mg, 98% yield. mp: 32.9-33.7 °C. [a]*°p: -20.6 (¢ = 1.0, CHCI5). (litl"]: [a]*?p: -21.0 (¢
= 1.0, CHCly)).
IH NMR (400 MHz, CDCLy) § 7.37 — 7.31 (m, 2H), 7.30 — 7.21 (m, 3H), 3.67 — 3.58 (m, 1H), 2.91 —2.81
(m, 1H), 2.78 — 2.68 (m, 1H), 1.91 — 1.74 (m, 2H), 1.67 — 1.55 (m, 2H), 1.54 — 1.47 (m, 1H), 1.01 (¢, J =
7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 142.22, 128.42, 128.40, 125.80, 72.69, 38.61, 32.09, 30.32, 9.85.

HPLC: Daicel Chiralcel® OD-H, 5% ‘PrOH, 95% hexane, 1.0 mL/min, 30 °C, 220 nm; 98% ee (tg (major)

= 8.13 min, tg(minor) = 11.55 min).

Racemic
mAU | g
1 Signal 1: DAD1 A, Sig=220,4 Ref=off r-‘T a
200 | | g
Peak RetTime Type Width Area Height Area || .:
1504 #  [min] [min]  [mAU*s] [mAU] % | \
L Semlesnzas P et |25=zmas0as [Eesmeenes |Er=mraas | (1
100 1 8.153 BB ©.1539 2381.35254 243.87910 49.2044 | | [
2 11.639 BB ©.2287 2458.36108 168.00763 50.7956 | | il
4 |
50 | ' I
1 Totals : 4839.71362 411.88673 | fi )
1 ‘ [ ]
0__ V.- . I \ - L ! .
: : T e e S :
2 4 6 8 10 12 14 min
Enantioenriched
mAU 1 &)
120-] signal 1: DADL A, Sig=220,4 Ref=off &
I
100? Peak RetTime Type Width Area Height Area ||
80 # [min] [min] [mAU*s] [mAU] %
3 remdlEermner il [t |=rsmmmmrss |mrmtnsems fr=mesnes || ‘
60 - 1 8.125 BB  ©.1493 1270.87287 133.17868 98.9260 |
2 11.546 MM ©.1925 13.79724 1.19452  1.9740 |
40 [ | ,\é\"'
205 Totals : 1284.66931 134.37312 [ || g el
'i I - e
0 el P L L9 X —— __._,:‘:_s
T T T T T T
2 4 6 8 10 12 14 min
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TH NMR (400 MHz, CDCls) spectrum of (S)-7
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TH NMR (400 MHz, CDClIs) spectrum of (R)-8
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