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General Methods.

'H NMR (400 MHz) and 3C NMR (100 MHz) spectra were measured on a JEOL ECS400 400 MHz
spectrometer using CDCls as solvent. The data are reported as (s = singlet, d = doublet, dd = double
doublet, dt = double triplet, t = triplet, g = quartet, br = broad, m = multiplet or unresolved, coupling
constant(s) in Hz, integration). HPLC analyses were performed on Hitachi L-7100 and GL-7480
apparatuses equipped with a UV detector using 25 cm x 4.6 mm DAICEL Chiralpak OJ, OZ columns.
Mass spectra were measured on a JEOL JMS-700 mass spectrometer. Specific rotations were
measured on a JASCO DIP-1000 polarimeter. All reactions were carried out under dry nitrogen
atmosphere. The synthesis of racemic products were carried out by using racemic Ph-pybox ligand
at 60 °C. Commercially obtained reagents were used without further purification. All reactions
were monitored by TLC with silica gel-coated plates. Solvents were dried by the usual methods,
then distilled under N, and degassed before use. Optically pure pybox ligands L2, L5 are
commercially available reagents. Optically pure pybox ligands L1%%, L3%?, L4*® were prepared
according to literature procedures. The absolute configuration of chiral derivative product S16
were determined by unequivocally according to the X-ray diffraction analysis, and the absolute
configuration chiral alkynyl isochromans 2 were deduced on the basis of this result.
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General Procedure for the Preparation of Propargylic Acetates.
Scheme S1 Preparation of propargylic acetate 1a
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©:CHO nBuLi (1.5 equiv.)
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A typical experimental procedure for the preparation of 1-(2-(2-hydroxyethyl)phenyl)prop-
2-yn-1-yl acetate 1a is described below. In a 50 mL Schlenk flask were placed
(methoxymethyl)triphenylphosphoniumcChloride (3.43 g, 10.0 mmol) and anhydrous THF (20
mL) under N, atmosphere and cooled down the solution to 0 °C. To the solution, nBuli (1.57
M in hexane, 4.8 mL, 7.5 mmol) was added dropwise and the mixture was stirred at 0 °C for 1
h. 2-Bromobenzaldehyde was added to this solution by portion and the mixture was warmed
to room temperature and stirred for another 6 h. After the reaction, mixture was quenched by
saturated NH4Cl ag., and the solution was extracted with CH,Cl; (10 ml X 3). The combined
organic layers were dried over anhydrous Na;SO4 and concentrated under reduced pressure.
The residue was passed through a short column chromatography with hexane/ethyl acetate
(50:1) to give 1-bromo-2-(2-methoxyvinyl)benzene (S1) as an E/Z mixture (8.5 mmol, 85%
isolated yield).

In a 50 mL Schlenk flask were placed S1 (8.00 mmol) and anhydrous THF (20 mL) under N>
atmosphere. The solution was cooled down to -78 °C. nBuli (1.57 M in hexane, 7.60 mL, 12.0
mmol) was added dropwise and the mixture was stirred at 0 °C for 1 h. Anhydrous DMF (1.20
mL, 16.0 mmol) was added to the solution, and the mixture was warmed to room temperature
and stirred for another 2 h. After the reaction, mixture was quenched by saturated NH4Cl aq.,
and the solution was extracted with CH,Cl; (10 mL X 3). The combined organic layers were
dried over anhydrous Na,SO4 and concentrated under reduced pressure. The residue was
purified by column chromatography with hexane/EtOAc (50:1-30:1) to give 2-(2-
methoxyvinyl)benzaldehyde (S2) as an E/Z mixture (6.10 mmol, 76% isolated yield).

To a solution of $2 (6.00 mmol) in anhydrous THF (15 mL) was added ethynylmagnesium
bromide (0.5 M in THF, 18.0 mL, 9.00 mmol) at 0 °C and the mixture was stirred for 1 h. Acetic
anhydride (1.10 mL, 12.0 mmol) was added to the solution and the mixture was allowed to
warm to room temperature. After stirring for 2 h, the mixture was quenched by saturated
NH4Cl aq., and the solution was extracted with CH,Cl, (10 mL X 3). The combined organic layers
were dried over anhydrous Na,SO4 and concentrated under reduced pressure. The residue was
dissolved in 10 mL acetone, and 6M HCI (2.00 mL, 12.0 mmol) was added to the solution at
room temperature. The reaction was monitored by TLC until the starting material vanished.
After the reaction, the solution was diluted by H,0 and extracted with CH,Cl, (10 mL X 3). The
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combined organic layers were dried over anhydrous Na;SO4 and concentrated under reduced
pressure. The residue was purified by column chromatography with hexane/EtOAc (20:1-10:1)
to give 1-(2-(2-oxoethyl)phenyl)prop-2-yn-1-yl acetate (S3a) as a yellow oil (4.90 mmol, 82%
isolated yield).

S3a (865 mg, 4.00 mmol) was dissolved in 10 mL MeOH, and the solution was cooled down
to 0 °C. NaBH4 (182 mg, 4.80 mmol) was added to the solution and the mixture was stirred for
1 h at 0 °C. After the reaction, the solution was diluted by H,O and extracted with CH,Cl; (10
mL X 3). The combined organic layers were dried over anhydrous Na,;SO4; and concentrated
under reduced pressure. The residue was purified by column chromatography with
hexane/EtOAc (10:1-4:1) to give 1-(2-(2-hydroxyethyl)phenyl)prop-2-yn-1-yl acetate (1a) as a
pale yellow oil (3.5 mmol, 88% isolated yield). 'H NMR § 7.62 (d, J = 7.2 Hz, 1H), 7.27-7.20 (m,
3H), 6.61 (d, J = 2.4 Hz, 1H), 3.78 (t, J = 6.8 Hz, 2H), 3.01-2.90 (m, 3H), 2.65 (d, J = 2.4 Hz, 1H),
2.04 (s, 3H). 3 CNMR &6 169.6, 136.5, 134.8, 130.3, 129.0,128.1, 126.7, 80.2, 75.5, 62.80, 62.77,
35.3, 20.7. HRMS (FAB) Calcd. for Ci13H14NaOs [M+Na]: 241.0841. Found: 241.0840.

Substrates 1b, 1c, 1d, 1e, 1g, 1h, 1i, 1k, 11, 1m were synthesized by using various substituted
halogen benzaldehydes, as a similar method as the synthesis of 1a.

Scheme S2 Preparation of propargylic acetate 1f

LiAIH, Dess-Martin

Reagent F.
F Br
j@( (1 5 equiv,) (1.2 equiv.)
° OH — =
COOH TH1F5°h C F CHyClp,rt, 1h  F
2-bromo-4,5- S4 S5
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In a 50 mL Schlenk flask were placed 2-bromo-4,5-difluorobenzoic acid (1.19 g, 5.00 mmol)
anhydrous THF (20 mL) under N, atmosphere. The solution was cooled down to 0 °C. LiAlHa
(285 mg, 7.50 mmol) was added by portion and the mixture was stirred at 0 °C for 1.5 h. The
mixture was quenched saturated NH4Cl aq., and the suspension was filtered through a celite
pad. Then the filtrate was extracted with EtOAc (10 mL X 3). The combined organic layers were
dried over anhydrous Na,SO4 and concentrated under reduced pressure. Crude (2-bromo-4,5-
difluoro) benzylic alcohol (S4) was used to the next step without further purification.

To a solution of S4 in 20 mL CHCl,, Dess-Martin periodinane (2.54 g, 6.00 mmol) was added.
The mixture was stirred for 1 h at room temperature. After the reaction, the solution was
diluted by H,0 and extracted with CH,Cl; (10 mL X 3). The combined organic layers were dried
over anhydrous Na;SO4 and concentrated under reduced pressure. The residue was purified
by column chromatography with hexane/ethyl acetate (50:1-40:1) to give the corresponding
2-bromo-4,5-difluorobenzaldehyde (S5).

1f was synthesized from S5, as a similar method as the synthesis of 1a (0.60 mmol, 12% total
yield). A pale yellow oil. '"H NMR &§ 7.46 (dd, J = 11.2 Hz, 8.0 Hz, 1H), 7.07 (dd, J = 11.2 Hz, 8.0
Hz, 1H), 6.54 (d, ) = 2.0 Hz, 1H), 3.84 (t, ) = 6.4 Hz, 2H), 3.00-2.82 (m, 2H), 2.65 (d, J = 2.0 Hz,
1H), 2.10 (s, 3H), 1.79 (br, 1H). 3C NMR & 169.5, 150.3 (dd, Yc.f = 250 Hz and 2Jc¢ = 12.4 Hz),
149.0 (dd, Ycr= 250 Hz and ?Jc.¢ = 12.4 Hz), 133.8 (dd, 3Jc.¢= 5.7 Hz and *Jc., = 3.8 Hz), 132.0 (t,
3)ce=*cr=4.3 Hz), 119.0 (d, 2Jc.e= 17.1 Hz), 117.3 (d, 2Jcr = 18.1 Hz), 79.7, 75.9, 62.8, 61.9,
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34.7, 20.8. HRMS (EI) Calcd. for C13H12F203 [M]: 254.0755. Found: 254.0760.

Scheme S3 Preparation of propargylic acetate 1j
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2-(2-Bromo-4-methoxyphenyl)acetaldehyde (S6) was synthesized from the 2-(2-bromo-4
methoxyphenyl)acetic acid as a similar method as the synthesis of $5. To the solution of crude
$6 (5.00 mmol) in 30 mL MeOH, trimethyl orthoformate (1.60 mL, 15.0 mmol) and TsOH.H,0
(19.0 mg, 0.10 mmol) were added. The mixture was stirred at 50 °C for 3 h. After the reaction,
the resulting mixture was evaporated in vacuo and the residue was purified by silica gel column
to give 2-bromo-1-(2,2-dimethoxyethyl)-4-methoxybenzene S7 (4.75 mmol, 95% yield).

1-(2-(2-hydroxyethyl)-5-methoxyphenyl)prop-2-yn-1-yl acetate 1j was synthesized from $7
as a similar method as the synthesis of 1a (0.80 mmol, 17% total yield from S7). A pale yellow
oil. 'TH NMR 6 7.19 (d, J = 2.8 Hz, 1H), 7.15 (d, J = 9.0 Hz, 1H), 6.87 (dd, J = 9.0 Hz, 2.8 Hz, 1H),
6.59 (d, J = 2.4 Hz, 1H), 3.83-3.79 (m, 5H), 2.98-2.84 (m, 2H), 2.64 (d, J = 2.4 Hz, 1H), 2.10 (s,
3H), 2.00 (br, 1H). 3C NMR & 169.6, 158.4, 136.2, 131.6, 128.4, 114.7, 113.6, 80.3, 75.5, 63.3,
62.9, 55.3, 34.8, 20.9. HRMS(EI) Calcd. for C14H1604 [M]: 248.1049. Found: 248.1052.

Scheme S4 Preparation of propargylic acetate 5
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1-(2-(hydroxymethyl)phenyl)prop-2-yn-1-yl acetate 5 was synthesized from $9°%(6.00 mmol)
as a similar method as the synthesis of 1a (1.60 mmol, 27% total yield). A pale yellow oil.*H
NMR & 7.73-7.70 (m, 1H), 7.44-7.31 (m, 3H), 5.69-5.68 (m, 1H), 5.35 (d, J = 12.8 Hz, 1H), 5.26
(d, ) = 12.8 Hz, 1H), 3.31 (d, J = 5.4 Hz, 1H), 2.67 (d, J = 2.4 Hz, 1H), 2.08 (s, 3H). 3C NMR &
171.0, 138.3, 133.4, 129.9, 128.8, 128.7, 127.4, 83.1, 75.0, 63.7, 61.8, 20.9. HRMS (EIl) Calcd.
for C12H1205 [M]: 204.0786. Found: 204.0784.
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Scheme S5 Preparation of propargylic acetate 6
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1-(2-(3-Hydroxypropyl)phenyl)prop-2-yn-1-yl acetate 6 was synthesized from $12% (6.00
mmol) according to a similar method as the synthesis of 1a (0.90 mmol, 15% total yield). *H
NMR & 7.63 (dd, J = 7.2 Hz, 1.2 Hz, 1H), 7.32-7.19 (m, 3H), 6.63 (d, J = 2.2 Hz, 1H), 3.67 (t,J =
6.4 Hz, 2H), 2.85-2.77 (m, 2H), 2.62 (d, J = 2.2 Hz, 1H), 2.10 (s, 3H), 2.00 (br, 1H). 1.91-1.82 (m,
2H). 13C NMR 6 169.7, 139.8, 134.4, 129.8, 129.2, 128.2, 126.5, 80.5, 75.3, 62.7, 61.9, 34.0,
28.3, 21.0. HRMS (El) Calcd. for C14H1603 [M]: 232.1099. Found: 232.1091.

Spectroscopic Data of Other Propargylic Acetates

OAc

OH
1b

1-(5-fluoro-2-(2-hydroxyethyl)phenyl)prop-2-yn-1-yl acetate (1b) : a pale yellow oil. H
NMR &6 7.33 (dd, J =9.6 Hz, 2.6Hz, 1H), 7.18 (dd, J = 8.2 Hz, 6.0 Hz, 1H), 6.98 (td, ) = 8.2 Hz, 2.6
Hz, 1H), 6.56 (d, J = 2.4 Hz, 1H), 3.78 (t, J = 6.8 Hz, 2H), 2.96-2.84 (m, 2H), 2.64 (d, ] = 2.4 Hz,
1H), 2.42 (br, 1H), 2.08 (s, 3H). 13C NMR 6 169.6, 161.5 (d, Yc.r = 244 Hz), 137.1 (d, 3Jcr= 6.7
Hz), 132.1 (d, “Je.r = 2.9 Hz), 132.0 (d, 3Jc.r = 6.6 Hz), 116.0 (d, 2Jc.r = 21 Hz), 114.8 (d, 2Jcr = 23
Hz), 79.8, 75.8, 62.9, 62.3, 34.8, 20.8. HRMS (EI) Calcd. for C13H13FO3 [M]: 236.0849. Found:
236.0857.

OAc

F OH
1c

1-(4-fluoro-2-(2-hydroxyethyl)phenyl)prop-2-yn-1-yl acetate (1c) : a pale yellow oil. H
NMR & 7.64 (dd, J = 9.6 Hz, 5.6 Hz, 1H), 7.00-6.95 (m, 2H), 6.60 (d, J = 2.4 Hz, 1H), 3.89 (t, J =
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6.4 Hz, 2H), 3.06-2.93 (m, 2H), 2.65 (d, J = 2.4 Hz, 1H), 2.11 (s, 3H), 1.69 (br, 1H). 3C NMR 6
169.7, 162.9 (d, Y = 247 Hz), 139.5 (d, 3Jer= 7.7 Hz), 131.1 (d, “Jer = 1.9 Hz), 130.5 (d, 3cr =
8.6 Hz), 117.0 (d, 2cr= 21 Hz), 113.9 (d, 2Jc-r = 22 Hz), 80.3, 75.6, 62.8, 62.4, 35.4, 20.9. HRMS
(El) Calcd. for C13H13FO3 [M]: 236.0849. Found: 236.0844.

OAc

OH

F
1d

1-(3-fluoro-2-(2-hydroxyethyl)phenyl)prop-2-yn-1-yl acetate (1d): a pale yellow oil. *H
NMR & 7.44 (d, J = 8.0 Hz, 1H), 7.31-7.24 (m, 1H), 7.07 (t, J = 9.0 Hz, 1H), 6.66 (d, J = 2.2 Hz,
1H), 3.87 (t, J= 6.8 Hz, 2H), 3.11-3.04 (m, 2H), 2.66 (d, J = 2.2 Hz, 1H), 2.13 (s, 3H), 1.75 (br, 1H).
13C NMR 6 169.6, 161.5 (d, Yc.r= 244 Hz), 137.8 (d, 3Jc.r= 3.8 Hz), 128.2 (d, 3Jc¢= 9.5 Hz), 124.4
(d, Ucr=16.2 Hz), 123.8 (d, “Jcr = 2.9 Hz), 116.0 (d, 2Jc.e= 22.9 Hz), 80.1, 75.7, 62.8 (d, Yk =
3.8 Hz), 62.3, 28.8, 21.0. HRMS (El) Calcd. for C13H13FO3 [M]: 236.0849. Found: 236.0842.

OAc

FsC OH
1e

1-(2-(2-hydroxyethyl)-4-(trifluoromethyl)phenyl)prop-2-yn-1-yl acetate (1e): a pale yellow
oil. *H NMR &6 7.75 (d, J = 7.6 Hz, 1H), 7.54-7.50 (m, 2H), 6.67 (s, 1H), 3.88 (t, J = 6.8 Hz, 2H),
3.13-3.00 (m, 2H), 2.67 (d, J = 2.0 Hz, 1H), 2.30 (br, 1H), 2.11 (s, 3H). 13C NMR & 169.6, 139.1
137.7, 131.2 (q, 2Jcr = 32 Hz), 128.5, 127.2 (q, 3Jcr = 3.8 Hz), 123.8 (q, 3Jcr = 3.8 Hz), 123.8 (q,
Yer=271Hz),79.7,76.1,62.7, 62.4, 35.4, 20.8. HRMS (FAB) Calcd. for C14H13F3NaO; [M+Na]:
309.0714. Found: 309.0715.

Me
OAc

OH
19
1-(2-(2-hydroxyethyl)-5-methylphenyl)prop-2-yn-1-yl acetate (1g): a pale yellow oil. H
NMR & 7.44 (s, 1H), 7.12 (s, 2H), 6.60 (d, J = 2.0 Hz, 1H), 3.80 (t, J = 6.4 Hz, 2H), 3.03-2.87 (m,
2H), 2.64 (d, J = 2.0 Hz, 1H), 2.34 (s, 3H), 2.30 (br, 1H), 2.09 (s, 3H). 13C NMR & 169.6, 136.6,
134.7, 133.4, 130.4, 129.9, 128.8, 80.5, 75.4, 63.2, 62.9, 35.1, 20.9. HRMS (El) Calcd. for
Ci14H1603 [M]: 232.1099. Found: 232.1099.
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fl
OAc
Me OH
1h

1-(2-(2-hydroxyethyl)-4-methylphenyl)prop-2-yn-1-yl acetate (1h): a pale yellow oil. H
NMR & 7.54 (d, J = 7.6 Hz, 1H), 7.10 (d, J = 7.6 Hz, 1H), 7.07 (s, 1H), 6.61 (d, J = 2.2 Hz, 1H), 3.85
(t,J=6.4 Hz, 2H), 3.06-2.88 (m, 2H), 2.63 (d, J = 2.2 Hz, 1H), 2.34 (s, 3H), 2.09 (br, 4H). 3C NMR
6169.7,139.1,136.4,132.2,131.1, 128.4, 127.8, 80.6, 75.3, 63.3, 62.9, 35.5, 21.0, 20.9. HRMS
(FAB) Calcd. for C14H16NaO3 [M+Na]: 255.0997. Found: 255.0998.

I
Me OAc
Me OH
1i

1-(2-(2-hydroxyethyl)-4,5-dimethylphenyl)prop-2-yn-1-yl acetate (1i): a pale yellow oil. H
NMR & 7.42 (s, 1H), 7.03 (s, 1H), 6.60 (d, J = 2.2 Hz, 1H), 3.82 (t, J = 6.8 Hz, 2H), 3.04-2.86 (m,
2H), 2.66 (d, J = 2.2 Hz, 1H), 2.42 (br, 1H), 2.26 (s, 3H), 2.25 (s, 3H), 2.10 (s, 3H). 13C NMR &
169.6, 137.7, 135.2, 133.7, 132.2, 131.7, 129.5, 80.6, 75.2, 63.2, 62.8, 35.0, 20.8, 19.3, 19.1.
HRMS (El) Calcd. for CisH1803 [M]: 246.1256. Found: 246.1263.

Me | |
OAc
OH
1k

1-(2-(2-hydroxyethyl)-6-methylphenyl)prop-2-yn-1-yl acetate (1k): a pale yellow oil. H
NMR & 7.20 (t, J = 7.2 Hz, 1H), 7.12-7.08 (m, 2H), 6.90 (d, J = 2.2 Hz, 1H), 3.93-3.83 (m, 2H),
3.30-3.24 (m, 1H), 3.10-3.03 (m, 1H), 2.61 (d, J = 2.2 Hz, 1H), 2.58 (s, 3H), 2.09 (s, 3H), 1.86 (br,
1H). 3C NMR 6 169.6, 138.0, 137.5, 133.3, 130.0, 128.9, 128.8, 80.2, 75.0, 63.6, 61.2, 36.7,
20.9, 20.4. HRMS (FAB) Calcd. for C14H1sNaO3 [M+Na]: 255.0997. Found: 255.0992.

f
cl OAc
OH
11

1-(5-chloro-2-(2-hydroxyethyl)phenyl)prop-2-yn-1-yl acetate (11): a pale yellow oil. *H NMR
§7.63(d, ) = 2.2 Hz, 1H), 7.28 (dd, J = 8.4 Hz, 2.2 Hz, 1H), 7.19 (d, J = 8.4 Hz, 1H), 6.59 (d, J =
2.2 Hz, 1H), 3.84 (t, J = 2.4 Hz, 2H), 3.02-2.90 (m, 2H), 2.67 (d, J = 2.2 Hz, 1H), 2.13 (s, 3H), 2.01
(br, 1H). *3C NMR 6 169.6, 137.0, 135.0, 132.8, 131.8, 129.2, 128.1, 79.8, 75.9, 63.0, 62.3, 35.0,
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20.9. HRMS (FAB) Calcd. for C33H13ClO3 [M]: 252.0553. Found: 252.0557.

U
O OAc
OH

1m

1-(2-(2-hydroxyethyl)naphthalen-1-yl)prop-2-yn-1-yl acetate (1m): a pale yellow oil. H
NMR & 8.66 (d, J = 8.8 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 7.60-7.55 (m,
1H), 7.50-7.45 (m, 1H), 7.35-7.29 (m, 2H), 3.93 (t, J = 6.4 Hz, 2H), 3.44-3.39 (m, 1H), 3.20-3.10
(m, 1H), 2.67 (d, J = 2.4 Hz, 1H) 2.21 (br, 1H), 2.06 (s, 3H). 3C NMR 6 169.8, 135.5, 133.2, 131.1,
130.0, 129.9, 128.52, 128.48, 126.2, 125.7, 125.4, 80.8, 75.8, 63.4, 61.2, 37.3, 20.8. HRMS (El)
Calcd. for C17H1603 [M]: 268.1099. Found: 268.1093.

Enantioselective Intramolecular Propargylic Etherification of Propargylic Acetates.

| | CuOTf-. 1/2 CgHg (5 mol%) | |
(S,5)-L5 (10 mol%)
K,CO3 (1.2 iv.
OAc 2C0O3 (1.2 equiv.) o
CF3CH,OH (0.04M)
-20 °C, 51 h

OH

1a 2a

A typical experimental procedure for the reaction of 1-(2-(2-hydroxyethyl)phenyl)prop-2-yn-
1-yl acetate (1a) is described below. In an oven dried 20 mL Schlenk flask were placed
CuOTf.1/2CsHe (1.3 mg, 0.005 mmol) and (S,S)-Ph-pybox (L5) (3.7 mg, 0.01 mmol) under Na.
Anhydrous methanol (1.0 mL) was added, and then the mixture was magnetically stirred at
60 °C for 1 h. After the solution was cooled to -20 °C, 1a (21.8 mg, 0.10 mmol) in anhydrous
methanol (1.5 mL) and K>COs (17 mg, 0.12 mmol) were added under N, and the reaction
mixture was kept at -20 °C for 51 h. The mixture was diluted by H,0 (10 mL) and extracted with
CH,Cl> (10 mL X 3). The combined organic layers were dried over anhydrous Na;SO4 and
concentrated under reduced pressure with caution. The residue was purified by the column
chromatography (SiO;) with hexane/Et,0 (50:1-40:1) to give 1-ethynylisochromane (2a) as a
pale yellow oil (14.1 mg, 0.089 mmol, 89% isolated yield). *H NMR & 7.27-7.18 (m, 3H), 7.15-
7.10 (m, 1H), 5.55 (s, 1H), 4.26-4.20 (m, 1H), 4.01-3.95 (m, 1H), 2.94-2.80 (m, 2H), 2.56 (s, 1H).
13C NMR 6 134.3, 132.7, 129.0, 127.3, 126.4, 125.8, 82.8, 73.8, 66.4, 62.4, 27.9. HRMS (El)
Calcd. for Ci1H100 [M]: 158.0732. Found: 158.0731. [a]?p = +26.6 (c = 0.50, CHCl3). The
enantiomeric excess of 2a was determined by HPLC analysis; DAICEL Chiralpak OJ-H,
hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention time: 18.6 min (major)
and 26.0 min (minor), 93% ee.
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Spectroscopic Data and Isolated Yields of Other Products.

2b

1-ethynyl-7-fluoroisochromane (2b): Isolated yield 90%. A pale yellow oil. *H NMR & 7.08
(dd J = 8.6 Hz, 6.0 Hz, 1H), 6.98 (dd J = 9.2 Hz, 2.4 Hz, 1H), 6.27 (td, J = 8.6 Hz, 2.4 Hz, 1H), 5.50
(s, 1H), 4.24-4.17 (m, 1H), 4.01-3.93 (m, 1H), 2.90-2.75 (m, 2H), 2.57 (d, J = 2.4 Hz, 1H). 13C
NMR & 161.2 (d, Yc.r= 246 Hz), 136.0 (d, 3Jcr= 6.7 Hz), 130.4 (d, 3Jcr= 6.6 Hz), 128.3 (d, 4Jcr =
2.9 Hz), 114.7 (d, HUcr= 21 Hz), 112.5 (d, 2cr = 23 Hz), 82.1, 74.2, 66.3, 62.6, 27.2. HRMS (El)
Calcd. for Cy1HoFO [M]: 176.0637. Found: 176.0636. [a]?’p = +49.6 (c = 0.32, CHCl3). The
enantiomeric excess of 2b was determined by HPLC analysis; DAICEL Chiralpak OJ-H,
hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention time: 17.3 min (major)
and 18.5 min (minor), 87% ee.

2c

1-ethynyl-6-fluoroisochromane (2c): Isolated yield 75%. A pale yellow oil. *H NMR & 7.22
(dd, J = 8.3 Hz, 5.2 Hz, 1H), 6.92 (td, J = 8.3Hz, 2.6 Hz, 1H), 6.81 (dd, J = 9.6 Hz, 2.6 Hz, 1H), 5.50
(s, 1H), 4.24-4.17 (m, 1H), 4.00-3.93 (m, 1H), 2.95-2.77 (m, 2H), 2.57 (d, J = 2.0 Hz, 1H). 13C
NMR & 161.8 (d, Yc.r= 245 Hz), 135.0 (d, 3Jcr= 7.6 Hz), 130.0 (d, *Jcr= 2.9 Hz), 127.5 (d, 3Jcr =
8.6 Hz), 115.3 (d, Hcr = 22 Hz), 113.7 (d, 2Jcr = 22 Hz), 82.6, 74.1, 66.1, 62.0, 28.0. HRMS (EI)
Calcd. for C11HoFO [M]: 176.0637. Found: 176.0630. [0]2!p = +47.7 (c = 0.27, CHCl3). The
enantiomeric excess of 2c was determined by HPLC analysis; DAICEL Chiralpak OZ-H,
hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention time: 9.9 min (major) and
10.6 min (minor), 94% ee.

F2d

1-ethynyl-5-fluoroisochromane (2d): Isolated yield 65%. A pale yellow oil. 'H NMR & 7.20
(dd J = 13.2 Hz, 8.1 Hz, 1H), 7.06 (d, J = 8.1 Hz, 1H), 6.95 (t, J = 8.1 Hz, 1H), 5.53 (s, 1H), 4.27-
4.19 (m, 1H), 4.04-3.97 (m, 1H), 2.83 (t, J = 6.0, 2H), 2.58 (d, J = 2.8 Hz, 1H). 3C NMR & 160.3
(d, Ycp=244 Hz),136.4 (d, 3Jcr= 4.8 Hz), 127.2 (d, 3Jc-r = 8.5 Hz), 121.2 (d, YJc.r = 2.9 Hz), 120.7
(d, Jer=19 Hz), 113.6 (d, 2Jc.e = 21 Hz), 82.2,74.3, 65.9 (d, *Jcr= 2.8 Hz), 61.6, 21.3 (d, 3Jcr=
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2.9 Hz). HRMS (EIl) Calcd. for C11HsFO [M]: 176.0637. Found: 176.0640. [a]*?p = +34.1 (c = 0.57,
CHCl3). The enantiomeric excess of 2d was determined by HPLC analysis; DAICEL Chiralpak OJ-
H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention time: 17.8 min (major)

and 19.2 min (minor), 89% ee.

F5C
2e

1-ethynyl-6-(trifluoromethyl)isochromane (2e): Isolated yield 87%. A pale yellow oil. H
NMR & 7.47 (d, J = 7.6 Hz, 1H), 7.40-7.36 (m, 2H), 5.57 (s, 1H), 4.28-4.21 (m, 1H), 4.05-3.98 (m,
1H), 3.02-2.83 (m, 2H), 2.59 (d, J = 2.4 Hz, 1H). 13C NMR 6 138.2, 133.6, 129.7 (d, ?Jc.r = 32 Hz),
126.4,126.0 (d, 3Jc.r = 3.8 Hz), 123.9 (d, Yc.r = 272 Hz), 123.2 (d, 3Jc.r = 3.9 Hz), 82.0, 74.6, 66.3,
62.0, 27.8. HRMS (El) Calcd. for C12HgF30 [M]: 226.0605. Found: 226.0601. [a]?%p = +27.5 (c =
0.50, CHCIls). The enantiomeric excess of 2e was determined by HPLC analysis; DAICEL
Chiralpak OZ-H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention time: 9.09

min (major) and 9.94 min (minor), 93% ee.

2f

1-ethynyl-6,7-difluoroisochromane (2f): Isolated yield 51%. A pale yellow oil. *H NMR & 7.08
(dd, J = 10.4 Hz, 7.6 Hz, 1H), 6.93 (dd, J = 10.4 Hz, 7.6 Hz, 1H), 5.46 (s, 1H), 4.23-4.15 (m, 1H),
4.00-3.92 (m, 1H), 2.89-2.73 (m, 2H), 2.59 (d, J = 2.4 Hz, 1H). 3C NMR 6 149.6 (dd, Yc.r = 247
Hz and 2cr= 12 Hz), 148.9 (dd, Ycr = 247 Hz and 2cr = 11 Hz), 130.6 (t, 3Jcr = 4er = 4.8 Hz),
129.3 (t, 3Jer=4cr=5.7 Hz), 117.2 (d, 2) =17.1 Hz), 114.6 (d, 2) = 18.1Hz), 81.9, 74.5, 65.8, 62.1,
27.2. HRMS (EI) Calcd. for C11HsF,0 [M]: 194.0543. Found: 194.0544. [a]®p = +34.5 (c = 0.35,
CHCIs). The enantiomeric excess of 2f was determined by HPLC analysis; DAICEL Chiralpak OJ-
H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention time: 18.6 min (minor)

and 19.6 min (major), 92% ee.

Me

2g
1-ethynyl-7-methylisochromane (2g): Isolated yield 75%. A pale yellow oil. *H NMR & 7.08-
7.00 (m, 3H), 5.52 (d, J = 2.0 Hz, 1H), 4.24-4.19 (m, 1H), 4.01-3.94 (m, 1H), 2.89-2.75 (m, 2H),
2.56 (d, J = 2.0 Hz, 1H), 2.33 (s, 3H). 3C NMR 6 136.0, 134.0, 129.6, 128.8, 128.2, 126.1, 83.0,
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73.7, 66.4, 62.5, 27.5, 21.1. HRMS (EI) Calcd. for C12H1,0 [M]: 172.0888. Found: 172.0894.
[a]*?p = +78.1 (c = 0.44, CHCl3). The enantiomeric excess of 2g was determined by HPLC analysis;
DAICEL Chiralpak OJ-H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention
time: 14.6 min (major) and 17.9 min (minor), 88% ee.

Me
2h

1-ethynyl-6-methylisochromane (2h): Isolated yield 90%. A pale yellow oil. *H NMR &§ 7.15
(d, J = 7.5 Hz, 1H), 7.03 (d, J = 7.8 Hz, 1H), 6.94 (s, 1H), 5.52 (s, 1H), 4.25-4.18 (m, 1H), 4.00-
3.92 (m, 1H), 2.93-2.73 (m, 2H), 2.54 (d, J = 2.4 Hz, 1H), 2.32 (s, 3H). 3C NMR & 137.0, 132.5,
131.4,129.4,127.3,125.7,83.0, 73.7, 66.4, 62.4, 27.9, 21.1. HRMS (El) Calcd. for C12H120 [M]:
172.0888. Found: 172.0885. [a]?*p = +42.0 (c = 0.37, CHCl3). The enantiomeric excess of 2h was
determined by HPLC analysis; DAICEL Chiralpak OZ-H, hexane/iPrOH = 95/5, flow rate = 0.5
mL/min, A = 220 nm, retention time: 9.67 min (major) and 10.8 min (minor), 91% ee.

Me

Me
2i

1-ethynyl-6,7-dimethylisochromane (2i): Isolated yield 66%. A pale yellow oil. *H NMR &
7.02 (s, 1H), 6.90 (s, 1H), 5.50 (s, 1H), 4.24-4.17 (m, 1H), 3.99-3.92 (m, 1H), 2.92-2.70 (m, 2H),
2.55(d, ) =2.4 Hz, 1H), 2.24 (s, 3H), 2.23 (s, 3H). 3C NMR & 135.8, 134.8, 131.6, 130.0, 129.9,
126.6, 83.2, 73.6, 66.2, 62.5, 27.4, 19.42, 19.40. HRMS (EI) Calcd. for C13H140 [M]: 186.1045.
Found: 186.1051. [a]®*p = +84.9 (c = 0.42, CHCl3). The enantiomeric excess of 2i was
determined by HPLC analysis; DAICEL Chiralpak OZ-H, hexane/iPrOH = 95/5, flow rate = 0.5
mL/min, A = 220 nm, retention time: 9.41 min (major) and 10.6 min (minor), 87% ee.

MeO

2j

1-ethynyl-7-methoxyisochromane (2j): Isolated yield 72%. A pale yellow oil. 'H NMR & 7.06-
7.02 (m, 1H), 6.82-6.77 (m, 2H), 5.51 (s, 1H), 4.24-4.17 (m, 1H), 4.00-3.94 (m, 1H), 3.80 (s, 3H),
2.89-2.72 (m, 2H), 2.56 (d, J = 2.0 Hz, 1H). 3C NMR 6 158.0, 135.2, 129.9, 124.7, 113.9, 110.4,
82.7, 73.8, 66.6, 62.7, 55.3, 27.1. HRMS (El) Calcd. for Ci2H12,0, [M]: 188.0837. Found:
188.0833. [a]?%p = +45.0 (c = 0.47, CHCIl3). The enantiomeric excess of 2j was determined by
HPLC analysis; DAICEL Chiralpak OZ-H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220
nm, retention time: 12.7 min (major) and 13.6 min (minor), 93% ee.
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2k

1-ethynyl-8-methylisochromane (2k): Isolated yield 75%. A pale yellow oil. 'H NMR &§ 7.14
(t,J=7.3 Hz, 1H), 7.02 (d, ) =7.3 Hz, 1H), 6.98 (d, J = 7.3 Hz, 1H), 5.50 (d, J = 2.0 Hz, 1H), 4.33-
4.22 (m, 1H), 4.10-4.04 (m, 1H), 3.14-3.04 (m, 1H), 2.72-2.62 (m, 1H), 2.53 (d, J = 2.0 Hz, 1H),
2.33 (s, 3H). 3C NMR & 134.3, 132.7, 132.4, 128.3, 127.2, 126.9, 81.8, 74.1, 64.3, 60.7, 27.9,
18.4. HRMS (EI) Calcd. for C12H1,0 [M]: 172.0888. Found: 172.0884. [a]*°p = +18.6 (c = 0.60,
CHCl3). The enantiomeric excess of 2k was determined by HPLC analysis; DAICEL Chiralpak OJ-
H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention time: 13.2 min (major)
and 14.9 min (minor), 80% ee.

Cl

2]

7-chloro-1-ethynylisochromane (2l): Isolated yield 85%. A pale yellow oil. 'H NMR &§ 7.26 (s,
1H), 7.19 (dd, J = 8.4 Hz, 2.4 Hz, 1H), 7.06 (d, J = 8.4 Hz, 1H), 5.50 (s, 1H), 4.24-4.17 (m, 1H),
4.00-3.93 (m, 1H), 2.92-2.75 (m, 2H), 2.59 (d, J = 2.4 Hz, 1H). 3C NMR 6 136.0, 131.9, 131.2,
130.3, 127.6, 125.8, 82.1, 74.4, 66.1, 62.3, 27.3. HRMS (El) Calcd. for C11HsCIO [M]: 192.0342.
Found: 192.0346. [a]**p = +152.6 (c = 0.27, CHCl3). The enantiomeric excess of 2l was
determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/iPrOH = 95/5, flow rate = 0.5
mL/min, A = 220 nm, retention time: 17.7 min (major) and 20.4 min (minor), 80% ee.

Il
% o
2m

1-ethynyl-3,4-dihydro-1H-benzo[h]isochromene (2m): Isolated yield 57%. A pale yellow oil.
'H NMR 6 7.97 (d, ) = 8.4, 1H), 7.82 (d, ) = 8.4, 1H), 7.73 (d, J = 8.6, 1H), 7.58-7.52 (m, 1H), 7.47
(td, ) =8.0 Hz, 1.2 Hz, 1H), 7.23 (d, ) = 8.6 Hz, 1H), 6.05 (s, 1H), 4.46-4.36 (m, 1H), 4.21-4.15 (m,
1H), 3.27-3.20 (m, 1H), 2.83-2.75 (m, 1H), 2.58 (d, J = 2.0 Hz, 1H). 3C NMR & 132.3, 130.4,
129.4, 128.9, 128.7,127.9, 127.4, 126.5, 125.4, 122.4, 82.5, 74.7, 64.0, 60.7, 28.3. HRMS (El)
Calcd. for CisH1,0 [M]: 208.0888. Found: 208.0882. [a]?% = +83.3 (c = 0.51, CHCl3). The
enantiomeric excess of 2m was determined by HPLC analysis; DAICEL Chiralpak OZ-H,
hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention time: 9.96 min (major)
and 11.8 min (minor), 83% ee.
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1-ethynyl-1,3-dihydroisobenzofuran (7): Isolated yield 36% (with L2). A pale yellow oil. *H
NMR 6 7.39-7.31 (m, 3H), 7.27-7.22 (m, 1H), 5.88 (s, 1H), 5.26 (dd, J = 12.2 Hz, 2.0 Hz, 1H), 5.10
(d, J = 12.2, 1H), 2.60 (d, J = 2.4 Hz, 1H). 3C NMR & 138.8, 138.6, 128.3, 127.8, 121.7, 121.1,
82.0, 74.2, 73.1, 73.0. HRMS (EI) Calcd. for C1oHsO [M]: 144.0575. Found: 144.0582. [a]®p =
+119.2 (c = 0.14, CHCI3). The enantiomeric excess of 7 was determined by HPLC analysis;
DAICEL Chiralpak OJ-H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention
time:20.8 min (major) and 27.5 min (minor), 68% ee.

I\

* 0

8

1-ethynyl-1,3,4,5-tetrahydrobenzo[c]oxepine (8): Isolated yield 40% (with L5). A pale
yellow oil. *H NMR & 7.57-7.49 (m, 1H), 7.24-7.15 (m, 3H), 5.50 (d, J = 2.2 Hz, 1H), 4.45-4.39
(m, 1H), 4.04-3.97 (m, 1H), 3.15-3.11 (m, 1H), 3.03-2.95 (m, 1H), 2.81 (d, J = 2.2 Hz, 1H), 1.89-
1.79 (m, 2H). 3C NMR 6 141.6, 138.7, 129.7, 128.4, 127.4, 126.3, 80.1, 77.5, 72.6, 72.4, 34.6,
29.8. HRMS (El) Calcd. for C12H1,0 [M]: 172.0888. Found: 172.0884. [a]*?p = -2.40 (c = 0.15,
CHClIs). The enantiomeric excess of 8 was determined by HPLC analysis; DAICEL Chiralpak OJ-
H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, A = 220 nm, retention time:43.1 min (minor)
and 52.5 min (major), 29% ee.

Preparation of (S)-1-benzyl-4-(isochroman-1-yl)-1H-1,2,3-triazole (3)

Bn

I i

Cul (10 mol%) N
0 iProNEt (2 equiv.)

+ BnN3 (0]
THF, 45°C, 15 h
2a 3
90% ee quantitative, 89% ee

To a solution of 2a (0.23 mmol) in anhydrous THF (4 mL) was added Benzyl azide (37.0 pL,
0.28 mmol), Cul (4.40 mg, 0.023 mmol), iPr,NEt (64.0 uL, 0.46 mmol). The mixture was stirred
at 45 °C for 15 h. The mixture was concentrated under reduced pressure and purified by
column chromatography with hexane/EtOAc (5:1-3:1) to give (S)-1-benzyl-4-(isochroman-1-yl)-
1H-1,2,3-triazole 3 as a white solid (65.0 mg, 0.23 mmol, 98% isolated yield). *H NMR & 7.36-
7.00 (m, 10H), 6.05 (s, 1H), 5.51 (d, J = 14.8 Hz, 1H), 5.44 (d, J = 14.8 Hz, 1H), 4.16-4.10 (m, 1H),
3.96-3.88 (m, 1H), 3.05-2.96 (m, 1H), 2.84-2.76 (m, 1H). 3C NMR 6 150.0, 135.7, 134.4, 133.4,
129.0, 128.8,128.7,128.1, 126.9, 126.3, 126.1, 122.0, 71.7, 63.6, 54.2, 28.5. HRMS (El) Calcd.
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for CigH17N3O [M]: 291.1372. Found: 291.1383. [a]®*p = +71.3 (c = 0.50, CHCl3). The
enantiomeric excess of 3 was determined by HPLC analysis; DAICEL Chiralpak OJ-H,
hexane/iPrOH = 70/30, flow rate = 0.5 mL/min, A = 220 nm, retention time: 28.6 min (major)
and 52.7 min (minor), 89% ee.

Preparation of (R)-1-((4-chlorophenyl)ethynyl)isochromane (4)

Cl

Pd(PPh3), (5 mol%)
Cul (10 mol%) | |
Et3N (4 equiv.)
THF, rt, 17 h O o)

2a 4
90% ee 92%, 92.5% ee

To a solution of 2a (0.17 mmol) in anhydrous THF (4 mL) was added 1-chloro-4-iodobenzene
(80.0 mg, 0.34 mmol), Pd(PPhs)s (9.80 mg, 0.0085 mmol), Cul (3.20 mg, 0.017 mmol), EtsN
(95.0 uL, 0.68 mmol) at room temperature and the mixture was stirred for 17 h. The mixture
was concentrated under reduced pressure and purified by column chromatography with
hexane/EtOAc (100:0-25:1) to give (R)-1-((4-chlorophenyl)ethynyl)isochromane 4 as a yellow
oil (42 mg, 0.156 mmol, 92% isolated yield). 'H NMR & 7.39-7.10 (m, 8H), 5.76 (s, 1H), 4.32-
4.24 (m, 1H), 4.05-3.98 (m, 1H), 2.98-2.83 (m, 2H). 13CNMR 6 134.6, 134.5, 133.1, 132.8, 129.0,
128.6, 127.3, 126.4, 125.9, 121.0, 89.1, 84.5, 67.2, 62.7, 28.0. HRMS (El) Calcd. for C17H13CIO
[M]: 268.0655. Found: 268.0648. [a]**p = +1.43 (c = 0.55, CHCls). The enantiomeric excess of 4
was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/iPrOH = 95/5, flow rate = 0.5
mL/min, A = 220 nm, retention time:24.1 min (minor) and 30.8 min (major), 92.5% ee.

Preparation of (S)-1-benzyl-4-(7-chloroisochroman-1-yl)-1H-1,2,3-triazole (S16)

Bn
-N
11
Il N/
Cul (10 mol%)
Cl iProNEt (2 equiv.) CI
O 1 BnN, 0
THF, 45°C, 15 h
21 S16
80% ee 75% vyield

(5)-1-benzyl-4-(7-chloroisochroman-1-yl)-1H-1,2,3-triazole $16 was synthesized from 21 (0.6
mmol) as a similar method as the synthesis of 3 from 2a. Recrystallization from CH,Cl, gave
crystals of 16 suitable for X-ray analysis (0.45 mmol, 75% yield). A white solid. *"H NMR & 7.39-
7.32(m, 4H), 7.29-7.23 (m, 2H), 7.14 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.09-7.03 (m, 2H), 5.98 (s, 1H),
5.56 (d, J = 15.0 Hz, 1H), 5.47 (d, J = 15.0 Hz, 1H), 4.18-4.10 (m, 1H), 3.94-3.86 (m, 1H), 3.02-
2.92 (m, 1H), 2.82-2.72 (m, 1H). 3C NMR & 149.2, 137.4, 134.3, 131.8, 131.7, 130.2, 129.1,
128.8, 128.1, 127.2,126.3, 122.0, 71.4, 63.5, 54.2, 27.9. HRMS (EIl) Calcd. for C1gH16N3O [M]:
325.0982. Found: 325.0979.
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X-ray diffraction studies of S16

Diffraction data for (S)-1-benzyl-4-(7-chloroisochroman-1-yl)-1H-1,2,3-triazole ($16, CCDC
1910939) were collected for the 2 range of 4 to 55° at —100 °C on a Rigaku R-AXIS RAPID imaging
plate diffractometer with graphite-monochromated Mo-Ka radiation (A = 0.71075 A) with
VariMax optics. Intensity data were corrected for Lorentz and polarization effects and for
empirical absorptions (ABSCOR),*® whereas structure solutions and refinements were carried
out by using CrystalStructure package.’” Positions of non-hydrogen atoms were determined
by direct methods (SHELXD Version 2013/2)® and subsequent Fourier syntheses SHELXL Version
2016/6),*° and were refined on F,? with all the unique reflections by full-matrix least squares
with anisotropic thermal parameters. All the hydrogen atoms were placed at the calculated
positions with fixed isotropic parameters. Anomalous dispersion effects were included in F,>°
and mass attenuation coefficients, values for Af' and Af", and neutral atom scattering factors
were taken from references.>'*>13  Refinement of the Flack parameter (0.09(3)) using 1202
Parsons' quotients demonstrates that the absolute configuration of S16 is (S).>1* Details of the
crystal and data collection parameters of S16 are summarized in Table S1. ORTEP drawing of
$16 is shown in Figure S1.
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Table S1. Crystallographic Data for S16.

compound

S16

CCDC number

chemical formula

formula weight

crystal size (mm3)

color, habit

temperature (°C)

crystal system

space group

a(A)

b (A)

c (A)

a (deg)

8 (deg)

y (deg)

Vv (A3)

z

dealed (g cmM™3)

F(000)

p(cm™)

transmission factors range
number of measured reflections
number of unique reflections
Rint

number of refined parameters
R1 (/> 2a0(/))

wR?2 (all data) ?

GOF ¢

maximum and minimum residual peaks (e A~

%)

Flack parameter

1910939
C1sH16CIN3O
325.80

0.48 x 0.11 x 0.07
colorless, needle
-100
monoclinic
P2; (no. 4)
12.1916(6)
5.5082(3)
12.3900(6)
90
102.989(7)
90

810.74(8)

2

1.334

340

2.430
0.840-0.983
7587

3593

0.0258

208

0.0485
0.0965

1.000
+0.55/-0.44
0.09(3)

TRLI=3 ||Fo| — |Fc| |/Z]Fo].
(Max(Fo?, 0) + 2 F%)/3 [r=0.5080].

$17

b WR2 = [E{w(Fo? — F2)?}/swW(Fo®)) Y%, w = 1/[0*(Fo?) + rP), P =
¢GOF = [ZW(FQZ - Fcz)z/(No - Nparams)]l/z-
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Figure S1. ORTEP drawing of S16. Thermal ellipsoids are given at the 50% probability level.
Hydrogen atom labels except for H1 are omitted for clarity.
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HPLC Chart

2a (rac)

2a (chiral)

98,80/00

ARERA

89:32

00-08/98

9 CONC: ARERA

CH. 1 C.5 5.80 ATT 3 OFFS © 00/00/00 0@:32
S.P 800
= 18.27
24 .83
PRt
S.P 1608 " o V_T.
Jo~ <
. s .
O
T oo B
D-2500
METHOD: e s
FILE: @ CALC-METHOD: AREAX TABLEY & “EoNGE
No. RT ARERA CONC  BC
1 18.27 18856 49.316 88
2 24.83 18936 50.184 88
TOTAL
21792 100.000
PEAK REJ : 9
5.P 308
18 .98
25 .96
S.P 1680
r=
¢ anl
fAary
H
p-2508
METHOD = TRG: 3 CH: 1
FILE: CALC-METHOD: RREAX TABLE®
NO . RT AREA CONC  BC
1 18.58 26854 96.549 BB
2 25.96 960 I.451 BB
rora 27814 198 .009
PERK REJ * ]
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2b (rac)

2b (chiral)

17.
18.

EEL]

51

1688

v B
G R
tea "
33 ~
3 i
D-2588 ad-88-/88
HETHOD: TRG: 1 CH: 1
FILE: @ CALC-METHOD: AREAZ TABLE: @ CONC: ARER
MO . RT AREA CONC BC
1 17.51 5642 49.489 BB
2 18.62 9777 98 .591 EB
TOTAL
11419 186 .000
PERK REJ : 2]
CH. 1 €.5 S5.88 ATT 2 OFFS 8 @8-86-99 98:58
I
E |
S.P 8686 H
27/ e¢
-
17 .26
12 .51
r-2586 GE-/08-86
METHOD: TRG! 2 CH:s 1
FILE: @ CALC-METHOD! RARERX TRBLE:® @ CONC: ARER
ND . RT AREA CONC BC
1 17 .26 43488 93 .485 BB
2 1a8.51 2464 5.595 BB
TOTAL
37364 168,289
FPERK REJ = a

S53
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2c (rac)

CH. 1 C.5 5.82 ATT 3 OFFS @ G6/788/88 B1:42
:y
2.93 Ratp mate
16 .58
D-2588 G8-80-88 B1:42
HETHOD: TRG: 2 CH:
FILE: @ CRALC-METHOD: ARREA% TRBLE: @ CONC: ARER
HO . RT AREA CONC  BC
1 9.%3 7991 58.781 BB
2 18 .58 F - 49.299 BB
TOTAL .
15761 1688 .888
PEAK REJ : 2]
2c (chiral)
3 .93
18 .62
l!l‘
F
oE-H
tz {{pnﬁ-f
1T
e -fllw""'*(
?q/; e
b-2588
BE-88-88 @@:55
METHOD: TAG: tocH: g
FILE: @ CALC-METHOD: @REAx TABLE: @ cCONC: ARER
HO . RT ARER CONC  Br
; 1;-93 18312 36 .936 BB
B2 326
TOTAL 3.864 TBE
18638  1@g.
FPEAK REJ : 2 b.890 -
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2d (rac)

2d (chiral)

16 .04
17 .98
15.1@

28 .3%

p-2588
HETHOD:= TARE: 2 [©CH:= 1
FILE: 8 CRLC-METHOD: RRERX TABLEz @ CONC
NO . RT ARRER CONC BC
2 17V .%8 TIE23 49 .287 BB
3 1%.18 339 3@ .793 BB
TAOTAL
14882 168 .088
PERK REJ = 188d
16 .68
17 .84
19.23
D-2588
HETHOD: TAG: 2 CH: i
FILE: @ CALC-HETHOD: ARERZX TABLE: 8 CONCs:
NO . RT ARER CONC  BC
2 17 .84 41999 94 .386 BB
3 19.23 2536 5.694 TBE
TOTAL
44535 188 .088
PEAK REJ L 151
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2e (rac)

CH. i1 C.5 5.88 ATT 3 OFFS 8 G@98-088-.08 ©4:82

Ad-@@-88 84:82

g

oz2-H

o e
Tie mm

0‘$ I‘l{au/rltlg

-89

B8-868-88 B82:11

b-2588
WETHOD: TRG: 4 CHi 1
FILE: @ CALC-METHOD: AREAX TRBLE: @ COMC: RREA
N . RT RARER COMC  BC
2 9.12 12734 58.272 BB
3 9.9 12593 49.722 BB
TOTAL
25327 188 .8989
PERK REJ 3 Sa8d
2e (chiral)
CH. 1 €.5 5.88 ATT 2 0FFs 8 @B@-@ag-s08 @2:11
6 .42
2 .94
D-250@
METHOD = TRG: 4 CH: 1
FILE: 8 CALC-METHOD: AREAX TRBLE: @ COWC: ARER
HO . RT RRER CONC  BC
i 3.93 35589 96,518 BB
3 .94 1243 3.
TOTAL ez we
I6752 1@ .8
PERK REJ z 589 o
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2f (rac)

CH. 1 C.5 5.88 ATT 3 OFFS a @

15 .48

18 .26

19.78

p-2588

1

HMETHOD: TAG:

FILE: @ CALC-METHOD: RREAX TRE

RT
15 .26
19 .76

ARER
19276
19846

CONC
49 .272
5@ .728

HD -

4

5

TOTAL

39122
LL:]

PERK REJ g@

2f (chiral)

18.356
19.55

Dp-2508

METHOD: TRE:

FILE: @ CALC-METHOD: RAREAX
NO .
1
2

{ TOTAL

RT
18 .56
192.55

AREA
243
23488

24436

§57

@/88-88 Q@136

o7 4
A
vk wlfn

Tte nm

@@-@@-88 @836

CH: 1

LE: @ COMC: AREA
BC
BB

108 .088

g8-88-88 ©82:16

2 CH

TRBLE: 9 CONC: ARER
CONC
J.330

96 .128

B
BB
BB

196 .a8a




2g (rac)

2g (chiral)

CH. 1 C.5 5.08 ATT 4 OFFS @ 08.00-00 B80:04
9.73
il
Me. ]
Racenvice 17 .46
of -14
s% e :
Flow 00 ]
e vy
D-2528 99,/00/98 00:84
METHOD: TAG: 2 CH: 1
FILE: 8@ CALC-METHOD: AREAX TABLE: @ CONC: AREA
NO . RT ARER CONC  BC
2 14.38 78488 49.833 8B
3 17.46 81583 58.967 BB
TOTAL
168071 100 .000
PEAK REJ : 29900
CH. 1 C.5 5.88 ATT 3 OFF5 @ ©80/088/88 ©88:36
1
e 0 ]
= )
13 .24
14.62 . - / ;
?;/ g8/, of
{7/ /
17 .94
a@,88-08 BB:36
p—-2588
: 4 CH: 1
METHOD: TAS cen
: @ COWC: A
FILE: @ CALC-METHOD: ARERAX TABLE
CONC  BC
MO . RT “§§2 35.833 BB
2 14.82 a4 z 167 BB
3 17.94 2548 -
TOTAL 47676  190.900
PERAK REJ @ 2899
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2h (rac)

CH. 1 ¢c.s
5.88 ATT 3 OFFs 8 88-08.99 88:85

6.54
7 .39

g 18.11

11.30
i
Racens fe
me
o211
A
5'; f(w/
TLe vy
D-2588 08/80/08 088:05
HETHOD: TAG: 1 CH: 1
FILE: @ CALC-METHOD: AREA% TRBLE: 9 CONC: RRER W
NO . RT ARERA CONC BC %
4 18.11 48578 49.254 BB ©
5 11.30 50849 58 .746 BB
TOTAL
98627 1948 .69
PERK REJ : 30009

2h (chiral)

CH. 1 C.5 S.88 ATT 5 OFFS @ @o-/98-868 @8:85

% 9 .67 )
18.79 ?V; e¢

Qe /88,88 B8B:85

D-2588
METHOD: TRE: 1 CH: 1
FILE: @ CALC-METHOD: ARERX TRBLE: @ COMC:= ARER
NO . RT ARER CONC BC

1 N 41232 95 .619 BB

2 18.7% 1839 4 .331 TEB
TOTAL

43121 186 .888

FEAK REJ = B
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2i (rac)

CH. 1 ©.5 5.3a@ ATT s aFFs B B8-85-88 B9:494

9.64
18 .84 Mg Y
1 I&# {2
iy
oZ-H
jjir?rmf
o5
Lo am
b=-258G B@-808-88 0@:@4d
METHOD: TRG: 1 CH: 1
FILE: @ CALC-METHOD: AREA% TRBLE:= & COMC: ARER
MO . RT ARER COMC  BC
3 9 .64 411539 4%9.541 BB
& 18 .84 41922 58.45% BB
TOTAL
23881 198 .868
PERK REJ = 1@ana
2i (chiral)

Gg-8p-88 B1:13

D-25848
METHOD = TAG: 1 CH: 1
FILE: & CALC-METHOD: AREAX THBLE:= 9 COWC: ARER
HO . RT ARERA CONC BC

2 T .41 33316 ?3.617 BB

I 18.56 3785 6.383 BB
TOTAL

3937681 laa .0a@

FERK REJ = 588

S60



2j (rac)

Bs-a@  9B:84
F5 8 ©8/8
cH. 1 c.5 5.88 ATT 5 OF
I
6.13 e
ﬂ?p.“n,n.‘l’
9.18
03 -H
. fg/ ,'fMH
13 .27 /"
i4.87
qLe v
2.8 flevvar
AgsBE- 00 @6:8d
p-2508
Y
¢ TRG: 1 CH
METHOD: aBLE: @ CONC: ARER
~METHOD: AREAZ T
FILE: 8 CALE
RRER cohc et
BY
i HO . RT 55966 49.690 BU
3 13.27 see6d s@.318 U
4 14 .87
TOTAL 112638 188 .808
. 28
{ FERK RET 109
2j (chiral)
6 .57
12.74
13.62
o i
F e
W ee
H
b-2588 Be/86-88 a@:5g
METHOD: TRG: 1 CHE 1
FILE: @ CALC-WETHOD: ArERx TRBLE: 8 CONC: AREA
HO . RT AREA CONC  BC
2 12.74 15176 96.27¢ B8
3 13.82 Sas 3.730 TBB
TOTAL
15764 108 ,88g
PEAK RET : 489
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2k (rac)

2k (chiral)

CH. 1 C.5 S5.88 ATT 3 OFFS § B8@8/86/88 90:38
L g.:22
Mg e f
[ [z}
= = [ =
0 1
13.22
14.38 o7 -4
)'}x‘{ fpverf
.
i v
CE Ty
22¢ w1
p-2598 a0/88/86 9@:30
METHOD: TAB: 1 CH: 1
FILE: @ CALC-METHOD: AREAX TABLE: @ CONC: ARER
HO . RT ARERA CONC  BC
3 13.22 45288 53.318 BB
4 14.83 39582 46 .532 BB
TOTAL
84738 188 .980
PERK REJ 5008
CH. 1 C.5 3.88 ATT 3 OFFs a aasfa-88 B@:338
— &.83
13 .18 /'lf\'
{ .
~ |
14.55 1< L
b-25ee 68-80.08 00:38
METHOD: TAG: 1 CH: 1
FILE: 8 CALC-METHOD: AREAX TABLE: @ CONC: RREA
N . RT ARER COMC  BEC
2 13.18 71827 9B .168 BB
3 14.95 a9z 9 .988 BB
TOTAL
79719 199 .388
PEAK REJ : caa8
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2l (rac)

2l (chiral)

a.77

D-2588

METHOD =

FILE: & CALC-METHODS

HO . RT

P

3 28.35
TOTAL

PERK REJ =

-

17 .76
28 .35
TAG: 1 CH:
RRERAX TRELE=
ARER COMC EC
33836 49 .812 BB
34112 58.188 BB
67968 188 .808
508

28 .39

p-2588

METHOD =

FILE: @ CALC-METHOD:

NO . RT
1 17.71
2 28.39
TOTAL
PEAK REJ

TRGE: 3 CH:
RRERX TABLE:=
ARER CONC  BC
42724 82 .871 BB
4215 i8.12% BB
47335 taa .088

a

$63

17.71

1

CONC:

|
‘}\@J\u Raggeantl
Lt

r;i“]' -4
E‘If. peord

FE3 fr"""”“ s
e M

aa-2@8-88 ©88:54

CONC: RARER

88/99-88 @l:208

RRER



2m (rac)

2m (chiral)

CH. 1 C.5 5.88 ATT I OFFs @ @@s84-98 @8:84
§.P 898
[,_.___ 11.28
Tﬁ 13 .88
)
o =
= ,\,—.h T 2 Q
5.P 1608 oy TS 1
= -~
by oo X ¥
= 1 o
3
Ioe K
p-2588 22-38-808 ©8:04
METHOD= TAG: 1 CH: 1
FILE: @ CALC-HETHOD: AREAX TABLE: @ CONC: AREA
WO . RT ARER CONC  BC
1 11.28 @416 49.533 BB
2 13.88 92128 58 .467 BB
TOTAL
182536 180 .808
PEAK REJ ¢ 8
9.96
11 .79
= U
1 |
rl [/'k\}*-—o
=y
37(?{
gasapsad @1381
p-2589
METHOD! TRE: e
: : ARER
EILE: @ CALC-METHODE AREAX TABLE: 8 CONC
cowc  BC
ND . RT ARER )
3 2.96 127594 91 .612 BB
4 11.75 11682 §.338 BB
TOTAL 139278  188.809
PEAK REJI 1agan
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3 (rac)

3 (chiral)

CH. 1 C.5 1.25 ATT 3 OFFS 5] fga-@aa-88 @Ail:a9
¥ .35
F::ZF Ig .98
&:7 92 .27
s
~ 0] H
({Jri\p
A g,% :Ir"”H
fatenie s "'L/M».
e v
p-2580 ga-a8-808 @1:893
METHOD: TRG: 2 CH: 1
FILE: @ CALC-METHOD: ARER% TABLE: a8 CONC: ARERA
MO . RT ARER CONC BLC
2 36 .88 I56G8 49,267 BB
3 52.27 Ih668 58 .733 BB
TOTARL
72268 106 .88
PERK REJ : 282849
CH .
1 C.5 1.25 ATT & 0OFES & B8-80-88 @B6:64
v,
&
A\_;"\n
N
S
g7 e
e
!
=258
GB8-89-88 G@8:649
METHOD: TRE L ocms s
FILE: @ - :
CRLC-METHOD: ARER%: TABLE: 5] COMC: ARER
D . RT AREA CONC  BC
ig 28 .58 411885 24 .699 BB
52.72 23856
TOTAL 3.381 BE
434341 188 .688
FPERK REJ : 20888
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4 (rac)

4 (chiral)

FH. 1 C.5 1.25 ATT 5 grpe 9 88-89.89
2%
14 .24
22.86
30.38
52.11
D-2508
HETHOD: THG: tooHr g
FILE: 8 CALC-METHOD: Apeay TAELE: g
MO . RT ARERA CONC  BC
4 22.38 43763 49.874 pp
5 39.38 43934 58.126 @B
TOTAL
87747 160 869
PERK REJ = 20868
CH. 1 C.5 2.58 ATT 3 OFFS © 60-88-80
8.7@
12 .84
24 .11
F:- 30 .88
D-2580
METHOD 2 TAG: 2 CH: 1
FILE: @ CALC-METHOD: AREAZX TABLE: @
MO, RT ARER CONC  BC
3 24.11 1436 3.7686 BB
4 30.30 38873 96 .294 BB
TOTAL
48369 188 .58@
PEAK REJ : 1488

Bd:85

S66

COMC:

e}—H

ef mbf

.f% {f"f—i’
Lle vm
888888

ARER

g1:ta

‘TI{ngg

Ba- 88 -8d

COMC: AREAR

B0: 66

al1:16



7 (rac)

7 (chiral)

CH. 1 C.5 2.358 RTT 2 OFF3

S.P 388

; 28 .88

I> 27 .48

b-25808
METHOD TRE:

FILE: B CRALC-METHODR: AREAX

ND . RT ARER

i 28 .88 1683

2 27 .48 1738
TOTAL

2 @e8-6@8-08

2 CH: 1

TABLE:

CONC
48 .948
51 .868

3443 188 .0088

PERK REJ = a

CH. 1 C.5 2.58 ATT 2 OFFs i
5.P 388
28,73
27 45
G-2588
METHOD: TRE: 1
FILE: B8 CRLC-METHOD: ARER%Z TAB
MO, RT ARER CONT
i 2\8.7% 18818 33 .373
2 27 .46 3353 16 .827
TOTRL
22159 186 .268
PEAK REJ 3 53
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BC
=1=]
BB

BO/30-,89
CH: 1
LE: a
BC
BB
BB

2]

a8

7

154

o

Ea{cwdﬂx =

07 H

g

:',Pf"hf

210 v

o
6-_5_-"'/ A@-88-aa

CONC: ARER

Ga:37

CONG =

29,89, 89

RRER

a8

ER3

7

ag: 54



8 (rac)

CH. 1 G.5 1.25 ATT 3 OFFS @ 90-98,80 081348
438 o
8.8
15 .58
;k%@‘
23 .82
41,73
56 .78
S
rJhA
M
=Y % k
i 7 1
Ay ~
2500 GB/an/ a8
HETHODE TR&? 2 oEhe
FILE: B CALC-HETHOD: ARERA% TABLEZ B CONGE AREA
ND . RT AREA cone BC
3 41.79 138728 s6.755 88
18 s6.78 185017 49,241 BB
TOTAL
375737 10@.008
FEAK REJ ¢ 19anan
8 (chiral)
CH. 1 C.5 1.25 ATT 3 OFFS @ @8,/88.08 B1:36
S.P 3Jen
S.P 1688
43 .12
52.54 ~
\
)
Y
v
S.P Iz288
p-2z509 80-008/09
METHOD: TRG: 2 CH: 1
FILE: @ CALC-METHOD: AREAX TABLE: @ CONC: AREA
HO . RT AREA CONC  BC
1 43.12 18358 35.322 EB
2 52.54 18952 64.678 BB
TOTAL
29382 180 .9@a
PERAK REJ 1@aa
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