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Preliminary experiments with chalcone N-tosyl imine (1j).

Preliminary studies for the conjugate alkynylation of a,B-unsaturated imines were carried
out using the addition of phenylacetylene (2a) to the N-tosylimine of chalcone (1j). The
conditions previously developed in our group for the =zinc-mediated conjugate
alkynylation of unsaturated carbonyl compounds were applied.! The reactive system was
prepared by heating a solution of ligand (20 mol %), alkyne 2a (7.5 equiv.) and
diethylzinc (2 equiv.) in toluene to 70 °C for 1 hour followed by addition of the imine 1j
after cooling at room temperature. The reaction gave two compounds that could be
separated and characterized as enamine (Z)-3ja and imine 3ja’. Imine 3ja’ most probably
results from quick isomerization of the (E)-enamine, initially formed, to avoid repulsion
of the phenyl and phenylethynyl groups. The Z-enamine was stable for several days in
the NMR tube while imine 3ja’ hydrolyzed almost completely after 24 hours in the NMR

tube. Table S-1 shows the most representative results obtained with imine 1j.

Table S1. Enantioselective reaction of phenylacetylene (2a) and the N-tosylimine of

chalcone (1j). Short screening of catalysts.?

R_R
o}

0o OWO

ph, >4  Ph

Ph —NH HN Ph Ph,, NH HN.__Ph

PhA( Ph Ar>[ :EAF
OH HO Ar” TOHHO™ Ar

L4 L5 R = Me, Ar = Ph
L6 R = Et, Ar = Ph
L7 R = Et, Ar = 4-CICgH,

Ph Ph
Tos. Tos< Tos. | |
N L, Et,Zn NH I N
J\/\ > NN + !
Ph Ph Toluene, rt Ph * Ph Ph * Ph
1j 3ja 3ja’

Entry Ligand  yield (%) 3ja:3ja™® eesja (%)°  eesja’ (%)°

1 L4 31 40:60 24 33
2 LS 74 80:20 22 22
3 L6 52 76:24 43 34
4 L7 45 72:28 73 75

21 (0.125 mmol), 2a (0.938 mmol), 1.5 M Et,Zn in toluene (0.250 mmol), L (0.0250 mmol),
toluene (1.5 mL), rt., 3 hours. ® Determined by NMR. ¢ Determined by HPLC with chiral
stationary phases.
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Additional Optimization Experiments with Imine 1a

Table S2. Enantioselective reaction between phenylacetylene (2a) and imine 1a. Chiral
ligand study.?

\/, O\,C,) Ph
T B
toluene *
__________________________________________________ saa
Ph Ph
O (0]
Q ph/\N)J\’/Ph Ph —NH HN— Ph
O O H OH Phﬁ(i Ph
O OH HO
L1 L2 L3 L4

R R
Ph.,, _NH HN._,Ph Pha_NH HN__ \Ph OH CF,
Ar>[ :EAr Ph;i j<Ph o|-| oH
Ar” YOH HO Ph™ “OHHO™ “Ph . CFs
L5 R =Me, Ar = Ph L8
CF,

L6 R = Et, Ar=Ph
L7 R = Et, Ar=4-CICgH4

entry L yield (%) ee (%)°
1 L1 22 0
2 L2 48 -22
3 L3 65 26
4 L4 49 10
5 L5 48 -65
6 L6 50 -71
7 L7 53 -72
8 L8 54 30
9 L9 38 45
10 L10 22 0
11 L11 29 0

#1a (0.125 mmol), 2a (0.938 mmol), 1.5 M Et,Zn in toluene (0.50 mmol),
L7 (0.025 mmol), toluene (1.5 mL), rt, 3 hours. ® Determined by HPLC
with chiral stationary phases. Different sign indicates opposite
enantiomers.
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Table S3. Enantioselective reaction between phenylacetylene (2a) and imine 1a. Effect
of the number of equivalents of dialkylzinc reagent.?

o Ph o o
Ryzn L7 O3S- Ph,, _NHHN._ _Ph
Q/\/\ \ tc>2luene ,N /*/ p'C|C6H4>[ IP'CICGH‘*
Ph p-CICgH~ “OHHO™ “p-CICqH.
L7
entry Et2Zn (equiv.) yield (%) ee (%)P
1 1.3 52 63
2 2 41 67
3 3 50 64
4 4 53 80
5 5 43 64
6° 4 50 58

#1a (0.125 mmol), 2a (0.938 mmol), L7 (0.0125 mmol), toluene (1.5 mL), rt,
3 hours. ° Determined by HPLC with chiral stationary phases. ¢ Me,Zn was
used instead of Et;Zn.

Table S4. Enantioselective reaction between phenylacetylene (2a) and imine 1a. Effect
of the number of equivalents of alkyne.?

o Ph o o
o: 1l
Et,Zn, L7 Ssv Ph,, _NH HN. __Ph
Q/KA \ tolzuene ! X p-CICeH4>[ Ip-mcem
Ph p-CICeHs” “OH HO™ “p-CICqHa
L7
entry 2a (equiv.) yield (%) ee (%)°
1 4 38 57
2 5 47 85
3 7.5 53 80

*1a (0.125 mmol), 2a, 1.5 M Et,Zn in toluene (0.50 mmol), L7 (0.0125
mmol), toluene (1,5 mL), rt, 3 hours. ® Determined by HPLC with chiral
stationary phases.
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Table S5. Enantioselective reaction between phenylacetylene (2a) and imine 1a. Effect
of the concentration.?

o Ph ﬁggf
O 11
@/K/\ \ BtZn L7 =SS Il NH HN
oL -CICeH, CICeHs
tlvene. Ph Z CICZH4>[OH HOIZ CICZH4
Entry [1a] (M) yield (%) ee (%)°
1 0.063 59 59
2 0.090 47 85
3 0.126 38 63

21a(0.125 mmol), 2a (0.625 mmol), 1.5 M Et,Zn in toluene (0.50 mmol),
L7 (0.0125 mmol), toluene, rt, 3 hours. ® Determined by HPLC with
chiral stationary phases.

Table S6. Enantioselective reaction between phenylacetylene (2a) and imine 1a. Effect
of the solvent.?

o Ph o o
0=d
G/K/\ \ EtoZn, L7 SNV | Ph,, _NH HN. _Ph
|
on . p-CICgH, p-CICgH,
soent Ph p-CICZH4>[OH HOIp-CIC2H4
L7
entry solvent yield (%) ee (%)°
1 toluene 47 85
2 1,2-dichloroethane 46 41
3¢ CH2Cl2 40 40
4° THF 20 0

*1a (0.125 mmol), 2a (0.625 mmol), 1.5 M Et,Zn in toluene (0.50 mmol), L7
(0.0125 mmol), solvent (1.5 mL), rt, 3 hours. b Determined by HPLC with chiral
stationary phases. ¢ 2a (0.625 mmol), 1.5 M Et:Zn in toluene (0.50 mmol) and
L7 (0.0125 mmol) in toluene (0.5 mL) at 70 °C for 2 h and then 1a (0.125 mmol)
in solvent (1.0 mL), rt, 3 hours.
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Materials and methods

All reagents were purchased from commercial suppliers and used without further
purification. All solvents employed in the reactions were distilled from appropriate drying
agents prior to use. Toluene for the enantioselective reactions was freshly distilled from
CaH: prior to use. Reactions were monitored by TLC analysis using Merck Silica Gel 60
F-254 thin layer plates. Flash column chromatography was performed on Merck silica gel
60, 0.040-0.063 mm. Melting points were determined in capillary tubes. NMR spectra
were run at 300 MHz for 'H and at 75 MHz for *C NMR using residual nondeuterated
solvent as internal standard (8 7.26 ppm for 'H and 77.0 ppm for '3C in CDCl3, and § 2.50
ppm for 'H and 39.52 ppm for 1*C in DMSO-ds, respectively). Chemical shifts are given
in ppm. The carbon type was determined by DEPT experiments. High resolution mass
spectra (ESI) were recorded on an AB SCIEX Triple TOF spectrometer equipped with an
electrospray source with a capillary voltage of 4.5 kV. Specific optical rotations were
measured using sodium light (D line 589 nm). Chiral HPLC analyses were performed in
a chromatograph equipped with a UV diode-array detector using chiral stationary phase

columns from Daicel or Phenomenex.

General procedure for the synthesis of saccharin-derived-1-aza-butadienes 1

9 I piperidine/ I

0=5-NH  Memgr O=$N  AcoH o= N\ ~r
O —_— —_—
@ THF, 0 °C @\ EtOH, 50 °C @Tf

Compounds 1 were prepared following a modified literature procedure.?? The synthesis
of compound 1a is illustrated.
3-Methylbenzo[d]isothiazole 1,1-dioxide?

o) A 3 M solution of MeMgBr in diethyl ether (21 mL, 62.8 mmol) was added

I
0=S—-N

% \ dropwise to a solution of saccharin (5 g, 27.3 mmol) in dry THF (40 mL) a

0 °C under nitrogen. The reaction mixture was stirred overnight at room
temperature and quenched with aqueous saturated NH4Cl (50 mL). The
aqueous layer was extracted with CH2Cl2 (3 x 50 mL) and the combined organic layers
washed with brine (2 x 25 mL). After drying with MgSO4 and evaporation of the solvent
under reduced pressure, column chromatography eluting with hexane:EtOAc gave 3.96 g

(80% yield) of the title compound. *H NMR (300 MHz, CDCl3) § 7.96-7.86 (m, 1H),
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7.81-7.65 (m, 3H), 2.67 (s, 3H); 3C NMR (75 MHz, CDCI3) § 173.4 (C), 139.7 (C),
134.1 (CH), 133.7 (CH), 131.7 (C), 124.3 (CH), 122.5 (CH), 17.7 (CH3).
(E)-3-Styrylbenzo[d]isothiazole 1,1-dioxide (1a)%

Benzaldehyde (0.98 mL, 9.6 mmol), piperidine (5 drops), and
acetic acid (5 drops) were added in this order to a pre-heated

solution of 3-methylbenzo[d]isothiazole 1,1-dioxide (0.78 g, 4.3

mmol) in absolute ethanol (15 mL) at 80 °C. The mixture was

stirred overnight and, then, cooled to 0 °C and filtered. The solid was washed with cold
ethanol (5 x 10 mL) and Et20O (5 x 5 mL) to give 1.1 g (93% yield) of 1a. *H NMR (300
MHz, CDCIs) 6 8.32 (d, J = 15.6 Hz, 1H), 8.00-7.94 (m, 1H), 7.93-7.86 (m, 1H),
7.82-7.65 (m, 4H), 7.53-7.44 (m, 3H), 7.30 (d, J = 15.6 Hz, 1H); 13C NMR (75 MHz,
CDCl3) 6 167.2 (C), 148.0 (CH), 140.8 (C), 134.4 (C), 133.8 (CH), 133.7 (CH), 132.0
(CH), 131.7 (C), 129.4 (CH), 129.2 (CH), 123.9 (CH), 123.0 (CH), 113.7 (CH).

In some cases, compounds 1 were obtained contaminated with a by-product of unknown
structure, which was not soluble in chloroform. In these cases, compounds 1 could be
obtained pure by suspending the mixture in hot chloroform (100 mL), filtering and

concentrating the filtrate.
Synthesis of ligands L6 and L7

General procedure for the synthesis of 1,1,2-triaryl-2-aminoethanols

Ph 0 ArMgBr Ph Ar
—_— Ar
CHH;N  OMe THF, rt H,N  OH

R = Ph or p-CICgH,4

(S)-2-Amino-1,1,2-triphenylethan-1-ol

Ph Ph A commercially available 3 M solution of PhMgBr in dry diethyl ether
H,N oH (20 mL, 60 mmol) was introduced via syringe in a round bottom flask
under nitrogen followed by diethyl ether (40 mL) and introduced in an ice bath. (S)-
methyl phenylglycinate hydrochloride (1.65 g, 10 mmol) was added in two portions and
the mixture stirred at room temperature for 6 hours. After this time, the mixture was
poured into ice (ca. 35 g) and acidified with 6 M HCI (15 mL). The mixture was filtered
and the solid washed with cold Et2O (3 x 5 mL). The solid was treated with 2 M NaOH

in MeOH (60 mL) and concentrated under reduced pressure. The resulting crude was
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stirred in a 1:1 mixture of water and dichloromethane (100 mL) for 10 min. The layers
were separated and the organic layer was washed with water (3 x 25 mL), dried and
concentrated under reduced pressure to give 1.85 g (65% yield) of the title compound.
White solid, mp 140-142, [a]p* —195.8 (¢ 1.3, MeOH); *H NMR (300 MHz, CDCls) &
7.78 (m, 2H), 7.44-7.39 (m, 2H), 7.31-7.26 (m, 1H), 7.15-7.11 (m, 7H), 7.08-7.02
(m,3H), 5.02 (s, 1H), 1.71 (br s, NH2); *C NMR (75 MHz, CDCl3) & 146.5 (C), 143.9
(C), 140.0 (C), 128.6 (CH), 128.5 (2CH), 127.4 (CH), 127.3 (CH), 127.2 (CH), 127.0
(CH), 126.5 (CH), 126.2 (CH), 126.0 (CH), 79.5 (C), 61.8 (CH).
(S)-2-Amino-1,1-bis(4-chlorophenyl)-2-phenylethan-1-ol
Ph p-ClCeHs  2.21 g (62%) were obtained. White solid; *H NMR (300 MHz,

HoN oﬁ'CICGH“ CDCl3) & 7.70-7.67 (m, 2H), 7.42-7.39 (m, 2H), 7.19-7.13 (m,
5H), 7.04 (s, 4H), 4.95(s, 1H), 1.63 (br s, NH2); 13C NMR (75 MHz, CDCls) 6 144.7 (C),
142.1 (C), 139.4 (C), 133.2 (C), 132.3 (C), 128.7 (CH), 128.5 (CH), 127.9 (2CH), 127.7
(CH), 127.6 (CH), 127.5 (CH), 78.9 (C), 61.6 (CH).

General procedure for the synthesis of bis-hydroxiamides®

Ph Ar o o EtsN © °
Ar ot ———> Ph, _NHHN_Ph
H.N  OH Y THF, ta. A IAr
Ar” "'OHHO™ “Ar
L6, Ar=Ph

L7, Ar=p-CICgH,4
N,N’-Bis[(1S)-1,2,2-triphenyl-2-hydroxyethyl]-2,2-diethylpropanodiamide (L6)
Diethylmalonyl dichloride (141 pL, 0.82 mmol) was added
© © dropwise to a solution of (S)-2-amino-1,1,2-triphenylethan-1-ol
IgE (472 mg, 1.63 mmol) and triethylamine (229 pL, 1.64 mmol) in

OHHO™ "Ph  THF (11 mL) at 0 °C. The mixture was stirred at room temperature

Ph,, _NH HN
Ph>[

Ph

for 2 horas, filtered and the filtrate concentrated under reduced pressure to give 340 mg
(58% yield) of ligand L6. White solid; mp 254-255 °C; [a]p* —168 (¢ 0.06, MeOH); 'H
NMR (300 MHz, DMSO-ds) 6 9.02 (d, J = 8.4 Hz. 1H), 7.55 (d, J = 7.1 Hz, 2H),
7.29-7.21 (m, 5H), 7.11-7.00 (m, 8H), 6.17 (s, 1H), 5.86 (d, J= 8.4 Hz, 1H), 1.55-1.40
(m, 2H), —0.04 (t, J = 7.0 Hz, 3H); 3C NMR (75 MHz, DMSO-ds) 6 171.8 (C), 146.1
(C), 145.0 (C), 139.4 (C), 129.2 (2CH), 127.7 (2CH), 127.2 (2CH), 126.6 (2CH), 126.4
(CH), 126.2 (3CH), 126.1 (3CH), 79.7 (C), 59.2 (CH), 57.0 (C), 30.7 (CH>), 8.6 (CH3).
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N,N’-Bis[(S)-2,2-bis(4-chlorophenyl)-2-hydroxy-1-phenylethyl)-2,2-diethylmalo-
namide (L7)
The same procedure as for the synthesis of L6 was
o o followed. After the reaction was completed, the
Ph,, _NH HN.__,Ph mixture was concentrated, suspended in EtOAc and
p 'C|C6H4>[ I’D “CICeMa  filtered. The solid was dissolved in dichloromethane
p-ClCgHs~ “OH HO
and washed with brine, dried over MgSO4 and
concentrated to give L7 in 71% yield. White solid; mp 243-246 °C; [a]p®®> —175 (¢ 0.05,
MeOH); *H NMR (300 MHz, DMSO-ds) 6 9.05 (d, J = 8.7 Hz, 2H), 7.59 (d, J = 8.7 Hz,
4H), 7.37 (d, J=8.7 Hz, 4H), 7.28 (d, J = 8.7 Hz, 4H), 7.16 (d, J = 8.7 Hz, 4H), 7.04 (s,
10H), 6.37 (s, 2H), 5.84 (d, J = 8.7 Hz, 2H), 1.49 (tt, J = 15.3, 7.0 Hz, 4H), —-0.10 (t, J =
7.2 Hz, 3H); *C NMR (75 MHz, DMSO-ds) 8§ 171.9 (C), 144.8 (C), 143.5 (C), 139.0
(©), 131.5(C), 131.1 (C), 129.2 (CH), 128.2 (CH), 128.1 (CH), 127.8 (CH), 127.4 (CH),
126.9 (CH), 126.6 (CH), 79.4 (C), 59.2 (CH), 57.1 (C), 30.8 (CH2), 8.5 (CH3).

p-C|C6H4
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Enantioselective conjugate alkynylation of imines 1 and characterization data for

compounds 3
Enantioselective addition of terminal arylacetylenes 2 (R? = Aryl) to imines 1

A 1.5 M solution of Et2Zn in toluene (0.34 mL, 0.5 mmol) was added dropwise to a
solution of ligand L7 (10.5 mg, 0.0125 mmol) and alkyne 2a-d (0.625 mmol) in dry
toluene (0.5 mL) at room temperature under nitrogen. The mixture was stirred at 70 °C
for 2 h. After cooling to room temperature, a solution of imine 1 (0.125 mmol) in toluene
(1 mL) was added via syringe and the solution was stirred until the reaction was complete
(TLC). The reaction was quenched with 20% aqueous NH4Cl (1.0 mL), extracted with
CH2Cl2 (3 x 15 mL), washed with brine (15 mL), dried over MgSO4 and concentrated
under reduced pressure. Purification by flash chromatography on silica gel eluting with

hexane:Et20 mixtures afforded compound 3.

Racemic products 3 (R? = Aryl) were prepared following the same procedure but using

N-benzil-2-hydroxy-2-phenylacetamide instead of L7.

Enantioselective addition of terminal alkylacetylenes 2 (R? = Alkyl) to imines 1

A 1.5 M solution of Et2Zn in toluene (0.17 mL, 0.25 mmol) was added dropwise to a
solution of ligand L6 (9 mg, 0.0125 mmol) and alkyne 2e-h (0.625 mmol) in dry toluene
(0.5 mL) at room temperature under nitrogen. The mixture was introduced in a bath at 70
°C for 2 hours and allowed to reach room temperature. Imine 1 (0.125 mmol) in dry
toluene (1 mL) was added via syringe and the reaction mixture stirred until the reaction
was complete (TLC). After this time, the reaction was quenched with 20% aqueous
NH4Cl (1.0 mL), diluted in CH2Cl2 (50 mL), washed with brine (10 mL), dried over
MgSO4. After (filtration and concentration under reduced pressure, column
chromatography eluting with hexane:Et2O mixtures afforded compound 3. In some cases
we oserved the formation of the conjugate ethylation product 6, which was not collected,
except in some representative examples.

Near racemic compounds 3 (R? = Alkyl) were prepared by mixing enantiomeric

compounds 3 obtained in separated reactions with L6 or ent-L6
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(S)-3-(2,4-diphenylbut-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3aa)

Obtained 21.8 mg (47%); ethylation product 6 (9.3 mg, 25%)
was also isolated. The enantiomeric excess (85%) was
determined by HPLC (Chiralcel OD-H), hexane:iPrOH 80:20 1
mL/min, major enantiomer: tr = 29.1 min, minor enantiomer: t; =
25.8 min.

Oil; [a]3° —2.5 (¢ 0.8, CHCI3); *H NMR (300 MHz, CDCI3) §
7.96—7.86 (m, 1H), 7.76—7.58 (m, 2H), 7.57-7.49 (m, 2H), 7.43-7.26 (m, 8H), 4.65 (dd,
J=8.4,6.3 Hz, 1H), 3.55 (dd, J=15.3, 8.4 Hz, 1H), 3.41 (dd, J = 15.4, 6.3 Hz, 1H); °C
NMR (75 MHz, CDCI3) 6 173.7 (C=N), 156.0 (C), 153.5 (C), 140.0 (C), 133.9 (CH),
133.7 (CH), 131.8 (CH), 131.4 (C), 129.1 (CH), 128.4 (CH), 127.9 (CH), 127.7 (CH),
124.3 (CH), 122.9 (CH), 122.7 (CH), 89.0 (C), 85.2 (C), 39.9 (CH>), 36.1 (CH); HRMS
(ESI) m/z: 372.4620 [M+H]", C23Hi1sNO2S" requires 372.4615.
(S)-3-(2-(4-Bromophenyl)-4-phenylbut-3-yn-1-yl)benzo[d]isothiazole ~ 1,1-dioxide
(3ba)

Obtained 33.2 mg (59%). The enantiomeric excess (69%)
was determined by HPLC (Chiralcel OD-H), hexane:iPrOH
80:20 1.5 mL/min, major enantiomer: t- = 21.7 min, minor
enantiomer: tr = 35.1 min.
Yellow solid; mp 174-176 °C; [a]3° +1.3 (¢ 0.8, CHCl3); 'H
NMR (300 MHz, CDCls) 6 7.87-7.81 (m, 1H), 7.71-7.53
(m, 3H), 7.46-7.39 (m, 2H), 7.39-7.33 (m, 2H), 7.31-7.24 (m, 2H), 7.25-7.18 (m, 3H),
4.57(dd,J=17.9,6.5 Hz, 1H), 3.47 (dd, J=15.8, 8.0 Hz, 1H), 3.32 (dd, J=15.8, 6.5 Hz,
1H); 3C NMR (75 MHz, CDCl3) 6 173.3 (C), 139.9 (C), 139.0 (C), 133.9 (CH), 133.8
(CH), 132.2 (CH), 131.8 (CH), 131.2 (C), 129.5 (CH), 128.5 (CH), 128.4 (CH), 124.2
(CH), 122.7 (CH), 122.6 (C), 121.8 (C), 88.5 (C), 85.3 (C), 39.6 (CH2), 35.3 (CH); HRMS
(ESI) m/z: 450.0160 [M+H]", C23H17BrNO2S™ requires 450.0158.
(S)-3-(2-(4-Methoxyphenyl)-4-phenylbut-3-yn-1-yl)benzo[d]isothiazole (3ca)
Obtained 20.1 mg (40%). The enantiomeric excess (33%)
was determined by HPLC (Chiralcel OD-H),

0 \\ hexane:iPrOH 80:20 1.5 mL/min, major enantiomer: t; =

25.5 min, minor enantiomer: tr = 18.7 min.
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Oil; [a]3° —27.5 (¢ 0.9, CHCI3); 'H NMR (300 MHz, CDCl3) § 7.97-7.86 (m, 1H),
7.75-7.57 (m, 3H), 7.49-7.40 (m, 2H), 7.35-7.30 (m, 2H), 7.30-7.23 (m, 3H), 6.94—6.85
(m, 2H), 4.60 (dd, J=8.1, 6.4 Hz, 1H), 3.79 (s, 3H), 3.52 (dd, J=15.3, 8.2 Hz, 1H), 3.38
(dd, J=15.3, 6.5 Hz, 1H); 3C NMR (75 MHz, CDCl3) § 173.7 (C), 159.1 (C), 139.8 (C),
133.8 (CH), 133.5(CH), 131.9 (C), 131.7 (CH), 131.3 (C), 128.6 (CH), 128.2 (CH), 124.3
(CH), 122.8 (C), 122.5 (CH), 114.3 (CH), 89.3 (C), 84.8 (C), 55.4 (CH3), 39.9 (CH»),
35.2 (CH); HRMS (ESI) m/z: 402.1158 [M+H]", C24H20NO3S requires 402.1158.
(S)-3-(2-(4-Methylphenyl)-4-phenylbut-3-yn-1-yl)benzo[d]isothiazole (3da)
Obtained 16.0 mg (33%). The enantiomeric excess (58%) was
determined by HPLC (Chiralcel OD-H), hexane:iPrOH 80:20
1.5 mL/min, major enantiomer: tr = 17.0 min, minor
enantiomer: tr = 13.4 min.
Yellow solid; mp 143-145 °C; [a]3° —5.3 (¢ 0.6, CHCl3); 'H
NMR (300 MHz, CDCIl3) 6 7.96—7.84 (m, 1H), 7.77-7.59 (m,
3H), 7.47-7.38 (m, 2H), 7.37-7.22 (m, 5H), 7.21-7.11 (m, 2H), 4.61 (dd, J= 8.4, 6.2 Hz,
1H), 3.52 (dd, J = 15.3, 8.4 Hz, 1H), 3.39 (dd, J = 15.3, 6.3 Hz, 1H), 2.34 (s, 3H); 13C
NMR (75 MHz, CDCIl3) 6 173.7 (C), 139.9 (C), 137.5 (C), 137.0 (C), 133.8 (CH), 133.6
(CH), 131.7 (CH), 131.4 (C), 129.7 (CH), 128.3 (CH), 128.3 (CH), 127.5 (CH), 124.4
(CH), 123.0 (C), 122.6 (CH), 89.3 (C), 84.9 (C), 39.9 (CH2), 35.7 (CH), 21.2 (CH3);
HRMS (ESI) m/z: 386.1208 [M+H]", C24H20NO2S" requires 386.1209.
(S)-3-(2-(2-Methylphenyl)-4-phenylbut-3-yn-1-yl)benzo[d]isothiazole (3ea)
Obtained 17.3 mg (36%). The enantiomeric excess (53%) was
determined by HPLC (Chiralpak AD-H), hexane:iPrOH 80:20 1

mL/min, major enantiomer: t- = 11.9 min, minor enantiomer: tr =
15.2 min.

Oil; [a]%® ~11.6 (c 0.9, CHCl3); *H NMR (300 MHz, CDCls) &
7.96—-7.87 (m, 1H), 7.80-7.59 (m, 4H), 7.32-7.26 (m, 3H),
7.26—7.18 (m, SH), 4.80 (dd, J = 9.2, 5.3 Hz, 1H), 3.51 (dd, J=15.2, 9.2 Hz, 1H), 3.34
(dd, J=15.2, 5.3 Hz, 1H), 2.49 (s, 3H); 13C NMR (75 MHz, CDCl3) & 173.9 (C), 139.9
(C), 138.2 (C), 135.3 (C), 133.9 (CH), 133.7 (CH), 131.7 (CH), 131.5 (C), 131.1 (CH),
128.3 (CH), 128.3 (CH), 127.8 (CH), 127.6 (CH), 126.9 (CH), 124.5 (CH), 122.9 (C),
122.7 (CH), 89.4 (C), 84.7 (C), 38.3 (CH2), 32.9 (CH), 19.5 (CH3); HRMS (ESI) m/z:
386.1213 [M+H]", C24H20NO2S" requires 386.1209.
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(S)-3-(2-(3-Methylphenyl)-4-phenylbut-3-yn-1-yl)benzo[d]isothiazole (3fa)

Obtained 16.8 mg (35%). The enantiomeric excess (71%) was
determined by HPLC (Chiralcel OD-H), hexane:iPrOH 80:20 1
mL/min, major enantiomer: t: = 20.9 min, minor enantiomer: t:
= 18.0 min.

Oil; [a]?® -5.1 (¢ 0.5, CHCI3); 'H NMR (300 MHz, CDCl3) &
7.91(dt,J=17.5,0.9 Hz, 1H), 7.76—7.58 (m, 3H), 7.36—7.30 (m,
4H), 7.29-7.22 (m, 4H), 7.09 (d, J = 7.6 Hz, 1H), 4.60 (dd, J = 8.5, 6.2 Hz, 1H), 3.53 (dd,
J =152, 8.6 Hz, 1H), 3.39 (dd, J = 15.2, 6.2 Hz, 1H); *C NMR (75 MHz, CDCl3) §
173.7 (C), 140.0 (C), 139.9 (C), 138.9 (C), 133.8 (CH), 133.6 (CH), 131.8 (CH), 131.5
(C), 129.0 (CH), 128.6 (CH), 128.4 (CH), 128.3 (CH), 124.6 (CH), 124.4 (CH), 123.0
(C), 122.7 (CH), 89.1 (C), 85.1 (C), 39.9 (CH>), 36.1 (CH), 21.6 (CH3); HRMS (ESI)
m/z: 386.1214 [M+H]", C24H20NO2S" requires 386.1209.
(S)-3-(2-(Naphthalen-2-yl)-4-phenylbut-3-yn-1-yl)benzo[d]isothiazole ~ 1,1-dioxide
(3ga)

Obtained 18.5 mg (35%). The enantiomeric excess (83%)
was determined by HPLC (Chiralcel AS-H), hexane:iPrOH
80:20 1 mL/min, major enantiomer: t- = 53.7 min, minor
enantiomer: t: = 60.9 min.

Oil; [a]3® +1.8 (c 0.5, CHCl3); 'H NMR (300 MHz,
CDCl3) 6 8.01-7.96 (m, 1H), 7.93-7.78 (m, 4H), 7.74—7.58
(m, 4H), 7.52-7.45 (m, 2H), 7.40-7.33 (m, 2H), 7.28 (q, J = 3.1 Hz, 3H), 4.83 (dd, J =
8.4, 6.2 Hz, 1H), 3.63 (dd, J = 15.5, 8.4 Hz, 1H), 3.49 (dd, J = 15.4, 6.2 Hz, 1H); 3C
NMR (75 MHz, CDCls) 6 173.7 (C), 140.0 (C), 137.3 (C), 133.8 (CH), 133.7 (CH), 133.6
(C), 132.9(CH), 131.8 (CH), 131.4(C), 129.0 (CH), 128.4 (CH), 128.4 (CH), 128.1 (CH),
127.8 (CH), 126.6 (CH), 126.3 (CH), 125.5 (CH), 124.3 (CH), 122.9 (C), 122.8 (C), 122.7
(CH), 89.0 (C), 85.4 (C), 39.8 (CH2), 36.2 (CH); HRMS (ESI) m/z: 422.1209 [M+H]",
C27H20NO2S" requires 422.1209.
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(R)-3-(4-Phenyl-2-(thiophen-2-yl)but-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide
(3ha)
Obtained 23.1 mg (49%). The enantiomeric excess (70%) was
determined by HPLC (Chiralcel OD-H), hexane:iPrOH 80:20 1
mL/min, major enantiomer: t: = 31.9 min, minor enantiomer: t =
27.7 min.
Oil; [a]3° +3.5 (¢ 1.0, CHCI3); 'H NMR (300 MHz, CDCls) &
7.95-7.89 (m, 1H), 7.80-7.60 (m, 3H), 7.41-7.32 (m, 2H),
7.32—7.25 (m, 3H), 7.25-7.19 (m, 1H), 7.17-7.09 (m, 1H), 6.98-6.90 (m, 1H), 4.97 (dd,
J=17.5,6.5Hz, 1H), 3.62 (dd, J=15.8, 7.7 Hz, 1H), 3.52 (dd, J = 15.8, 6.7 Hz, 1H); 13C
NMR (75 MHz, CDCls) 6 173.2 (C), 143.2 (C), 139.9 (C), 134.0 (CH), 133.8 (CH), 131.8
(CH), 131.3 (C), 128.6 (CH), 128.4 (CH), 127.2 (CH), 125.7 (CH), 125.0 (CH), 124.3
(CH), 122.7 (CH), 122.6 (C), 88.5 (C), 84.6 (C), 40.1 (CH>), 31.1 (CH); HRMS (ESI)
m/z: 395.0880 [M+NHa4]", C24H19N202S2" requires 395.0882.
(S)-3-(2-(tert-Butyl)-4-phenylbut-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3ia)
Obtained 37.0 mg (84%). The enantiomeric excess (35%) was
determined by HPLC (Chiralcel OD-H), hexane:iPrOH 80:20 1

mL/min, major enantiomer: tr = 14.0 min, minor enantiomer: tr = 9.0
min.
White solid; mp 90-93 °C; [a]3® —40.5 (¢ 1.0, CHCI3); 'H NMR
(300 MHz, CDCl3) 6 7.95-7.88 (m, 1H), 7.81-7.59 (m, 3H),
7.24-7.14 (m, 5H), 3.24-3.06 (m, 3H), 1.18 (s, 9H); 3C NMR (75 MHz, CDCl3) § 175.8
(C), 140.0 (C), 133.8 (CH), 133.5 (CH), 131.7 (C), 131.6 (CH), 128.2 (CH), 128.0 (CH),
124.6 (CH), 123.2 (C), 122.6 (CH), 89.6 (C), 85.3 (C), 42.2 (CH), 34.4 (C), 32.1 (CH>),
27.5 (CHs); HRMS (ESI) m/z: 352.1370 [M+H]", C21H22NO2S" requires 352.1366.
(S)-3-(4-(4-Chlorophenyl)-2-phenylbut-3-yn-1-yl)benzo[d]isothiazole  1,1-dioxide
(3ab)

Cl Obtained 21.8 mg (43%). The enantiomeric excess (83%) was
determined by HPLC (Chiralcel OD-H), hexane:iPrOH 80:20 1

mL/min, major enantiomer: tr = 26.9 min, minor enantiomer: tr =

32.7 min.
Brown solid; mp 113-116 °C; [a]3° —1.9 (¢ 0.8, CHCl3); 'H NMR
(300 MHz, CDCIl3) 6 7.96-7.84 (m, 2H), 7.76-7.56 (m, 5H),
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7.54-7.48 (m, 3H), 7.43-7.33 (m, 3H), 7.33-7.20 (m, 5H), 4.64 (dd, J = 8.5, 6.1 Hz, 1H),
3.53 (dd, J = 15.6, 8.5 Hz, 1H), 3.40 (dd, J = 15.5, 6.1 Hz, 1H); 3C NMR (75 MHz,
CDCI3) 8 173.5(C), 139.9 (C), 139.8 (C), 134.4 (C), 133.9 (CH), 133.7 (CH), 133.0 (CH),
131.3 (C), 129.2 (CH), 128.7 (CH), 127.9 (CH), 127.6 (CH), 124.2 (CH), 122.7 (CH),
121.4 (C), 90.0 (C), 84.0 (CH), 39.7 (CH2), 36.0 (CH); HRMS (ESI) m/z: 406.0662
[M+H]*, C23H17CINO2S" requires 406.0663.
(S)-3-(4-(4-Methoxyphenyl)-2-phenylbut-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide
(3ac)

MeO Obtained 23.1 mg (46%). The enantiomeric excess (54%) was
determined by HPLC (Chiralpak AD-H), hexane:iPrOH 80:20 1
mL/min, major enantiomer: tr = 44.8 min, minor enantiomer: t; =

o W\ 28.8 min.
; Oil; [@]%® -3.5 (¢ 0.9, CHCI3); 'H NMR (300 MHz, CDCl3) §
7.94-7.86 (m, 1H), 7.74-7.65 (m, 1H), 7.65-7.58 (m, 2H),
7.56—7.50 (m, 2H), 7.42-7.32 (m, 3H), 7.27 (d, J=9.0 Hz, 2H),
6.78 (d, J= 8.9 Hz, 2H), 4.62 (dd, J = 8.4, 6.2 Hz, 1H), 3.78 (s, 3H), 3.53 (dd, J = 15.2,
8.4 Hz, 1H), 3.39 (dd, J = 15.2, 6.2 Hz, 1H); 13C NMR (75 MHz, CDCl3) § 173.7 (C),
159.6 (C), 140.1 (C), 139.8 (C), 133.7 (CH), 133.5 (CH), 133.1 (CH), 131.3 (C), 129.0
(CH), 127.7 (CH), 127.5 (CH), 124.3 (CH), 122.5 (CH), 114.9 (C), 113.9 (CH), 87.4 (C),
85.0 (C), 55.3 (CH), 39.9 (CH2), 36.1 (CHs); HRMS (ESI) m/z: 419.1424 [M+NHa4]",
C24H23N203S" requires 419.1424.
(S)-3-(2,6-Diphenylhex-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3ad)
Obtained 34.0 mg (68%). The enantiomeric excess (95%) was
determined by HPLC (Chiralcel OD-H), hexane:iPrOH 80:20,

ImL/min. Major enantiomer tr= 29.5 min, minor enantiomer t; =
\\ 24.7 min.
Oil; [a]3® +6.2 (¢ 1.0, CHCI3); *H NMR (300 MHz,CDCI3) §
7.91-7.87 (m, 1H), 7.74-7.61 (m, 2H), 7.51-7.49 (m, 1H),
7.40-7.04 (m, 10H), 4.36 (ddt, J = 8.4, 6.2, 2.3 Hz, 1H), 3.40
(dd, J = 15.0, 8.6 Hz, 1H), 3.27 (dd, J = 15.0, 8.6 Hz, 1H), 2.74 (t, J = 7.4 Hz, 2H),
2.55-2.35 (m, 2H); 3C NMR (75 MHz, CDCl3) § 173.9 (C), 140.5 (C), 139.9 (C), 133.7
(CH), 133.6 (CH), 131.5 (C), 128.9 (CH), 128.7 (CH), 128.4 (CH), 127.6 (CH), 127.6
(CH), 126.3 (CH), 124.3 (CH), 122.6 (CH), 84.7 (C), 80.5 (C), 40.1 (CH2), 35.6 (CH),
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35.0 (CHa), 21.0 (CHz); HRMS (ESI) m/z: 400.1363, [M+H]*, C2sH22NO:S" requires
400.1366.

(S)-3-(2-(4-Bromophenyl)-6-phenylhex-3-yn-1-yl)benzo[d]isothiazole ~ 1,1-dioxide
(3bd)

Obtained 21.0 mg (35%). The enantiomeric excess (96%) was
determined by HPLC (Chiralcel AD-H), hexane:iPrOH
80:20, 1mL/min. Major enantiomer t: = 18.6 min, minor
enantiomer t:= 21.8 min.

Oil; [a]3° +4.3 (c 1.0, CHCI3); *H NMR (300 MHz,CDCls)
0 7.92-7.90 (m, 1H), 7.73 (td, J = 7.4, 1.2 Hz, 1H), 7.66 (td,
J=17.5,1.2 Hz, 1H), 7.53-7.50 (m, 1H), 7.44-7.40 (m, 2H), 7.28-7.15 (m, 7H), 4.34
(ddt,J=8.4,6.4,2.2 Hz, 1H), 3.32 (dd, J = 15.7, 8.1 Hz, 1H), 3.20 (dd, J = 15.7, 8.1 Hz,
1H), 2.74 (t, J = 7.4 Hz, 2H), 2.48-2.42 (m, 2H); C NMR (75 MHz, CDCl3) § 173.3
(C), 140.5 (C), 139.7 (C), 139,4 (C), 133.6 (CH), 133.6 (CH), 131.8 (CH), 131.8 (C),
129.2 (CH), 128.5 (CH), 128.3 (CH), 126.2 (CH), 124.0 (CH), 122.6 (CH), 121.3 (C),
84.8 (C), 80.0 (C), 39.7 (CH2), 34.8 (CH), 34.6 (CH), 20.7 (CHz2). HRMS (ESI) m/z:
478.0473, [M+H]", C2sH21BrNO2S " requires 478.0471.
(S)-3-(2-Phenyloct-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3ae)

Obtained 19.3 mg (44%). The enantiomeric excess (88%)
was determined by HPLC (Chiralpak IC), hexane:iPrOH

80:20, 1mL/min. Major enantiomer t: = 26.18 min, minor
enantiomer t:= 22.72 min.

Yellow solid; mp 91-93 °C; [a]3° +4.7 (¢ 0.95, CHCl3); *H
NMR (300 MHz,CDCl3) 6 7.91-7.89 (m, 1H), 7.69 (dtd, J
=16.8, 7.3, 1.2 Hz, 2H), 7.60-7.57 (m, 1H), 7.47-7.43 (m, 2H), 7.36-7.30 (m, 2H),
7.27-7.22 (m, 1H), 4.39 (ddt, J = 8.5, 6.2, 2.3 Hz, 1H), 3.40 (dd, J = 15.0, 8.6 Hz, 1H),
3.27(dd,J=15.0,6.2 Hz, 1H), 2.13 (td, J = 6.9, 2.2 Hz, 2H), 1.46—1.21 (m, 4H), 0.83 (t,
J = 7.1 Hz, 3H); 3C NMR (75 MHz, CDCl3) § 173.8 (C), 140.6 (C), 139.8 (C), 133.6
(CH), 133.4 (CH), 131.5 (C), 128.8 (CH), 127.4 (CH), 127.4 (CH), 124.2 (CH), 122.5
(CH), 85.5(C), 79.4 (C), 40.0 (CH2), 35.6 (CH), 30.7 (CH2), 21.9 (CH>), 18.4 (CH2), 13.5
(CH3); HRMS (ESI) m/z: 352.1363, [M+H]", C21H22NO2S" requires 352.1366.
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(S)-3-(2-(4-Bromophenyl)oct-3-yn-1-yl)benzo[d]isothiazole (3be)
Obtained 20.4 mg (38%). The enantiomeric excess (97%)
was determined by HPLC (Chiralpak IC), hexane:iPrOH

///\/\ 80:20, ImL/min. Major enantiomer t: = 26.56 min, minor

enantiomer t-= 24.13 min.

0}
\.0O
57

Yellow solid; mp 152-155 °C; [a]3® +7.23 (¢ 0.98, CHCl3);
'H NMR (300 MHz,CDCl3) & 7.92-7.89 (m, 1H), 7.71 (dtd,
J=16.1,7.4,1.3 Hz, 2H), 7.60-7.58 (m, 1H), 7.48-7.43 (m,
2H), 7.36-7.31 (m, 2H), 4.37 (ddt, J = 8.6, 6.4, 2.3 Hz, 1H), 3.38 (dd, J = 15.4, 8.1 Hz,
1H), 3.24 (dd, J =154, 6.5 Hz, 1H), 2.13 (td, J = 6.9, 2.3 Hz, 2H), 1.43-1.23 (m, 4H),
0.84 (t, J = 7.2 Hz, 3H); C NMR (75 MHz, CDCIs) § 173.6 (C), 139.9 (C), 139.8 (C),
133.8 (CH), 133.7 (CH), 132.0 (CH), 131.4 (C), 129.4 (C), 124.3 (CH), 122.7 (CH), 121.5
(C), 85.9 (C), 79.1 (C), 39.9 (CH2), 35.0 (CH), 30.8 (CH2), 22.0 (CH>), 18.5 (CH2), 13.7
(CH3). HRMS (ESI) m/z: 430.0473, [M+H]", C21H21BrNO2S" requires 430.0471.
(S)-3-(2-(p-Tolyl)oct-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3de)

C\)\/ 0o Obtained 19.2 mg (42%). The enantiomeric excess (92%)
é\;“ /\/\ was determined by HPLC (Chiralcel OD-H), hexane:iPrOH

7

K 80:20, 0.7mL/min. Major enantiomer t: = 18.32 min, minor

Br

enantiomer t:= 16.35 min.

Yellow solid; mp 131-135 °C; [a]%® +1.61 (¢ 0.99, CHCl3);
Me H NMR (300 MHz,CDCl3) § 7.91-7.88 (m, 1H), 7.69 (dtd,
J=16.0, 7.3, 1.3 Hz, 2H), 7.61-7.58 (m, 1H), 7.35-7.32 (m, 2H), 7.15-7.13 (m, 2H),
4.35 (ddt, J = 8.5, 6.1, 2.3 Hz, 1H), 3.38 (dd, J = 15.0, 8.6 Hz, 1H), 3.25 (dd, J = 15.0,
6.2 Hz, 1H), 2.32 (s, 3H), 2.11 (td, J = 6.9, 2.2 Hz, 2H), 1.42—-1.23 (m, 4H), 0.83 (t, J =
7.1 Hz, 3H); 13C NMR (75 MHz, CDCI3) § 174.1 (C), 140.0 (C), 137.8 (C), 137.3 (C),
133.7 (CH), 133.5 (CH), 131.6 (C), 129.6 (CH), 127.4 (CH), 124.4 (CH), 122.6 (CH),
85.4 (C), 79.7 (C), 40.2 (CH2), 35.4 (CH), 30.8 (CH2), 22.0 (CH2), 21.2 (CHa), 18.5
(CH2), 13.7 (CHs3). HRMS (ESI) m/z: 366.1523, [M+H]", C22H24NO2S* requires
366.1522.
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(S)-3-(8-Chloro-2-phenyloct-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3af)
Q e Cl Obtained 22.3 mg (48%). The enantiomeric excess (96%)
S/

/\/\/ was determined by HPLC (Chiralpak IC), hexane:iPrOH
// 80:20, ImL/min. Major enantiomer t:= 34.72 min, minor

S
\

enantiomer t-= 32.14 min.

Oil; [a]3® —2.44 (c 0.98, CHCl3); 'H NMR (300
MHz,CDCl3) 6 7.92-7.90 (m, 1H), 7.70 (dtd, J = 16.8, 7.4, 1.3 Hz, 2H), 7.60-7.56 (m,
1H), 7.47-7.43 (m, 2H), 7.37-7.31 (m, 2H), 7.29-7.23 (m, 1H) 4.40 (ddt, J = 8.4, 5.3,
2.3 Hz, 1H), 3.50 (td, J= 6.5, 2.1 Hz, 2H) 3.40 (dd, J = 15.3, 8.9 Hz, 1H), 3.27 (dd, J =
15.3,5.9 Hz, 1H), 2.19 (td, J = 6.8, 2.2 Hz, 2H), 1.83—1.74 (m, 2H), 1.61-1.51 (m, 2H);
13C NMR (75 MHz, CDCl3)  173.8 (C), 140.5 (C), 140.0 (C), 133.8 (CH), 133.7 (CH),
131.5 (C), 129.0 (CH), 127.7 (CH), 127.5 (CH), 124.3 (CH), 122.7 (CH), 84.7 (C), 80.3
(C), 44.8 (CH2), 40.1 (CH2), 35.6 (CH), 31.5 (CH2), 25.8 (CH2), 18.2 (CH2); HRMS
(ESI), m/z: 386.0976, [M+H]", C21H21CINO2S" requires 386.0976.
(S)-3-(2-(4-Bromophenyl)-8-chlorooct-3-yn-1-yl)benzo[d]isothiazole ~ 1,1-dioxide
(3bf)

Obtained 20.3 mg (36%). The enantiomeric excess (93%)
was determined by HPLC (Chiralpak AD-H),
hexane:iPrOH 80:20, ImL/min. Major enantiomer t: =
21.33 min, minor enantiomer t-= 17.69 min.

Yellow solid; mp 116-119 °C; [a]?® +4.65 (¢ 1.0,
CH:Cl); *H NMR (300 MHz,CDCl3) 8§ 7.93-7.90 (m,
1H), 7.72 (dtd, J = 15.9, 7.4, 1.3 Hz, 2H), 7.61-7.57 (m, 1H), 7.49-7.44 (m, 2H),
7.36—7.31 (m, 2H), 4.38 (ddt, J = 8.4, 6.0, 2.3 Hz, 1H), 3.49 (td, J = 6.5, 1.8 Hz, 2H) 3.39
(dd, J=15.7, 8.5 Hz, 1H), 3.25 (dd, J=15.7, 6.2 Hz, 1H), 2.19 (td, J = 6.8, 2.2 Hz, 2H),
1.83-1.73 (m, 2H), 1.61-1.51 (m, 2H); *3C NMR (75 MHz, CDCl3) & 173.5 (C), 139.9
(©), 139.6 (C), 133.9 (CH), 133.8 (CH), 132.1 (CH), 131.3 (C), 129.3 (CH), 124.2 (CH),
122.8 (CH), 121.6 (C), 84.9 (C), 79.9 (C), 44.7 (CH2), 39.8 (CH2), 34.9 (CH), 31.5 (CH),
385.8 (CH2), 18.1 (CH2); HRMS (ESI), m/z: 464.0079, [M+H]", C21H20BrCINO2S"
requires 464.0081.
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(S)-3-(8-Chloro-2-(p-tolyl)oct-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3df)
Q o cl Obtained 28.0 mg (58%). The enantiomeric excess (91%)
S//

N /\/\/ was determined by HPLC (Chiralpak AS-H),
/
// hexane:iPrOH 80:20, ImL/min. Major enantiomer t: =

N
\

32.5 min, minor enantiomer t-= 29.7 min.
Yellow solid; mp 85-89 °C; [a]2® —3.50 (¢ 0.95, CH3Cl);
Me 'H NMR (300 MHz,CDCls) 6 7.92-7.89 (m, 1H), 7.70
(dtd, J =16.0, 7.4, 1.3 Hz, 2H), 7.61-7.58 (m, 1H), 7.35-7.31 (m, 2H), 7.17-7.13 (m,
2H), 4.36 (ddt, J=8.5,5.5, 2.4 Hz, 1H), 3.49 (td, J = 6.5, 2.2 Hz, 2H), 3.38 (dd, J = 15.3,
8.9 Hz, 1H), 3.25 (dd, J =15.2, 5.9 Hz, 1H), 2.33 (s, 3H), 2.18 (td, J = 6.7, 1.9 Hz, 2H),
1.83-1.73 (m, 2H), 1.60-1.50 (m, 2H); *3C NMR (75 MHz, CDCl3) & 173.9 (C), 139.9
(©), 137.6 (C), 137.4 (C), 133.8 (CH), 133.6 (CH), 131.5 (C), 129.7 (CH), 127.4 (CH),
124.3 (CH), 122.7 (CH), 84.4 (C), 80.5 (C), 44.8 (CH2), 40.1 (CH2), 35.2 (CH), 31.5
(CH2), 25.8 (CH2), 21.2 (CH3), 18.2 (CH2); HRMS (ESI), m/z: 400.1132, [M+H]",
C22H23CINO2S " requires 400.1133.
(S)-3-(4-Cyclopropyl-2-phenylbut-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3ag)
0, 0 Obtained 25.6 mg (61%). The enantiomeric excess (93%) was
determined by HPLC (Chiralpak AS-H), hexane:iPrOH 80:20,

ImL/min. Major enantiomer tr= 28.7 min, minor enantiomer tr=
34.3 min.

Oil; [a]%® +6.56 (c 0.98, CH3Cl); *H NMR (300 MHz,CDCls) &
7.91-7.88 (m, 1H), 7.69 (dtd, J =16.9, 7.4, 1.2 Hz, 2H), 7.59-7.56 (m, 1H), 7.45-7.41
(m, 2H), 7.36-7.29 (m, 2H), 7.27-7.22 (m, 1H), 4.34 (ddd, J=8.3, 6.2, 1.8 Hz, 1H), 3.38
(dd,J=14.9,8.5 Hz, 1H), 3.26 (dd, J=14.9, 6.3 Hz, 1H), 1.17 (ttd, J=8.2, 5.0, 1.8, 1H),
0.70-0.61 (m, 2H), 0.60-0.47 (m, 2H); 13C NMR (75 MHz, CDCl3) & 173.9 (C), 140.6
(C), 139.9 (C), 133.7 (CH), 133.6 (CH), 131.5 (C), 128.9 (CH), 127.6 (CH), 127.5 (CH),
124.4 (CH), 122.6 (CH), 88.7 (C), 74.7 (C), 40.1 (CH2), 35.7 (C), 8.2 (CH>), 8.2 (CH2), -
0.4 (CH); HRMS (ESI), m/z: 336.1055, [M+H]", C20H1sNO2S" requires 336.1053.
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(S)-3-(2-(4-bromophenyl)-4-cyclopropylbut-3-yn-1-yl)benzo[d]isothiazole 1,1-
dioxide (3bg)

Obtained 23.3 mg (45%). The enantiomeric excess (96%) was
determined by HPLC (Chiralpak AD-H), hexane:iPrOH 80:20,
ImL/min. Major enantiomer t:= 20.01 min, minor enantiomer t:
=16.73 min.

Yellow solid; mp 119-121 °C; [a]3° +6.28 (¢ 1.0, CHCI3); 'H
NMR (300 MHz,CDCls) 6 7.92-7.89 (m, 1H), 7.71 (dtd, J=16.1,
7.4, 1.2 Hz, 2H), 7.60-7.57 (m, 1H), 7.47-7.43 (m, 2H), 7.34-7.29 (m, 2H), 4.33 (ddd, J
=8.2,6.5, 1.8 Hz, 1H), 3.36 (dd, J = 15.3, 8.2 Hz, 1H), 3.24 (dd, J = 15.3, 6.5 Hz, 1H),
1.17 (ttd, J = 8.2, 5.0, 1.8, 1H), 0.71-0.67 (m, 2H), 0.59-0.48 (m, 2H); *3C NMR (75
MHz, CDCl) 6 173.5 (C), 139.9 (C), 139.6 (C), 133.8 (CH), 133.7 (CH), 132.0 (CH),
131.4 (C), 129.4 (CH), 124.3 (CH), 122.7 (CH), 121.5 (C), 89.0 (C), 74.3 (C), 39.8 (CH>),
35.0 (CH), 8.3 (CH2), 8.2 (CH2), —0.4 (CH); HRMS (ESI), m/z: 414.0154, [M+H]",
C20H17BrNO2S" requires 414.0158.
(S)-3-(4-Cyclopropyl-2-(4-methoxyphenyl)but-3-yn-1-yl)benzo[d]isothiazole ~ 1,1-
dioxide (3cg)

Obtained 31.5 mg (69%). The enantiomeric excess (92%) was
determined by HPLC (Chiralpak AD-H), hexane:iPrOH 80:20,
ImL/min. Major enantiomer t:= 21.98 min, minor enantiomer t:
=19.32 min.
Yellow solid; mp 112-115 °C; [a]3® +7.46 (¢ 1.0, CHCI3); 'H
oMe NMR (300 MHz,CDCl3)$ 7.91-7.88 (m, 1H), 7.69 (dtd, J=16.0,
7.4, 1.3 Hz, 2H), 7.59-7.56 (m, 1H), 7.37-7.32 (m, 2H), 6.87—-6.82 (m, 2H), 4.30 (ddd, J
=8.2, 6.4, 1.8 Hz, 1H), 3.78 (s, 3H), 3.35 (dd, J = 14.9, 8.3 Hz, 1H), 3.24 (dd, J = 14.9,
6.5 Hz, 1H), 1.16 (ttd, J = 8.2, 5.0, 1.8, 1H), 0.69-0.62 (m, 2H), 0.59-0.46 (m, 2H); 3C
NMR (75 MHz, CDCls) 6 174.0 (C), 159.1 (C), 139.9 (C), 133.7 (CH), 133.5 (CH), 132.7
(C), 131.6 (C), 128.6 (CH), 124.5 (CH), 122.6 (CH), 114.3 (CH), 88.5 (C), 75.1 (C), 55.5
(CH3), 40.3 (CH2), 35.0 (CH), 8.2 (CH2), 8.2 (CH2), -0.4 (CH); HRMS (ESI), m/z:
366.1159, [M+H]", C21H20NO3S " requires 366.1158.
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(S)-3-(4-Cyclopropyl-2-(p-tolyl)but-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3dg)
Q\,/O Obtained 31.0 mg (69%). The enantiomeric excess (93%) was

S determined by HPLC (Chiralcel OD-H), hexane:iPrOH 80:20,
%

ImL/min. Major enantiomer t:= 16.5 min, minor enantiomer t:=
14.4 min.

Yellow solid; mp 104-107 °C; [a]3° +1.32 (¢ 1.0, CHCI3); 'H
Me NMR (300 MHz,CDCl3) 6 7.92—7.89 (m, 1H), 7.69 (dtd, J=16.2,
7.3, 1.3 Hz, 2H), 7.60-7.57 (m, 1H), 7.34-7.30 (m, 2H), 7.15-7.12 (m, 2H), 4.30 (ddd, J
=8.3, 6.2, 1.7 Hz, 1H), 3.35 (dd, J = 14.9, 8.5 Hz, 1H), 3.24 (dd, J = 14.9, 6.3 Hz, 1H),
2.32 (s, 3H), 1.17 (ttd, J = 8.2, 5.0, 1.8, 1H), 0.70-0.61 (m, 2H), 0.58-0.45 (m, 2H); 3C
NMR (75 MHz, CDCl3) 8 174.0 (C), 139.9 (C), 137.6 (C), 137.3 (C), 133.7 (CH), 133.5
(CH), 131.6 (C), 129.6 (CH), 127.4 (CH), 124.5 (CH), 122.6 (CH), 88.5 (C), 74.9 (C),
40.2 (CHa), 35.4 (CH), 21.2 (CH3), 8.2 (CH2), 8.2 (CH2), -0.4 (CH); HRMS (ESI), m/z:
350.1212, [M+H]", C21H20NO2S" requires 350.1209.
(S)-3-(4-Cyclopropyl-2-(o-tolyl)but-3-yn-1-yl)benzo[-]isothiazole 1,1-dioxide (3egQ)
Obtained 24.0 mg (55%). The enantiomeric excess (85%) was
determined by HPLC (Chiralpak AD-H), hexane:iPrOH 80:20,

N

ImL/min. Major enantiomer t:= 10.50 min, minor enantiomer t:
=9.93 min.

Yellow solid; mp 143-146 °C; [a]3° —17.8 (¢ 1.0, CHCl3); 'H
NMR (300 MHz,CDCls) 6 7.93-7.90 (m, 1H), 7.71 (dtd, J = 14.2, 7.3, 1.4 Hz, 2H),
7.65-7.61 (m, 1H), 7.59-7.56 (m, 1H), 7.25-7.14 (m, 3H), 4.50 (ddd, J=9.3,5.3, 1.8
Hz, 1H), 3.34 (dd, J = 14.7, 9.3 Hz, 1H), 3.19 (dd, J = 14.7, 5.3 Hz, 1H), 2.42 (s, 3H),
1.13 (ttd, J = 8.2, 5.0, 1.8, 1H), 0.67—0.58 (m, 2H), 0.56-0.42 (m, 2H); 3C NMR (75
MHz, CDCl3) 6 174.1 (C), 140.0 (C), 138.8 (C), 135.1 (C), 133.7 (CH), 133.6 (CH), 131.6
(C), 131.0 (CH), 127.6 (CH), 127.5 (CH), 126.8 (CH), 124.6 (CH), 122.6 (CH), 88.2 (C),
75.0 (C), 38.6 (CH»), 32.5 (CH), 19.4 (CH3), 8.2 (CH>), 8.1(CH»), -0.4 (CH); HRMS
(ESI), m/z: 350.1212, [M+H]", C21H20NO2S" requires 350.1209.

S21



(S)-3-(4-Cyclopropyl-2-(m-tolyl)but-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3fg)
Obtained 28.0 mg (64%). The enantiomeric excess (82%) was
determined by HPLC (Chiralpak AY-H), hexane:iPrOH 80:20,
ImL/min. Major enantiomer t:= 46.0 min, minor enantiomer t:=
43.8 min.

Oil; [a]3° +11.2 (¢ 1.0, CHCI3); *H NMR (300 MHz,CDCl3) §
7.91-7.89 (m, 1H), 7.69 (dtd, J = 21.7, 7.4, 1.1 Hz, 2H),
7.60-7.57 (m, 1H), 7.23-7.21 (m, 3H), 7.07-7.04 (m, 1H), 4.29 (ddd, J = 8.5, 6.2, 1.8
Hz, 1H), 3.36 (dd, J = 14.8, 8.8 Hz, 1H), 3.25 (dd, J = 14.8, 6.1 Hz, 1H), 2.32 (s, 3H),
1.17 (ttd, J = 8.3, 5.0, 1.8, 1H), 0.69-0.64 (m, 2H), 0.58-0.47 (m, 2H); *C NMR (75
MHz, CDCIl3) 6 174.0 (C), 140.5 (C), 139.9 (), 138.7 (C), 133.7 (CH), 133.5 (CH), 131.6
(C), 128.9 (CH), 128.4 (CH), 128.3 (CH), 124.5 (CH), 124.4 (CH), 122.6 (CH), 88.7 (C),
74.8 (C), 40.1 (CH2), 35.8 (CH), 21.5 (CH3), 8.2 (CH»), 8.2 (CH2), -0.4 (CH); HRMS
(ESI), m/z: 350.1211, [M+H]", C21H20NO2S" requires 350.1209.

(S)-5-(1,1-Dioxidobenzo[d]isothiazol-3-yl)-4-phenylpent-2-yn-1-yl| benzoate (3ah)

O o) Obtained 34.0 mg (63%). The enantiomeric excess (93%)

{ /

N
N

W\ //O
S\N /\O»\ Ph  Wwas determined by HPLC (Chiralpak IC), hexane:iPrOH
7 70:30, ImL/min. Major enantiomer t- = 56.5 min, minor
1]

enantiomer tr= 46.8 min.

Oil; [a]?® +15.6 (¢ 1.0, CHCl3); *H NMR (300
MHz,CDClI3) 6 8.04—8.02 (m, 2H), 7.86—7.83 (m, 1H), 7.66—7.55 (m, 4H), 7.47-7.41 (m,
4H), 7.36—7.23 (m, 3H), 4.90 (dd, J = 2.1, 1.5 Hz, 2H), 4.53-4.47 (m, 1H), 3.49 (dd, J =
15.7, 8.2 Hz, 1H), 3.33 (dd, J = 15.7, 6.4 Hz, 1H); *C NMR (75 MHz, CDCl3) § 173.5
(©), 166.0 (C), 139.8 (C), 1394 (C), 133.9 (CH), 133.7 (CH), 133.4 (CH), 131.3 (C),
130.0 (CH), 129.7 (C), 129.1 (CH), 128.5 (CH), 127.9 (CH), 127.6 (CH), 124.2 (CH),
122.6 (CH), 86.8 (C), 78.8 (C), 53.0 (CH>), 39.5 (CH2), 35.3 (CH); HRMS (ESI), m/z:
430.1104, [M+H]", C25sH20NO4S" requires 4301108.
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(S)-3-(8-(4-Methoxyphenoxy)-2-phenyloct-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide
(3ai)

Obtained 39.3 mg (66%); the conjugate
OMe  ethylation product 6 (12.3 mg, 33%). The
enantiomeric ~ excess  (99%)  was
determined by HPLC (Chiralpak OD-H),
hexane:IPrOH 80:20, ImL/min. Major

enantiomer t = 38.7 min, minor

enantiomer t:= 48.1 min.

Oil; [a]® +10.3 (¢ 0.96, CHCI3); *H NMR (300 MHz,CDCls) & 7.89-7.86 (m, 1H),
7.68-7.64 (m, 2H), 7.58-7.56 (m, 1H), 7.47-7.44 (m, 2H), 7.36—7.31 (m, 2H), 7.28-7.22
(m, 1H), 6.81 (s, 4H), 4.40-4.37 (m, 1H) 3.86 (td, J = 6.3, 2.2 Hz, 2H), 3.76 (s, 3H), 3.39
(dd, J=15.1, 8.7 Hz, 1H), 3.27 (dd, J=15.1, 6.1 Hz, 1H), 2.21 (td, J = 7.1, 2.3 Hz, 2H),
1.79-1.71 (m, 2H), 1.63-1.55 (m, 4H); 3C NMR (75 MHz, CDCl3) § 173.1 (C), 153.8
(©), 153.3 (C), 140.6 (C), 139.9 (C), 133.8 (CH), 133.6 (CH), 131.5 (C), 129.9 (CH),
127.7 (CH), 127.5 (CH), 124.4 (CH), 122.6 (CH), 115.5 (CH), 114.8 (CH), 85.1 (C), 80.0
(C), 68.0 (CH2), 55.9 (CH3), 40.1 (CH2), 35.7 (CH), 28.5 (CH2), 25.3 (CH2), 18.6 (CH2);
HRMS (ESI), m/z: 474.1732, [M+H]", C2sH2sNO4S" requires 474.1734.

(S)-3-(5-(Benzyloxy)-2-phenylpent-3-yn-1-yl)benzo[d]isothiazole 1,1-dioxide (3aj)

Obtained 30.7 mg (59%); the conjugate ethylation
product 6 (5.3 mg, 14%). The enantiomeric excess
(80%) was determined by HPLC (Chiralpak AD-H),
hexane:iPrOH 80:20, 1mL/min. Major enantiomer t;=

45.4 min, minor enantiomer t-= 26.9 min.

0il; [a]%5 +3.8 (c 0.65, CHCL); *H NMR (300 MHz,CDCl3) & 7.89-7.86 (m, 1H),
7.72-7.61 (m, 2H), 7.58-7.55 (m, 1H), 7.49-7.45 (m, 2H), 7.37-7.27 (m, 8H), 4.52 (d,
J=1.9Hz, 2H), 4.17 (d, J =2.0 Hz, 2H), 3.48 (dd, J = 15.9, 8.5 Hz, 1H), 3.32 (dd, J =
15.8, 6.1 Hz, 1H); 3C NMR (75 MHz, CDCl3) 5 173.5 (C), 139.9 (C), 139.8 (C), 137.6
(C), 133.9 (CH), 133.7 (CH), 131.3 (C), 129.1 (CH), 128.5 (CH), 128.2 (CH), 127.90
(CH), 127.85 (CH), 127.6 (CH), 124.2 (CH), 122.7 (CH), 86.3 (C), 80.7 (C), 71.6 (CH),
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57.6 (CH3), 39.7 (CH2), 35.3 (CH); HRMS (ESI), m/z: 416.1312, [M+H]", C2sH22NO3S"
requires 416.1315.

4-Methyl-N-(1,3,5-triphenylpent-1-en-4-yn-1-yl)benzenesulfonamide (3ja) and 4-
Methyl-N-(1,3,5-triphenylpent-4-yn-1-ylidene)benzenesulfonamide (3ja’)

Obtained 24.5 mg (43%) as a mixture
enamine 3ja/imine 3ja’ (72/28).

Enamine 3ja: The enantiomeric
excess of enamine 3ja (73%) was
determined by HPLC (Chiralpak AD-
H), hexane:iPrOH 90:10 1 mL/min,

major enantiomer: tr = 14.2 min, minor enantiomer: t- = 17.5 min.

Brown solid; mp 45-50 °C; [a]3° +7.6 (¢ 1.0, CHCIl3, 73% ee); *H NMR (300 MHz,
CDCl3) 6 7.56 (d, J = 8.3 Hz, 2H), 7.43-7.37 (m, 2H), 7.37-7.31 (m, 3H), 7.25-7.07 (m,
5H), 6.80 (s, 1H), 5.51 (dd, J = 8.1, 0.8 Hz, 1H), 4.35 (d, J = 8.1 Hz, 1H), 2.30 (s, 3H);
13C NMR (75 MHz, CDCl3) & 143.93 (C), 139.57 (C), 136.89 (C), 136.76 (C), 135.73
(C), 131.82 (CH), 129.66 (CH), 128.80 (CH), 128.42 (CH), 128.38 (CH), 128.08 (CH),
127.55 (CH), 127.47 (CH), 127.45 (CH), 127.36 (CH), 127.32 (CH), 124.19 (CH), 122.8
(C), 87.55 (C), 84.83 (C), 35.67 (CH), 21.56 (CH3).

Imine 3ja’: The enantiomeric excess of imine 3ja’ (75%) was determined by HPLC
(Chiralpak AD-H), hexane:iPrOH 90:10 1 mL/min, major enantiomer: t- = 28.3 min,

minor enantiomer: t: = 22.9 min.

Oil; *H NMR (300 MHz, CDCls) § 7.94 (d, J = 8.1 Hz, 4H), 7.61 (bd, J = 7.4 Hz, 2H),
7.55-7.47 (m, 1H), 7.43-7.29 (m, 7H), 7.23-7.16 (m, 3H), 7.08 (bd, J = 6.5 Hz, 2H), 4.75
(s, 1H), 3.96 (s, 1H), 3.82 (s, 1H), 2.44 (s, 3H); 3C NMR (75 MHz, CDCl3) & 180.53
(C), 143.65 (C), 140.50 (C), 138.49 (C), 137.70 (C), 132.88 (CH), 131.54 (CH), 129.53
(CH), 129.14 (CH), 128.82 (CH), 128.51 (CH), 128.02 (CH), 127.96 (CH), 127.60 (CH),
127.44 (CH), 127.29 (CH), 123.04 (C), 89.15 (C), 85.86 (C), 41.38 (CH2), 37.32 (CH),
21.64 (CH3).
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Synthesis of compound 3ad at 1 mmol scale

Ligand L6 (90 mg, 0.126 mmol) was introduced in a round bottom flask and purged with
nitrogen. Dry toluene (5 mL), alkyne 2e (6.3 mmol) and a 1.5 M solution of diethyzinc in
toluene (1.7 mL, 2.52 mmol) were added in this order. The mixture was introduced in a
bath at 70 °C for 2 hours and allowed to reach room temperature. Imine 1a (1.26 mmol)
in dry toluene (10 mL) was injected ant the reaction mixture stirred until completion
(TLC). After this time, the reaction was quenched with 20% aqueous NH4Cl (5 mL),
diluted in CH2Cl2 (100 mL), washed with brine (100 mL), dried over MgSOa. After
filtration and concentration under reduced pressure, column chromatography eluting with

toluene:Et20 (9:1) afforded compound 3ad (280 mg, 56%, 88% ee).

Synthetic transformations of compound 3ad

3-((S)-2,6-Diphenylhex-3-yn-1-yl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (4)

o NaBHs (8 mg, 0.2 mmol) was added to a solution of
\\//O
S

\

ph compound 3ad (20 mg, 0.05 mmol) in THF (1 mL) at room
H ///\/ temperature under nitrogen atmosphere. After 1 h, the

reaction was quenched with 1M HCI and extracted with

CH2Clz, the organic layers were dried over MgSOs, filtered
and concentrated in vacuo. Purification by flash

chromatography gave amine 4 (16 mg, 80%) as a 69:31 diastereomer mixture.

Major diastereomer: The enantiomeric excess (95%) was determined by HPLC (Lux
Cellulose 4), hexane:iPrOH 80:20, 1 mL/min. Major enantiomer tr = 36.5 min, minor

enantiomer t; = 24.1 min.

Oil; [a]?® +11.1 (¢ 0.7, CHCI3); *H NMR (300 MHz,CDCl3) § 7.78-7.75 (m, 1H), 7.59
(td, J=7.5, 1.3 Hz, 1H), 7.52 (td, J = 7.4, 1.2 Hz, 1H), 7.35-7.19 (m, 11H), 4.80 (d, J =
4.6 Hz, 1H), 4.55 (dt, J = 9.4, 4.6 Hz, 1H), 3.90-3.85 (m, 1H), 2.86 (t, J = 7.3 Hz, 2H),
2.59 (td, J = 7.3, 2.2 Hz, 2H), 2.26-2.18 (m, 2H); 2*C NMR (75 MHz, CDCls) & 140.69
(C), 140.68 (C), 140.2 (C), 135.6 (C), 133.1 (CH), 129.5 (CH), 129.1 (2CH), 128.7 (2CH),
128.6 (2CH), 127.5 (2CH), 126.4 (CH), 124.6 (CH), 121.6 (CH), 84.9 (C), 81.5 (C). 56.3
(CH), 44.8 (CHa), 35.8 (CH), 35.1 (CHa), 20.9 (CHz): HRMS (ESI), m/z: 402.1530,
[M+H]", C25sH24NO2S" requires 402.1522.
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Minor diastereomer: The enantiomeric excess (92%) was determined by HPLC
(Chiralcel OD-H), hexane:iPrOH 80:20, 1mL/min. Major enantiomer t: = 13.1 min, minor

enantiomer t-= 27.6 min

Oil; [a]2® —11.7 (¢ 0.3, CHCLz); *H NMR (300 MHz,CDCls) § 7.78-7.75 (m, 1H), 7.58
(td, J = 7.5, 1.3 Hz, 1H), 7.53=7.48 (m, 1H), 7.32=7.15 (m, 11H), 4.77 (d, J = 6.0 Hz,
1H), 4.69-4.64 (m, 1H), 3.95-3.90 (m, 1H), 2.89 (t, J = 6.9 Hz, 2H), 2.66 (td, = 7.0, 2.1
Hz, 2H), 2.03-1.97 (m, 2H); *°C NMR (75 MHz, CDCL3) & 141.0 (C), 140.8 (C), 140.6
(C), 136.7 (C), 133.1 (CH), 129.4 (CH), 128.8 (2CH), 128.7 (2CH), 128.6 (2CH), 127.4
(2CH), 127.2 (CH), 126.6 (CH), 124.3 (CH), 121.5 (CH), 85.3 (C), 80.8 (C), 56.5 (CH),
45.0 (CH2), 35.6 (CH), 35.0 (CHa), 20.7 (CHa); HRMS (ESI), m/z: 402.1530, [M+H]",
C25H24NO2S" requires 402.1522.

3-((S)-2,6-Diphenylhexyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (5)

A solution of 3ad (20 mg, 0.05 mmol) in MeOH (1 mL) was
Ph  stirred under hydrogen atmosphere in the presence of 10%
Pd/C for 30 min. Then, the reaction mixture was filtered
through celite® eluting with EtOAc and the solvent was

removed under reduced pressure. Purification by flash

chromatography gave compound 5 (15.3 mg, 75%) as a 74:26

diastereomeric mixture.

Major diastereomer: The enantiomeric excess (94%) was determined by HPLC (Lux
Cellulose 4), hexane:iPrOH 80:20, 1mL/min. Major enantiomer t: = 21.4 min, minor

enantiomer tr = 25.7 min

Oil; [a]3° —26.7 (¢ 0.8, CHCl3); 'H NMR (300 MHz,CDCl3) § 7.74-7.71 (m, 1H), 7.54
(td,J=7.5,1.4Hz, 1H), 7.47 (t,J=7.1 Hz, 1H), 7.33-7.10 (m, 11H), 4.67-4.61 (m, 1H),
4.23 (d, J=4.2 Hz, 1H), 2.88-2.78 (m, 1H), 2.56-2.50 (m, 2H), 2.29 (ddd, J=14.4, 5.7,
4.2 Hz, 1H), 2.10 (dt, J = 14.6, 9.0 Hz, 1H), 1.74-1.54 (m, 4H), 1.29-1.18 (m, 2H); 3C
NMR (75 MHz, CDCl3) 6 144.0 (C), 142.6 (C), 140.4 (C), 135.4 (C), 133.0 (CH), 129.4
(CH), 129.1 (2CH), 128.5 (2CH), 128.4 (2CH), 127.8 (2CH), 127.1 (CH), 125.8 (CH),
124.4 (CH), 121.5 (CH), 57.1 (CH), 44.0 (CH), 43.6 (CH2), 36.6 (CH2), 35.9 (CH2), 31.5
(CH2), 27.0 (CH2); HRMS (ESI), m/z: 406.1841, [M+H]", C2sH2sNO2S" requires
406.1835.
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Minor diastereomer: The enantiomeric excess (84%) was determined by HPLC (Lux
Cellulose 4), hexane:iPrOH 80:20, 1mL/min. Major enantiomer t: = 17.8 min, minor

enantiomer t; = 14.7 min.

Oil; [a]3° +41.3 (¢ 0.3, CHCI3); *H NMR (300 MHz,CDCl3) § 7.75-7.72 (m, 1H), 7.57
(td, J = 7.5, 1.3 Hz, 1H), 7.51-7.46 (m, 1H), 7.40-7.34 (m, 2H), 7.29-7.22 (m, 6H),
7.18-7.09 (m, 3H), 4.55 (d, J = 6.0 Hz, 1H), 4.22 (ddd, J = 11.1, 5.9, 3.0 Hz, 1H),
2.94-2.84 (m, 1H), 2.55-2.49 (m, 2H), 2.15-2.02 (m, 2H), 1.69-1.53 (m, 4H), 1.28-1.23
(m, 2H); 1*C NMR (75 MHz, CDCls) § 143.5 (C), 142.7 (C), 141.3 (C), 135.7 (C), 133.2
(CH), 129.3 (CH), 129.2 (2CH), 128.5 (2CH), 128.4 (2CH), 127.8 (2CH), 127.1 (CH),
125.8 (CH), 124.2 (CH), 121.5 (CH), 56.1 (CH), 43.6 (CH), 43.5 (CH2), 37.3 (CH2), 35.9
(CH2), 31.5 (CH2), 27.3 (CHz2); HRMS (ESI), m/z: 406.1841, [M+H]", C2sH2sNO2S"
requires 406.1835.

3-(2-Phenylbutyl)benzo[d]isothiazole 1,1-dioxide (6)
0 IH NMR (300 MHz,CDCl3) & 7.88-7.84 (m, 1H), 7.68 (td, J =
N Bt 74,12Hz 1H),7.61 (td,J=7.5, 1.3 Hz, 1H), 7.49-7.46 (m, 1H),
@Mph 7.31-7.25 (m, 2H), 7.23-7.15 (m, 3H), 3.27-3.16 (m, 3H),
1.98-1.91 (m,1H), 1.82-1.72 (m, 1H), 0.84 (t, J = 7.3 Hz, 3H); 3C NMR (75 MHz,
CDClI3) 6 175.4(C), 143.3 (C), 139.8 (C), 133.8 (CH), 133.5 (CH), 131.6 (C), 128.8 (CH),

127.7 (CH), 127.0 (CH), 124.1 (CH), 122.5 (CH), 45.1 (CH2), 38.5 (CH), 28.8 (CH3),
12.2 (CH2); HRMS (ESI), m/z: 300.1050, [M+H]*, C17H1sNO2S" requires 300.1053.
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Racemic or near racemic mixture:
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Racemic or near racemic mixture:
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Racemic or near racemic mixture:
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Racemic or near racemic mixture:
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Racemic or near racemic mixture:
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Racemic or near racemic mixture:
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Racemic or near racemic mixture:
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Racemic or near racemic mixture:
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Racemic or near racemic mixture:
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Cl

Racemic or near racemic mixture:

0,20 3 '\\
E Ao
E |
- 0,18 3 [ l'\
2 3 | | \
2 3 | | | |
E 8,10 | II | |
H 3 | I| | ||I
4 3
a,ns—é Il I|\J|I
0,00 o j .
R D e o L L e e L b R L R R Rl R RE R R LR e R
[ 5 10 15 20 25 EL]
Ratantion Tima (min)
Ho ET Lrea % Nams
1 24,79 43 593
2 28,80 50,102
100, 000
Enantioselective reaction:
E A
0,6 = R
[E|
3 F
0,5 = |
I
- -3 ]
g. 0,4 - | \l
L ] - | 1
g |
i 0,3 [
1 |
SN a
0,2 - \
| [
0,1 |\ ;
|
0,0 -3 e _._-/ \\_/\__
T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35
Retention Time (min)
No RT Area Area % Name
1 26,91 91,326
2 32,65 8,674
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MeO

Racemic or near racemic mixture:

0,7
3 %
0,6 3 f
3 '| ,
0,5 — || '1|
= 3 |
2 |
£ T I | |
: ] |
£ 0,3 - .l | I
8 3 1 [
-] 0,2 = | 1
= | |. 1
= | |
0,1 |l | ;
- | 1} I' \
0,0 < ——— ~d \ N L —
] 5 0 15 20 25 30 s 40 45
Retention Time (min)
No. RT Aresa Area % Name
28,31 50,342
2 42,99 49,658
36036548 100,00

Absorbance (AU}

/] 5 10 15 20 28 an 1] 40 a5

Ratantiom Tima {(mim)

Ho. ET Arsa Rresa % Hams
1 28,79 3738144 23,344
2 44, Te 122746864 T&, 656
16013008 100, 000
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Racemic or near racemic mixture:

0,25 3 P ;
A i A
0,20 | \
g ] ’ |
8 0,15 3 \
i 3 l | | ||
g ] [ [l
0,10 | |
2 3 ' \ f \
0,05 3 ) \ , \
0,00 3 A, e = _/k._.a———z] —u - _L
0 s 10 15 20 25 30
Retention Time (min)
No. RT Area Area % Name
1 24,92 8841550 50,014
2 29,42 8836630 49,986
17678180 100,000

Enantioselective reaction:

1,0—3 é
0,8 -

g 3
0,6 -

i ;

] 0,4 3

4 E

2

0,2
0,0 -
lll[||lll|ll]l|ll|l]ll
0 5 10 15 20
Retention Time (min)

No. RT Arsa Area % Name
1 24,66 35156310 97,459
2 29,49 916560 2,541

36072870 100,000
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3bd

Racemic or near racemic mixture of enantiomers:

400+ B- [ 400
&
=
e
€ 200 [ 200
0 ! S Lo
0.0 25 5.0 75 10,0 125 15,0
Minutes
18: 220 nm, 4 nm
Results
Retention Time Area Area Percent
18,71 32020989 40,880
21,88 46308719 59,120
Enantioselective reaction:
400+ - 400
= 3 f\[ .
Z |
£ 200 f \ -200
'I 2
04 ¥ o S ; il Lo
0.0 25 50 75 10,0 125 15,0 175 20,0 225 250
Minutes
18: 220 nm, 4 nm
Results
Retention Time Area Area Percent
18,60 55020959 97,752
21,76 1265305 2,248
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3ae

Racemic or near racemic mixture of enantiomers:

0,6 -3
3 ¢
-
H 0.4 || H
g 3 | (I
0,3
: - |
: _ |
3 0,2 = ]
3 |||
0,1 |‘ ||
| |1
3 [% |
0,0 F——n e e e
_.|.|-|.|.|<|.|.|.|.|-|.|.|.|.|.|-|.|.J<|.|.|.|.|-|.|.|<|.|.|.|...J<|.|.|.|-
o 5 10 15 20 25 30 35
Retention Time (min)
No. RT Area Area % Name
1 23,17 9625744 45,583
2 26,76 11491329 54,417
21117073 100,000

Enantioselective reaction:

0.3—2 ﬁ
3 ‘l |
L E

IR | l
] E |
. 0,2 3 ) | l
E s

ood AN

LIS I T L AL I I L L AL I I L AL I I L I AL L L I B I L L B R RN

o 5 10 15 20 25 30

Retention Time (min)

No. RT Area Area % Name
1 22,72 1081550 5,898
2 26,18 17256240 94,102
18337790 100,000
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3be Br

Racemic or near racemic mixture of enantiomers:

- 0,6 3 [I I
: (W
g _ |\ (|
g 0,4 [
£ 3 [ |
E 3 1 [
0,2 = | |
| |
E [ | I|
e I & ¥ 5
LN B LA LA N N LA LA N LA L B LA B N BN B N N LA DA NN B LA LA B B B I |
0 5 10 15 20 25 30
Retention Time (min)
No. RT Area Area % Name
1 23,86 14572449 46,186
2 26,37 16979510 53,814
31551959 100,000

Enantioselective reaction:

0,6 }
o.s—i ‘
5 0.3 |
g 0,3 3 |
: E |
o |
3 0,2 3 |
on ] |
3 - || |
3 |
0,0 3 ~ NIV .
_rlu|‘]||-||[-|r1111]1]1|-|||-|-[r]r]u]u]”-..'-'r[;[1]1]1].|.|.|.[r|r[r]1]1
o 5 10 15 20 25 10 a5
Retention Time (min)
No RT Area Area % Name
1 24,13 198690 1,570
2 26,56 12454504 98,430
12653194 100,000
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3de Me

Racemic or near racemic mixture of enantiomers:

Absorbance (AU)

L1} e 4 6 8 10 12 14 16 18 20 22

Retention Time (min)

No. RT Area Area % Name
1 le, 31 9140336 46,224
2 18,40 10633608 53,776
19773944 100,000

Enantioselective reaction:

0,7 3
_: f
0,6 = ﬂ'l
0,5 |
g \
0,4 3 |
P |
E |
0,3 =
8 ‘
2 0,2 = \
0,13 ‘
3 - f
(Y ——— — _.___N -
0 2 4 6 8 10 12 14 16 18 20 22
Retention Time (min)
No. RT Area Area % Name
1 16,35 755407 3,894
2 18,32 18645662 96,106
194010869 100,000
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Cl

3af

Racemic or near racemic mixture of enantiomers:

2
8
g
g
0 5 10 15 20 25 30 35 40 45
Retention Time (min)
No. RET Area Area % Name
1 31,80 6645030 33,999
2 34,43 12899800 66,001
19544830 100,000

Enantioselective reaction:

0,35
oaoé
g 0,25 — ‘
8 0,20 =
g :
4 0,15 =
] : |
5 0,10 = |
mosi :
3 = | l
0,00 ___\-/m_—‘d___ Ar)— N
0 ] 10 15 20 25 30 35 40 45 50 55 60 65 70
Retention Time (min)
No. RT Area Area % Name
32,14 199995 2,079
34,72 9417889 97,921
9617884 100,000
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Cl

3bf Br

Racemic or near racemic mixture of enantiomers:

0.5—5 I’t
E |
E \ |
= 0,6 - |I| |
2 E i] ”
£ G ||| A
i —f (-
E |
0,2 3 I | [
] || | |
; v
0,0 __f—/‘\—_ S ———— - | \.\—-_ Y W
'“WTWWWWWWWWWWW
o 2 4 6 8 10 12 14 16 18 20 22 24

Retention Time (min)

No. RT Area Area % Name
1 17,71 10183900 42,720
2 21,31 13654979 57,280
23838879 100,000

Enantioselective reaction:

2
8
g
4
:
0 2 4 6 8 10 12 14 16 18 20 22 24
Retention Time (min)
No. RT Area Area % Name
17,69 950905 3,611
2 21,33 25385980 96,389
26336885 100,000
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Cl

Me

Racemic or near racemic mixture of enantiomers:

1000 1000
2 500+ L 500
E g' &
& 8
5 P I_/\J./\ | 0
0 = 10 15 20 25 30 as 40
Minutes
14: 259 nm, 4 nm
Results
Retention Time Area Area Percent
29,42 58927730 49,702
32,57 50633840 50, 298
Enantioselective reaction:
1000 1000
% 500 L - 500
o
(-]
@
o
&
D T T T T T L T T -0
0 5 10 15 20 25 30 35 40
Minutes
2: 229 nm, 4 nm Results
Retention Time Area Area Percent
29,68 3881601 4,738
32,47 78050402 95, 262
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Racemic or near racemic mixture of enantiomers:

1000 1000
o
n
&
g
2 500+ ] - 500
E |
u'
0- T T T T A‘_‘-—— T - ‘_} T | IJ — T -0
0 5 10 15 20 25 30 as
Minutes
24: 242 nm, 4 nm
Results
Retention Time Area Area Percent
28,52 160489802 53,135
33,06 141550470 46,865
Enantioselective reaction:
400+ m - 400
)
M
2 A
200 L 200
s 8
=
o
O A e N, Lo
0 5 10 15 20 25 35 40
Minutes
24: 242 nm, 4 nm
Results
Retention Time Area Area Percent
28,73 115588387 96, 368
34,30 4356850 3,832
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Racemic or near racemic mixture of enantiomers:

0,8
b
f #
.
i 0,5 = I| |1
g 0,4 - | | |
; - L
£ 0 ]
2 0,2 [ |
- | 1
0,1 = | | 1|
E | k I
0,0 = — e — _.ax..-_-_J_ = -_._/l N
0 2 I 8 10 12 14 16 18 20 22 24
Retention Time (min)
No. RT Area Area % Name
1 16,67 10639500 48,932
2 19,95 11103820 51,068
21743320 100,000
Enantioselective reaction:
1,2 3
E A
3 j1
1,0 3 [’|
g o |
E 11
g 0,6 3 ||
2 | [
8 0.4 3
4 * I |
E |
0,2 = ; |
3 : |I 1
E = [
O i S S J_\.
0 2 ] 10 12 14 16 18 20 22 24
Retention Time (min)
No. RT Area Area % Name
1 16,73 370170 1,940
2 20,01 18711820 98,060
19081990 100,000
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"H NMR (300 MHz, CDCl5)

13C NMR (75 MHz, CDCls)
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Racemic or near racemic mixture of enantiomers:

2
8
H
]
H
4
0 2 4 [3 8 10 1z 14 16 18 20 22 24 26
Retention Time (min)
No. RT Area Area % Name
1 19,41 9640980 36,342
2 2z,08 16887315 63,658
26528305 100,000

Enantioselective reaction:

1,5 4 #f
E I["
1,0 |
2 ; i
E ] [
Q 3
| |
0,5 - | |
E . [
3 2 |
0,0 3 . o . A )\
0 2 4 6 8 10 12 14 16 18 20 22
Retention Time (min)
No. RT Area Brea % Name
1 19,32 1135975 4,145
2 21,98 26272099 95,855
27408074 100,000
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"H NMR (300 MHz, CDCl3)
3C NMR (75 MHz, CDCls)
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Racemic or near racemic mixture of enantiomers:

0,20 : f
3 1 A
g il
. E AR
g 0,10 3 {1 |
§ AN
2 0,05 : || I'|I Il |
3 I\ \
0,00 __E___H_Fd___/\,\_,___‘_'_,__,_,,_h_____d_—n__,n/-‘}— k_J- — \

0 2 4 6 8 10 12 14 16

Retention Time (min)

No. RT Area Area % Name
1 14,52 4322875 46,501
2 16,87 4973360 53,499
9296235 100,000
Enantioselective reaction:
0,6 \
A
0,5 | |\
3 e |I 'a
8 [ |
i b H
§ B
Q 9,8 | \I
\
01 : | \‘
D’O e _'_'_‘___f\-...‘____\__ _____ ’_/‘Lj— —— e
[ AAAAL LAY LA RALLY LAALY MM LAAM RALLY LAAALLLAL) RAALS LAAA] MALL) LELL) LA RALL] AL MM RAEM LM
0 2 4 [ 8 10 12 14 16 18 20
Retention Time (min)
No RT Area Brea % Name
1 14,40 599085 3,616
2 16,54 15966884 96,384
16565969 100,000
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H NMR (300 MHz, CDCl3)

3C NMR (75 MHz, CDCl3)
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0,0 —— e~ '\--—h___
0 1 2 3 4 5 3 7 8 9 10 11 12
Retention Time (min)
No RT Area Area % Name
1 9,93 6282960 44,040
2 10,51 7983640 55,960
14266600 100,000

Enantioselective reaction:

1,5 —_:
S |
s 1,0 3
] 3 “
% E [
] E [
4 0,5 3 A
; |
E 3 |I 1:
0,0 —: _,..__/\} \—-._;__‘_
0 1 2 3 4 5 [ 7 8 9 10 11 12
Retention Time (min)
No. RT Area Brea % Name
1 9,93 904102 7,378
2 10,50 11350442 92,622
12254544 100,000
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Racemic or near racemic mixture of enantiomers:

0,14 = ﬂ
g
0,12 = |1|
- , |1
5 0,10 = f
s J |I fl\'
8
g | .
; |l
4 BER
E ! | |
0,025 | 'I.UI \
- |
0’00 -1 Lﬁ‘_,_,\_,\_/\-—-\__—_f-/"-—_/_"‘-——"‘--_,— ._.————-——A—-—'—_'-}- — k
0 5 10 15 20 25 30 35 40 45 50 55
Retention Time (min)
No. RT Area Area % Name
1 40,42 7748470 59,632
2 50,89 5245439 40,368
12993909 100,000
Enantioselective reaction:
2
8
2
-
2
Retention Time (min)
No RT Area Aresa % Nams
1 43,81 2270362 9,139
2 46,01 22571467 90,861
24841829 100,000
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"H NMR (300 MHz, CDCls)
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Racemic or near racemic mixture of enantiomers:

]
0,04 |
8
g 0,03 |
o
o
El 0,02
0,01
0,00 -
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Retention Time (min)
No. RT Area Area % Name
1 49,41 3065898 43,90¢
2 61,15 3916918 56,094
6982816 100,000

Enantioselective reaction:

Absorbance (AU)

] 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Retention Time (min)

No RT Area Area % Name
1 46,84 235995 3,513
2 56,47 6481260 96,487
6717255 100,000

S80



8T —

&7
STL
9L
oL

9€°L |

OMe

3ai
"H NMR (300 MHz, CDCls)

13C NMR (75 MHz, CDCly)

M\mo,v

Fsre

Fore

Foet
Feot

=0
Foet

Feov

f1 (ppm)

1981 —

€e'ST —
¥S'8C —

69'6E —

600y —

88'6S —

2089 —

m_um_u.yn.wn
€0ad 9T°LL W
E€DAd9T°LL \
€1000 85°LL \
+0°08
01's8 —

SLPTT~C
[ 115

09'7eT
SEVTT

BN
59Tt

86'8CT —
15TET —
65'EET

LLEET 7
68'6ET ~
09041 "

67°EST ~
€51~

PE'ELT —

T
180

T
190

f1 (ppm)

S81



OMe

3ai

Racemic or near racemic mixture of enantiomers:

500 - 500
2
=
250+ 2 Q - 250
5 -
o SR I\ i I/\ T iR U
0 10 ' 2 2 w0 ' 50 ' 60
Minutes
27: 236 nm, 4 nm
Results
Retention Time Area Area Percent
39,99 50050186 48,478
49,59 53193265 51,522
Enantioselective reaction:
400 - 400
3 2004 ] L 200
©
L]
il J.\l e e )
0 10 20 30 40 50 60
Minutes
2: 229 nm, 4 nm Results
Retention Time Area Area Percent
38, 65 52724926 99,330
48,06 355486 0,670
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"H NMR (300 MHz, CDClj)
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Racemic or near racemic mixture of enantiomers:

0,10
0,08
) 0,06
g 0,04
2
0,02
0,00
0 5 10 15 20 25 30 35 40 45 50 55 60
Retention Time (min)
No. RT Area Area % Name
1 27,71 2482240 47,776
2 47,83 2713290 52,22
5195530 100,000

Enantioselective reaction:

0,14 =
0,12 = !
- 0,10 = |
g ; i
; u,ua—_; ] l|
0,06 =
g . / |
] 0,04 - - II \
0,02 = I]nlI .J {
E !
0,00 e — e~ \ _/ K A
SLA I L R R I R N A R R R I R R R I N I I L I R R R R R A R
0 5 10 15 20 25 30 35 40 45 50
Retention Time (min)
No. RT Area Area % Name
1 26,88 656695 10,549
2 45,39 5568660 89,451

6225355 100,000
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Absorbance (AD)

Ph

Tos Il

Enantioselective reaction:

Absorbance (AU)

0 5 i0 is 20 25 30 3s 40 45 50 55
Retention Time (min)
No RT Area Area %
1 14,39 28915600 4€,944
2 17,59 28939029 4€,984
3 23,11 184206 2,991
4 28,54 3,081
61595429 100,000
1,6 = 313
1,4 =
1,2 =
1,0 =
0,8 =
0,6 = ‘ j
5 3ja’
0,4 = | ?
0,2 = | " s
E | [ H
8.0 ﬁh“__m___h_,ﬁ_} L B -
R B B B R R R N R RN R RN R R RN AR RN RA R R R
0 5 10 15 20 25 30
Retention Time (min)
N RT Area Area %
1 14,23 17375590 77,056
2 17,48 2769410 2,282
3 22,94 303575 1,346
4 28,28 2100730 9,316
22549305 100,000
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4 (major diastereomer)
"H NMR (300 MHz, CDCl5)

13C NMR (75 MHz, CDCls)
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4 (major diastereomer)

0,08 3
0,07 =
0,06 —
E 0,05 =
; 0,04 =
] —
g 0,03 :
B 0,02 -3
0,01 3
n,nu—é
5 10 15 20 25 30 35 40
Retention Time (min)
No. RT Area Area % Name
1 23,61 1612960 35,086
2 33,74 2984210 €4,914
4597170 100,000
n,s—i
0,43
2
8 0.3—3
g 0,2 3
2 E
0,1 .
0,0 175 . '
5 10 15 20 25 30 35 40
Betention Time (min)
No. RT Area Area % Name
1 24,09 56522 2,549
2 36,49 21606480 97,451
22171700 100,000
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4 (minor diastereomer)
"H NMR (300 MHz, CDCls)

3C NMR (75 MHz, CDCl5)
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4 (minor diastereomer)
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"H NMR (300 MHz, CDClj)

3C NMR (75 MHz, CDCl3)
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Absorbance (AU)

5 (major diastereomer)
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5 (mi
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X-Ray Crystallography data for compound 3bg: crystallized from hexane-EtOAc;
C20H16BrNO2S; Mr=414.31; monoclinic; space group=P21; a=7.4286(4), b=7.2641(3);
c=17.1612(8) A, B=96.473(2); V=929.15(8) A%; Z=2; pcaica=1.495 Mg m™>; p=2.360 mm
;' F(000)=420. A colorless crystal of 0.04x0.04x0.08 mm® was used; 3393
[R(int)=0.0504] independent reflections were collected on a Bruker S8 x-ray diffraction,
equipped with a graphite monochromator and Mo Ko (A = 0.71073 A). The structure was
solved by using direct methods with SHELXS-2014 and refined by using full matrix least
squares on F? with SHELXL-2014. Non-hydrogen atoms were refined anisotropically,
and hydrogen atoms were refined isotropically. Final R(wR) values were R=0.0451
(0.1152). CCDC-1992564 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Figure S1. Ortep plot for the X-ray structure of compound 3bg. The thermal ellipsoids
are drawn at the 50% probability level. Flack parameter 0.017(6).
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