Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2014

Supporting Information

Enantioselective intramolecular propargylic amination

using chiral copper-pybox catalyst

Masashi Shibata, Kazunari Nakajima, and Y oshiaki Nishibayashi*

Institute of Engineering Innovation, School of Engineering, The University of Tokyo,

Yayoi, Bunkyo-ku, Tokyo 113-8656, Japan

List of Contents of Supporting Information

1. General Methods

2. General Procedure for the Preparation of Propargylic Acetates
3. Spectroscopic Data of Other Propargylic Acetates

4. Enantioselective Intramolecular Propargylic Amination of Propargylic Acetates

o1

. Spectroscopic Data and Isolated Yields of Other Products

(o)

. Preparation of 1,1’-(1,2-phenylene)-bis(prop-2-yne-1,1-diyl) Diacetate (3).

~

. Double Propargylic Amination of Propargylic Diacetate with Amines

o0

. Spectroscopic Data and Isolated Yield of Other Product
9. X-ray Diffraction Study of 2d

10. References and Notes

11. '"H and '*C NMR Spectra

12. Charts of Propargylic Aminated Products by HPLC Analysis

S1

Page S2
Page S3
Page S5
Page S8
Page S9
Page S12
Page S13
Page S14
Page S15
Page S18
Page S20

Page S34



General Methods.
'"H NMR (270 MHz) and 3C NMR (67.8 MHz) spectra were measured on a JEOL

Excalibur 270 spectrometer using CDCIl5 as solvent.  HPLC analyses were performed on

Hitachi L-7100 and GL-7410 apparatuses equipped with a UV detector using 25 cm x 4.6 mm
DAICEL Chiralpak AD, IA columns. Elemental analyses were performed at
Microanalytical Center of The University of Tokyo. = 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 a dry nitrogen atmosphere. Solvents were dried by
the usual methods, then distilled under N> and degassed before use.  Optically pure

diphosphines L1-L3, pybox ligands L5, L9, CuOTf = 1/2C¢Hs, aniline, and N,N’-

diphenylethylenediamine are commercially available reagents. Optically pure pybox
ligands L4,5! L6,5 L7,5 L85 L10,% bis(oxazoline) ligand L11,5* and propargylic acetate

355 were prepared according to literature procedures.
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General Procedure for the Preparation of Propargylic Acetates.

Scheme S1. Preparation of Propargylic Acetate 1a

Br cat. TsOH+H,O Br 1) "BulLi CHO
@[ _HC(OMe), _ ome 2DV OMe
CHO MeOH THF

OMe OMe
96% 87%

1) =—MgBr cat. AcOH

2) Ac,0 OAc PhNH, OAc
3) 1N HCl NaBH(OAc);

. T NHPh
THF CHO DCE
84% 85% 1a

A typical  experimental procedure for the  preparation of  1-(2-
((phenylamino)methyl)phenyl)prop-2-yn-1-yl acetate (1a) is described below. In a 50 mL
Schlenk flask were placed 2-bromobenzaldehyde (3.80 g, 20.5 mmol) and anhydrous MeOH

(20 mL) under N>.  Trimethyl orthoformate (8.75 mL, 80 mmol) and TsOH- H>O (37.6 mg,

0.20 mmol) were added to the solution and the mixture was stirred at room temperature for 2
h.  The resulting mixture was passed through a short silicagel pad to give 1-bromo-2-
(dimethoxymethyl)benzene as a colorless oil (4.54 g, 19.6 mmol, 96% isolated yield).

To a solution of 1-bromo-2-(dimethoxymethyl)benzene (4.54 g, 19.6 mmol) in
anhydrous THF (60 mL) was added "BuLi (1.65 M in hexane, 18.0 mL, 29.7 mmol) at -78 °C
and the mixture was stirred for 30 min. DMF (3.1 mL, 40.0 mmol) was added to the
solution and the mixture was stirred at -78 °C for 30 min.  The solution was allowed to
warm to room temperature and stirred for another 1 h.  After the reaction mixture was
quenched by addition of saturated NaHCO3 aq., the solution was extracted with hexane (20
mL x 3). The combined organic layers were dried over anhydrous Na;SOs4 and
concentrated under reduced pressure.  The residue was purified by column chromatography
(triethylamine-pretreated SiO2) with hexane/ethyl acetate (90/10) to give 2-

(dimethoxymethyl)benzaldehyde as a colorless oil (3.07 g, 17.0 mmol, 87% isolated yield).
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To a solution of 2-(dimethoxymethyl)benzaldehyde (1.46 g, 8.09 mmol) in anhydrous
THF (45 mL) was added ethynylmagnesium bromide (0.5 M in THF, 24 mL, 12 mmol) at 0
°C and the mixture was stirred for 40 min.  Acetic anhydride (1.50 mL, 15.9 mmol) was
added to the solution and the mixture was allowed to warm to room temperature.  After
stirring for 1 h, the mixture was acidified by addition of 1N HCI aq. (30 mL) and stirred for 3
h.  The solution was extracted with ethyl acetate (15 mL x 3).  The combined organic
layers were washed with brine and dried over anhydrous MgSQO4.  The solvent was removed
under reduced pressure and the residue was purified by column chromatography (SiO2) with
hexane/ethyl acetate (85/15) to give 1-(2-formylphenyl)prop-2-yn-1-yl acetate®® as a pale
yellow oil (1.37 g, 6.7 mmol, 84% isolated yield).

In a 20 mL Schlenk flask were placed 1-(2-formylphenyl)prop-2-yn-1-yl acetate (208
mg, 1.03 mmol), aniline (0.19 mL, 2.1 mmol), and anhydrous dichloroethane (4 mL) under N.
To the solution was added acetic acid (6 puL, 0.1 mmol) at room temperature and the mixture
was stirred for 1 h.  Sodium triacetoxyborohydride (283.7 mg, 1.34 mmol) was added to the
solution and the mixture was stirred for 4 h.  After the reaction mixture was quenched by
addition of saturated NaHCO3 aq., the solution was extracted with dichloromethane (5 mL x
3). The combined organic layers were dried over anhydrous MgSO4 and concentrated
under reduced pressure.  The residue was purified by column chromatography (SiO2) with
hexane/ethyl acetate (85/15) to give 1-(2-((phenylamino)methyl)phenyl)prop-2-yn-1-yl acetate
(1a) as a brown oil (244.6 mg, 0.876 mmol, 85% isolated yield). '"H NMR & 7.67-7.63 (m,
1H), 7.46-7.43 (m, 1H), 7.36-7.33 (m, 2H), 7.21-7.15 (m, 2H), 6.76-6.70 (m, 1H), 6.66-6.63
(m, 3H), 4.50 (d, J = 14.0 Hz, 1H), 4.43 (d, J = 14.0 Hz, 1H), 4.09 (br, 1H), 2.65 (d, J = 2.2
Hz, 1H), 2.09 (s, 3H). ¥3C NMR & 169.5, 147.9, 136.9, 135.0, 129.4, 129.3, 129.2, 128.3,
128.0, 117.8, 112.9, 80.2, 75.6, 63.0, 45.7, 20.9. HRMS (EI) Calcd. for CigH17NO2 [M]:

279.1259. Found: 279.1249.
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Spectroscopic Data of Other Propargylic Acetates

OAc

HN\©\

1b
1-(2-(((4-methylphenyl)amino)methyl)phenyl)prop-2-yn-1-yl acetate (1b): A brown oil.
'H NMR & 7.74-7.70 (m, 1H), 7.51-7.48 (m, 1H), 7.42-7.35 (m, 2H), 7.05 (d, J = 8.1 Hz, 2H),
6.73 (d, J = 2.4 Hz, 1H), 6.62 (d, J = 8.1 Hz, 2H), 4.53 (d, J = 14.2 Hz, 1H), 4.46 (d, J = 14.2
Hz, 1H), 4.05 (br, 1H), 2.71 (d, J = 2.4 Hz, 1H), 2.30 (s, 3H), 2.14 (s, 3H). 13C NMR & 169.4,
145.6, 137.1, 134.8, 129.6, 129.3, 129.0, 128.2, 127.8, 126.7, 112.9, 80.1, 75.6, 62.9, 45.9,

20.8, 20.3. HRMS (EI) Calcd. for C1oH1oNO2 [M]: 293.1416. Found: 293.1420.

OAc

HN\©\
F

1c

1-(2-(((4-fluorophenyl)amino)methyl)phenyl)prop-2-yn-1-yl acetate (1c): A brown solid,
m.p. 76.1-78.0 °C. *H NMR § 7.68-7.62 (m, 1H), 7.41-7.28 (m, 3H), 6.90-6.81 (m, 2H), 6.65
(d, J = 2.4 Hz, 1H), 6.58-6.50 (m, 2H), 4.42 (d, J = 14.0 Hz, 1H), 4.36 (d, J = 14.0 Hz, 1H),
4.01 (br, 1H), 2.64 (d, J = 2.4 Hz, 1H), 2.05 (s, 3H). *C NMR & 169.4, 155.9 (d, Y3Jc.r = 234.7
Hz), 144.2 (d, “Jcr = 2.2 Hz), 136.6, 134.9, 129.3, 129.0, 128.3, 128.0, 115.6 (d, 2Jc.F = 22.3
Hz), 113.6 (d, *Jcr = 7.8 Hz), 80.1, 75.7, 62.8, 46.2, 20.8. HRMS (EI) Calcd. for C1gH16FNO>

[M]: 297.1165. Found: 297.1177.
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OAc

L
Br

1d

1-(2-(((4-bromophenyl)amino)methyl)phenyl)prop-2-yn-1-yl acetate (1d): A pale yellow
solid, m.p. 108.1-110.0 °C. *H NMR § 7.65-7.62 (m, 1H), 7.39-7.32 (m, 3H), 7.23 (d, J = 8.9
Hz, 2H), 6.62 (d, J = 2.4 Hz, 1H), 6.50 (d, J = 8.9 Hz, 2H), 4.48-4.37 (m, 2H), 4.22 (br, 1H),
2.65 (d, J = 2.4 Hz, 1H), 2.08 (s, 3H). 3C NMR § 169.5, 146.8, 136.3, 135.0, 131.9, 129.4,
129.0, 128.4, 128.1, 114.5, 109.3, 80.1, 75.7, 62.9, 45.7, 20.9. HRMS (EIl) Calcd. for

C1sH16BrNO; [M]: 357.0364. Found: 357.0369.

OAc
NHPh

1e
1-(5-fluoro-2-((phenylamino)methyl)phenyl)prop-2-yn-1-yl acetate (1e): A brown oil. *H
NMR & 7.43-7.34 (m, 2H), 7.21-7.15 (m, 2H), 7.06-6.99 (m, 1H), 6.77-6.71 (m, 1H), 6.65-
6.62 (m, 3H), 4.44 (d, J = 14.2 Hz, 1H), 4.37 (d, J = 14.2 Hz, 1H), 4.06 (br, 1H), 2.67 (d, J =
2.2 Hz, 1H), 2.11 (s, 3H). 13C NMR § 169.4, 162.2 (d, *Jc-r = 245.9 Hz), 147.7, 137.2 (d, 3Jcr
= 7.3 Hz), 132.3 (d, ¥Jc-r = 3.4 Hz), 130.9 (d, 3Jcr = 8.4 Hz), 129.3, 117.9, 116.0 (d, 2Jcr =
21.2 Hz), 115.0 (d, 2Jc-r = 22.8 Hz), 112.9, 79.6, 76.0, 62.2 (d, *Jcr = 1.7 Hz), 45.2, 20.8.

HRMS (EI) Calcd. for C1sH1sNO,F [M]: 297.1165. Found: 297.1173.
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MeO
OAc

NHPh
MeO

1f
1-(4,5-dimethoxy-2-((phenylamino)methyl)phenyl)prop-2-yn-1-yl acetate (1f): A yellow
oil. *H NMR § 7.22-7.16 (m, 3H), 6.94 (s, 1H), 6.76-6.65 (m, 3H), 6.61 (d, J = 2.2 Hz, 1H),
4.41 (d, J = 13.4 Hz, 1H), 4.32 (d, J = 13.4 Hz, 1H), 4.02 (br, 1H), 3.93 (s, 3H), 3.84 (s, 3H),
2.66 (d, J = 2.2 Hz, 1H), 2.08 (s, 3H). 3C NMR § 169.5, 149.6, 148.4, 148.0, 129.6, 129.2,
127.0, 117.8, 112.9, 112.3, 111.5, 80.4, 75.5, 62.7, 56.0, 55.9, 45.6, 20.9. HRMS (EI) Calcd.

for C2oH2:NO4 [M]: 339.1471. Found: 339.1454.
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Enantioselective Intramolecular Propargylic Amination of Propargylic Acetates.

5 mol% CuOTf-1/2C¢Hg / /
OAc 10 mol% L4
1.2 equiv 'Pr,NEt
> N—Ph
HN . MeOH, 0 °C, 8 h
Ph
1a 2a

A typical experimental procedure  for  the  reaction of  1-(2-
((phenylamino)methyl)phenyl)prop-2-yn-1-yl acetate (1a) is described below. In a 20 mL
Schlenk flask were placed CuOTf=1/2CsHe (2.6 mg, 0.010 mmol) and (S)-Me-pybox (L4)
(5.0 mg, 0.020 mmol) under N2.  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 0 °C,
la (55.9 mg, 0.20 mmol) in anhydrous methanol (1.0 mL) and diisopropylethylamine (42 puL,
0.24 mmol) were added under N2, and the reaction was kept at 0 °C for 8 h.  The solvent
was concentrated under reduced pressure, and the residue was purified by the column
chromatography (SiO2) with hexane/ethyl acetate (93/7) to give 1-ethynyl-2-phenylisoindoline
(2a) as a white solid (38.2 mg, 0.173 mmol, 87% isolated yield), m.p. 110.1 °C (decomp.). H
NMR § 7.51-7.48 (m, 1H), 7.39-7.31 (m, 5H), 6.93-6.90 (m, 2H), 6.86-6.80 (m, 1H), 5.61 (br,
1H), 4.82 (dd, J = 3.1 and 13.0 Hz, 1H), 4.60 (d, J = 13.0 Hz, 1H), 2.41 (d, J = 2.2 Hz, 1H).
13C NMR § 145.9, 138.5, 137.0, 129.2, 128.2, 127.7, 123.1, 122.6, 117.4, 112.9, 82.6, 72.3,
55.1, 53.7. Anal. Calcd. for C16H13N: C, 87.64; H, 5.98; N, 6.39. Found: C, 87.44; H, 6.25; N,
6.32. [a]®p = — 153.9 (c = 0.435, CHCIs). The enantiomeric excess of 2a was determined by
HPLC analysis; DAICEL Chiralpak AD, hexane/'lPrOH = 95/5, flow rate = 1.0 mL/min, A =

254 nm, retention time: 9.4 min (minor) and 12.2 min (major), 93% ee.
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Spectroscopic Data and Isolated Yields of Other Products.

l
O
2b

1-ethynyl-2-(4-methylphenyl)isoindoline (2b): Isolated yield 79% (with L4). A white solid,
m.p. 121.4 °C (decomp.). *H NMR § 7.43-7.40 (m, 1H), 7.30-7.26 (m, 3H), 7.08 (d, J = 8.4
Hz, 2H), 6.76 (d, J = 8.4 Hz, 2H), 5.50 (br, 1H), 4.72 (dd, J = 3.2 and 13.0 Hz, 1H), 4.49 (d, J
= 13.0 Hz, 1H), 2.33 (d, J = 2.2 Hz, 1H), 2.23 (s, 3H). 1*C NMR § 143.7, 138.6, 137.1, 129.8,
128.2, 127.7, 126.8, 123.0, 122.6, 113.1, 82.6, 72.4, 55.4, 54.0, 20.3. HRMS (EI) Calcd. for
Ci7HisN [M]: 233.1204. Found: 233.1205. [0]%p = — 149.0 (c = 0.490, CHCls). The
enantiomeric excess of 2b was determined by HPLC analysis; DAICEL Chiralpak IA,
hexane/'PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm, retention time: 7.2 min (minor)

and 11.5 min (major), 92% ee.

J/

NOF

2c
1-ethynyl-2-(4-fluorophenyl)isoindoline (2c): Isolated yield 79% (with L4). A white solid,
m.p. 93.8 °C (decomp.). *H NMR & 7.50-7.47 (m, 1H), 7.38-7.35 (m, 3H), 7.05 (m, 2H), 6.82
(dd, J = 4.3 and 9.2 Hz, 2H), 5.55 (br, 1H), 4.78 (dd, J = 3.1 and 12.9 Hz, 1H), 454 (d, J =
12.9 Hz, 1H), 2.42 (d, J = 1.9 Hz, 1H). 3C NMR § 156.0 (d, YJc-r = 235.3 Hz), 142.5 (d, “Jcr
= 1.7 Hz), 138.5, 136.9, 128.3, 127.8, 123.1, 122.6, 115.7 (d, 2Jcr = 22.3 Hz), 113.6 (d, 3Jcp
= 7.2 Hz), 82.4, 72,5, 55.6, 54.2. Anal. Calcd. for CisH12FN: C, 80.99; H, 5.10; N, 5.90.

Found: C, 80.83; H, 5.22; N, 5.65. [a]®>0 = — 150.9 (¢ = 0.470, CHCIs). The enantiomeric

excess of 2¢ was determined by HPLC analysis; DAICEL Chiralpak IA, hexane/'/PrOH = 95/5,
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flow rate = 1.0 mL/min, A = 254 nm, retention time: 7.6 min (minor) and 13.7 min (major),

95% ee.

N@—Br

2d
2-(4-bromophenyl)-1-ethynylisoindoline (2d): Isolated yield 89% (with L5). A white solid,
m.p. 163.2 °C (decomp.). *H NMR § 7.49-7.46 (m, 1H), 7.42-7.34 (m, 5H), 6.76 (d, J = 9.2
Hz, 2H), 5.55 (br, 1H), 4.75 (dd, J = 3.1 and 12.8 Hz, 1H), 4.54 (d, J = 12.8 Hz, 1H), 2.41 (d,
J = 2.2 Hz, 1H). 13C NMR § 144.8, 138.2, 136.6, 131.9, 128.3, 127.9, 123.1, 122.6, 114.5,
109.6, 82.0, 72.7, 55.2, 53.7. Anal. Calcd. for C1H12BrN: C, 64.45; H, 4.06; N, 4.70. Found:
C, 64.23; H, 4.19; N, 4.46. [a]®p = — 146.2 (c = 0.455, CHCI3). The enantiomeric excess of
2d was determined by HPLC analysis; DAICEL Chiralpak IA, hexane/'PrOH = 95/5, flow rate

= 1.0 mL/min, A = 254 nm, retention time: 8.4 min (minor) and 15.7 min (major), 96% ee.

2e
1-ethynyl-6-fluoro-2-phenylisoindoline (2e): Isolated yield 81% (with L4). A white solid,
m.p. 139.8 °C (decomp.). *H NMR § 7.37-7.23 (m, 3H), 7.19-7.15 (m, 1H), 7.08-7.00 (m, 1H),
6.89-6.80 (m, 3H), 5.56 (br, 1H), 4.74 (dd, J = 3.2 and 12.6 Hz, 1H), 4.52 (d, J = 12.6 Hz, 1H),
2.42 (d, J = 1.9 Hz, 1H). 13C NMR & 162.7 (d, YJcr = 244.8 Hz), 145.8, 140.4 (d, 3Jc.r = 8.9
Hz), 132.5 (d, “Jcr = 2.8 Hz), 129.3, 123.9 (d, 3Jc.r = 8.9 Hz), 117.6, 115.6 (d, 2Jcr = 22.9
Hz), 112.9, 110.3 (d, 2Jcr = 24.0 Hz), 81.9, 72.8, 55.1 (d, *Jc-r = 2.8 Hz), 53.2. HRMS (EI)

Calcd. for C1sH1NF [M]: 237.0954. Found: 237.0950. [0]%p = — 156.8 (¢ = 0.555, CHCla).
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The enantiomeric excess of 2e was determined by HPLC analysis; DAICEL Chiralpak IA,
hexane/'PrOH = 97/3, flow rate = 1.0 mL/min, A = 254 nm, retention time: 9.5 min (major)

and 11.6 min (minor), 98% ee.

MeO

MeO
2f

1-ethynyl-5,6-dimethoxy-2-phenylisoindoline (2f): Isolated yield 79% (with L5). A white
solid, m.p. 149.3 °C (decomp.). *H NMR & 7.34-7.30 (m, 2H), 6.96 (s, 1H), 6.88-6.78 (m, 4H),
5.52 (br, 1H), 4.73 (dd, J = 3.5 and 12.3 Hz, 1H), 4.50 (d, J = 12.3 Hz, 1H), 3.92 (s, 3H), 3.89
(s, 3H), 2.42 (d, J = 2.2 Hz, 1H). 13C NMR & 149.7, 149.3, 145.9, 130.0, 129.2, 128.6, 117.2,
112.7, 105.7, 105.3, 82.7, 72.3, 56.12, 56.10, 55.2, 53.8. HRMS (EI) Calcd. for C1gH17NO>
[M]: 279.1259. Found: 279.1246. [a]®p = — 120.2 (c = 0.415, CHCIs). The enantiomeric
excess of 2f was determined by HPLC analysis; DAICEL Chiralpak IA, hexane/'lPrOH = 95/5,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 27.0 min (major) and 29.3 min (minor),

96% ee.
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Preparation of 1,1°-(1,2-phenylene)-bis(prop-2-yne-1,1-diyl) Diacetate (3).

f Ac,0 f

_ DMAP
@CHO — MaBr OH NEt; OAc
CHO THF OH CH,Cl OAc

3

To a flame-dried Schlenk flask was placed ethynylmagnesium bromide (0.5 M in THF, 24
mL, 12 mmol).  o-Phthalaldehyde (405.5 mg, 3.02 mmol) was added at room temperature,
and the resulting mixture was stirred at 60 °C for 2 h.  After the reaction, water (50 mL)
was added, and the resulting mixture was extracted with EtOAc (30 mL x 3).  The
combined organic layer was dried over anhydrous MgSO4.  After concentration in vacuo,
the residue was passed through a short silicagel pad with hexane/EtOAc (7/3) to give 1,1’-
(1,2-phenylene)-bis(prop-2-yne-1-ol) as a pale yellow oil (549.4 mg, 2.95 mmol).

To a flame-dried Schlenk flask were placed CH2Cl> (6.0 mL), DMAP (36.9 mg, 0.302
mmol), NEts (625 uL, 4.55 mmol), and 1,1°-(1,2-phenylene)-bis(prop-2-yne-1-ol) (549.4 mg,
2.95 mmol).  Ac20 (425 uL, 4.53 mmol) dissolved in CH2Cl> (1.0 mL) was added dropwise,
and the resulting mixture was stirred at room temperature for 5 h.  After the reaction, water
(50 mL) was added, and the resulting mixture was extracted with CH2Cl, (30 mL x 3).  The
combined organic layer was dried over anhydrous MgSO4.  After concentration in vacuo,
the residue was purified by column chromatography (SiO2) with hexane/EtOAc (7/3) to give

355 as a white solid (716.4 mg, 2.65 mmol, 88% isolated yield).
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Double Propargylic Amination of Propargylic Diacetate with Amines.

It 5 mol% CuOTf-1/2CgHg / /
10 mol% L5
OAc 2.4 equiv 'PryNEt
oac * PhNH, - N—Ph
c ) MeOH, rt, 4 h
1.2 equiv \
3 4a

A typical experimental procedure for the reaction of 1,1’-(1,2-phenylene)-bis(prop-2-

yne-1,1-diyl) diacetate (3) with aniline is described below.  In a 20 mL Schlenk flask were
placed CuOTf=1/2CeHs (2.4 mg, 0.010 mmol) and (S)-Ph-pybox (L5) (7.3 mg, 0.020 mmol)

under Noa. 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 room temperature, 3
(53.0 mg, 0.20 mmol) in anhydrous methanol (1.0 mL), aniline (22 uL, 0.24 mmol), and
diisopropylethylamine (84 uL, 0.48 mmol) were added under N2, and the reaction was kept at
room temperature for 4 h.  The solvent was removed under reduced pressure, and the
residue was purified by column chromatography (SiO2) with hexane/ethyl acetate (93/7) to
give 1,3-diethynyl-2-phenylisoindoline (4a) as a white solid (33.3 mg, 0.137 mmol, 70%
isolated yield, meso-4a/dl-4a = 5.0/1). 'H NMR (meso-isomer): & 7.51-7.34 (m, 6H), 7.15-
7.07 (m, 2H) 6.91-6.85 (m, 1H), 5.54 (br, 2H), 2.45 (br, 2H). *H NMR (dl-isomer): § 5.76 (br,
2H), 2.36 (br, 2H). 13C NMR (meso-isomer): § 145.0, 137.6, 129.3, 128.8, 123.1, 118.3, 113.4,
82.4, 72.6, 55.4. 13C NMR (dl-isomer): & 143.7, 137.8, 123.2, 118.6, 115.4, 81.7, 73.3, 54.6.

HRMS (EI) Calcd. for C1gH13N [M]: 243.1048. Found: 243.1038. The enantiomeric excess of
dl-4a was determined by HPLC analysis; DAICEL Chiralpak 1A, hexane/'/PrOH = 95/5, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 13.4 min (minor) and 29.1 min (major), 75%

ee.
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Spectroscopic Data and Isolated Yield of Other Product.

W\

NPh

)

N
Ph
vk

4b
1,6-diethynyl-2,5-diphenyl-1,2,3,4,5,6-hexahydrobenzo[f][1,4]diazocine  (4b): Isolated
yield 68% (meso-4b/dl-4b = 7.7/1). A white solid. *H NMR (meso-isomer): & 7.76-7.73 (m,
2H), 7.36-7.33 (M, 2H) 7.15-7.06 (m, 4H), 6.76-6.65 (M, 6H), 5.70 (d, J = 2.2 Hz, 2H), 4.23-
4.13 (m, 2H), 3.92-3.82 (m, 2H), 2.44 (d, J = 2.2 Hz, 2H). *H NMR (dl-isomer):  8.01-7.97
(m, 2H), 5.57 (d, J = 2.3 Hz, 2H), 3.97 (br, 4H), 2.66 (d, J = 2.3 Hz, 2H). 3C NMR (meso-
isomer): § 145.5, 135.8, 130.0, 129.0, 128.2, 117.3, 113.1, 80.1, 77.4, 56.7, 46.8. *C NMR
(dl-isomer): § 129.0, 128.1, 117.2, 112.5, 58.0, 49.1. HRMS (EI) Calcd. for C2sH2aN2 [M]:
362.1783. Found: 362.1781. The enantiomeric excess of dl-4b was determined by HPLC
analysis; DAICEL Chiralpak IA, hexane/'PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm,

retention time: 6.8 min (minor) and 12.4 min (major), 66% ee.
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X-ray Diffraction Study of 2d.

Diffraction data for (R)-2-(4-bromophenyl)-1-ethynylisoindoline (2d) were collected on
a Rigaku R-AXIS RAPID imaging plate diffractometer with graphite-monochromated Mo-Ka
radiation (1 = 0.71075 A) with Varimax optics. ~ Reflections were collected for the 26 range
of 6° to 55°.  Intensity data were corrected for numerical absorptions (NUMABS)%’, and for
Lorentz and polarization effects. A correction for secondary extinction®® was further
applied (coefficient, 19(12)).  The structure solution and refinements were carried out by
using CrystalStructure package.>®  The positions of all the non-hydrogen atoms were
determined by direct methods (SIR97)31? and subsequent Fourier syntheses, 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.  Goodness of fit indicator [Zw(|Fo| — |F¢|)?/(Nobs — Nparams)]"?> were all
refined to the value of 1.000.  The atomic scattering factors were taken from reference S11,
and anomalous dispersion effects were included.>'>  The values of Af" and Af” were taken
from reference S13.  The Flack parameterS'# for 2d was refined to the value of 0.010(14),
which clearly suggests that the absolute configuration of the major isomer of 2d is (R) as
shown in Figure S1, where the ORTEP drawing of 2d is depicted. =~ Details of the crystals

and data collection parameters of 2d are summarized in Table S1.

CCDC 989441 (2d) 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.
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Table S1. Crystallographic Data for 2d.

2d

chemical formula Ci6H12BrN
formula weight 298.18

crystal size 0.42 x0.11 x 0.08
color, habit colorless, needle
temperature (°C) =75

crystal system orthorhombic
space group P212121 (#19)
a(A) 4.08853(17)
b (A) 11.1945(6)
c(A) 27.8189(12)

o (deg) 90

B (deg) %0

7 (deg) %0

V(A% 1273.25(10)
VA 4

dealcd (g cm™) 1.555

F(000) 600

u (em™) 32.173
transmission factors range 0.440-0.773
measured reflections 10532

unique reflections 2885

Rint 0.0594
refined parameters 177

R1 (I>20(])) ¢ 0.0365

wR2 (all data) ® 0.0705
residual peaks (e A7) +0.531/-0.657
CCDC number 989441

@ R1 = S||Fo| — [Fel[/Z|Fo.  ® WR2 = [S{W(Fo> — FA2YEW(F2)2, w = 4Fqo(F.2), g = 1.847.
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Figure S1. ORTEP drawing of 2d.  Thermal ellipsoids are given at the 50% probability

10

level.
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1H and 13C NMR Spectra
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Charts of Propargylic Aminated Products by HPLC Analysis

2a(rac)
MS- 52 AD  heome/IPA~ M5 [ooo wliin
o
o FILE &  S¥S 1 SEQ 2
CH.1<D> C.S 1.25 ATT 8 OFFS @ 02/26/14 13:11
D-7566 INTEGRATOR REPORT
ANALYZED: 02/20/14 13:11 REPORTED: 02/20/14 13:28
SYSTEM : 1
METHOD - OPERATOR:
CHANNEL : 1 <DIGITAL> SEQ : 2
FILE  : @ MODULE T—PROG : DETECTOR= 1
CALC-METHOD: AR/HIX <AREA> COMPONEAT TBL : o
Ho. BT ARES coNC  BC
8 9.82 2672754  56.494 BB
8 12.83 2656724  49.806 BB
TOTAL
4120478  106.008
PEAK BEJ : 50000
2a

MS- 673 AD  hexme/IPA= D5 (0ovulfin

FILE @ S¥S 1 SEQ 1
CH. 1<D> C.S 1.25 ATT 8 OFFS & 12718713 15:83

(1]

8.44

iz2.18

D-75@@ INTEGRATOR REPORT

ANALYZED: 12/18/13 15:83 REP g 52
it ORTED: 12/18/13 15:28
METHOD CPERATOR: |
CHANNEL : 1 <DIGITAL> SEQ : 1
FILE : 8 MODULE T-PROG : DETECTOR=
CALC-METHOD: AR/HI% <AREA> COMPOHERT TBL : @ R
+
e HO. RT ARES CORC BC
= 5 8. 44 82388 3.37¢ ¥B
8 12.18 1731318 96.63% BB
TOTAL

17818688 128. 662
PEAK REJ : 56660 ‘
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2b(rac)

2b

M5‘$Z$ 1A heve/IPA- Bts 1000 w2/ win

FILE @ S¥S 1 SEQ

2

CH. 1<D> C.Ss 1.25 aATT g OFFS & 07/18/13 26:19

D-75@9 INTEGRATOR REPORT

ANBLYZED: @7/18/13 20
SYSTEM : 1 -
METHOD -

CHARNEL : 1 <DIGITAL»>

FILE 8
CALC-METHOD: AR/HIS <AREA>
HO. RT ARE&
1; g gg 1738823
5 17
o 35572

PEAK REJ :

REPORTED: ©7/18/13 20- 35

OPERATOR:
SEQ z 2

MODULE T-PROG :
COMPONENT TBL :

CORC BC
56.@48 By
48.852 BB

DETECTOR= 1

3474495 146, 606
58668

MS-5: . 3A heowe/IPA=%s Loco wtls

FILE © S¥S 1 SEQ
C

CH. 1<D>

1

1.26 ATT 8 (QFFS @ ©7/19/13 20:11

11.48

D-75¢¢ INTEGRATOR REPORT

SHALYZED: 87718713 28:11

S¥STEM : %
METHOD
CHARNEL : 1 <DIGITAL>
FILE @
CALC-METHOD: AR/HI% <ARES>
NO. BT ARES
5 7.23 82457
8 11.48 2337582
TOTAL
2436448
PESK REJ : 56009

S35

REPORTED: @7/18/13 26:26

OPERATOR:

SEQ % i &
MODULE T-PROG : DETECTOR= 1
COMPORENT TBL : @

CONC BC
3.8@5 BB
96.185 VB

180. 0%



2c(rac)

MS- 435 LA hewwe/IPA: 85 (000 Ml
S¥5 ¢
C.s 1.25

FILE ©
CH. 1<D>

SEQ 1

ATT 8 OFFS @ @7/24/13 20:66

7.38
13.19

D~-75@9 INTEGRATOR REPORT

ANAL¥ZED: ©7/24/13 20:80 : :
) it el REPORTED: @7/24/13 28:21
METHOD : OPERATOR:
CHANNEL : 1 <DIGITAL> SEQ : 1
| )
| FILE 9 MODULE T-PROG : DETECTOR= 1

CALC-METHOD: AR/HI¥ <AREA>  COMPONERT TBL -
| NO. BT AREA CONC  BC
& '7.38 2603234 56,388 BB
i 3 13.16 2563137  49.812 BB
TOTAL
5166371  166. 200
' PEAK REJ : 56000
|
2C
MS- 688 IA  hexanc(TPA s (060 wllimin
TIiLE & SE¥S 1 SLEQ i
CHLi<By ©.5 1.25 AIT 8 OFf3 @ 8i/i7/1% 14:88
g.82
888,
ig. &848
L 13.58
D-756% INTDGRATOR REPGET
BRALYZLED: $i/17718 15:8%9 REFORTED: &1/17714 13:21
s¥sTmd - i
METHCD GFERSICE
CHANNEL : 1 <DIGITALS SEG 1
FILE  : @ MODULT T-PROG DETECTOR= 1
:_: CELC-METHOD: 8R/TIIZ {&RE&> COMFPORERT TLL 1]
‘ =
¥o T axza CORC BT
5 7.5 25357 2.575 BB
8 13.58 1889114  97.327 BB
TOTAL
1735511 19%. Goe
FEAK REJ 13557
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2d(rac)

2d

MS=49) IA heare/IPA= % [o0co wlfuin

FILE &  S¥S 1 SEQ 1

CH.1<D> C.S 1.25 ATT 8 OFFS © O6/66/123 14:44
2.58
T6.67 828
8 £9 14.61

i8.14

22.58
28. 20

D-756¢& INTEGRATOR REPORT

ARALYZED: 66/06/13 14:44 REPQRTED: @6/86/13 15:15
SYSTEM : 1
) METHOD : OPERATOR:
CHANNEL : 1 <DIGITAL> SEQ : 1
) FILE : @ MODULE T-PROG : DETECTOR= 1
CALC-METHOD: AR/HI% <AREA>  COMPONERT TBL : @
wo. RT AREA CONC  BC
11 8.28 1238415  50.813 BB
15 14.61 1236754 49,987 BB
| TOTAL
; 2478168  190. 006
: PEAK REJ : 56660
(
{
(
Ms‘fﬁ'f TA h/I= FASA [ow:ml/\m
FILE @  S¥S 1 SEQ 2 (
CH.1<D> C.S 1.25 ATT 7 OFFS © @7/@3/13 12:45
25 ‘
7g88a ”
15.71

D-75@% INTEGRATOR REPORT

REPORTED: 87/83/13 13:85

&NALYZED: @7/23/13 12:45
S¥STEM : 1
METHOD : OPERATOR:
CHANNEL : 1 <DIGITAL> SEQ E 2
FILE 1@ MODULE T—-PROG :
CALC-METHOD: AR/HIX <&RE&> COMPONENT TBL : @
HO. RT ARES COEC BC

5 8. 44 22887 2.%6¢ BB

6 15.71 1948952 97.94% BB
TOTAL

1271218 12@. 668

PEAK REJ : 29806

S37

DETECTOR= 1 (




2e(rac)

FILE @ S¥S5 1 SEQ 2

CH. 1<D> C.8 1.25 ATT & OFFS @  ab/e2/14 15:31
L’*' 9. 74
~—  12.84

D-75@@ INTEGRATOR REPORT

ANALYZED: 8L/02/14

16:31 REPORTED: @L/¢2/14 15:47
S¥STEM : 1
METHOD - OPERATOR :
CHAHHEL : 1 <DIGITAL» SEQ H Z
FILE ] MODULE T-PROG DETECTOE= 1
CALC-METHOD: ARZHIZ <AREA» COMPOMENT TBL 2]
i [a RT AREA COHC  BC
4 9. 74 23648 5%. 471 BB
5 12.84 22618 48, 529 BB
TOTAL
ALB66 106, HEG
PEAK REJ : Z2E6HG
s/
261 /2
bl— 24t TA heelTPA = /3 (0000 funin |
2e
FILE & S¥8 1 SEQ 2
CH. 1<D» C.8 1.25 aTT B8 OFFS @ @L/66/14 17:19
%1%
B, 42
EITTEs g. 48
D-7h&@ INTEGRATOR REPORT
ANALYZED: @L/86-14 17:19 REPORTED: &%/88-514 17:34
S¥STEM - 1
METHOD OPERATOR:
CHANHEL 1 <DIGITAL>» SEQ : z2
FILE ] MODULE T-PROG DETECTOR= 1
CALC-METHOD: ARsHI% <AREA> COMPONERT TBL : @
HO. BT HRES COoHC  BC
2 4.18 5794 @. 864 EB
4 9. 48 L89843 98. 488 BB
5 11.58 LYE6 @. 8949 BB
TOTAL
B&1 343 196, 6E6
PEAK REJ : [slols]
2010 - 5/
PN— 267 1A hex/TPA =27/3 , [oo00 wd{min

S38



2f(rac)

FILE & 5¥8 1 SEQ 1
CH. 1<D» C.8 1.26 ATT B OFFS 5] ahr/88s 14 14:83
238
9. &4
— 2,
S dd. &
D-7o&3 INTEGRATOR REPORT
AHNALYZED: B5/88/14 14:63 REPORTED: &5-88,14 14:386
S¥YSTEM : 1
METHOD - OPERATOR :
CHANNEL : 1 <DIGITAL:> SER H 1
FILE H MODOLE T-PROG : DETECTOR= 1
CALC-METHOD: ABSHIZ <ARES» COMPOMERT TBL : &
HQ. ET AREs CONC  BLC

5 BB &8 1768958 G&. 413 BB

¥ 4@ B3 168152 49 SEY BB
TOTAL

330168 10, B

PEAK EBEJ : 6666
PH- 248

]A ¢ LIZ)((]-PA = qv/t d F-DN}&{]/M;\-\_

FILE & 8¥S 1 SEQ 2
CH. 1<D> C.s 1.25 ATT B OFFS L] a5/97/14 21:59
3.37
p—— 27. 9@
f28.28
D-750@ INTEGRATOR REPORT
ANALYZED: @5/67/14 21:58 REPORTED: @5/07/14 22:33
SYSTEM : 1
METHOD : OPERATOR:
CHSNNEL : 1 <DIGITAL> SEQ : 2
FILE ) MODULE T-PROG : DETECTOR= 1
CALC-METHOD: AR/HI% <AREA> COMPONENT TBL : @
NO. RT AREA CONC BC

z 27.60 435741 97.918 BB

3 29.28 9267 2.682 BB
TOTAL

445668 166, 466

PEAK REJ : S6eG
2014 S/
PN- 272

1A o hex [1PA = 96/%, | o0e W [ wmin

S39



4a(rac)

US 129 IA  hewn/Trh=Bfs  (00® uld [k

FILE @ S¥S 1 SEQ i
CH. 1<D> C.S 1.25 ATT 8 QFF8 @ @Z/21/14 11:48

8.82 meso-isomer

— dl-isomer
28. 48
D-752¢ IRTEGRATOR REPORT
! AHALYZED: $2/21/14 11:48 REPORTED: 82/21s14 12:28
SYSTEM : 1
METHOD  : ODERATOR:
CHANNEL : 1 <DIGITAL> SEQ : 1
FILE ;8 MODULE T-PROG : DETECTOR= 1
| CALC-METHOD: AR/HI% <AREA> COMPONENT TBL : &
HO. RT AREA COFC  BC
18  B.88 2136248 86.97¢ &Y
14 13.22 258415 8.822 VB
ig 28.48 242247 8.288 V¥B
TOTAL

2B36988 166,986
PEAK REJ : Z086ES

4a

MS @0 TA  lewe/IPA %% (oo nlfion

FILE @ S¥s 1 SEQ@ 4
CH. 1<D> C.s 1.25 ATT 8 OFFS @ 82722714 15:53

6.85 meso-isomer

dl-isomer

D-758% INTEGRATOR REPORT

&NALY¥ZED: 82722714 15:53 REPORTED: 82722714 18:27
S¥STEM : 1
METHOD : OPERATOR:
CHANNEL : 1 <DIGITAL> SEQ z 3
FILE : @ MODULE T-PROG : DETECTOR= 1
CALC-METHOD: AR/HI% <AREA> COMPONENT TBL : 2
HO. RT AREA CONC BC
¢ T 8. 65 3585388 84,748 BB
18 13.44 88786 1.884 BY
13 29.1% 588278 13.348 BB
TOTAL

4242372 166, 695
PEAK REJ : 30688

S40



4b(rac)

o |

r

Ms- 730~-B IA hesane (IPA = P (ooowd/wn

FILE & S¥8 1 SEQ i
CH.1<D> C.8 1.25 ATT 1@ OFFS & 82721714 21:38

8.42 i
11. 68 ﬁl 1328 : dl-isomer

meso-isomer

D-758% INTEGRATOR REPORT

ANALYZED: 82721714 21:38 REPORTED: $2/21/14 21:58
S¥STEM : 1 ‘
METHOD : OPERATOR:
CHANNEL : 1 <DIGITAL> SEQ z 1
FILE 12 MODULE T-PROG : DETECTOR= 1
CALC-METHOD: AR/HIZ <AREA> COMPONENT TBL : 5]
HO. BT AREA CONC BC
i@ 8.42 8934813 42.188 WV
13 11.88 3538165 14.884 WV
15 13.28 16584478 42. 847 WV
TOTAL

( 23558454 186. 288
PEAK REJ : 166628

4b

MS- 486 IA WI =%t lcovmbun

( FILE & S¥S 1 SEQ 2
CH. 1<D> C.8 1.25 ATT B OFFS @ @6/87/13 17:48

F%% 78 —|dl-isomer
12‘ % _—I 4482 OO

15. 31 meso-isomer
i8. 47

22.52

D-756@ INTEGRATOR REPORT

ANABLYZED: @8/67/13 17:49 REPORTED: @6/87713 18:22
S¥STEM : 1 '
( METHOD : OPERATGR:
CHANNEL : 1 <DIGITAL> SEQ H 2
FILE R4 MODULE T-PROG : DETECTOR= 1
CALC-METHOD: AR/HI%X <AREA>  COMPONENT TBL : @
HO. RT ARES CORC BC
iy Z 3.38 5352 %.371 BB
¥3 5 B. 78 34524 2.388 BB
o4 7 8.82 8846 $.614 VB
8 18.88 1218714 84.585 BV
8 12.48 171z7e 11.887 VB
( 1& 15.31 zi11 $.147 BB
TOTAL

1448817 166. 666
PEAK REJ : 2800

S41



