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1. General information

All air-sensitive procedures were conducted by Schlenk techniques under argon. Unless otherwise
indicated, all commercially available starting materials and dry solvents were purchased and used
directly without further purification. *H, *C and '°F NMR spectra were acquired on 400 MHz Bruker
or 500 MHz Agilent instruments at Shanghai Institute of Organic Chemistry. For High-resolution mass
spectra: ESI mass spectra were recorded on Thermo Scientific Q Exactive HF Orbitrap-FTMS;
MALDI was measured on VVoyager-DE STR; EI mass spectra were recorded on Waters Premier GC-
TOF MS; FI mass spectra were recorded on JEOL-AccuTOF-GCv4G-GCT MS. Optical rotation was
measured using a 1 mL cell with 1.0 dm path length on a JASCO P-1030 polarimeter. HPLC analysis
was conducted on a Shimadzu HPLC system equipped with Daicel or Chiralpak chiral-stationary-
phase columns (¢ 4.6 mmx250 mm). Chemical shifts are reported in & (ppm) referenced to an internal
TMS standard or CHCl3 in CDCls (7.26 ppm) for *H NMR, CDCls (8 = 77.10 ppm) for *C NMR, and
CFCl3 (0 ppm) for °F NMR. Coupling constants (J) are reported in Hz. Multiplicities are reported
using the following abbreviations: br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet. Column chromatography was performed with 300-400 mesh silica gel using flash column
chromatography technique.

2. Synthesis of substrates

2.1 Synthesis of enyne esters

0 1) PPhs, DCM 0 TMS—==—CHoO P
PPh
Ar)J\/Br 2) NaOH, H,O/DCM ~ Ar 2 THE Ar AN
21 22 23 TMS
1) NaBH,, CeCls*7H,0, MeOH OH Boc,O, EtsN OBoc
)\/\ I )\/\
2) K,CO3, MeOH Ar o % DMAP, DCM Ar 1 \\

General procedure: To a solution of 21 (10 mmol) in DCM (20 mL) were added the solution of PPhs
(10 mmol) in DCM (20 mL) dropwise at 0 °C. The reaction mixture was then allowed to stir at room
temperature for 24 hours followed by the addition of aqueous NaOH (1.2 M, 10 mL). The new mixture
was allowed to stir at room temperature for another 2 hours. After this time, the resulting mixture was
quenched with water (20 mL), extracted with DCM (20 mL > 3), washed by brine, dried over
anhydrous Na>SO4 and concentrated under reduced pressure to afford Wittig reagent 22 without further
purification. Then, to a solution of 22 in THF (50 mL) was added 3-(trimethylsilyl) propiolaldehyde
(10 mmol) dropwise at 0 °C. The reaction mixture was allowed to stir at room temperature for 4 hours.
After this time, the resulting mixture was concentrated and purified by flash column chromatography
on silica gel to give 23.

To a solution of 23 (1.0 equiv) and CeCl37H20 (1.2 equiv) in MeOH (0.5 M) was added NaBH4
(1.3 equiv) slowly at 0 °C. The reaction mixture was then allowed to stir at room temperature for 4
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hours. After this time, the resulting mixture was quenched with water (10 mL), extracted with EtOAc
(20 mL x=3), washed by brine, dried over anhydrous Na2SO4 and concentrated under reduced pressure
to give crude alcohol. To a solution of the crude alcohol in MeOH (0.5 M) was added K>CO3 (1.2
equiv). The reaction mixture was then allowed to stir at room temperature for 1 hours. After this time,
the resulting mixture was quenched with water (20 mL), extracted with DCM (20 mL = 3), washed by
brine, dried over anhydrous Na>SO4 and concentrated under reduced pressure to afford crude products
24. Next, to a solution of 24 (1.0 equiv) in DCM (0.5 M) was added DMAP (0.1 equiv), EtsN (2.0
equiv) and Boc.O (1.5 equiv) sequentially. The reaction mixture was allowed to stir at room
temperature for 12 hours. After this time, the resulting mixture was quenched with saturated aqueous
NH4CI (10 mL), extracted with DCM (20 mL x 3), washed by brine, dried over anhydrous Na>SO4
and concentrated. The residue was finally purified by flash column chromatography on silica gel to
give pure 1.

OBoc
%

4

(E)-tert-Butyl (1-phenylpent-2-en-4-yn-1-yl) carbonate (1a)

Known compound?. White solid, 66% yield. *H NMR (400 MHz, chloroform-d) & 7.41 — 7.28 (m, 5H),
6.36 (dd, J = 15.9, 6.1 Hz, 1H), 6.06 (dd, J = 6.1, 1.3 Hz, 1H), 5.73 (ddd, J = 15.9, 2.2, 1.6 Hz, 1H),
2.92 (d, J = 2.3 Hz, 1H), 1.47 (s, 9H).

OBoc

=
A

(E)-tert-Butyl (1-(p-tolyl)pent-2-en-4-yn-1-yl) carbonate (1b)

Yellow solid, 70% yield. *H NMR (400 MHz, chloroform-d) § 7.24 (d, J = 8.0 Hz, 2H), 7.17 (d, J =
8.0 Hz, 2H), 6.35 (dd, J = 15.9, 6.1 Hz, 1H), 6.03 (d, J = 6.1 Hz, 1H), 5.75 — 5.67 (m, 1H), 2.91 (d, J
= 2.1 Hz, 1H), 2.34 (s, 3H), 1.46 (s, 9H). *C NMR (126 MHz, CDCls) & 152.6, 142.4, 138.5, 134.7,
129.5,127.2,111.0, 82.7,81.2, 79.1, 77.9, 27.8, 21.3. HRMS (FI): [M]* calcd for C17H2003" 272.1407,
found 272.1405.

OBoc

/
X

OBn
(E)-1-(3-(Benzyloxy)phenyl)pent-2-en-4-yn-1-yl tert-butyl carbonate (1c)

Known compound?. Yellow solid, 80% yield. *tH NMR (400 MHz, chloroform-d) & 7.49 — 7.22 (m,
6H), 7.02 — 6.86 (m, 3H), 6.33 (dd, J = 15.9, 6.1 Hz, 1H), 6.02 (dd, J = 6.2, 1.5 Hz, 1H), 5.77 — 5.66
(m, 1H), 5.06 (s, 2H), 2.93 (d, J = 2.3 Hz, 1H), 1.47 (s, 9H).
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OBoc

\
7

NO,
(E)-tert-Butyl (1-(3-nitrophenyl)pent-2-en-4-yn-1-yl) carbonate (1d)

Known compound?. Brown oil, 34% yield. *H NMR (400 MHz, chloroform-d) § 8.23 (s, 1H), 8.22 —
8.17 (m, 1H), 7.69 (d, J = 7.7 Hz, 1H), 7.57 (t, J = 7.9 Hz, 1H), 6.31 (dd, J = 15.9, 6.4 Hz, 1H), 6.13
(d, J=6.3 Hz, 1H), 5.85 - 5.77 (m, 1H), 2.98 (d, J = 2.0 Hz, 1H), 1.48 (s, 9H).

OBoc

\
%

Cl
(E)-tert-Butyl (1-(3-chlorophenyl)pent-2-en-4-yn-1-yl) carbonate (1e)

Known compound?. Yellow oil, 57% yield. *H NMR (400 MHz, chloroform-d) § 7.35 (s, 1H), 7.30 (d,
J=5.1Hz, 2H), 7.23 (dd, J = 6.1, 2.7 Hz, 1H), 6.30 (dd, J = 15.9, 6.2 Hz, 1H), 6.01 (d, J = 6.2 Hz,
1H), 5.75 (dt, J = 15.8, 1.6 Hz, 1H), 2.95 (d, J = 2.0 Hz, 1H), 1.48 (s, 9H).

OBoc

\
%

Br
(E)-1-(3-Bromophenyl)pent-2-en-4-yn-1-yl tert-butyl carbonate (1f)

Known compound®. Yellow oil, 42% yield. *H NMR (400 MHz, chloroform-d) § 7.50 (s, 1H), 7.46 (d,
J=7.6Hz, 1H), 7.30 — 7.20 (m, 2H), 6.30 (dd, J = 15.9, 6.2 Hz, 1H), 6.01 (d, J = 6.3 Hz, 1H), 5.72 (d,
J=15.9 Hz, 1H), 2.95 (d, J = 2.0 Hz, 1H), 1.48 (s, 9H).

OBoc

\
%

(E)-tert-Butyl (1-(3-iodophenyl)pent-2-en-4-yn-1-yl) carbonate (19)

Known compound?®. Yellow solid, 80% yield. *H NMR (400 MHz, chloroform-d) § 7.70 — 7.65 (m,
2H), 7.31 (dt, J = 7.7, 1.4 Hz, 1H), 7.10 (t, J = 7.8 Hz, 1H), 6.29 (ddd, J = 15.8, 6.2, 0.6 Hz, 1H), 5.97
(dd, J = 6.3, 1.5 Hz, 1H), 5.74 (ddd, J = 15.9, 2.3, 1.5 Hz, 1H), 2.95 (d, J = 2.3 Hz, 1H), 1.47 (s, 9H).

OBoc

\
7%

COOMe

Methyl (E)-3-(1-((tert-butoxycarbonyl)oxy)pent-2-en-4-yn-1-yl)benzoate (1h)
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Known compound?. White solid, 33% yield. *H NMR (400 MHz, chloroform-d) & 8.01 (m, 2H), 7.55
(d, J = 7.6 Hz, 1H), 7.45 (t, J = 7.7 Hz, 1H), 6.34 (dd, J = 15.9, 6.2 Hz, 1H), 6.09 (d, J = 6.2 Hz, 1H),
5.75 (d, J = 15.9 Hz, 1H), 3.92 (s, 3H), 2.94 (s, 1H), 1.47 (s, 9H).

OBoc

\
74

OMe
(E)-tert-Butyl (1-(3-methoxyphenyl)pent-2-en-4-yn-1-yl) carbonate (1i)

Known compound?. Yellow oil, 60% yield. *H NMR (400 MHz, chloroform-d) § 7.29 (d, J = 7.9 Hz,
1H), 6.93 (d, J = 7.6 Hz, 1H), 6.90 — 6.82 (m, 2H), 6.34 (ddd, J = 15.9, 6.2, 0.7 Hz, 1H), 6.03 (d, J =
6.1 Hz, 1H), 5.77 — 5.68 (m, 1H), 3.81 (s, 3H), 2.92 (d, J = 2.3 Hz, 1H), 1.47 (s, 9H).

OBoc

\
%

CF,
(E)-tert-Butyl (1-(3-(trifluoromethyl)phenyl)pent-2-en-4-yn-1-yl) carbonate (1j)

Known compound?. Yellow oil, 44% yield. *H NMR (400 MHz, chloroform-d) & 7.72 — 7.42 (m, 4H),
6.32 (dd, J=15.9, 6.3 Hz, 1H), 6.10 (d, J = 6.2 Hz, 1H), 5.77 (d, J = 15.9 Hz, 1H), 2.96 (d, J = 2.3 Hz,
1H), 1.48 (s, 9H).

OBoc

\
7

(E)-tert-Butyl (1-(3-chloro-5-fluorophenyl)pent-2-en-4-yn-1-yl) carbonate (1k)

Known compound?. Yellow solid. *H NMR (400 MHz, chloroform-d) § 7.14 (s, 1H), 7.05 (dt, J = 8.3,
2.2 Hz, 1H), 6.97 (d, J = 8.9 Hz, 1H), 6.25 (dd, J = 15.9, 6.3 Hz, 1H), 6.03 — 5.94 (m, 1H), 5.77 (dd, J
=18.2, 1.4 Hz, 1H), 2.97 (d, J = 2.3 Hz, 1H), 1.48 (s, 9H).

OBoc

\
7%

OMe
(E)-tert-Butyl (1-(2-methoxyphenyl)pent-2-en-4-yn-1-yl) carbonate (11)

Known compound!. White solid, 93% yield. *H NMR (400 MHz, chloroform-d) & 7.35 (dd, J = 7.6,
1.7 Hz, 1H), 7.30 — 7.26 (m, 1H), 6.96 (td, J = 7.5, 1.1 Hz, 1H), 6.88 (dd, J = 8.3, 1.1 Hz, 1H), 6.49
(dd, J=6.1, 1.4 Hz, 1H), 6.35 (ddd, J = 15.8, 6.1, 0.7 Hz, 1H), 5.69 (ddd, J = 15.9, 2.3, 1.4 Hz, 1H),
3.84 (s, 3H), 2.89 (d, J = 2.2 Hz, 1H), 1.47 (s, 9H).
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OBoc

=
I 7

(E)-tert-Butyl (1-(naphthalen-2-yl)pent-2-en-4-yn-1-yl) carbonate (1m)

Yellow solid, 85% yield. *H NMR (500 MHz, chloroform-d) & 7.84 (q, J = 6.9, 5.4 Hz, 4H), 7.49 (dd,
J=6.3, 3.1 Hz, 2H), 7.45 (dd, J = 8.5, 1.4 Hz, 1H), 6.43 (dd, J = 15.9, 6.1 Hz, 1H), 6.23 (d, J =6.1
Hz, 1H), 5.78 (dt, J = 15.9, 1.7 Hz, 1H), 2.93 (d, J = 2.1 Hz, 1H), 1.47 (s, 9H). *C NMR (126 MHz,
CDCl3) 6 152.6, 142.1, 135.1, 133.4, 133.2, 128.7, 128.2, 127.8, 126.5, 126.5, 126.5, 124.7, 111.5,
82.9,81.1, 79.3, 78.1, 27.8. HRMS (FI): [M]" calcd for C20H2003" 308.1412, found 308.1411.

OBoc

=
A

(E)-tert-Butyl hex-3-en-5-yn-2-yl carbonate (1n)

Known compound?. Yellow oil, 67% yield. *H NMR (400 MHz, chloroform-d) & 6.19 (dd, J = 16.0,
6.3 Hz, 1H), 5.70 (ddd, J = 16.1, 2.3, 1.4 Hz, 1H), 5.16 (td, J = 6.5, 1.4 Hz, 1H), 2.90 (d, J = 2.3 Hz,
1H), 1.48 (s, 9H), 1.35 (d, J = 6.6 Hz, 3H).

2.2 Synthesis of OAc-easter

OH OAc

P DMAP, TEA e
X~ + Ac,O
N 2 DCM oS

24 25

(E)-1-phenylpent-2-en-4-yn-1-ol (25). To a solution of 24 (10 mmol) in DCM (20 mL) were added
DMAP (0.1 equiv), EtsN (2.0 equiv) and Ac20 (1.5 equiv) sequentially. The reaction mixture was then
allowed to stir at room temperature for 12 hours. After this time, the resulting mixture was quenched
with saturated aqueous NH4Cl (10 mL), extracted with DCM (20 mL = 3), washed by brine, dried over
anhydrous Na>SO4 and concentrated under reduced pressure. The residue was finally purified by flash
column chromatography on silica gel (hexane/EtOAc = 20/1) to give 25 as a yellow oil in 96% vyield.
'H NMR (400 MHz, chloroform-d) § 7.35 (q, J = 6.5, 6.0 Hz, 5H), 6.37 — 6.29 (m, 2H), 5.73 — 5.68
(m, 1H), 2.93 (d, J = 1.9 Hz, 1H), 2.11 (s, 3H). **C NMR (126 MHz, CDCls) § 169.8, 142.3, 137.9,
128.8, 128.6, 127.3, 111.2, 81.1, 79.2, 75.0, 21.2. HRMS (FI): [M]" calcd for C13H1202" 200.0827,
found 200.0832.

2.3 Synthesis of methanediamine nucleophiles

CH3CN R R
N+ (HCHO), ———— N\
R™R reflux R™ > "R
26 2
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General procedure: to a solution of 26 (10 mmol) in CH3CN (50 mL) was added paraformaldehyde
(5 mmol). The reaction mixture was then allowed to stir under reflux for 4 hours. After this time, the
resulting mixture was cooled to room temperature, dried over anhydrous Na;SO4 and concentrated
under reduced pressure to afford 2.

S

Di(pyrrolidin-1-yl)methane (2c)

Known compound?. Yellow oil, 77% yield. *H NMR (400 MHz, chloroform-d) § 3.22 (s, 2H), 2.58 (d,
J=6.3Hz, 9H), 1.78 (d, J = 6.3 Hz, 8H).

I?n FT’;n
N N.
Bn” " "Bn

N,N,N’,N*-Tetrabenzylmethanediamine (2e)

Known compound?. White solid, 90% yield. *H NMR (400 MHz, chloroform-d) § 7.31 — 7.20 (m,
20H), 3.61 (s, 8H), 3.09 (s, 2H).

MBOQ K©/OM6
N\/NE
OMe OMe

N,N,N’,N*-Tetrakis(4-methoxybenzyl)methanediamine (2f)
Known compound?. White solid, 90% yield. *H NMR (400 MHz, chloroform-d) & 7.19 (d, J = 8.5 Hz,
8H), 6.80 (d, J = 8.5 Hz, 8H), 3.70 (s, 12H), 3.52 (s, 8H), 3.05 (s, 2H).

3. Development of reaction conditions

3.1 Evaluation of chiral ligands

CU(CH3CN)4PF (5 mol%) -
OBoc Ligand (12 mol%) N

MeOH, RT, 12 h

)
/
\ J—
¢
I
2
%

1a, 0.1 mmol 2a, 0.15 mmol 3a
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=
pd
Z=
W

L1
42% yield, 2.5:1 rr
50% ee

L4
58% yield, 15:1 rr

47% ee

28% y|e|d 1.5:1rr

22% ee
| X
~
T
N N—/
Ph Ph/
L10
50% vyield, 2:1 rr
35% ee
CN
O\’)\ro
D
N N—/
L13
65% yield, >20:1 rr
0ee

S

"H
N\ o H
(0) (0]
/ \
N N
H

L2
39% vyield, 1:1 rr
54% ee

) = )
Phl---</ 7 N
N N
Ph Ph
L5
45% vyield, 1.9:1 rr
8% ee
Z )
. N |
N N
/\
L8
44% yield, 1.2:1 rr
48% ee
| A
) N/ ()
</l \
\—N
AN
L11
45% yield, 2.8:1 rr
47% ee

07><(O

Phind | 0 Ph

§/N N\?‘
Ph Ph

L14
34% yield, 2:1 rr
3% ee

39% yield, 2:1 rr

" &

34% yield, 1.2:1 rr

62% ee

Ty

94% y|e|d, 19:1 rr

83% ee
| X
~
N \O Ph

43% vyield, 2.5:1 rr
11% ee

L12

68% vyield, 6:1 rr

44% ee

L15

43% vyield, 1.2:1 rr

6% ee

47% vyield, 3.4:1 rr

The yields and rr values were determined by crude *H NMR. The ee values were determined by HPLC

analysis.
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3.2 Evaluation of solvents

OBoc Cu(CH3CN)4PFg (5 mol%) SN
e . | L6 (12 mol%) “
h TN Sol, RT, 12 h M
1a, 0.1 mmol 2a, 0.15 mmol 3a
Entry Solvent Yield rr ee
1 MeOH 94% 19:1 83%
2 EtOH 66% 13:1 2%
3 DCM 21% >20:1 12%
4 MeCN 9% 1:2.6 70%
5 DCE 39% 351 10%
6 dioxane 41% 2.7:1 60%
7 MeOH:Tol = 2:5 771% >20:1 80%

The yields and rr values were determined by crude *H NMR. The ee values were determined by HPLC
analysis.

3.3 Evaluation of the ratios of catalysts

OBoc Cu(CH3CN)4PFg (5 mol%) SN
. | L6 (x mol%) “
N NN MeOH, RT, 12 h ©/\/\\\
1a, 0.1 mmol 2a, 0.15 mmol 3a
Entry X Yield rr ee
1 3 94% 19:1 2%
2 6 95% >20:1 82%
3 9 89% >20:1 85%
4 10 90% >20:1 86%
5 12 94% 19:1 83%

The yields and rr values were determined by crude *H NMR. The ee values were determined by HPLC
analysis.
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3.4 Evaluation of the temperatures

OBoc Cu(CH3CN),PFg (5 mol%) SN
_ | | L6 (10 mol%) “
N 7NN MeOH, T, 12 h ©/\/\\\
1a, 0.1 mmol 2a, 0.15 mmol 3a
Entry T Yield rr ee
1 -20°C 2% 10:1 81%
2 -10°C 79% >20:1 80%
3 0°C 771% >20:1 83%
4 RT 90% >20:1 86%
5 40°C 81% >20:1 80%
6 60°C 55% 11:1 75%

The yields and rr values were determined by crude *H NMR. The ee values were determined by HPLC
analysis.

3.5 Evaluation of the copper sources

goee D Y
N NN MeOH, RT, 12 h ©/\/\
1a, 0.1 mmol 2a, 0.15 mmol 3a
Entry Cu salt Yield rr ee
1 Cu(CHsCN)4PFs 90% >20:1 86%
2 Cu(CH3CN)4BF4 66% >20:1 82%
3 Cu(CHsCN)4OTf 76% 19:1 83%
4 (CuOTf) Tol 96% >20:1 75%
5 Cu(TC) 76% >20:1 81%
6 Cu(OACc)2H20 77% >20:1 81%

The yields and rr values were determined by crude *H NMR. The ee values were determined by HPLC
analysis.
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3.6 Evaluation of the ratios of reactants

OBoc Cu(CH3CN)4PFg (5 mol%) ~N7
_ . [ | L6 (10 mol%) “
N AN MeOH, RT, 12 h ©/\)\
1a 2a,x eq 3a
0.1mmol, 1eq
Entry X Yield rr ee
1 1 65% >20:1 84%
2 1.5 90% >20:1 86%
3 2 70% >20:1 78%
4 2.5 2% >20:1 78%
5 5 65% >20:1 68%

The yields and rr values were determined by crude *H NMR. The ee values were determined by HPLC
analysis.

3.7 Evaluation of leaving groups

OAc Cu(CH3CN)4PFg (5 mol%) N7
NG [ L6 (10 mol%) N
N o+ NONQ AN
MeOH, 12 h, RT
27, 0.1 mmol 2a, 0.15 mmol 3a
yield: 55%
>20:1r.r.
er: 10:90

The yields and rr values were determined by crude *H NMR. The ee values were determined by HPLC
analysis.

3.8 Evaluation of additional chiral ligands

0,
OBoc | | Cu(CH3CN)4PFg (5 mol%) N
L* (10 mol %)
= + NN «
Ph % o «
MeOH (0.1 M), RT, 12 h X
1a, 0.1 mmol 2a, 0.15 mmol 3a

cl
—
MeO PPh NTo
e 2 N
PPh, Z

MeO PPh,
O Hu's ligand

Cl
L18 L19
47% vyield 43% vyield
3.3:11r, 58% er 2:1rr, 2% er
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4. General procedure for Cu-catalyzed alkynylallylic dimethylamination

R2 _R?
OBoc , Cu(CH3CN),PFg (5 mol%) N
N > R® R L6 (10 mol%) S
| % * RZN\/N~R2 | A \\
R1// MeOH, RT, 12 h >
R1
1, 0.1 mmol 2,0.15 mmol 3ord

General procedure: In a No-filled glovebox, Cu(CH3CN)4PFe (1.9 mg, 0.005 mmol), L6 (3.9 mg,
0.010 mmol) and anhydrous MeOH (0.5 mL) were added sequentially to a 4 ml vial. The reaction
mixture was then allowed to stir at room temperature for 1 h, followed by the addition of enyne 1 (0.10
mmol) and nucleophiles 2 (0.15 mmol). The reaction was allowed to stir at room temperature for 12 h.
After this time, the reaction was concentrated under reduced pressure and the residue was purified by
flash column chromatography on silica gel to afford product 3 or 4.

\N/

//
7%

(R,E)-N,N-Dimethyl-1-phenylpent-1-en-4-yn-3-amine (3a)

Yellow oil, 90% vyield, >20:1 rr. [a]o®® +3.2 (¢ 1.0, CHCIs) for 93:7 er. 'H NMR (400 MHz,
chloroform-d) 6 7.44 — 7.39 (m, 2H), 7.32 (t, J = 7.4 Hz, 2H), 7.28 — 7.22 (m, 1H), 6.85 (dd, J = 15.9,
1.6 Hz, 1H), 6.22 (dd, J = 15.9, 5.0 Hz, 1H), 4.23 (dt, J = 4.4, 1.9 Hz, 1H), 2.52 (d, J = 2.2 Hz, 1H),
2.31 (s, 6H). 3C NMR (126 MHz, CDCl3) § 136.6, 132.8, 128.7, 127.9, 127.2, 126.7, 78.2, 76.0, 59.3,
41.4. HRMS (ESI): [M+H]" calcd for C13H1sN* 186.5708, found 186.5709. HPL.C analysis: chiral AD-
H column; detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 95:5; Retention time:
24.2 min (minor), 33.8 min (major).

50 PDA Multi 1 254nm,4nm 5

1lti 1 254nm, 4nm
100

3004 |
|I [\ 900+

200 I Il .
600
| |

100 | |
[ I 300

0.0 2.5 5.0 7.5 10.0 12.5 15.0 1.5 20,0 g 9 S T S

Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 9.198 7475618 50. 038 1 9. 378 2116105 7.128
2 11. 680 7464228 49. 962 2 11. 956 27569262 92.872
N,
N

(R,E)-N,N-Dimethyl-1-(p-tolyl)pent-1-en-4-yn-3-amine (3b)
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Yellow oil, 93% yield, >20:1 rr. [o]o®® +3.0 (¢ 0.40, CHCIs) for 90:10 er. 'H NMR (400 MHz,
chloroform-d) & 7.31 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 7.9 Hz, 2H), 6.86 — 6.76 (m, 1H), 6.16 (dd, J =
15.9, 5.1 Hz, 1H), 4.24 — 4.17 (m, 1H), 2.51 (d, J = 2.2 Hz, 1H), 2.34 (s, 3H), 2.31 (s, 6H). 3C NMR
(126 MHz, CDCl3) 6 137.7, 133.8, 132.7, 129.4, 126.6, 126.1, 78.4, 75.9, 59.3, 41.4, 21.3. HRMS
(ESI): [M+H]" calcd for C14H1gsN* 200.1351, found 200.1359. HPLC analysis: chiral AD-H column;
detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 95:5; Retention time: 22.0 min
(minor), 29.8 min (major).

80C

1000

600-

400

200

PDA Multi 1 254nm, 4nnf

800

600

FDA Multi 1 254nm, 4nm

10
min

Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 22. 240 12680045 50. 148 1 21. 951 2696117 9. 636
2 30. 330 12605275 49, 852 2 29. 859 25284868 90. 364
\N/
NN
A5
OBn

(R,E)-1-(3-(Benzyloxy)phenyl)-N,N-dimethylpent-1-en-4-yn-3-amine (3c)

Colorless oil, 90% vyield, >20:1 rr. [a]o®® +14 (c 0.90, CHCIs) for 91:9 er. *H NMR (400 MHz,
chloroform-d) 6 7.38 (ddd, J = 25.1, 17.0, 7.0 Hz, 5H), 7.23 (d, J = 7.9 Hz, 1H), 7.06 — 6.99 (m, 2H),
6.91 - 6.77 (m, 2H), 6.21 (dd, J = 15.9, 4.9 Hz, 1H), 5.07 (s, 2H), 4.25 — 4.19 (m, 1H), 2.52 (s, 1H),
2.31 (s, 6H). *C NMR (126 MHz, CDCls) § 159.1, 138.1, 137.0, 132.7, 129.7, 128.7, 128.0, 127.7,
127.6, 119.7, 114.5, 112.9, 78.2, 76.0, 70.0, 59.2, 41.4. HRMS (ESI): [M+H]" calcd for C2oH21NO™*
292.1696, found 292.1690. HPLC analysis: chiral AD-H + AD-H column (the two columns were
connected to each other in this order); detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-
PrOH = 95:5; Retention time: 26.0 min (minor), 42.6 min (major).

8O0

600

400

200

0

1000
PDA Multi 1 254nm, 4nm

800

600

BPA Multi 1 254nm, 4np
2

N

[

[

|}

20

T
10 15

30 3 50 20 25 30 50
min min
Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 26. 063 12256426 49, 371 1 26. 036 3868408 9.418
2 43. 703 12568767 50. 629 _2 _ 42. 649 37206613 90. 582
~N N ~
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(R,E)-N,N-Dimethyl-1-(3-nitrophenyl)pent-1-en-4-yn-3-amine (3d)

Yellow oil, 89% yield, >20:1 rr. [a]o® +3.3 (c 1.2, CHCIs) for 93:7 er. *H NMR (400 MHz,
chloroform-d) 6 8.26 (s, 1H), 8.10 (d, J = 8.2 Hz, 1H), 7.72 (d, J = 7.7 Hz, 1H), 7.50 (t, J = 8.0 Hz,
1H), 6.92 (dd, J = 16.0, 1.6 Hz, 1H), 6.37 (dd, J = 15.9, 4.8 Hz, 1H), 4.32 — 4.22 (m, 1H), 2.56 (d, J =
2.2 Hz, 1H), 2.32 (s, 6H). °C NMR (126 MHz, CDCl3) & 148.7, 138.3, 132.4, 130.8, 130.6, 129.6,
122.4, 121.4, 77.6, 76.5, 59.1, 41.5. HRMS (ESI): [M+H]" calcd for C13H15N2O>" 231.1128, found
231.1130. HPLC analysis: chiral AD-H + AD-H column (the two columns were connected to each
other in this order); detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 95:5; Retention
time: 31.4 min (minor), 44.9 min (major).

50 PDA Multi 1 Z54nm, 4nm . .;5'[”‘ Multi 1 254nm, 4nnj
N ﬁ 1500 .‘I ¥
30 i\ = |
1000 |
20 |
ca |
10 500 2 |
0 - . . SN - i —
2 30 35 10 1 0 30,0 325 35.0 37.5 10.0 125 15.0 17.5 50,0
E'n;rv T Retention time/min Area Area% Entry Retention time/min Area Area%
1 31. 662 1219896 49. 320 1 31. 382 6530209 6. 914
2 45. 284 1253524 50. 680 2 44. 892 87925179 93. 086
N,
N
A
X

(R,E)-1-(3-Chlorophenyl)-N,N-dimethylpent-1-en-4-yn-3-amine (3¢e)

Colorless oil, 76% yield, >20:1 rr. [a]o® -0.22 (c 0.46, CHCIs) for 92:8 er. 'H NMR (400 MHz,
chloroform-d) 6 7.39 (s, 1H), 7.31 — 7.19 (m, 3H), 6.80 (d, J = 16.1 Hz, 1H), 6.23 (dd, J = 15.9, 4.9
Hz, 1H), 4.25 — 4.19 (m, 1H), 2.53 (d, J = 1.9 Hz, 1H), 2.31 (s, 6H). 3C NMR (126 MHz, CDCls) §
138.4, 134.6, 131.6, 129.9, 128.8, 127.8, 126.7, 124.8, 77.9, 76.2, 59.2, 41.4. HRMS (ESI): [M+H]"
calcd for C13H1sNCI* 220.0888, found 220.0885. HPLC analysis: chiral AD-H column; detected at
254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 95:5; Retention time: 18.8 min (minor), 22.9

min (major).

1000 - = PDA Multi 1 254nm, dnm = POA MuTti 1 254nm, dnn
800 1= 1200 [
it I
| |
600-] [ I\ 800 | .‘
400 : I‘I | \ |1
|| | \ 100 ] [
200 [ [ IS |
| /
. / J _ o— . . — S —
15.0 17.5 20.0 22‘, 5 za‘, 0 27‘, 5 30.0 15.0 17.5 20.0 2.5 25.0 275 30.0
min min
Entry Retention time/min Area Area% “Entry | Retention time/min Area Area%
1 18. 815 20332363 49. 833 1 17.729 3003420 8.415
2 22.903 20468743 50. 167 2 21. 589 32687034 91. 585
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Br
(R,E)-1-(3-Bromophenyl)-N,N-dimethylpent-1-en-4-yn-3-amine (3f)

Yellow oil, 93% vyield, >20:1 rr. [a]p?® -41.0 (c 0.49, CHCIs) for 91:9 er. 'H NMR (400 MHz,
chloroform-d) 6 7.76 (s, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.05 (t, J = 7.8 Hz,
1H), 6.75 (d, J = 15.9 Hz, 1H), 6.21 (dd, J = 15.9, 4.9 Hz, 1H), 4.26 — 4.16 (m, 1H), 2.52 (s, 1H), 2.30
(s, 6H). 3C NMR (126 MHz, CDCls) § 138.7, 131.4, 130.7, 130.2, 129.7, 128.9, 125.2, 122.8, 77.9,
76.2, 59.1, 41.4. HRMS (ESI): [M+H]" calcd for C13HisNBr* 264.0382, found 264.0378. HPLC
analysis: chiral AD-H column; detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH =
95:5; Retention time: 19.1 min (minor), 23.1 min (major).

151 = PDA Multi T Zodnm, dnn  2%C = FOR Walti 1 25dmm, dnrf
3 > 1500 [
100 N | {
“‘ \ 1000 ; |
sl ‘ |
? 500 : ‘l
\ . |\
00— L — == o — =
15.0 17.5 20.0 22.5 "-'.‘, 0 2 30.0 15.0 2[)‘, 0 2:_'I, 5 27\‘, 0 J(JI, 0 32.5 35,7(]
min min
I _Intr\ T Retention time/min Area Area% Entry Retention time/min Area Area%
1 19. 344 2833930 50. 056 1 19. 062 4778243 9. 493
2 23. 495 2827617 49. 944 &.2, ‘ 23,101 45555276 90. 507
~p

(R,E)-1-(3-lodophenyl)-N,N-dimethylpent-1-en-4-yn-3-amine (3g)

Yellow oil, 67% vyield, >20:1 rr. [o]p?® +5.7 (¢ 1.2, CHCIs) for 91:9 er. *H NMR (400 MHz,
chloroform-d) 6 7.76 (s, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.05 (t, J = 7.8 Hz,
1H), 6.75 (d, J = 15.9 Hz, 1H), 6.21 (dd, J = 15.9, 4.9 Hz, 1H), 4.25 - 4.18 (m, 1H), 2.52 (s, 1H), 2.30
(s, 6H). *C NMR (126 MHz, CDCls) § 138.8, 136.7, 135.7, 131.3, 130.3, 128.8, 125.8, 94.7, 78.0,
76.2,59.1, 41.4. HRMS (ESI): [M+H]" calcd for C13H1sNI* 312.0243, found 312.0241. HPLC analysis:
chiral AD-H; detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 95:5; Retention time:

23.6 min (major), 19.8 min (minor).

800 = PDA Multi 1 254nm, dnm 2000 = POA Multi 1 254nm, dnn
|\ - =
600 i i 1500 [
I |
| I \
00 I || |
[ | 1000 | ‘I
200 | I‘.‘ | 500 "
[ |
0+ e — — o L
15.€ 17 20.0 22.5 25.0 21.5 30.0 15.0 1 200 22.5 2.0 27.5 30.0
mirn min
Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 19. 603 15860691 49, 289 1 19. 802 4281166 8. 634
2 23. 312 16318338 50. 711 2 23. 593 45302183 91. 366
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COOCH;,
Methyl (R,E)-3-(3-(dimethylamino)pent-1-en-4-yn-1-yl)benzoate (3h)

Colorless oil, 80% yield, >20:1 rr. [a]o?® +2.3 (c 0.60, CHCIs) for 92:8 er. *H NMR (400 MHz,
chloroform-d) 6 8.09 (s, 1H), 7.92 (d, J = 7.8 Hz, 1H), 7.60 (d, J = 7.7 Hz, 1H), 7.40 (t, J = 7.7 Hz,
1H), 6.90 (d, J = 16.0 Hz, 1H), 6.31 (dd, J = 15.9, 4.9 Hz, 1H), 4.25 (d, J = 4.9 Hz, 1H), 3.92 (s, 3H),
2.55(d, J=2.1Hz, 1H), 2.32 (s, 6H). 3C NMR (126 MHz, CDCl3) § 167.0, 136.8, 131.9, 130.9, 130.6,
128.9, 128.8, 128.5, 127.9, 77.9, 76.3, 59.2, 52.2, 41.4. HRMS (ESI): [M+H]" calcd for C1sH1sNO2*
244.1332, found 244.1333. HPLC analysis: chiral AD-H column; detected at 254 nm, 40 °C, flow =
0.7 mL/min, n-hexane: i-PrOH = 95:5; Retention time: 27.2 min (major), 21.5 min (minor).

16¢ : 200

PDA Multi 1 254nm, 4nm It PDA Multi 1 254nm, 4nm
g \"F
1200 |" g 1500+ | |
| "‘ |
800 ‘ ‘| 1000 | I‘
‘ |\ . |
100 | |‘ I 500 z B
I\ I\ \ | \
1S —
10 15 P %5 3 5 10 5 50 10 15 20 % 20 3 40
in min
Entry Retention time/min Area Area’ Entry Retention time/min Area Area%
1 23.782 34584378 49. 093 1 21, 511 7396641 3. 238
2 29.937 35861921 50. 907 2 97. 243 82389731 91. 762
~p
N
AN
X

(R,E)-1-(3-Methoxyphenyl)-N,N-dimethylpent-1-en-4-yn-3-amine (3i)

Yellow oil, 75% yield, >20:1 rr. [a]D25 +12.1 (¢ 0.38, CHCI3) for 90:10 er. *H NMR (400 MHz,
chloroform-d) 6 7.22 (t, J = 8.0 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 6.95 (s, 1H), 6.85 — 6.77 (m, 2H),
6.21 (dd, J = 15.9, 5.0 Hz, 1H), 4.27 — 4.18 (m, 1H), 3.81 (s, 3H), 2.52 (d, J = 2.0 Hz, 1H), 2.31 (s,
6H). *C NMR (126 MHz, CDCls) § 159.9, 138.0, 132.8, 129.6, 127.5, 119.4, 113.7, 111.8, 78.2, 76.1,
59.2, 55.3, 41.4. HRMS (ESI): [M+H]" calcd for C14sH17NO™ 216.1381, found 216.1384. HPLC
analysis: chiral AD-H + AD-H column (the two columns were connected to each other in this order);
detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 95:5; Retention time: 21.3 min
(minor), 25.7 min (major).

500 oA WaTii T 254nm o PDA Multi I 254nm, 4nm

100
300
200

100r

T T T
Bl;. 0 22.5 L’"\‘. 0 2?‘. 5 30.0 20.0 22.5 25.0 21.5 30.0
min min
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Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 22. 968 11325858 49. 970 1 21. 298 8480791 10.133
2 27.815 11339566 50. 030 2 25. 669 75211051 89. 867
\N/
AN S
X
CF3

(R,E)-N,N-Dimethyl-1-(3-(trifluoromethyl)phenyl)pent-1-en-4-yn-3-amine (3j)

Yellow oil, 64% vyield, >20:1 rr. [o]o®® +27.1 (¢ 0.14, CHCIs) for 92:8 er. 'H NMR (400 MHz,
chloroform-d) 6 7.65 (s, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.50 (d, J = 7.5 Hz, 1H), 7.44 (t, J = 7.7 Hz,
1H), 6.89 (d, J = 15.9 Hz, 1H), 6.30 (dd, J = 15.9, 4.8 Hz, 1H), 4.29 — 4.20 (m, 1H), 2.54 (s, 1H), 2.32
(s, 6H). C NMR (126 MHz, CDCls) § 137.4, 131.5, 131.1 (q, Jcr = 31.5 Hz), 129.7, 129.4, 129.3,
124.4 (d, Jcr = 2.5 Hz), 123.5 (d, Jcr = 2.5 Hz), 77.8, 76.4, 59.1, 41.5 (the carbon signal of CFs was
not observed). °F NMR (376 MHz, CDCls) & -49.47 (s, 3F). HRMS (ESI): [M+H]" calcd for
C14H17NO™ 253.1078, found 253.1076. HPLC analysis: chiral AD-H column; detected at 254 nm,
40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 95:5; Retention time: 8.2 min (minor), 9.3 min (major).

BOC
PDA#uItT 1 254nm, 4nni

FDA Multi 1 254nm, 4nm

Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 8. 050 38299273 49. 170 1 8. 228 945953 8.475
2 8.954 39592958 | 50.830 2 9. 264 10215500 | 91.52
\N/
F A
S

(R,E)-1-(3-Chloro-5-fluorophenyl)-N,N-dimethylpent-1-en-4-yn-3-amine (3k)

Yellow oil, 71% yield, >20:1 rr. [o]o®® +5.7 (¢ 1.75, CHCIs) for 89:11 er. 'H NMR (400 MHz,
chloroform-d) 6 7.18 (s, 1H), 6.99 (t, J = 9.3 Hz, 2H), 6.76 (d, J = 15.9 Hz, 1H), 6.24 (dd, J = 15.9,
4.7 Hz, 1H), 4.26 — 4.18 (m, 1H), 2.53 (s, 1H), 2.30 (s, 6H). *C NMR (101 MHz, CDCl3) § 163.0 (d,
J =249.5 Hz), 139.9 (d, Jcr = 8.1 Hz), 135.2 (d, Jcr = 11.1 Hz), 130.6 (d, Jcr = 3.0 Hz), 130.4, 122.9
(d, Jcr = 3.0 Hz), 115.4 (d, Jcr = 25.2 Hz), 111.7 (d, Jcr = 21.1 HZ), 77.7, 76.4, 59.0, 41.5. *F NMR
(376 MHz, CDClIs) 6 -98.01 (s, 1F). HRMS (ESI): [M+H]* calcd for C14H17NO™ 237.0721, found
237.0722. HPLC analysis: chiral AD-H + AD-H column (the two columns were connected to each
other in this order); detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 95:5; Retention
time: 18.0 min (minor), 22.4 min (major).
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1o PDA Wulti 1 254nm, 4nn] 3 PDA Wulti 1 Z5dnm, 4n
1800+ &
800- 2
£ 5 1500
600 f ‘ﬁ‘?f 1200
100 : I‘, I 900 [
| [ 600 > \I \
200 > [
300
e (
15.0 17.5 20.0 225 26.0 2.5 30.0 15.0 17.5 20.0 22.5 25.0 21.5 30.0
min min
Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 18. 185 13685797 49. 675 1 17. 979 4553629 10. 643
2 22. 596 13865074 50. 325 2 22. 382 38232590 89. 357
SN

NS
AS
OCH,

(R,E)-1-(2-Methoxyphenyl)-N,N-dimethylpent-1-en-4-yn-3-amine (3I)

Yellow oil, 86% yield, >20:1 rr. [a]o® +9.0 (¢ 0.50, CHCIs) for 90:10 er. 'H NMR (400 MHz,
chloroform-d) 6 7.44 (d, J = 7.6 Hz, 1H), 7.23 (t, J = 7.8 Hz, 1H), 7.14 (d, J = 14.9 Hz, 1H), 6.96 —
6.84 (m, 2H), 6.26 (dd, J = 16.0, 5.2 Hz, 1H), 4.26 — 4.18 (m, 1H), 3.85 (s, 3H), 2.51 (d, J = 2.1 Hz,
1H), 2.32 (s, 6H). *°C NMR (101 MHz, cdcls) & 157.0, 128.9, 127.9, 127.9, 127.4, 125.6, 120.7, 111.0,
78.6, 75.8, 59.7, 55.5, 41.5. HRMS (ESI): [M+H]" calcd for C14H17NO™ 216.1381, found 216.1383.
HPLC analysis: chiral AD-H column; detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-
PrOH = 95:5; Retention time: 24.2 min (minor), 33.8 min (major).

250 - DA Wulti 1 254nm, anm 1000 2 PDA Multi 1 254nm, 4nn
0 800 It
= "u
150 | 600 |‘|
|
100 | 400 ‘ |
[ [
4 | 200 |
|
( . 0 —
15 20 25 30 35 10 15 p % 30 % & 15
min min
I [nt rv ] mk(‘l ention time/min Area Area% Entry Retention time/min Area Area%
1 22. 720 5429929 50. 107 1 24. 270 3290177 10. 115
2 31.638 5406632 49. 893 2 33.755 29238438 89. 885
N,
N

A
I 7

(R,E)-N,N-Dimethyl-1-(naphthalen-2-yl)pent-1-en-4-yn-3-amine (3m)

Yellow solid, 90% vyield, >20:1 rr. [0]p?® +21.1 (c 0.56, CHCI3) for 91:9 er. *H NMR (400 MHz,
chloroform-d) & 7.87 — 7.75 (m, 4H), 7.62 (dd, J = 8.5, 1.7 Hz, 1H), 7.51 - 7.39 (m, 2H), 7.02 (dd, J =
15.9, 1.6 Hz, 1H), 6.35 (dd, J = 15.9, 5.0 Hz, 1H), 4.29 (dt, J = 4.4, 1.9 Hz, 1H), 2.56 (d, J = 2.2 Hz,
1H), 2.35 (s, 6H). *C NMR (101 MHz, cdcls) & 134.0, 133.6, 133.2, 132.9, 128.3, 128.1, 127.7, 127.6,
126.8, 126.4, 126.0, 123.7, 78.3, 76.1, 59.4, 41.5. HRMS (ESI): [M+H]* calcd for C1sHi7NO*
216.1381, found 216.1383. HPLC analysis: chiral AD-H + AD-H column (the two columns were
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connected to each other in this order); detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-
PrOH = 95:5; Retention time: 26.1 min (minor), 37.0 min (major).

1800 PDA Multi 1 254nm, 4nm

2000 PDA “”“rf?;{] 254nm, 4nnf
1200 I ~ 1500
|‘ ( I‘-‘ 1000 I‘
600 [ [ =2 [
|| \ 500 £ [
0 _.I— (
20.0 22.5 25.0 27.5 30.0 32.5 35.0 37.5  40.0 20.0 22.5 25.0 27,5 0.0 2.5 35.0 3.5 40.0
min min
Entry Retention time/min Area Areah Entry Retention time/min Area Area%
1 25, 464 41964203 48. 555 1 26. 118 8995045 9.471
2 36. 091 44461096 51. 445 2 37.008 85978841 90. 529

(R,E)-N,N-Diethyl-1-phenylpent-1-en-4-yn-3-amine (4a)

Known compound?®. Yellow oil, 66% yield, >20:1 rr. [a]o? +4.8 (¢ 0.15, CHCI3) for 89:11 er. *H NMR
(400 MHz, chloroform-d) & 7.41 (d, J = 7.4 Hz, 2H), 7.32 (t, J = 7.3 Hz, 2H), 7.23 (d, J = 7.3 Hz, 1H),
6.86 (d, J=15.9 Hz, 1H), 6.24 (dd, J = 15.9, 4.5 Hz, 1H), 4.45 (s, 1H), 2.72 (dt, J = 13.3, 7.3 Hz, 2H),
2.54 —2.41 (m, 3H), 1.10 (t, J = 7.1 Hz, 6H). HPLC analysis: chiral AD-H + AD-H column (the two
columns were connected to each other in this order); detected at 254 nm, 40 °C, flow = 0.5 mL/min,
n-hexane: i-PrOH = 99:1; Retention time: 21.7 min (major), 20.8 min (minor).

1000 - POA MaTtr T 250 dnm 3000 [ PDA Multi 1 254nm, 4o
i 2500 =
800 Gl 3
2000 \
600 |
1500 |
400 ‘
1000 [ |
20 / o 00
Yy, - |
0 — 0+
20.0 20.5 21.0 2[‘.5 22.0 22.5 23. (l‘ 15.0 17.5 20.0 22.5 25.0 27.5 30.0
min min
Entry Retention time/min Area Area% B Intrv T Retention time/min Area Area%
20. 804 15092269 46. 997 1 20. 821 10664530 11. 484
21. 507 17020943 53. 003 2 21. 663 82201607 88.516

(R,E)-1-(1-Phenylpent-1-en-4-yn-3-yl)pyrrolidine (4b)

Yellow oil, 91% yield, >20:1 rr. [o]p®® +12 (c 0.45, CHCIz) for 87:13 er. *H NMR (400 MHz,
chloroform-d) 6 7.40 (m, J = 7.3 Hz, 2H), 7.32 (m, J = 7.4 Hz, 2H), 7.23 (m, J = 7.1 Hz, 1H), 6.82 (d,
J=15.9 Hz, 1H), 6.29 (dd, J = 15.8, 5.7 Hz, 1H), 4.38 — 4.31 (m, 1H), 2.70 (dt, J = 13.5, 6.8 Hz, 4H),
2.47 (d, J=2.0 Hz, 1H), 1.82 (s, 4H). 3C NMR (126 MHz, CDCl3) § 136.6, 132.1, 128.6, 127.8, 127.6,
126.7, 79.8, 75.0, 55.9, 49.8, 23.5. HRMS (ESI): [M+H]" calcd for CisHisN* 212.0244, found

212.0240. HPLC analysis: chiral OJ-H + OJ-H column (the two columns were connected to each other
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in this order); detected at 214 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 97:3; Retention time:
22.0 min (major), 26.0 min (minor).

500 PDA Multi 2 214nm, dnnj 200 PDA Multi 2 214nm, 4nni

400 ‘ 2500 ,\;
300 2000 I I‘I"
200 1500
1000
100
500+ B
0 S S— S -
5 P prp R N —— —— p— ;
20.0 22.5 25.0 21.5 30.0 20.0 22.5 25.0 21.5 30.0
min min
Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 23.042 13965692 50. 162 1 22. 029 105645225 87.053
2 26. 027 13875656 49. 838 2 26. 004 15712811 12. 947

(R,E)-4-(1-Phenylpent-1-en-4-yn-3-yl)morpholine (4c)

Known compound?. Yellow oil, 84% yield, >20:1 rr. [a]p?® +12 (c 0.64, CHCIs3) for 94:6 er. *H NMR
(400 MHz, chloroform-d) 6 7.41 (d, J = 7.3 Hz, 2H), 7.33 (t, J = 7.4 Hz, 2H), 7.25 (d, J = 14.3 Hz,
1H), 6.86 (d, J = 15.9 Hz, 1H), 6.21 (dd, J = 15.9, 5.2 Hz, 1H), 4.22 — 4.16 (m, 1H), 3.81 — 3.69 (m,
4H), 2.75 — 2.48 (m, 5H). HPLC analysis: chiral AD-H column; detected at 254 nm, 40 °C, flow = 0.5
mL/min, n-hexane: i-PrOH = 95:5; Retention time: 25.2 min (major), 23.0 min (minor).

o0 POR Walti T 254, 4o 2000 PDA Malti 1 Z54nm, dnd

320+

_—257To:

: 1500
240 & o

160 IR I\ 1000 [
80 ‘,"‘ \ [N 500 g

’ 2 50 0.0 ;t)‘. 0 - 22.5 — 25.0 275 30.0
min

Entry Retention time/min Area Area% Entry Retention time/min Area Area%

1 23. 888 7072789 50. 039 1 22.984 3838870 6. 474

2 26. 244 7061756 49. 961 2 25. 197 55457336 93. 526

Bn. .Bn

//
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(R,E)-N,N-Dibenzyl-1-phenylpent-1-en-4-yn-3-amine (4d)

Known compound®. White solid, 91% yield, >20:1 rr. [a]o? -9.7 (c 0.60, CHClI3) for 95:5 er. *H NMR
(400 MHz, chloroform-d) 6 7.45 — 7.18 (m, 15H), 6.90 (dd, J = 16.0, 1.8 Hz, 1H), 6.21 (dd, J = 15.9,
4.3 Hz, 1H), 4.35 — 4.25 (m, 1H), 3.86 (d, J = 13.7 Hz, 2H), 3.47 (d, J = 13.7 Hz, 2H), 2.58 (d, J = 2.2
Hz, 1H). HPLC analysis: chiral OJ-H column; detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane:

I-PrOH = 97:3; Retention time: 11.0 min (major), 9.17 min (minor).
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300

- . - E PDA Multi 1 254nm, dnni
N B 200 F
100 ™
100
50 2 \
\ o o~ S
0 — —— T — 1 T
8 9 10 11 12 13 1 15 16 5.0 7.5 10.0 12.5 15.0
Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 10. 452 3355798 48. 381 1 9. 169 453557 4.775
_2 12, 562 3580325 51.619 2 10. 990 9044140 95. 225
OMe

(R,E)-N,N-Bis(4-methoxybenzyl)-1-phenylpent-1-en-4-yn-3-amine (4e)

White solid, 50% yield, >20:1 rr. [a]o® -36 (c 1.0, CHClIs) for 96:4 er. *H NMR (400 MHz, chloroform-
d) & 7.39 — 7.18 (m, 9H), 6.91 — 6.82 (m, 5H), 6.18 (dd, J = 16.0, 4.4 Hz, 1H), 4.30 (dt, J = 4.2, 2.1 Hz,
1H), 3.79 (s, 8H), 3.37 (d, J = 13.4 Hz, 2H), 2.57 (d, J = 2.2 Hz, 1H). **C NMR (126 MHz, CDCls) §
139.6, 136.7, 132.7,128.9, 128.6, 128.4, 128.1, 127.7, 127.1, 126.6, 79.0, 75.7, 54.7, 53.7. (one carbon
signal was not observed). HRMS (ESI): [M+H]" calcd for C27H2sNO,* 398.2114, found 398.2107.
HPLC analysis: chiral OD-H + OD-H column (the two columns were connected to each other in this
order); detected at 254 nm, 40 °C, flow = 0.7 mL/min, n-hexane: i-PrOH = 99:1; Retention time: 34.8
min (major), 33.2 min (minor).

80 400

= PDA Multi 1 254nm, dn 3 PDA Multi 1 Z54nm, dn}
60 300 ‘-‘:.
I\
10 200 [
[
20- 100+ o
oH— = — — B & \
30.0 3.5 3.0 31.5 0.0 25.0 2.5 30.0 32.5 35.0 37.5 10.0 125 15.0
min min
Entry Retention time/min Area Area% Entry Retention time/min Area Area%
1 33. 480 2035676 49. 261 1 33.215 528586 3. 540
2 35, 685 2096771 50. 739 2 34. 824 14401417 96. 460
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5. Determination of absolute configuration

Bn. _Bn

//
4

4d

Compounds 4d are known compounds. By comparing the corresponding data of optical rotation
and HPLC spectra under similar conditions, the absolute configuration of compound 4d was
determined to be (R)-4d.

6. Control experiments and Mechanistic studies

6.1 Control experiments

OBoc

= N Bn. .Bn
X Cu(CH3CN)4PFg (5 mol%) N

H
1a L6 (10 mol%) _N. /\/\
Bn Bn + Ppp N
s AN

+ MeOH, RT, 12 h

$n ?n 4d
N__N. wio [Cu] N.D. N.D.
<IN
Bn Bn wio L6 N.D. N.D.
2e (1.5 equiv) w/o [Cu] & L6 N.D. N.D.

The procedure for these control experiments were same to that described in section 4 titled “General
procedure for Cu-catalyzed alkynylallylic dimethylamination”, except that special requirements were
followed for each case. For all these cases, no amine 5 and product 4d were detected.

Cu(CH3CN)4PFg (5 mol%)

Bn Bn L6 (10 mol%)
NN Bn~ "B
Bn~ > "Bn MeOH, RT, 12 h mooEn
2e 5 ND.

The procedure for this experiment was same to that described in section 4 titled “General procedure
for Cu-catalyzed alkynylallylic dimethylamination”, except that electrophile 1a was not used. After
the reaction time, no amine 5 was detected.

6.2 Non-linear effect experiments

S22



OBoc o Cu(CH3CN)4PFg (5 mol%) ~N o | j o
L (10 mol%) N
Z * NN A I \
Ph)\/\ MeOH, RT, 12 h PhA/\\\ N N
1a, 0.1 mmol 2a, 0.15 mmol 3a
L6
Entry ee of L6 (%) Yield of 3a (%) ee of 3a (%)
1 0 76% 0
2 20 65% 14
3 40 74% 28
4 60 73% 51
5 80 87% 70
6 99 92% 87
None-linear Relationship
100
" 87
80
70 y =0.9006x - 3.2116
= 60 R==0.9935
[&]
>
3 50
o
s 40
& 30
20
10 0
10 0 20 40 60 80 100

ee of L

The procedure for these experiments were same to that described in section 4 titled “General
procedure for Cu-catalyzed alkynylallylic dimethylamination”, except that special requirements for
substrates and ligands were followed for each case.
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7. Computational details

7.1 Computational methods

All density functional theory (DFT) calculations were performed using the Gaussian 09 software
package*. Geometries were optimized using the B3LYP functional and Grimme’s D3(BJ) dispersion
correction with the basis set of SDD for all atoms. Vibrational frequencies were calculated for all the
stationary points to confirm if each optimized structure is a local minimum on the respective potential
energy surface or a transition state structure with only one imaginary frequency. Solvation energy
corrections were calculated in methanol solvent with the SMD continuum solvation model based on
the gas phase optimized geometries. The BP86 functional with the basis set of def2-TZVP for all atoms
was used for single-point energy calculations. The DFRT analysis based on the Hirshfeld charge
calculation were obtained by Multiwfn 3.8 (dev)® 8. The isosurface picture was rendered by VMD.

7.2 Cartesian coordinates of optimized structures

Intl
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Ph

| AN
“--Cf N \O
% N_/ N%
Cu
I.I
i
;

—_/ +

-0.46583854

0.03612446
-2.15096754
-2.56191354

1.06664246
-2.86160254

0.34171646
-0.14869854
-3.95366054
-4.38052854
-6.08672254
-5.82647854
-6.21212254
-1.72785354
-4.82473254

1.62971846
-6.13966854

-0.21739130
1.03931470
1.55741370

0.27349270
1.29264770
2.22646570

-1.24954130

-2.38389230

-0.18347930

-1.32853630

-0.02896830

-1.31047530

-0.20214730

-0.59892130
0.70023570

-1.01110230

-2.23723630
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0.00000000
-0.34091900
-1.19944900
-0.81499400
-0.12357700
-1.66857600
0.67257900
1.03641300
-1.00044800
-0.64158300
-1.72139000
-0.87486100
-2.79244200
-0.23683500
-1.55949900
0.91599700
-1.36481000
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-1.96567054
-0.83283854
-0.48693154
0.96575846
0.68240846
1.40504846
0.66294546
2.70490246
1.24357946
-0.34758254
3.28417046
2.54427246
0.68410746
4.29479246
2.98419246
3.32104346
3.73857846
4.13180046
2.16476246
2.44648946
-6.58853654
-6.49136754
-71.41483754
-7.29816854
-5.77533754
-8.22103254
-8.16973854
-7.23822254
-8.87038654
-8.78964554
-7.26625654
-7.07040754
-8.16668054
-3.39671154
-4.42887154
-5.60355054
-5.58484154
-6.86074754
-6.87103554
-8.04026554
-7.98501454
-9.36061054
-10.47809754
-9.57911554

-2.88957530
1.93799670
2.92529770

-3.19371230
-3.58358830
-4.26447430
-5.35040230
-4.02705030
-6.20461330
-5.52448430
-4.88403530
-5.97120730
-7.05622430
-4.71220730
-6.64421930
-2.81776430
-2.09278630
-3.10572730
-2.19323030
-1.85074230

-1.05111330

-1.74210230
0.06927570

-1.34313330

-2.55060430
0.46542070

-0.25638830

-1.86797130
1.33158670
0.04687970
0.71612070
1.79117670
0.58621770

-3.97046930

-4.59124630

-5.13042230

-5.82403230

-4.78433230

-4.09266730

-5.22165730

-5.94759830

-4.79066030

-5.43493030

-3.72680830
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0.46305700
-0.95996200
-1.24657900

1.57769400
2.55885800

0.60629300

0.14561200

0.15048300
-0.79317700

0.50298600
-0.78412600
-1.25402100
-1.16665000
-1.14242900
-1.98317400

0.81894000

0.11350900
1.49791000
1.61466400
2.61079600

0.40863500

1.61575300

0.28258700

2.68493900

1.72662300

1.34949800
2.54499300
3.63331400

1.26106200

3.38299000

-1.07836900
-1.02262000
-1.69072600
0.12633900
-0.22088400
-0.65002500
-1.49334800
-0.10881200
0.72341800
-0.65723800
-1.46813000
-0.27816700
-0.85456700
0.63050100
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u

-11.76936054
-10.31750054
-10.87064654

-8.74249454
-11.96769054
-12.62044454
-11.02679754
-12.97631754

_#

0.48136649
-0.41487351
1.35980549
2.18052149
-1.42666051
1.76078649
0.12738149
0.98792149
3.57547649
4.34540249
5.39700349
5.63041249
5.41556049
1.74564749
4.02943549
-1.12911951
5.88848549
2.72956949
0.04589349
-0.61123051
0.29511249
0.76086049
0.25321749
1.31428649
-1.03248651

-5.04754130
-6.24626030
-3.33907930
-3.19117430
-3.99921130
-5.55453430
-2.51648530
-3.69142330

-0.72981365
-1.78604765
-2.96284865
-1.84170265
-1.71149765
-3.82982565
0.50034435
1.42001135
-1.82872865
-0.81530365
-2.78073265
-1.27756065
-2.99142465
-0.74621965
-3.01801865
0.67090435
-0.64767265
1.46064735
-2.92676265
-3.77710165
2.48423835
2.56276235
3.79489335
4.66398035
4.06309635
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-0.52054400
-1.55865800
0.95152700
1.06424600
0.38282200
-0.96250800
1.64153800
0.63984400

0.00000000
-0.16811400
-1.28249700
-1.07821900
0.21263400
-1.79249100
0.72704300
0.99016700
-1.56813100
-1.57888300
-2.50130500
-2.13133700
-3.57189900
-0.44725400
-2.05570800
1.15430700
-2.98952500
0.07679200
-0.82573500
-0.97622100
1.74754000
2.73496700
1.00666500
0.76128600
0.53126700
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1.07445649
2.30792049
-1.27287851
-0.21239651
1.89087749
-2.26896751
-0.39115051
-2.02009051
-2.45479551
-2.85525351
-1.18837951
-1.58956251
6.73077949
7.29969849
7.15170749
8.31520949
6.94623849
8.16349149
8.74310849
8.78030249
8.50139749
9.53489449
6.40995049
5.88641449
7.08919249
4.25318349
5.28705349
7.53412649
7.22269349
8.84369949
9.08700349
9.98792649
11.27952149
9.85745649
12.40657349
11.39251149
10.98294649
8.87314649
12.26102249
13.39554149
10.86840549
13.13746649
5.84736749
4.85782449

5.82303735
4.43646635
5.22351135
6.09728135
6.50673535
5.44972835
7.00380335
2.98786935
2.47019535
3.39512535
1.99665435
1.83950335
-1.31193665
-0.23127265
-2.62055265
-0.47333265
0.77545535
-2.86235165
-1.78225165
0.35689135
-3.87578365
-1.96059565
-3.62482165
-4.38473365
-4.15873465
2.29205735
2.87190135
3.48579635
3.31143035
3.49826035
3.64882935
3.28455535
3.33805735
3.00881135
3.12769635
3.54413135
2.79611235
2.95448135
2.85561335
3.17273235
2.58190335
2.68770435
5.50161235
5.47290535
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0.02211400
1.13500700
-0.20468500
-0.45742100
-0.19001700
-0.57476300
-1.02844000
0.93565700
0.07302100
1.51610900
1.77998900
2.78044900
-1.09501400
-0.42435000
-0.84506700
0.50212700
-0.61455600
0.08447100
0.75428900
1.02619400
0.28399500
1.47627400
-1.70163500
-1.11097900
-2.37699800
-0.51627300
-0.87256700
-0.17341700
0.85183700
-0.51898000
-1.57109100
0.35533800
-0.20025100
1.73179000
0.58938400
-1.26145400
2.51795000
2.18602600
1.95044900
0.14416500
3.57610600
2.56877500
-1.21358600
-2.32575800
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5.44406049
4.30124149
7.04428249
7.82600049
7.39441149
6.84377949
5.22575449
4.48513049
5.99962349
4.73454849
3.90455549
4.41678049
4.74966549
3.62817149
5.25467849
2.65928149
1.92723249
2.79475749
2.24871549
6.46573949
6.79558949

_#

0.83850937
-0.08723763
1.64993637
2.49886237
-1.09540263
2.02708337
0.49237837
1.33853737
3.90086037
4.68683237
5.71630137
5.99992837

5.39883335
454234135
6.32000635
5.99696335
6.18165235
7.38189535
5.75582635
4.97480935
5.71886235
6.73149535
6.55909835
7.79269135
7.65518935
8.54978335
8.18502535
6.14214035
6.95079835
5.90582735
5.26581735
3.56474635
3.60774835

0.35714285
1.40294385
2.74377585
1.62937285
1.25825085
3.67296485
-0.95405715
-1.90994915
1.71436985
0.72415685
2.82094085
1.32097785
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-3.25819300
-2.18944500
-1.43769500
-0.74546600
-2.46352600
-1.26707500

0.09223100

0.27990200

0.86247800

0.09662800
-2.33908900
-2.93233300
-3.97713800
-2.92189800
-2.35254800
-2.99097200
-2.91329100
-4.06115100
-2.48367900
-1.15794200
-2.19742300

0.00000000
0.05097300
1.02480800
0.93950400
-0.31850000
1.43387800
-0.57237300
-0.73950600
1.39628900
1.57139300
2.15994300
1.86426200
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5.66633337
2.10046637
4.36740637
-0.77295063
6.46996237
3.18064637
0.33765037
-0.34382863
0.59195137
1.09328637
0.39152937
1.37019537
-0.96217863
0.97190337
2.42036737
-1.35745063
-0.38213863
1.71681737
-2.40712563
-0.67836363
-1.83622963
-2.52588863
-2.44593263
-0.84019063
-1.09641663
6.87055637
7.18052237
7.29536737
7.98906537
6.75014437
8.10393337
8.46038137
8.22961937
8.44028037
9.08373737
6.73974537
6.26955537
7.51876237
4.85435337
5.93473337
8.36570137
8.35151937
9.45679537
9.40646537

3.08146485
0.45676685
2.97552785
-1.16699415
0.79540985
-1.91009815
2.62148185
3.46400685
-3.07994515
-3.45259415
-4.13795115
-4.88900115
-4.27978215
-5.79190315
-4.76698515
-5.18456315
-5.93710015
-6.38841115
-5.30581415
-6.64459715
-3.39239415
-2.76721715
-3.98208315
-2.51856115
-2.38848315
1.36626185
0.31714885
2.67132585
0.57828685
-0.66565615
2.92995285
1.87388885
-0.22265315
3.94026185
2.06679585
3.64962885
4.52559785
4.02223085
-2.56818615
-3.08940415
-3.24510015
-2.26182915
-4.04040315
-5.04324915
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3.22014200
0.43565100
1.62120100
-0.94659900
2.70099900
-0.12257400
0.57774200
0.63438600
-1.25705000
-2.15433800
-0.19630300
0.45287600
0.12160100
1.44019700
0.20234600
1.10613600
1.76408400
1.95837400
1.35874900
2.53284000
-0.73760300
-0.16071400
-1.43290400
-1.51767400
-2.56966500
0.62334600
-0.24033900
0.35638500
-1.34959700
-0.08056700
-0.75017300
-1.59305600
-2.04402500
-0.96647700
-2.46128400
1.36973300
0.91104200
2.04743600
0.26538400
0.56818800
0.27207700
-0.18444700
0.16140500
0.58617400
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C 10.70558937  -3.70525415 -0.50787700
C 10.98421537  -2.41038215 -0.99251900
C 11.67821437  -4.70942915 -0.66897700
C 12.19156837  -2.14154415 -1.62441600
H 10.26125737  -1.61024315 -0.86548100
C 12.88639637  -4.43790015  -1.30475600
H 11.47493437  -5.71003115 -0.29614700
C 13.14542337  -3.15322815  -1.78504400
H 12.39606037  -1.14031515 -1.99126100
H 13.62424937  -5.22500115  -1.42463300
H 14.08756137  -2.93705315 -2.27943600
C 6.07811137  -2.78004915 3.45993200
H 5.47466637  -2.33415415 2.66726800
H 5.70323937  -3.80092015 3.63718000
C 8.30110837  -3.93050415 3.52391300
H 7.72576137  -4.83707615 3.72558800
H 9.13125537  -4.16622015 2.85128400
H 8.71968737  -3.55167115 4.46232900
C 8.13441337  -1.64157515 2.73731200
H 9.11090237  -1.81124915 2.28132600
H 7.54532237  -0.99306015 2.09035500
H 8.24997237  -1.16795715 3.71511600
C 4.78608037  -1.12586715 4.65142900
H 4.65652537  -0.60367415 3.69957800
H 3.88188437  -1.73260715 4.83894800
H 486441237  -0.38374815 5.45249100
N 6.01083037  -1.92908615 4.62349500
C 6.21475737  -2.62880315 5.88878200
H 7.17790637  -3.14387115 5.89901300
H 6.21916037  -1.90307715 6.70715900
H 5.42296137  -3.37253915 6.09257400
C 7.15607737  -3.64490115 0.96570900
H 7.13920637  -4.67557215 1.32236400
N 7.44243237  -2.93005115 2.88184500
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0.01552662
-0.57721538
1.40589162
1.91196062
-1.56188238
2.00138462
-0.65391138
-0.11695938
3.24574262
3.76389662
5.17675462
5.12093162
5.11178862
1.22665762
3.95140962
-1.89182138
5.29816462
1.59218162
0.14395062
-0.27322638
-1.12365938
-0.67816338
-1.71719538
-1.06085938
-3.07740938
-1.79131238
0.00179462
-3.80585338
-3.15447438
-1.30037538
-4.86398038
-3.71139738
-3.57358138
-4.09373838
-4.27005338
-2.30140738
-2.41698338
6.16681062
6.40979862
6.88660462
7.41602462
5.81311162
7.89269862
8.15632762

-0.27950310
0.97750890
1.64754590
0.35317290
1.17048890
2.37727890
-1.38107110
-2.53460410
-0.02860610
-1.18720010
0.34868690
-1.06898410
0.35403090
-0.59132610
0.96677590
-1.17916710
-1.88819410
-3.12340010
1.95735990
2.94953590
-3.38311010
-3.81958910
-4.41351410
-5.46544210
-4.17340510
-6.28341010
-5.62735110
-4.99458110
-6.04958510
-7.10631010
-4.81782010
-6.69359510
-2.99634610
-2.24285310
-3.31555910
-2.40263910
-2.12896510
-1.00551010
-1.94804810
0.19158690
-1.69017710
-2.85253110
0.44614290
-0.50459110

S31

-0.00020325
0.14534575
1.32554675
1.12646175
-0.26355425
1.86010675
-0.71025625
-0.91028125
1.63371175
1.53464875
2.74180675
2.08886375
3.83238475
0.47530475
2.24599075
-1.17877525
2.79363575
-0.19445625
0.82654675
0.96515275
-1.58291025
-2.48123125
-0.64899025
-0.01179225
-0.43549025
0.85148875
-0.17160425
0.42459375
1.06700075
1.36288175
0.59605175
1.74109175
-1.24737225
-0.64664125
-2.03214325
-1.87516125
-2.92458225
0.99568575
-0.00060825
1.05274275
-0.93397725
-0.05191825
0.12098775
-0.86807925
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7.63055562
8.46116362
8.93954362
6.42614262
6.18717462
7.18954462
3.00192462
3.92344162
6.18434862
5.94372462
7.41397462
7.58007562
8.55544562
9.60299862
8.61578062
10.66421162
9.56477362
9.67837162
7.83118562
10.70271962
11.45761162
9.71334262
11.52971962
4.50581262
3.34193962
3.79643462
2.65921362
5.60472262
6.42383962
5.95600062
5.21437762
4.00990062
3.29494662
4.85561062
3.54615662
2.73891462
2.95597262
2.38383462
2.64799162
4.01642562
1.34226862
1.03676162
0.66056162
1.23068362

-2.41368310
1.37175290
-0.32006610
1.06368890
2.08875390
1.13261890
-4.22960910
-4.98864610
-5.63783910
-5.53736510
-5.34849510
-5.36348610
-4.90885610
-4.22245110
-5.09338510
-3.70228910
-4.07041510
-4.57938310
-5.64659510
-3.87522710
-3.15982110
-4.72997810
-3.47294910
-7.38912810
-7.54234510
-7.32441310
-6.73168310
-8.33253210
-8.19621210
-8.11245610
-9.34886410
-7.67556010
-6.89686510
-7.66065810
-8.66111110
-8.82890610
-9.68190310
-9.34470810
10.70433810
-9.70328810
-8.82790610
-9.85068510
-8.43509910
-8.22096510

532

-1.71350225
0.15838075
-1.59775125
2.20137275
1.89870075
2.98701975
0.24706075
0.54055675
-0.08986025
-1.14406925
0.36757175
1.44532375
-0.43590125
0.19836175
-1.82873225
-0.53865425
1.27367575
-2.56425025
-2.33652825
-1.92249825
-0.03390425
-3.63908625
-2.49963925
0.71987775
1.73411475
2.70550775
1.47545675
1.06553275
0.36054575
2.07591075
1.01389975
-0.65880925
-0.92747925
-1.34599425
-0.65043825
1.67526175
2.84452875
3.72440875
2.60798775
3.10790975
1.23660075
0.99819275
2.00914575
0.33446675



int-3

u
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5.02102762
5.35472962

+

-0.21739132
0.35218268
-1.81883932
-2.28859932
1.40192868
-2.50020932
0.57167068
0.06384168
-3.69927932
-4.16651032
-5.84072932
-5.62459932
-5.99023632
-1.50298332
-4.54764132
1.90263068
-6.02680932
-1.75910932
-0.47751632
-0.08307632
1.18373768
1.03931268
1.35032668
0.46649368
2.54370568
0.79555168
-0.46024332
2.86768168
1.98670068
0.12949868
3.79484468

-5.88326410
-5.82787110

0.43478260
-0.66361040
-1.09221540
0.04106660
-0.89644740
-1.66930840
1.29758960
2.18877660
0.46610660
1.59409960
0.21578460
1.47960960
0.41325460
0.78613060
-0.45326940
1.15786960
2.39417060
2.82189660
-1.44195740
-2.30987040
2.90802260
2.88775060
4.30423660
5.37737660
4.41881760
6.58067160
5.27721760
5.62078960
6.69978660
7.43463560
5.72269360

S33

0.82384975
1.86829075

0.00000000
0.65127800
1.58671500
0.90512200
0.51724800
2.19987700
-0.89649300
-1.67608000
1.02313600
0.65172300
1.69442000
0.81404000
2.75922800
0.12092800
1.56574300
-0.89393900
1.26354100
-1.63297900
1.45704000
1.97539900
-2.32566300
-3.40911400
-1.76905800
-1.88137400
-1.05061900
-1.25369200
-2.43864400
-0.42111000
-0.52642200
-1.34117900
0.13585600
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2.23447068
3.36082368
3.64500768
4.28936068
2.45032468
2.96062768
-6.31525232
-6.21423932
-7.08615932
-6.95306832
-5.55564332
-7.82177832
-7.76024232
-6.89263632
-8.42478732
-8.32888332
-6.96859332
-6.73461032
-7.89440032
-3.21675632
-4.05874132
-6.35053932
-6.39780032
-1.46732432
-7.37930732
-8.82651732
-9.08244432
-9.91553832
10.38910032
-8.26115832
11.22420632
-9.73037532
11.46475232
10.56736532
12.05435932
12.48371332
-4.36170032
-2.90989232
-2.42144632
-3.02461632
-5.18106032
-5.17778332
-6.20170232
-4.74002832

7.64320760
3.14587660
2.76336460
3.29548860
2.13792460
1.56303960
1.12213960
1.76815560
-0.03617440
1.27077160
2.62063560
-0.52941240
0.13849960
1.76388160
-1.42720840
-0.23715540
-0.60549740
-1.67505740
-0.47311740
3.94781760
4.80800960
5.17985660
4.14859260
5.83369960
6.86805760
5.28724760
3.90656060
6.16821860
3.43124660
3.19954560
5.69058560
7.23559160
4.32020360
2.36175460
6.38567360
3.94491660
6.12900960
6.64351260
5.84011060
7.50889360
7.20293360
8.07920860
6.84234360
7.45036960

S34

-0.04856800
-1.11169700
-0.12568300
-1.67539100
-1.83722500
-2.61011800
-0.48944900
-1.72136200
-0.34121100
-2.79800600
-1.84702900
-1.41781400
-2.64384600
-3.76356300
-1.31179100
-3.48943900
1.05614400
1.06926600
1.63105100
-1.63852300
-1.39180600
-0.62493400
-0.29574400
-0.98562200
-1.32149500
-0.98218900
-0.88196700
-1.09191900
-0.87440700
-0.84850700
-1.07688800
-1.18493000
-0.96600800
-0.81219900
-1.15833800
-0.96348500
0.65926300
0.44231500
-0.10627400
-0.21753200
1.28568700
0.63365700
1.40763900
2.25124000



-4.33847632
-5.36551332
-3.86908232
-3.78524732
-1.12965332
-1.40540532
-0.24171432
-0.86880632
-2.26339032
-1.96521632
-2.84860132
-1.68188332
-1.13847932
-4.97000232
-5.00817732

Isosurface of condensed f* Fukui function

4.92985960
4.67477360
4.09883060
5.19986160
6.09129860
5.04401360
6.30402860
6.23099260
6.95918860
8.37439460
8.98477760
8.53344560
8.73126960
5.74555660
6.71730560

S35

1.55275400
1.81274300
1.02266600
2.45139500
2.00259600
1.85474900
1.38818100
3.05605200
1.66827800
1.87955600
1.67459900
2.92411200
1.24250200

-0.77020500
-1.27758900

.3 Condensed dual descriptor and condensed Fukui function of int-1




7.4 Wave functions analysis of int-1

Hirshfeld charges, condensed Fukui functions and condensed dual descriptors (CDD)
Units used below are "e" (elementary charge)

Atom qm) Q(N+1) qN-1) f f* 0 CDD
1(C) 0.0594 0.0552 0.0619 0.0025 0.0043 0.0034 0.0018
2(C) -0.0135 -0.0284 0.0035 0.0171  0.0149 0.0160 -0.0022
3(C) -0.0118 -0.0233 0.0060 0.0177  0.0115 0.0146 -0.0062
4(C) 0.0721 0.0715 0.0787 0.0067  0.0006 0.0036 -0.0061
5(H) 0.0665 0.0566 0.0777 0.0111 0.0100 0.0106 -0.0011
6(H) 0.0653 0.0577 0.0767 0.0114 0.0076 0.0095 -0.0038
7(C) 01601 01502 0.1731 0.0130  0.0099 0.0115 -0.0031
8(N) -0.1537 -0.1493 -0.1616 -0.0079 -0.0044 -0.0061 0.0035
9(C) 01370 01270 0.1426 0.0056  0.0100 0.0078  0.0045
10(N) -0.1558 -0.1385 -0.1629 -0.0071 -0.0173 -0.0122 -0.0102
11(C) 0.0684 0.0646 0.0734 0.0050 0.0038 0.0044 -0.0013
12(C) 0.0198 0.0251 0.0193 -0.0005 -0.0053 -0.0029 -0.0048
13(H) 0.0458  0.0402 0.0523 0.0065 0.0056 0.0061 -0.0009
14(N) -0.1011 -0.0979 -0.0996 0.0015 -0.0032 -0.0008 -0.0048
15(0) -0.1340 -0.1478 -0.1215 0.0124 0.0139 0.0132 0.0014
16(0) -0.1091 -0.1217 -0.0897 0.0194 0.0126 0.0160 -0.0068
17(H) 0.0367  0.0466 0.0349 -0.0018 -0.0098 -0.0058 -0.0080
18(Cu) 0.2477 0.1576  0.4726  0.2249 0.0902 0.1575 -0.1348
19(C) 0.0057 -0.0106 0.0266 0.0210  0.0163 0.0186 -0.0047
20(H) 0.0711 0.0598 0.0845 0.0134  0.0113 0.0123 -0.0021
21(C) 0.0313 0.0308 0.0339 0.0025  0.0005 0.0015 -0.0020
22(H) 0.0537 0.0508 0.0604 0.0067  0.0030 0.0048 -0.0037
23(C) -0.0187 -0.0144 -0.0203 -0.0016 -0.0043 -0.0030 -0.0027
24(C) -0.0361 -0.0285 -0.0267 0.0094 -0.0076 0.0009 -0.0170
25(C) -0.0047 -0.0082 0.0117 0.0164  0.0035 0.0099 -0.0129
26(C) -0.0319 -0.0336 -0.0096 0.0223  0.0017 0.0120 -0.0207
27(H) 0.0449 0.0514 0.0447 -0.0001 -0.0065 -0.0033 -0.0064
28(C) -0.0364 -0.0460 -0.0091 0.0273  0.0096 0.0184 -0.0177
29(C) -0.0276 -0.0363 -0.0102 0.0174  0.0087 0.0131 -0.0087
30(H) 0.0518 0.0503 0.0624 0.0105 0.0015 0.0060 -0.0091
31(H) 0.0516 0.0439 0.0657 0.0141  0.0077 0.0109 -0.0064
32(H) 0.0535 0.0464 0.0663 0.0128  0.0072 0.0100 -0.0056
33(C) -0.0442 -0.0480 -0.0374 0.0068  0.0038 0.0053 -0.0030
34(H) 0.0490 0.0442 0.0579 0.0089  0.0048 0.0069 -0.0041
35(H) 0.0507 0.0432 0.0635 0.0128 0.0075 0.0101 -0.0053
36(C) 0.0786  0.0738 0.0873 0.0087 0.0048 0.0068 -0.0039
37(H) 0.0543 0.0474 0.0655 0.0111 0.0069 0.0090 -0.0042
38(C) -0.0132 -0.0044 -0.0151 -0.0019 -0.0089 -0.0054 -0.0070
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39(C)
40(C)
41(C)
42(H)
43(C)
44(C)
45(H)
46(H)
47(H)
48(C)
49(H)
50(H)
51(C)
52(C)
53(C)
54(H)
55(C)
56(H)
57(C)
58(H)
59(C)
60(C)
61(C)
62(C)
63(H)
64(C)
65(H)
66(C)
67(H)
68(H)
69(H)

-0.0381
-0.0033
-0.0359
0.0451
-0.0369
-0.0337
0.0506
0.0510
0.0515
-0.0453
0.0489
0.0465
-0.1483
-0.0618
0.0511
0.0715
-0.0275
0.0484
0.0312
0.0598
-0.0006
-0.0139
-0.0169
-0.0243
0.0552
-0.0247
0.0415
-0.0019
0.0599
0.0561
0.0616

-0.0278
-0.0059
-0.0380
0.0515
-0.0463
-0.0417
0.0458
0.0418
0.0427
-0.0491
0.0402
0.0418
-0.2683
-0.1071
-0.0463
0.0377
-0.0490
0.0346
-0.0587
0.0309
-0.0081
-0.0506
-0.0482
-0.0516
0.0368
-0.0494
0.0305
-0.0572
0.0387
0.0377
0.0350

-0.0435 -0.0054
0.0021  0.0054
-0.0302  0.0057
0.0396  -0.0055
-0.0262  0.0107
-0.0202 0.0135
0.0555  0.0049
0.0595  0.0086
0.0604 0.0088
-0.0415 0.0038
0.0564 0.0075
0.0529  0.0064
-0.1506  -0.0023
-0.0131  0.0486
0.0700  0.0189
0.0860  0.0145
0.0009 0.0284
0.0552  0.0068
0.0655  0.0344
0.0744  0.0146
0.0189  0.0195
0.0124  0.0263
0.0017  0.0187
-0.0011  0.0232
0.0686  0.0134
-0.0059 0.0188
0.0469  0.0053
0.0419  0.0438
0.0755  0.0156
0.0681  0.0119
0.0805 0.0189

-0.0103
0.0026
0.0021
-0.0064
0.0094
0.0080
0.0048
0.0092
0.0088
0.0037
0.0087
0.0047
0.1199
0.0454
0.0974
0.0337
0.0215
0.0138
0.0899
0.0288
0.0075
0.0366
0.0313
0.0273
0.0184
0.0247
0.0111
0.0553
0.0212
0.0184
0.0266

-0.0079
0.0040
0.0039
-0.0059
0.0101
0.0108
0.0048
0.0089
0.0088
0.0038
0.0081
0.0055
0.0588
0.0470
0.0581
0.0241
0.0249
0.0103
0.0621
0.0217
0.0135
0.0315
0.0250
0.0252
0.0159
0.0218
0.0082
0.0496
0.0184
0.0152
0.0228

-0.0049
-0.0028
-0.0036
-0.0009
-0.0013
-0.0055
-0.0002
0.0006
-0.0001
-0.0001
0.0012
-0.0018
0.1222
-0.0033
0.0785
0.0192
-0.0069
0.0070
0.0556
0.0143
-0.0119
0.0103
0.0126
0.0041
0.0049
0.0059
0.0057
0.0115
0.0055
0.0065
0.0077

Condensed local electrophilicity/nucleophilicity index (e*eV)

Atom Electrophilicity Nucleophilicity
1(C) 0.02322 0.00161
2(C) 0.08113 0.01103
3(C) 0.06302 0.01148
4(C) 0.00324 0.00431
5(H) 0.05458 0.00719
6(H) 0.04138 0.00735
7(C) 0.05417 0.00842
8(N) -0.02395 -0.00510
9(C) 0.05489 0.00360
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10(N)
11(C)
12(C)
13(H)
14(N)
15(0)
16(0)
17(H)
18(Cu)
19(C)
20(H)
21(C)
22(H)
23(C)
24(C)
25(C)
26(C)
27(H)
28(C)
29(C)
30(H)
31(H)
32(H)
33(C)
34(H)
35(H)
36(C)
37(H)
38(C)
39(C)
40(C)
41(C)
42(H)
43(C)
44(C)
45(H)
46(H)
47(H)
48(C)
49(H)
50(H)
51(C)
52(C)
53(C)

-0.09459
0.02051
-0.02904
0.03076
-0.01765
0.07580
0.06880
-0.05376
0.14544
0.08879
0.06166
0.00276
0.01615
-0.02347
-0.04132
0.01917
0.00918
-0.03577
0.05228
0.04767
0.00812
0.04196
0.03929
0.02057
0.02646
0.04082
0.02616
0.03781
-0.04851
-0.05638
0.01409
0.01140
-0.03502
0.05148
0.04380
0.02595
0.05001
0.04792
0.02025
0.04756
0.02543
0.65516
0.24776
0.53204

-0.00458
0.00326
-0.00032
0.00421
0.00099
0.00804
0.01255
-0.00117

0.01355
0.00866
0.00163
0.00431
-0.00105
0.00608
0.01059
0.01444
-0.00008
0.01766
0.01128
0.00682
0.00911
0.00825
0.00440
0.00576
0.00827
0.00565
0.00719
-0.00123
-0.00348
0.00347
0.00367
-0.00354
0.00693
0.00872
0.00319
0.00553
0.00572
0.00247
0.00488
0.00415
-0.00148
0.03145
0.01223
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54(H)
55(C)
56(H)
57(C)
58(H)
59(C)
60(C)
61(C)
62(C)
63(H)
64(C)
65(H)
66(C)
67(H)
68(H)
69(H)

0.18419
0.11758
0.07527
0.49123
0.15760
0.04121
0.20000
0.17099
0.14895
0.10028
0.13499
0.06057
0.30220
0.11558
0.10057
0.14533

0.00938
0.01835
0.00440
0.02222
0.00942
0.01260
0.01701
0.01208
0.01499
0.00868
0.01217
0.00345
0.02833
0.01010
0.00772
0.01222
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541



= an 7

6T~
g6z’

7R
L5
TLS
TS
SL°S
SL'S
SL'S 1
9L°S
509 1
5099
L0°9 Y
L0794
€€°9
SE'9
LE'D
6€°9
42
zeL
€€°L
€€'L
€€°L
vEL

—

=

OBoc

4

1a, '"H NMR

CDCly

JPR— )

SE€L
9¢e'L
LEL
LEL

—_—

7.5

£1 (ppm)

542



T

Ve —

16'C
16'¢C V

69°S
69°S
0L's
€L'S
€L°S
VLS
09
€09
[45°]
V€9 —

wm.m\
8¢9
9T'L
wﬁ.h/
€L

mNN\
9T’L

OBoc

V4

—

1b, "H NMR

CDCly

L

FLE6

M/mm.o

00T

H\Oo.._”

51T
e

1 (ppm)

L1 —

|

v8'LT

€10ad01°LL

slhgacc

€1002 5894 /

800
mo.mn%

LT°T8 \
69°C8

€0'ITT —

8T°LTT 7.
ovezr/
8LVET —
TS'8ET ~
8E'THT ~.

¢9°TSsT —

OBoc

4

1b, 13C NMR

cDCly

ull |

110

130

150

170

80

£1 (ppm)

543



00°0- —

N
<
o

6T

€6°C

90'S 1
0L°'S 1
04°'S
04°S 7§
TL°S
VLS
VLS
vL°S
SL'S 1
109 1
c0'9 1
€09 1
€09
0€'9 1
228 |
V€9 §
9€'9
6’9 1
69 1
769
96°9 1
869 1
9T'L #

T T

8TL
0€'L |
mWNQW

veL
LEL
8€'L
6€°L
VL
(44
wL
L

OBoc

CDCl,

N

ro

,

o

s

Fs

o

806 | °

o

[

Fei

Tuoé | °

<

o

o

<

F<

o

Feoz [<

Yoo [

F66°0 [ <
mooa

Fs

Fooe | =

-

%mqw ©

[

o

[

6L°S
08's
€8'S
€8S
[4%]
19 V
879
6C'9
[4]
€€°9
vS'L
99'L
89L
89'L~

omﬁ\
61'8
mHAwV
18
18
€C'8
€C'8

OBoc

S

I/

—

V4

NO,

1d, '"H NMR

CDCly

FG8'8

Wmm.o
v66°0
m\oo.ﬁ

PE0'T
oot

Fooz

(ppm)

f1

544



N
b
i

S6'T~
s6z”/

LS
€L4°S
€L°S
hh.mg
LLs Y
109
209
LT9
NN.m)
679
6C°9 A
T€9
T€9
€€'9
€€9
veL
9T'L
veL
SE'L
SE'L
SEL

—

—

I

OBoc

V4

Cl

1e, 'TH NMR

cDCl,

Fsoe

Wﬁo.ﬂ

FHO.H

Feot

KOO.H

0’1
H\Oo.N

0T

(ppm)

1

00°0-—

17

S6'C
mm.Nv.

s
s
€S
9L's
9L's
LS
009
S@V
LTI~
87'9-F
1€°9
59
sTL
9z'L
(L
(L
Sv'L
Sv'L
'L
0s'L
152

e 2

OBoc

Y4

=
1f, '"H NMR

Br

cDCly

=076

J

AL Fot

- H/o.u.._”

oot

H\oO.H

k9t

Hoz

T

1.0
f1 (ppm)

6.5

7.0

7.5

8.0

545



00°0-—

L
3
o

S6'C
mm.mv

TLS
205
205
AR
9L's Y
96y
mmm,ﬁ
L6
86'S |

97’9
wm.wV
om.o\
ce9
80°L
o._”.h%

[AvEe
9zLf
0€'L
zeL
zeL
S9'L
99,
L9t
69°'L
oL

/

/

/

/

OBoc

4

1g, '"H NMR

CDCl,

=106

Aot
AoT

m\oo.ﬁ

=0T
0T

0.0

5 0

0

6.5

0

8.5

0

1 (ppm)

I= 727

v6'C
S6°C v

T6€

OBoc

4

1/

COOMe

1h, 'TH NMR

CDCly

Fees

He60

Fg
7960

H\Nm.o

460
bo60

Fest

1 (opm)

546



(13

6'C
€6°C v.

8¢

oS,
15 ]
L5
L'
L6
LS
2091
€09 1
T€91
T€9 1
€69 |
€6°9
€94
SE9+
LE°9
g9/
589

mw.oV
189 ﬂ
88'9
88'9
6891
269
qm.&
9T'L ]
9z,
871
o€

—

—

OBoc

Y4

OMe

i, '"H NMR

cDCl,

Feoe

H/oo._”

50T

H\OO.._”

wwm.ﬁ
10T

»S0'T

2.0

5

6.5

7.0

5

8.0

8.5

0

(ppm)

f1

060

96'C
96'C

SL'S
mh.m/
609
o._“.m/

679
AN

0€'9
mm.w\m
ve9
9T'L
8v'L
0S8’
[4A
€9°L —
mm.h\
8G°L
19°L

OBoc

V4

el

CF3

1j, '"H NMR

cDCl,

Bov'e -

2.0

2.5

0T

3.0

3.5

4.0

5

WHO.H
<0'T
0'T

7.0

8.0

5

(ppm)

S47



L6'C
L6'C

vLs
SL'S
6L'S
6L'S
86'S
66'S
66'S

9
Y9 Mw
97’9 “ﬂ
879
96'9
wde/

€0°L
vo'L
vo'L
S0°'L
90°'L
90°'L
YL
9T'L

OBoc

Cl

V4

e

/7

1k, "TH NMR

CDCly

N,

hoor

Mot

ﬁooa

@woa
o1

H/No.H

1 (ppm)

NS
¥

—— 558

68'¢C
68°C

v8'€ —

69'S
715
zLs A
€L°5
€69
€€°9
S€°9 1
s€'9 %
Le'9
LE°9
69
6€'9 ;W
Lrs~
883
189
88'9 Kw
689
6'9 4
«m.w%
969
869 |
9z
87'L ]
87,
veL
gL

//

/!

/]

OBoc

Y4

OMe

11, '"H NMR

cDCly

=6'C

Fo1

FE0'T
Foo'T

220'T

~po'T

/660
00T

£1 (ppm)

548



Il

[=7an7

€6°'C
6°'C

aL's
aL's
LLs
6L'S
6L'S
%3
€29
TY'9~
vy'9
L
viL
oL
oL
8v'L
6v'L
0s'L
0s'L
8L
3:92
v8'L
98'L

Ly

vl

OBoc

A

CDCl,

.

2

Feo

o1
Foo't

66T

0.0

0.5

0

5

2.0

2.5

7.5

8.0

5

8.

(ppm)

f1

S8'LC—

m_UDUmw.mN
€102 0T°LL /

e85

mo.wh*
dem\
OH.Hw\

16°C8

05111
0LveT
Lozt
05921
vsozt
6LLTT
€2'8eT V,
€821 —
ETEET ~,
SEEET w
60°SET

ET' VT —

19°CST —

OBoc

V4

1m, '3C NMR

CDCl,

110

130

(ppm)

f1

549



el

9¢'[

8Y'1

148
[

1€

m&aw

€60

f1 (ppm)

S50

OBoc
CDCl3

91°¢

1n, 'TH NMR

91°S
81°S
81°S
L9°S
89°¢
89°S
89°S
LS
s
s
s
919
8191
0T91

——

zT9’

JL

01

660

00T




ITe—

€6'C
€6'C v.

89°'s
69°S
69'S
69'S
s
€L's
€L°s
679

0€'9 AN
z€9

€€9

9¢9

LE9

0€L~
R
zeL
ge ]
veL ]
ses
9¢°L
LEL
8€L
6L

V4

OA

27, '"H NMR

CDCl,

860

00T

6.5

7.0

£1 (ppm)

€CTT—

¢0°SL
€120 $8'9L /

[aYalaWat i

€12ad se'LL \

HN.mh\
L0'18

S8T'ITT —

0€'LTT

4

c
=

OA

27, 3C NMR

CDCly

¢9'8¢T

08'8¢T

C6'LET —
€ETYT —

8691 —

S| —

30

60

100

110

T
120

130

150

T
160

T
180

(ppm)

f1

S51



10T~
6,17

1ST~
85z

we—

Qo

2¢, '"H NMR

cDCly

Hos

(ppm)

1

19t — E—

7L
@y
€211
€T
vTLA
YTLA
sz
972
8z
67,
Hm#

ON.BH~

cEeL
€€L

2e, "H NMR

cDCl,

\J = 70’8

- — Fogze

0

0.0

0

(ppm)

1

552



S0’ —

¢S'€E—
oLe—

6L9~
1897
LTL~
617

OMe

MeO

e

OMe

OMe

2f, 'TH NMR

CDCl,

DCM

Fo00¢

=96'L
=TTl

LT3

= av'8

5.0

T

£1 (ppm)

S53



1€¢

zs8'¢e
mm.NV.

ey
NN.#/

€Ty
MN&N
1494

€89
mw‘m/
£8°9
§2
wNNW
LeL

ogL
L
veL
ov'L
L
€v'L

CDCl,

8.0

5

iy —

9765 —

T0°9L
€120D S8'9L /

(Seaeaa——
€10ad s€’LL \
ST'8L

09zt \
veLer —-
hw.hNH\
£9°8C1
18'CeT
SS'9€T s/

3a, '3C NMR

CDCl,

| R

£1 (ppm)

S54



134

vec—

15¢C
Nm.NN.

Y44
A

iy
NN.wN.

vT°9
ST'9
81’9
6T'9
6L°9
mho%
€8'9
€8'9
NEN
vT'L
0€'L
EL

cDCly

6'S
16°¢C

Rs60

66’1
oe

3.0

3.5

6.5

7.0

7.5

8.0

6C°'TC—

6€TY —

L2765 —

€6'SL
€10a2 §8'9L /

€pas mmAR\
9e'8L

T'9ZT~,
19921
9g62T
TLTET
SLEET /
verer

3b, 15C NMR

cDCl,

110

130

1 (ppm)

S55



¢
of
A

~

n

~
[

wy
NN.wv.

L0'S —

81’9
oN.o%
79T
663

«m.w%
189
689 /f
10°L
€02
b0z )
veL]
ves
e
6€L
ov's
€L ]
vy

—r— o,

OBn

3¢, 'TH NMR

CDCly

Fse's
Feeo

(ppm)

f1

1444

Ces —

S0'0L

00'9L /
€102a2 §8'9L
€002 0T £L

€10ad se°LL
ST'8L

68'ZTT —
psv1T
99'6TT —
ss'LzT
89121

OBn

3c, '3C NMR

CDCly

v0'8¢T
mw.wNH\
nw.mmﬁ\
89°¢CeT

SO'LET
80'8€ET

vT'6ST —

A 1 | N

T
140

150

170

1 (ppm)

556



rA4

95°C
£S°C

(T~
i

S€9

wm.w/
6€'9 W
(4]

069

069 V
vm.w\‘
69

8V'L—+
0S'L
¢S'L
TLL
€LL
60’8
'8
97’8

e

/

J

IV

NO,

3d, '"H NMR

cDCl,

Forg
ot

Bot
660

Rot
Fe6°0

£1 (ppm)

67’ IV

90'6S —

¥S°9L
€10ad mw@m/

CSESOTEE
€12ad mmﬁh\

LS'LL

£V TTT ~
liacatd
6567~
85°0€T -7
om.omﬁx
LETET

ve'ger

89'8VT —

NO,

3d, "’C NMR

CDCl,

1 1 I

T
160

L70

1 (ppm)

S57



TECT~

€5°C
€5°¢C v

wr
€y’

Cl

3e, '"HNMR

cDCly

Fes's
Feot

Feo

Fov'e
Fsot

(ppm)

1

iy —

ST'65 —

€C°9L
€10ad mwdm/

€12ad se'LL H\

€6°LL

€8'vCI /
vL°9ZT

18°/2T V
S8'8CT N
68'6C1

95°T€ET
Z9'vET
vv'8ET

—_——es

Cl

3e, 3C NMR

cDCl,

110

130

150

T
160

T
170

1 (ppm)

558



Fs
o
(=]
[ o
0€°Z ~ 1609 iy —
€5 o
mm.wv — £96°0 [«
-
) €1°65 —
e
b
€9
| = €nad mm.mm/
wy T sseseRet
NN.,«W — -— kot €120 mm.kx
€Ty \\ o% €6'LL
\ x
o -
\N Z 0 - \\
/ T Aa . \
~ R (&) Fo zZ
& / )
@
0z'9 | o
HN@/ © .
_ v8°ZZT
ves ~ = lso1 crert /
sC9 L Nm.wﬁ/
wm.w/ m@mﬁ/
08 wv -~ E Foo't LTOET ~
08’9 | = toet
LTLN - £VTET
mﬁnﬂ —~ p— g0t €L°8€T —
1L T = Mrz |,
€L — _ POT [
€€L
9g°L -
8L [
95,
o

£1 (ppm)

559

100

Br
3f, 13C NMR
CDCly

110

120

130

140

150

160

170




€<

ST —

wy
wy v

819
mdw/
44
mN.w\
€49
R@M
€0°L~\
so'LT
LO°L
mm.n\
LEL
95°L
8S°L
9L°L

/

I A

CDCly

e

JL

T

Feot

ot

H/No.._“

Mot

0’1
H\%m.o
H\mm.o

0.5

f1 (ppm)

SY' T

€1°65 —

61°9L
€100a2 S8'9L /

SSESoTEE
€102ad mm.hn\

L6°LL

0L'v6 —

78'SCT
58'87T

ZE0ET M
8CTTIET
TL'SET —
G.mmﬁw
18'8€T

cDCly

SN |

1 (ppm)

S60



r44

1404
SS°C v.

6-€

mN.w/

9Tv —

/

;

I

Y4

COOMe

3h, "TH NMR

cDCl,

jARC]
S0t

Rzo1
Mot
SO
yS0T

(ppm)

1

vees —

9T'6S —

LT°9L
€100D0 6892 /

€10aD S€°LL H\

6'LL

88'LCT
67'8¢T
SL°8CT
£8'8CT A
09°0€T
76'0€T
96'T€ET \

S8'9¢€T

20°L9T —

COOMe

3h, '3C NMR

CDCly

110

130

140

T
150

170

(ppm)

f1

S61



TE€T~

[Aw4
mm.wv.

8¢ —

[ Y4
MN&WV
vy

08’9
8’9
89
v8'9
89

s6'9 /f
002
10,

L
veL
9C'L

~N
i, '"H NMR
CDCly

OMe

/

ri)

To.w

ot

=o€

Tooc
=TT
H/NO.H

00T

(ppm)

1

S

87'SS —
0765 —

90°9L
€202 S8°9L

€10ad s€°/L
LT'8L

S=a-Ca-as rr\\‘

LLTTT—
erert’
6E'6TT ~

vSLZT—
€962/
sczer”
86'LET ~

L8'6ST —

OMe

3i, '3C NMR

cDCly

P A

110

130

150

(ppm)

fl

S62



TEC

vsc—

Y& 4
mN.wv.

LT9
879
1€9
(43"}

189~
1697

L
vw.h/
L —
mv.hx
18°L
LS'L

6S5°L
S9°L

/

/

I

CF3

3j, '"HNMR

1y

cDCly

Fves
660

ot

Toot
60
%m.o

Rg6
Yoo

0.0

7.5

8.0

(ppm)

1

LY TV —

3j, 5C NMR

CDCly

7165 —
o
L
O
seos
€10ad mwﬁ/
e
€002 mm.kx
182
SveeT =
8y €T <
15°€ZT _ =
vSETT s
SY'ETT e et 3
i 6€vZT i |z
BUECL{ oo 2
TSECTY gpper Pols.
vsEzT i
9E"veT = [=°
SEVILY  ergry 1 =
evvet Q.mﬁ/ g
MM.MMH 0L'62T " - R
. TL°0€T z
MM.MM mm.oﬂ% _ .
. ETTET~ - =
8y TET =
€TTET
ev'TET
8v'TET

€eLET

(ppm)

1

S63



-49.47

CF,4
3j, °F NMR
CDClj4
T T T T T T T T T T T T T T T T T T T T T T T
40 30 20 10 0 -10 -20 =30 -10 -50 -60 =70 -80 -90 -100 -110 -120 -130 —140 -150 -160 -170 —180 -1
£1 (ppm)

S64



0T

€5°C—

[4a4
€Y v.

179
779 W
sz9T
979
L9
8.9 V
069
66'9
0L )

8T°L \

Cl

3k, '"H NMR

CDCl,

J

S

IS AKC]
60

Fzot

Feot

H/oO.H
Fooz
y20°1T

(ppm)

1

065 —

EERSET
EPPI ¢V LL
S9'LL

7oL
€1PPd wm.mm/

vm.HHH
S8'ITT V
CTSTT ~
LY'STT /
s8¢t
88'¢CT
LE0ET
6S°0€T /
¢9°0€T
m._”.mm._”\
0€'SET
98'6€1
76°'6€T

69°19T ~
9T'¥9T —

Cl

3k, '3C NMR

CDCly

110

130

140

170

(ppm)

f1

S65



-98.01

.,
N
F. .
X
o]
3k, 19F NMR
CDCl4
T T T T T T T T T T T T T T T T T T T T T T T T
40 30 20 10 0 -10 -20 -30 -40 =50 —-60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1

f1 (ppm)

S66



Y44

18T~
[Anad

S8t —

v
\

7y
NN.?N.

€9
S¢9
LT°9

i

06'9 —
Nm.mxw
¥6'9

Ve
N:%
ST
otz
—
€L
€L
svs
svrz?

=t

CDCly

OMe
31, '"H NMR

/

Fezo
Foo't

Moz
786°0
~zo1
70'T

¢89S —
0L'65 —

18°'SL
€1Pp2 wn.mn/

(ppm)

f1

EFPPFoT£L

EPPI Y LL

HwAwm\

S6°0TT —
99°0¢t

95°'G¢T /
wm.nm.ﬁ/
98'LcT v

88°LCT
98°8¢T \

86'99T —

1 (ppm)

S67

cDCly

OMe
31, 3C NMR

100

110

120

130

140




CDCl,

oo
€60

Bot

660

Feze
I€0'T
6Tt

8.5

9.0

9.5

S€°65 —

80°9L
€1PP28L°9L

POt 22
€1PpP2 Nw.hh\

67°8L

(ppm)

f1

TL°€ecT
€0°9¢T
9¢€9¢t
¢8'9¢T
9°/LTT
viLLet
60°8¢1T \
[4°%:141
¢6'CET
9T'€eT
€9°€eT
TOvET

cDCl,

SSUR| SRS o e

1 (ppm)

S68



60°1 \

oLl
Nﬁ.ﬁ\

9T
LY'C
8Y'C
6v'C—
0L'C >
LT
€L'C
LT

Sty
'y

€29
¥T9
9C'9
LT9

$8°9-
8897
YL \
9T’ L F
€L
€L
vEL
'L
L

/\N/\ f
A

4a, "H NMR
CDCly

i

i~ r

FLo9

Foo'1

Wﬁo.ﬁ
?@.o

P
50T

H{m;

8.0

f1 (ppm)

S69



8T —

Ly'C
89'¢ /
ON.NV

we T
[ 7AK4 \

SEV~
9evy 7

08'9
v8'9
L
veL A
9z'L £
oL
(494
veL
ov'L
WL

- 0 @

4

N
4b, "H NMR

cDCly

Fot

WH._H.Q

Feot

4S0'T
BST°C
H/NO.N

£1 (ppm)

vs'er—

S8'67 —

06°'SS —

00°SL
€120a2 §8'9L /

I

TOQJ Ot 2L
€12ad29¢°LL
9L'6L

0L'9CT \
6G°LTT N
LT \
¥9°'8¢T
80°CET
€9'9¢€T /

4

4b, '3C NMR

CDCly

110

130

140

150

(ppm)

f1

S70



SS°C
95'¢C
85°¢C
65T~
69°C
0L'C
e

vLE
mh.mw
9L°€
wh.m\

6TV~
oz

6T'9
0z'9
79
vZ'9
89~
889~
22N
1€L—F
€L
vEL
ov'L
WL

V4

)
N
4c, "H NMR

cDCl,

Bot

Foot
JE0T

66’1
Hr_UO.N

9.5

(ppm)

f1

8S5°C
85°C

STE~
6t
Y€~
8g'€

1304
Nm.vw
[404

619
o~.m/
€79

vT9

88'9

wm.wV
Nm.wx
269

H:%
e
€zt
vz
67°L
62°L
1€
ees ]
9e'
e
e
2w

_.Bn

Bn.

4

4d, "H NMR

CDCly

i

-——— Foot

Feoz
Fooz

E /60

= F 10T

F oot

Tw.mﬁ

(ppm)

f1

S71



LS'C
ST v

SE'E-
6cc”
YR

6L'€
6TV
6TV
oe'v
ey
ey

91’9
D.ok
0z'9
3
89
58'9
98'9
98'9 ]
nw.m%
689
06'9 1
e
€L
sz'L
(T
oL
e
zee
oz
L5 ]
ges )

/
OMe

V4

4e, "TH NMR

OMe

CDCly

o1

oot

Fosv
m\._”o:_“
6°'S
(04

6.0

6.5

0

7.5

8.0

(ppm)

f1

89°€5 ~.
€LYS

TL'SL
€120D §8'9L

L

i

o

TouJ Ut LL
€12ad se°LL
c0'6L

S9'9¢T
60°LCT
€L°LTT L

OMe

OMe
A
4e, '8C NMR

A

CDCly

66-8¢F

8€'8¢T
09'8¢1
98'8¢1
€LCET
69'9€T
LS'6€T

10

20

30

40

5

60

70

80

90

100

110

120

130

140

150

160

170

(ppm)

f1

S72



