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1 General information

NMR characterization data were collected on Bruker ASCENDTM operating at 400 MHz or
bruker ASCENDTM 600 M. for 'H NMR, 101 MHz for *C{1H} NMR (with complete proton
decoupling), and 376 MHz for ’F{1H} NMR (with complete proton decoupling). '"H NMR and
BC{1H} NMR: chemical shifts  were recorded in ppm relative to tetramethylsilane and internally
referenced to the residual solvent signal (for 'H NMR: CDCls = 7.26 ppm; for 3C NMR: CDCl; =
77.16 ppm). ’F{1H} NMR Chemical shifts are reported in ppm with relative to CFCl; (external
reference, 8 ’F(CFCl3) = 0. Data were reported as follows: chemical shift, multiplicity (s = singlet,
d = doublet, t = triplet, q = quartet, dd = doublet of doublets, dt = doublet of triplets, m = multiplet),
coupling constants (Hz), integration. High performance liquid chromatography (HPLC) was
performed using Daicel Chiralcel columns at 23 °C with UV detector at 254 nm or 210 nm and
enantiomeric excesses were determined in comparison with the authentic racemates. UPC? analysis
used the corresponding commercial chiral column as stated in the experimental procedures at 35 °C.
High resolution mass spectra (HRMS) were performed on Thermo Q-Exactive Focus (ESI) and data
were reported as (m/z). Infrared spectra (IR) were recorded on Bruker Tensor II spectrometer with
Plantium ATR accessory and the peaks are reported as absorption maxima (v, cm!). Optical
rotations were measured on Rudolph Research Analytic Automatic Polarimeter, and reported as
follows: [a]p” (c: g/100 mL, in CH,Cl,), which were measured at the light of 405 nm. UV-vis
absorbance spectra were recorded on Hitachi U-3900H UV-vis spectrophotometer in a 10.0 mm
quartz cuvette. Emission spectra were measured on FlouroMax™ fluorescence spectrophotometer in
a 10.0 mm quartz cuvette. Cyclic voltammograms were obtained on a CHI 605E potentiostat. The
working electrode was glassy carbon electrode (¢ 3 mm * 15 mm), the auxiliary electrode was
platinum wire (¢ 0.5 mm * 37 mm) and the reference electrode was Ag/AgCl electrode. Unless
otherwise indicated, reagents obtained from commercial sources were used without further
purification. Solvents were dried and distilled prior to use according to the standard methods. Metal
salts obtained from commercial sources were used without further purification.

2 Synthesis of the Substrates

2.1 General procedure for the preparation of the cyclobutanone oxime esters.

The Cyclobutanone Oxime Esters were prepared according to reported methods.!!!
_OH _O__R'
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The procedure for the synthesis of cyclobutanone oxime: The ketone (5.0 mmol, 1.0 equiv) and
hydroxylamine hydrochloride (5.5 mmol, 1.1 equiv) were placed in a 100 mL flask equipped with
stirrer, and methanol (10 mL) was added. The pH of the solution was held at 7-8 by adding saturated
ag. sodium carbonate (10 mL). The resulting solution was stirred at 40 °C for 3h. After extraction
with ethyl acetate, the solution was dried over Na;SO. and evaporated to provide crude products
which were used in the next step without further purification.

2



The procedure for the synthesis of cyclobutanone oxime esters: To a solution of cyclobutanone
oxime (1.0 equiv.) in DCM (0.1 M) was added the carboxylic acid (1.1 equiv.), followed by EDCI
(1.1 equiv.) and DMAP (0.1 equiv.). The mixture was stirred at room temperature for 12h. The
mixture was extracted with DCM. The combined organic phase was dried over Na;SOa. The crude
product was purified by silicon chromatography (petroleum ether/ ethyl acetate, 2:1, v/v) to give
pure product.

cyclobutanone O-(4-methoxybenzoyl) oxime (A1)
Q white solid, 78% yield.
/N‘o»\Q\OMe 'H NMR (400 MHz, Chloroform-d) & (ppm) 8.00 (d, J = 8.8 Hz, 2H), 6.93
[r (d, J = 8.8 Hz, 2H), 3.87 (s, 3H), 3.13 (t, J = 8.0 Hz, 4H), 2.13 — 2.03 (m,
At 2H).
13C NMR (101 MHz, CDCls3) & (ppm) 168.7, 163.7, 163.4, 131.5, 121.1, 113.6, 55.4, 31.8, 31.7,
14.2.

cyclobutanone O-(2,4-dimethoxybenzoyl) oxime (A2)
o white solid, 75% yield.
N~o»\Q 'H NMR (400 MHz, Chloroform-d) & 7.84 (d, J = 8.6 Hz, 1H), 6.51 (dd, J =
[f/ Ve OMe ¢ 6, 2.4 Hz, 1H), 6.48 (d, J = 2.4 Hz, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.15 —
A2 3.04 (m, 4H), 2.08 (p, J = 8.2 Hz, 2H).
13C NMR (101 MHz, CDCl;) & 168.81, 164.55, 163.93, 161.29, 134.01,
111.47,104.81, 99.15, 56.08, 55.65, 32.25, 31.98, 14.38.

3-(benzyloxy)cyclobutan-1-one O-(2,4-dimethoxybenzoyl) oxime (A3)
o colourless oil, 78% yield.
N~o»\Q 'H NMR (400 MHz, Chloroform-d) & 7.74 (d, J = 8.6 Hz, 1H), 7.32 —
ﬁ Moo OMe 7 16 (m, 5H), 6.45 — 6.36 (m, 2H), 4.47 — 4.35 (m, 2H), 4.24 — 4.12 (m,
BnO A3 1H), 3.76 (d, J = 3.6 Hz, 6H), 3.33 — 3.18 (m, 2H), 3.07 — 2.89 (m, 2H).

3C NMR (101 MHz, CDCl3) & 164.57, 163.69, 162.45, 161.23, 137.29,
133.98, 128.60, 128.07, 127.96, 111.06, 104.82, 99.02, 71.15, 66.77, 55.97, 55.57, 53.53, 40.63, 40.27.

bicyclo[4.2.0]octa-1(6),2,4-trien-7-one O-(2,4-dimethoxybenzoyl) oxime (A4)
white solid, 58% yield.

O
N O»\Q 'H NMR (400 MHz, Chloroform-d) § 7.97 (d, J = 8.6 Hz, 1H), 7.54 — 7.46
@j/ MoG OMe (1, 2H), 7.43 — 7.29 (m, 2H), 6.57 (dd, J = 8.6, 2.4 Hz, 1H), 6.53 (d, J =
A 2.4 Hz, 1H), 4.03 (s, 2H), 3.92 (s, 3H), 3.88 (s, 3H).

13C NMR (101 MHz, CDCL3) § 164.64, 163.95, 161.23, 157.62, 146.05,
138.76, 134.19, 133.40, 128.54, 123.38, 111.01, 104.94, 99.09, 55.92, 55.58, 39.96.

tert-butyl 6-(((2,4-dimethoxybenzoyl)oxy)imino)-2-azaspiro[3.3]heptane-2-carboxylate (A5)
Q white solid, 80% yield.
/N‘<>>\\QOM,s 'H NMR (400 MHz, Chloroform-d) & 7.84 (d, J = 8.7 Hz, 1H), 6.52 (dd,
@d Meo J=8.6,2.3 Hz, 1H), 6.48 (d, J = 2.3 Hz, 1H), 4.05 (q, J = 9.2 Hz, 4H),
Boc AS 3.87 (d, J = 6.4 Hz, 6H), 3.32 — 3.25 (m, 4H), 1.44 (s, 9H).
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13C NMR (101 MHz, CDCls) 8 164.52, 163.40, 162.84, 161.12, 155.87, 133.84, 110.57, 104.77, 98.80,
79.64, 55.82, 55.43,42.93,42.58, 31.53, 28.22.

tert-butyl 2-(((2,4-dimethoxybenzoyl)oxy)imino)-7-azaspiro[3.5]nonane-7-carboxylate (A6)
Q white solid, 85% yield.
/N‘<J>\\QON|,e 'H NMR (400 MHz, Chloroform-d) & 7.84 (d, J= 8.7 Hz, 1H), 6.54 — 6.50
(Jg MeO (m, 1H), 6.48 (d, J = 2.4 Hz, 1H), 4.05 (q, J = 9.2 Hz, 4H), 3.87 (d, J = 6.4
Boc” Ao Hz, 6H), 3.32 — 3.25 (m, 4H), 1.44 (s, 9H).
I3C NMR (101 MHz, CDCls) 5 164.37, 164.22, 163.42, 161.03, 154.60, 133.70, 110.78, 104.68, 98.75,
79.41, 55.80, 55.36,41.87,41.59, 36.11, 32.99, 28.25.

3-(((2,4-dimethoxybenzoyl)oxy)imino)-2,2,4,4-tetramethylcyclobutan-1-one (A7)
0 white solid, 53% yield.
ﬂ;ﬁ\O»\Q\OM‘E '"H NMR (400 MHz, Chloroform-d) & 7.90 (d, J = 8.8 Hz, 1H), 6.55 (dd, J=
MeO 8.8,2.4 Hz, 1H), 6.49 (d, J=2.4 Hz, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 1.52 (s,
© A7 6H), 1.49 (s, 6H).
13C NMR (101 MHz, CDCls) § 215.01, 173.26, 164.85, 164.07, 161.01, 134.65, 110.91, 105.06, 99.07,
65.60, 63.09, 55.83, 55.71, 21.55, 19.77.

3 General procedure for the catalytic asymmetric reaction

CuOTf (10 mol%) O

_OR G-TqPy-3 (12 mol%)
N
L, OO X, - Cs,CO5 (4 eq.) H
DCM/PX = 0.3/0.7
440 nm, 10W CN
R = 2,4-(Me0),CcH3CO 5°C,44h

A2 B1 C1 D1

In a glove box, a dry reaction tube was charged with CuOTf (10 mol%), G-TqPy-3 (12 mol%) and
Cs2CO3 (0.4 mmol), then A2 (0.3 mmol), PX (0.7 mL) and dichloromethane (0.3 mL) were added.
Subsequently B1 (0.1 mmol) and C1 (0.3 mmol) were added into the above solution with a
microinjector. The mixture was stirred under 10 W LED (440 nm) irradiation at 5 °C. After 44 h,
the mixture was subjected to column chromatography on silica gel (eluent: petroleum ether/ acetone
=20/1, v/v) to afford the desired product.




4 Typical procedure for the synthesis of the ligand

Pd(BOH),

NC._N._Br pd(PPh,),, K,CO NC._N._Ph Pd/C, H, N._Ph
‘ N w, ‘ = conc. HCI HoN ‘ =
_— Tol / H,O / Et,OH = MeOH =
100 °C, 24 h
| 1
le) O
OH (BOC)ZO NaOH I1l, CICOOBu, NEt; N ‘ A
NH 1,4-Dioxane, H,0 Cc™m N PN
Boc
v Vi Ph
(0]
n| X
1. TFA, CH,CI, ch But! @)\N N‘
- weve Z
2. NaOH (2 M) dry THF A
-20 °C HN\ N . Ph
ipr T
G-TqPy-3

The procedure for the synthesis of II: 6-Chloro-2-pyridinecarbonitrile (5.55 g, 30 mmol),
phenylboric acid (4.40 g, 36 mmol), potassium carbonate (12.00 g, 90 mmol) and
tetrakis(triphenylphosphine)palladium (0) (1.04 g, 0.9 mmol) were placed in a 250 mL flask. The
mixture was deairated under reduced pressure for 3 times, then Tol (100 mL), Et,OH (30 mL) and
H.0 (30 mL) was added under nitrogen atmosphere. The reaction mixture was refluxed for 24 h.
After that, the mixture was washed with with ethyl acetate and water. The organic layer was washed
with saturated brine and dried over anhydrous sodium sulfate. The solvent was evaporated, and the
residue was subjected to a silica gel column chromatography. The crude product was purified by
silicon chromatography (petroleum ether/ ethyl acetate, 8:1, v/v) to give pure product. (4.8 g, 89 %).
The procedure for the synthesis of III: A Parr bottle was charged with Il (4.8 g, 26.70 mmol) and
methanol (150 mL). Stir vigorously to dissolve it. After adding 10% Pd-C (w/w, 1g) and
concentrated hydrochloric acid (15 mL), place the Parr bottle on a Parr Hydrogenation Apparatus
under 50 psig hydrogen at ambient temperature for 24 h. Filter the mixture through a pad of Celite.
The filtrate concentrated under reduced pressure to remove methanol. Then the mixture was washed
with with ethyl acetate and water. The water phase was collected and adjusted to alkaline with
saturated sodium hydroxide solution. The water phase was extracted with ethyl acetate, then the
combined organic layers were washed with saturated brine, dried over anhydrous Na>SOs,
concentrated in vacuo, Use crude product in next step without further purification.

The procedure for the synthesis of V: To a 250 mL round-bottom flask was added IV (6.75 g, 50
mmol), NaOH (2.2 g, 55 mmol), H,O (40 mL) and 1,4-Dixoane (60 mL). After fully dissolved,
(Boc)20 (13,10 g, 60 mmol) was added in ice bath. The reaction mixture was stirred overnight at
room temperature. After the 1,4-Dioxanet was removed under reduced pressure, the mixture was
adjusted with 1 M KHSO4 solution to acidity and extracted with DCM, the combined organics were
washed with saturated brine, dried over anhydrous Na,SOs, vaporated to provide crude products
which were used in the next step without further purification. (13.80 g, 99% yield)

The procedure for the synthesis of VI: To the solution of V (2.80 g, 10.0 mmol, 1.0 equiv.) in
CH,Cl, (20 mL) was added Et;N (1.12 g, 12 mmol, 1.2 equiv.), isobutyl carbonochloridate (1.64 g,
12.0 mmol, 1.2 equiv.)at 0 °C under stirring. After 30 min, III (2.20 g, 12.0 mmol, 1.2 equiv.) was
added. The reaction mixture was stirred at room temperature and detected by TLC. Overnight, the

mixture was washed with 1 M KHSO4 solution, saturated NaHCOs3 solution, brine, dried over
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anhydrous NaSQs, filtered, concentrated in vacuo, the crude product was purified by silicon
chromatography (ethyl acetate) to give pure product. (3.50 g, 80 %).

The procedure for the synthesis of VII: TFA (10 mL) was added to the solution of amide VI in
CHClI; (15 mL) at 0 °C. The mixture was warmed to room temperature and stirred for 1h. Then,
CH:Cl; (20 mL) was added. The pH value of the mixture was brought into the range of 10—12 by
the addition of 2 M NaOH solution. The aqueous phase was extracted with CH,Cl,. The combined
organic phase was washed with brine, dried over anhydrous Na,SOs, filtered and concentrated, the
residue was subjected to flash column chromatography on silica gel and eluted with EtOAc (1/1,
v/v) to give the white solid VII (2.41 g, 86% yield).

The procedure for the synthesis of G-TqPy-3: In an over-dried RB flask, amide VII (1.00 mmol,
1.0 equiv.) was dissolved in THF (20 mL) and cooled to -20 °C under nitrogen atmosphere. n-BuL
1(2.4 M in hexane, 2.2 mmol, 2.2 equiv.) was added dropwise. After stirring at -20 °C for 30 mins,
N,N’-diisopropylcarbodiimide (1.00 mmol, 1.0 equiv.) was added dropwise. The reaction mixture
was slowly warmed up to rt and further stirred for 48 h. The reaction was quenched with
ethanol and concentrated under reduced pressure. The residue was then purified by flash chromato
graphy on silica gel (eluent: DCM/MeOH/NEt; = 85:15:1). And the product was dissolved in ethyl
acetate and washed by saturated sodium bicarbonate solution to afford the corresponding guanidin
e (0.34 g, 73% yield). 2! 'H NMR (400 MHz, Chloroform-d) & 8.63 (s, 1H), 5 8.03 — 7.97 (m, 2H), 7.7
8 —7.62 (m, 2H), 7.48 — 7.31 (m, 4H), 7.15 — 7.10 (m, 3H), 7.02 — 6.97 (m, 1H), 6.12 (s, 1H), 4.28 - 3.6
1 (m, 6H), 3.71 — 3.28 (m, 1H), 2.95 — 2.79 (m, 1H), 1.23 — 1.05 (m, 12H). 3C NMR (101 MHz, CDCl
3) 8 173.31, 156.54, 156.45, 138.50, 138.34, 135.93, 135.83, 134.12, 134.07, 129.46, 129.36, 129.29, 12
8.86, 126.86, 126.51, 126.48, 126.25, 125.82, 120.32, 119.69, 56.78, 56.61, 47.55, 47.35, 31.45, 31.20,
24.28, 22.72. ESI-HRMS: calcd for C29H36NsO * ([M + H]*) = 470.2914, found 470.2918.

The synthesis of the following guanidines followed the similar procedures.
Guanidine G-TqPy-4:

o) white solid, 75% yield.
wN N Ph IH NMR (400 MHz, Chloroform-d) & 9.19 (s, 1H)3 8.55 (t, J = 5.4
N oA Nz Hz, 1H), 7.89 — 7.56 (m, 3H), 7.49 — 7.39 (m, 4H), 7.15 — 7.07 (m,
HN . N\i—Pr 3H), 7.03 - 6.97 (m, 1H), 6.12 (s, 1H), 4.32 — 3.56 (m, 6H), 3.21 —
-Pr

3.13 (m, 1H), 2.84 — 2.97 (m, 1H), 1.26 — 0.97 (m, 12H).
13C NMR (101 MHz, CDCl3) & 150.13, 149.89, 149.79, 137.82,
136.02, 135.85, 134.22, 134.13, 129.66, 129.52, 129.47, 127.37, 127.34, 126.62, 126.41, 126.37,
125.99, 121.57, 120.21, 56.90, 47.72, 47.63, 31.52, 22.90, 14.36.
Guanidine G-TqPy-5:

0 white solid, 68% yield.

@é)\N/\@ '"H NMR (400 MHz, Chloroform-d) & 8.76 — 8.72 (m, 1H), 7.88 —
H N& pr  7-81 (m, 1H), 7.61 — 7.36 (m, 6H), 7.14 — 7.07 (m, 3H), 7.03 — 6.98

G-TqPy-4

N
HN/L\ N . (m, 1H), 6.06 (s, 1H), 4.21 — 3.60 (m, 6H), 3.16 (dd, J=16.4, 4.8 Hz,
\ i-Pr
-Pr 1H), 2.97 — 2.84 (m, 1H), 1.10 — 1.21 (m, 12H).
G-TaPy-5 3BC NMR (101 MHz, CDCL) & 173.45, 156.68, 138.64, 138.48,

136.07, 135.97, 134.26, 134.21, 129.60, 129.50, 129.43, 129.00, 127.01, 126.65, 126.62, 126.39,
125.96, 120.46, 119.83, 56.92, 56.75, 47.69, 47.49, 31.59, 31.34, 24.42, 22.86.
Guanidine G-TqPy-6:



o white solid, 73% yield.
@)\N N TH NMR (400 MHz, Chloroform-d) 8 9.10 (s, 1H), & 7.77 (q, J = 8.2
N H Nz Hz, 1H), 7.56 — 7.38 (m, 1H), 7.22 — 7.15 (m, 2H), 7.16 — 7.08 (m, 5H),
HN)QNI, P%/ 7.07-6.95 (m, 1H), 6.15 (s, 1H), 4.25 -3.58 (m, 6H), 3.15 (dt, /=164,
4.4 Hz, 1H), 2.95 — 2.82 (m, 1H), 2.02 (d, /= 4.5 Hz, 6H), 1.07 - 1.19
G-TqPy-6 (m, 12H).
13C NMR (101 MHz, CDCI3) 8 173.32, 159.69, 140.27, 137.98, 136.03, 135.97, 135.93, 134.23,
134.18, 129.47, 129.41, 128.25, 127.80, 126.61, 126.57, 126.35, 125.96, 125.93, 124.39, 120.19,
56.92, 56.68, 47.69, 47.39, 31.81, 31.63,29.92, 22.88, 20.55, 14.35, 11.66.
Guanidine G-TqPy-7:
o white solid, 65% yield.
@)\N N 'H NMR (400 MHz, Chloroform-d) 8.00 — 7.97 (m, 2H), 7.74 — 7.66 (m,
N § N~
e

\
\, -
i-Pr

2H), 7.52 - 7.49 (m, 2H), 7.23 — 7.14 (m, 4H), 7.07 — 7.03 (m, 1H), 5.98 (s,

L Pr 1H), 4.29 — 3.55 (m, 6H), 3.24 — 3.17 (m, 1H), 2.96 — 2.89 (m, 1H), 1.38 (m,
 9H), 1.18-0.96 (m, 12H).
u
G-TaPy-7 13C NMR (101 MHz, CDCL) § 172.66, 156.49, 138.14, 136.23, 129.55,

126.75, 126.44, 126.41, 125.99, 125.96, 119.26, 56.92, 47.80, 35.00, 31.57, 31.47, 29.97, 21.43.
Guanidine G-TqPy-8:
o white solid, 68% yield.
©CNHLNI B TH NMR (400 MHz, Chloroform-d) & 8.99 (s, 1H)5 9.38 — 8.63 (m, 1H),
H

<~ N 7.93 — 7.87 (m, 2H), 7.76 — 7.66 (m, 2H), 7.55 — 7.50 (m, 1H), 7.32 —

"N, 7.23 (m, 1H), 7.19 — 7.11 (m, 3H), 7.08 — 6.99 (m, 1H), 5.98 (s, 1H),

Bu Bu 441 —3.54 (m, 6H), 3.27 —3.18 (m, 1H), 2.95 - 2.86 (m, 1H), 1.41 (d,
G-TqPy-8

J=17.6Hz, 18H), 1.18 — 0.95 (m, 12H).
13C NMR (101 MHz, CDCI3) § 172.64, 157.61, 151.42, 138.03, 136.20, 136.02, 134.52, 134.42,
129.59, 126.69, 126.42, 126.38, 125.96, 125.92, 123.61, 121.57, 121.54, 119.80, 57.14, 57.00, 48.09,
48.00, 35.28, 31.78, 31.45, 24.22.
Guanidine G-TqPy-9:
o] white solid, 77% yield.
@}N ™ TH NMR (400 MHz, Chloroform-d) 8 9.25 (s, 1H), 3 8.09 (d, /= 7.4
LN/HU Hz, 2H), 7.87 (d,J= 6.0 Hz, 1H), 7.72 — 7.59 (m, 3H), 7.50 — 7.42 (m,
HN‘,-.pr op 6H), 7.12 — 7.09 (m, 3H), 7.00 — 6.97 (m, 1H), 6.19 (s, 1H), 4.37 —
G-TqPy-8 3.58 (m, 6H), 3.19 (dd, J=16.4, 5.0 Hz, 1H), 2.98 —2.88 (m, 1H), 1.24
—1.10 (m, 12H).
13C NMR (101 MHz, CDCLy) & 173.22, 157.14, 157.06, 150.85, 138.78, 138.23, 135.97, 135.83,
134.17, 134.10, 129.52, 129.47, 129.37, 129.33, 128.91, 127.32, 127.29, 127.06, 126.52, 126.28,
126.25, 125.86, 118.49, 118.33, 117.98, 117.92, 56.81, 56.70, 47.53, 47.44, 31.45, 31.27, 23.29.
Guanidine G-TqPy-10:

0 white solid, 58% yield.
@CHLNﬁC' "H NMR (400 MHz, Chloroform-d) & 8.06 — 8.00 (m, 2H), 7.79 — 7.63
N H Nz (m, 2H), 7.49 — 7.38 (m, 3H), 7.16 — 7.10 (m, 3H), 7.04 — 6.99 (m,
HN/L\ N Ph 1H), 6.06 (s, 1H), 4.44 —3.54 (m, 6H), 3.23 —3.14 (m, 1H), 2.97-2.86
ipr T (m, 1H), 1.23 — 1.00 (m, 12H).
G-TqPy-10



13C NMR (101 MHz, CDCI3) 8 173.20, 156.60, 138.81, 138.38, 136.09, 136.04, 134.32, 129.54,
129.50,129.45, 129.00, 127.03, 126.68, 126.40, 125.96, 120.43, 120.26, 119.66, 56.91, 56.79, 47.70,
47.60, 31.83, 31.52, 22.89, 14.36, 11.67.

Guanidine G-TqPy-11:

o white solid, 36% yield.
GCKLN-\ ) 'HNMR (400 MHz, Chloroform-d) § 8.81 - 8.70 (m, 2H), 8.05 ~ 7.76 (m,
H
=y 4H),7.75 — 7.48 (m, 6H), 7.14 —7.08 (dt, J = 6.8, 3.8 Hz, 3H),7.01 - 6.94

e ber OO (dd, J=9.0, 5.0 Hz, 1H), 6.20 (s, 1H), 4.43 — 3.46 (m, 6H), 3.21 — 3.14
(m, 1H), 2.98 —2.87 (m, 1H), 1.24 —0.99 (m, 12H).

G-TaPy-1 13C NMR (101 MHz, CDCl3) § 173.80, 159.07, 138.40, 135.90, 134.11,
131.43, 130.99, 130.72, 130.38, 129.49, 129.43, 129.23, 128.85, 127.56, 127.27, 127.00, 126.92,
126.75,126.58, 126.36, 125.98, 125.87, 124.94, 123.26, 122.86, 120.64, 56.88, 56.72, 47.90, 47.60,
47.39,31.84, 31.63,29.95, 22.91, 14.39.

Guanidine G-TqPy-12:

0] white solid, 62% yield. Synthesized from 4-methoxypicolinonitrile.
@HLN/\@/OM(E 'H NMR (400 MHz, Chloroform-d) & 8.26 (t, J = 5.6 Hz, 1H),
N ,|'-| N~ 7.05 — 6.88 (m, 5H), 6.67 (td, J = 5.8, 2.4 Hz, 1H), 5.89 (s, 1H),
HN)QN/ 3.98 (s, 2H), 4.01 — 3.87 (m, 4H), 6 3.76 (d, J = 8.6 Hz, 1H), 3.63

\, \'-P
Pr T —3.57 (m, 1H), 3.14 — 3.04 (m, 1H), 2.81 (td, J = 16.2, 10.4 Hz,

G-TaPy-12 1H), 1.15 — 1.00 (m, 12H).
13C NMR (101 MHz, CDCL) § 172.97, 166.76, 166.70, 150.33, 135.85, 135.69, 134.08, 133.98,
129.31, 129.28, 126.42, 126.19, 125.77, 110.01, 109.90, 107.89, 107.71, 56.72, 55.53, 55.46, 47.56,
47.51,31.29,31.23,29.73, 23.13, 14.16.



5 Optimization of the reaction conditions

Table S1. Screening chiral ligands.

OR’
NO N
‘ + + Ph—=

R' = p-MeOC4H,CO

Cul (10 mol%)
L (12 mol%)

Cs,CO3 (4.0 equiv.)

440 nm, 3 W

THF, 20 °C, 24 h OO CN
D1

A1 B1 C1
o) o) o o)
dL NS NTYS NS
< N ( N f N N N H N
HN)QN, Ll HN)QN\, L
Vpr FPT \pr FPT ‘Pr Vpr PP
] - G-RaPy, n = 1 TaPv- :
g_::i':;,::; p P:P){, 2 - G-TgPy-1 G-TqPy-2
o o 0 o)
N ,"" N~ N ,"" N N ,"" Ph N ,"" N~
HN)\N\, Ph N N N N HN)\N
ipr FPT ipr FPT ipr T ph PN
G-TqPy-3 G-TqPy-4 G-TqPy-5 G2TqPy
0 (0] Ph 0
\
N&/ENj ©CHLN)\Ph \
N H N H N
i N i N N
ipr P wpr T e "
G3-TqPy G* G-TqPy!(S);tBu
entry” L yield (%)° ee (%)°
1 G-RaPy 15 40
2 G-PrPy 29 9
3 G-PiPy 12 34
4 G-PePy 15 42
5 G-TqPy-1 22 45
8 G-TqPy-2 24 43
9 G-TqPy-3 38 74
10 G-TqPy-4 18 45
11 G-TqPy-5 20 45
12 G-TqPy ND ;
13 G*-TqPy ND -
14 G4 ND



15 G-TqPy®-Bu ND

¢ Unless otherwise noted, all reactions were performed with Cul/Ligand (1:1.2, 10 mol %), A1 (0.3 mmol), B1 (0.1
mmol), C1 (0.3 mmol), Cs2CO3 (0.4 mmol) in THF (1.0 mL) under 3 W LED (440 nm) irradiation at 20 °C for 24

h. NMR yield using dibromaethan as an internal standard. ¢ The ee values were determined by UPC2.

Table S2. Screening the copper salt.

[Cu](10 mol%) O

G-TqPy-3(12 mol%)

N/OR1
\ + b oy Cs2C0; (40 equiv) I
440 nm, 3 W
. THF, 20 °C, 24 h cN
R! = p-MeOCgH,CO

A1 B1 c1 D1
entry” [Cu] yield (%)° ee (%)°
1 Cu(acac), 36 71
2 Cu(OTH), 32 78
3 CuOTf 38 81
4 CuOTf*1/2C¢Hg 30 80
5 Cu(ClOg4)2*6H,0 30 73
6 CuTc 30 78
7 Cul 38 74
84 CuOTf 46 85
o CuOAc 36 87
10¢ CuCy04 trace 83
114 CuNTf 30 50

@ Unless otherwise noted, all reactions were performed with [Cu]/G-TqPy-3 (1:1.2, 10 mol %), A1 (0.3 mmol), B1
(0.1 mmol), C1 (0.3 mmol), Cs2CO3 (0.4 mmol) in THF (1.0 mL) under 3 W LED (440 nm) irradiation at 20 °C for
24 h. ® NMR yield using dibromaethan as an internal standard. ¢ The ee values were determined by UPC?2. ¢ The

reactions were conducted in Tol (0.1 M) for 44 h.

Table S3. Screening the solvents.

CuOTf (10 mol%) O

G-TqPy-3 (12 mol%)

N/OR1
\ + + Ph——  Cs,CO; (4.0 equiv.) I

440 nm, 3 W

4 solvent, 20 °C, 44 h CN
R' = p-MeOCgH4CO

A1 B1 Cc1 D1

entry” solvent yield (%)° ee (%)°

10



1 THF 36 85

2 DMF ND -
3 1,4-Dioxane 42 81
4 Cyclohexane trace 72
5 EA 36 84
6 1,3,5-Trimethylbenzene 46 87
7 Tol 46 85
8 1,2-Xylene 44 87
9 p-Xylene (PX) 48 87
10 m-Xylene 46 86
114 DCM 46 89
124 DCM /PX =2/8 28 89
134 DCM /PX =3/7 34 91
144 DCM /PX =5/5 38 87
154 DCM /PX =17/3 37 88
164 DCM /PX =28/2 44 88

¢ Unless otherwise noted, all reactions were performed with CuOTf/G-TqPy-3 (1:1.2, 10 mol %), A1 (0.3 mmol),
B1 (0.1 mmol), C1 (0.3 mmol) , Cs2COs3 (0.4 mmol) in solvent (1.0 mL) under 3W LED (440 nm) irradiation at 20 °C
for 44 h. ® NMR yield using dibromaethan as an internal standard. ¢ The ee values were determined by UPC2. ¢ The
reactions were conducted under 3 W LED (440 nm) irradiation at 0 °C for 44 h.

Table S4. Screening reaction temperature.

CuOTf (10 mol%) O

G-TqPy-3 (12 mol%)

_OR! :
N AN Cs,COj3 (4.0 equiv.)
| + + Ph—== ‘ ‘
440 nm, 3 W
DCM/PX = 0.3/0.7 cN
R' = p-MeOCgH,CO T°C,44h OO

A1 B1 c1 D1
entry ¢ T(C) yield (%)” ee (%)°
1 0 34 91
2 5 42 91
3 10 41 91
4 15 46 87

¢ Unless otherwise noted, all reactions were performed with CuOTf/G-TqPy-3 (1:1.2, 10 mol %), A1 (0.3 mmol),
B1 (0.1 mmol), C1 (0.3 mmol) , Cs2CO3 (0.4 mmol) in PX (0.7 mL) and DCM (0.3 mL) under 3W LED (440 nm)

11



irradiation for 44 h. ® NMR yield using dibromaethan as an internal standard. ¢ The ee values were determined by
UPC2.

Table SS. Screening light sources.

CuOTf (10 mol%) O

_OR G-TqPy-3 (12 mol%)
N OO X . Cs,CO0; (4 equiv.) I
(" + Ph—=
<§ DCM/PX = 0.3/0.7
440 nm, x W CN
R = p-MeOCgH,CO 5°C,44h

A2 B c1 D1
entry ¢ X yield (%)° ee (%)°
1 3 42 91
2 5 47 86
3 10 51 87
4 15 47 84
5 20 48 85

@ Unless otherwise noted, all reactions were performed with CuOTf/G-TqPy-3 (1:1.2, 10 mol %), A1 (0.3 mmol),
B1 (0.1 mmol), C1 (0.3 mmol), Cs2CO3 (0.4 mmol) in PX (0.7 mL) and DCM (0.3 mL) under LED (440 nm)
irradiation at 5 °C for 44 h. » NMR yield using dibromaethan as an internal standard. ¢ The ee values were determined
by UPC2.

Table S6. Screening the ratio of substrates.

CuOTf (10 mol%) O

G-TqPy-3 (12 mol%)

N,OR1
‘ . + oy Cs,COj3 (4.0 equiv.) I
<> 440 nm, 10 W
DCM/PX = 0.3/0.7 CN
R' = p-MeOCgH,CO 5°C.44h OO

Al B1 c1 D1

entry ratio (A1:B1:C1) yield of D1 (%) ee (%)°
1 3:1:1 32 90
2 3:1:2 42 86
3 3:1:3 51 87
4 2:1:3 35 89
5 1:1:3 20 91
6 2:1:2 48 89
7 1:1:1 32 89
8 4:1:4 45 87
9 5:1:5 44 85
10 1:2:1 41 85

12



11 2:2:1 40 85
12 1:3:1 40 85

@ Unless otherwise noted, all reactions were performed with CuOTf/G-TqPy-3 (1:1.2, 10 mol %), A1 (0.3 mmol),
B1 (0.1 mmol), C1 (0.3 mmol), Cs2CO3 (0.4 mmol) in PX (0.7 mL) and DCM (0.3 mL) under 10 W LED (440 nm)

irradiation at 5 °C for 44 h. » NMR yield using dibromaethan as an internal standard. ¢ The ee values were determined
by UPC2

Table S7. Screening the N-protecting group of oximes.

CuOTf (10 mol%) O

_OR G-TqPy-3 (12 mol%)
N‘ L base (4 eq.) I
+ + Ph—=
<> DCM/PX = 0.3/0.7
440 nm, 10W CN
5°C,44 h OO
D1

A B1 Cc1
1 R =C4FsCO 5.9/16.3 45 22
) R = 3,5-(CF3)2C¢H;CO 9.8/17.21 40 43
3 R = 4-CF;C¢H,CO 10.1/19.2 D 65
4 R = C¢HsCO 10.2/20.9 48 g7
5 R = 4-MeOC(H4CO 11.1/21.5 5 g7
6 R = 2,4-(Me0),C¢H3CO 11.7/20.7 52 91

@ Unless otherwise noted, all reactions were performed with CuOTf/G-TqPy-3 (1:1.2, 10 mol %), A (0.3 mmol), B1
(0.1 mmol), C1 (0.3 mmol), Cs2CO3 (0.4 mmol) in PX (0.7 mL) and DCM (0.3 mL) under 10W LED (440 nm)

irradiation at 5 °C for 44 h. > NMR yield using dibromaethan as an internal standard. ° The ee values were determined
by UPC2.

Table S8. Screening basic additives.

CuOTf (10 mol%) O

G-TqPy-3 (12 mol%)

\OR
b iv.
|, OO N, o— ase (x equiv.) ||
DCM/PX = 0.3/0.7
440 nm, 10W CN
R = 2,4-(MeO),CgH3CO 5°C,44h

A2 B1 Cc1 D1
entry base yield (%)° ee (%)"
1 K;PO, (4.0 equiv.) 41 77
2 K»,CO;3 (40 eqUiV.) 28 60
3 Ba,CO; (4.0 equiv.) ND
4 ‘BuOK (4.0 equiv.) ND

13



5 NEt; (4.0 equiv.) ND

6 CH3COOC:s (4.0 equiv.) ND

7 Cs,CO5 (1.0 equiv.) 13 90
8 Cs,CO5 (2.0 equiv.) 42 90
9 Cs,COs5 (3.0 equiv.) 42 91
10 Cs,CO5 (4.0 equiv.) 52 91

@ Unless otherwise noted, all reactions were performed with CuOTf/G-TqPy-3 (1:1.2, 10 mol %), A2 (0.3 mmol),
B1 (0.1 mmol), C1 (0.3 mmol), base in PX (0.7 mL) and DCM (0.3 mL) under 10W LED (400 nm) irradiation at

5 °C for 44 h. ®» NMR yield using dibromaethan as an internal standard. ¢ The ee values were determined by UPC?.

Table S9. Screening ligand loading.

CuOTf (10 mol%) O

_OR G-TqPy-3 (y mol%)
N L Cs,CO; (4 eq.)
| + + Ph—=
<> DCM/PX = 0.3/0.7
440 nm, 10W CN
R = 2,4-(Me0),CgH3CO 5°C,44h OO

A2 B1 c1 D1
entry y yield (%)° ee (%)°
1 5 37 76
2 10 50 90
3 12 52 91
4 15 50 90

@ Unless otherwise noted, all reactions were performed with CuOT{/G-TqPy-3, A2 (0.3 mmol), B1 (0.1 mmol), C1
(0.3 mmol), Cs2CO;3 (0.4 mmol) in PX (0.7 mL) and DCM (0.3 mL) under 10W LED (400 nm) irradiation at 5 °C

for 44 h. » NMR vyield using dibromaethan as an internal standard. ¢ The ee values were determined by UPC?,

Table S10. Screening other chiral ligands

CuOTf (10 mol%) O

N/OR L (12 mol%)
Cs,CO; (4 eq.
\ OO N, phe= $2C0s (4 €q,) Il
DCM/PX = 0.3/0.7
440 nm, 10W CN
R = 2,4-(Me0),CeH3CO 5°C,44h

A2 B1 c1 D1
® B
(0] 0] H H
WXW o N o) N N N
N N | \\> Phi | | .1Ph
. ';’B N N—/ N N
Bu 4oy By Ph Ph
Box PyBox-1 Pylmz

14



X
Lo oé §
Sl e

(@)
-/
N—/
- N / \_/
PyBox- @ PyBox-3 'Bu Ph  PH

BOPA
entry L yield (%)° ee (%)°

1 G-TqPy-1 24 60
2 G-TqPy-3 52 91
3 G-TqPy-4 29 60
4 G-TqPy-5 29 65
5 G-TqPy-6 32 85
6 G-TqPy-7 48 86
7 G-TqPy-8 32 85
8 G-TqPy-9 52 88
9 G-TqPy-10 50 81
10 G-TqPy-11 46 81
11 G-TqPy-12 26 57
12 Box ND

13 PyBox-1 ND

14 PyIlmz ND

15 PyBox-2 ND

16 PyBox-3 ND

17 BOPA 23 35

@ Unless otherwise noted, all reactions were performed with CuOT{/ L (1:1.2, 10 mol %), A2 (0.3 mmol), B1 (0.1
mmol), C1 (0.3 mmol), Cs2CO3 (0.4 mmol) in PX (0.7 mL) and DCM (0.3 mL) under 10W LED (440 nm) irradiation
at 5 °C for 44 h. ® NMR yield using dibromaethan as an internal standard. ¢ The ee values were determined by UPC?.
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6 The list of substrates scope

Table S11. Substrate scope of alkynes.

Me Me Et
. (A, . » ®
I I I I l
OO CN OO CN OO CN O O oN OO o

D1, 52% yield, 91% ee D2, 51% yield, 91% ee D3, 51% yield, 90% ee D4, 55% yield, 90% ee D5, 48% yield, 90% ee
"pr "Bu Bu F Cl
CN CN CN CN CN
D6, 50% yield, 90% ee D7, 50% yield, 90 % ee D8, 53% yield, 88% ee D9, 58% yield, 90% ee D10, 50% yield, 87% ee
Br OMe
O O o \V4 ™S
I
Bn
I I I
” ” O " O = Q0 ”
e "0 ”
D11, 50% vyield, 85% ee D12, 48% yield, 90% ee D13, 55% yield, 85% ee D14, 58% yield, 84% ee D15, 58% vyield, 79% ee
Ph O
S
" » » e
on i I
CN
e "D ”
D16, 60% vyield, 82% ee D17, 58% yield, 89% ee D18, 57% yield, 90% ee D19, 43% yield, 88% ee

Table S12. Substrate scope of alkenes.

B S

D20, 43% vyield, 90% ee D21, 47% yield, 86% ee D22, 50% yield, 90% ee D23, 55% ee, 85% ee D24, 53% vyield, 85% ee
CN CN CN CN CN
N
% ° PA F
D25, 45% yield, 82% ee D26, 45% yield, 85% ee D27, 53% yield, 88% ee D28,64% yield, 90% ee D29, 47% yield, 90% ee
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I I !
g o g
Cl Br |

D30, 60% vyield, 85% ee

@ -
PhO

D35, 48% yield, 88% ee

D31, 50% yield, 87% ee

L
o

D36, 60% yield, 83% ee

D32, 48% vyield, 85% ee

_0O

D37, 51% yield, 91% yield

Il Il I
I T
o 'Buo s

D40, 57% yield, 86% ee

Table S13. Substrate scope of cycloketone oxime esters.

I I I f cN
" " O RRE
OBn N
N éoc

|
Boc
D45, 27% yield, 81% ee

D44, 43% yield
1:1dr, 80%/80% ee

D41, 30% yield, 90% ee

D42, 58% yield, 87% ee

D46, 50% yield, 85% ee

17

D33, 58% vyield, 87% ee

e
o

D38, 62% yield, 87% yield

TIPS

D43, 63% yield, 92% ee

D47, 21% yield, 65% ee

o
AcO

D34, 47% vyield, 87% ee

D39, 55% yield, 90% yield

CN
O

D48, 44% yield, 35% ee



7 The scale-up synthesis and Transformations

7.1 The scale-up synthesis of product D26

CuOTf (10 mol%) O

:
N-OR G-TqPy-3 (12 mol%)
| P + Ph—= Cs,CO3 (4.0 equiv.) \ \
440 nm, 10 W
DCM/PX = 0.3/0.7 CN
R' = 2,4-(Me0),CgH3;CO 5°C, 44 h
A2 B10 c1 D26

092¢g
60% yield, 90% ee

In a glove box, a dry reaction tube was charged with CuOTf (126 mg, 10 mol%), G-TqPy-3 (342
mg, 12 mol%) and Cs,COs (7.8 g, 24.0 mmol) and A2 (4.5 g, 18.0 mmol), then PX (42.0 mL) and
Dichloromethane (18.0 mL) were added. Subsequently B10 (625 mg, 6.0 mmol) and C1 (1.8 g, 18.0
mmol) were added into the above solution. The mixture was stirred under 10 W LED (440 nm)
irradiation at 5 °C. After 44 h, the mixture was subjected to column chromatography on silica gel

(eluent: petroleum ether/ acetone = 40/1, v/v) to afford the desired product.

7.2 Transformations of product D26

O O PhBF3K (2.0 equiv.)
bpy (10 mol%)
Pd/C (10.0 mg) Pd (OACCF3), (5 mol%)
| | Ha (1 atm) TFA (10.0 equiv.)
_ udam .

EtOH (4 mL), rt, 24 h THF / H,0 = 5/1

O cN O CN 80 °C, 36 h O
o

D26 E F
82% yield, 90% ee 80% yield, 90% ee
94% ee (after recrystalized)

Ph

The procedure for the synthesis of E: The reaction was conducted with D26 (546.3 mg, 2.0 mmol),
Pd/C (50 mg) in EtOH (20.0 mL). Then, the reaction mixture was stirred at room temperature under
a H, balloon until the reaction was completed as monitored by TLC analysis. The crude product was
purified by flash chromatography on silica gel (petroleum ether/ethyl acetate 20:1) directly to give
the corresponding product in 82% yield as a colorless oil. 'H NMR (400 MHz, Chloroform-d) § 7.31
(t, /J=8.2,2H), 7.27 — 7.20 (m, 3H), 7.18 — 7.11 (m, 3H), 7.12 — 6.91 (m, 2H), 2.51 (tt, J=10.0, 5.4 Hz,
1H), 2.46 — 2.40 (m, 2H), 2.20 (td, J = 7.2, 2.8 Hz, 2H), 2.02 — 1.77 (m, 2H), 1.73 — 1.40 (m, 4H), 1.39
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—1.13 (m, 2H). 3C NMR (101 MHz, CDCl;)  144.93, 142.43, 128.61, 128.45, 128.39, 128.36, 127.77,
126.38, 125.80, 119.82, 45.38, 38.60, 36.28, 33.82, 26.81, 25.53, 17.09. HRMS (EI): m/z [M + Na]*
caled for Co0H23NNa*: 300.1727, found: 300.1718.

The procedure for the synthesis of F: To a flame-dried round Schlenk tube (50 mL) were added I
(415.8 mg, 1.5 mmol), PhBF;K (552.0 mg, 3.0 mmol), bpy (23.4 mg, 0.15 mmol) and Pd(OAcCF3),
(24.9 mg, 0.075 mmol). Subsequently, TFA (1.7 g, 15mmol), THF and water were added. After
stirred under argon atmosphere at 80 °C for 36 h, the mixture was extracted with ethyl acetate and
H>0. And the organic phase was collected and dried over anhydrous Na>SOg, filtered, concentrated
in vacuo. The crude product was purified by flash chromatography on silica gel (petroleum
ether/ethyl acetate 20:1) directly to give the corresponding product in 80% yield as a white solid.
'H NMR (400 MHz, Chloroform-d) & 7.83 (d, J = 7.8 Hz, 2H), 7.45 (t, J= 7.4 Hz, 1H), 7.35 (t, J= 7.6
Hz, 2H), 7.13 (m, 10H), 2.79 (t, J = 7.6 Hz, 2H), 2.51 — 2.42 (m, 1H), 2.36 (t, J = 8.2 Hz, 2H), 1.90 —
1.82 (m, 2H), 1.65 — 1.50 (m, 4H), 1.25 — 1.02 (m, 2H). 3C NMR (101 MHz, CDCls) & 200.54, 145.53,
142.70, 137.15, 133.00, 128.67, 128.51, 128.39, 128.16, 127.90, 126.19, 125.76, 45.61, 38.74, 38.66,
37.04,33.95,27.46,24.47. HRMS (EI): m/z [M + H]* calcd for C26H2507: 357.2212, found: 357.2210.
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8 Mechanism Investigation

8.1 Control experiments.

CuOTf (10 mol%) O

_OR G-TqPy-3 (12 mol%)
N‘ o Cs,CO5 (4 eq.) ll
+ + Ph—=
<> DCM/PX = 0.3/0.7
440 nm, 10W CN
R = 2,4-(MeO),CgH3CO 5°C,44h

A2 B1 C1 D1
Entry hv CuOTf G-TgPy-3 Cs2CO3 yield (%)° ee (%)°
1¢ x v v V 30 88
2¢ V x \ \/ trace
3f \ V x \ trace
49 \ V V x trace
5 v v v V 52 91

¢ Unless otherwise noted, all reactions were performed with CuOTf/G-TqPy-3 (1:1.2, 10 mol %), A2 (0.3 mmol),
B1 (0.1 mmol), C1 (0.3 mmol) in PX (0.7 mL) and DCM (0.3 mL) under 10W LED (440 nm) irradiation for 44 h.
b Determined by NMR analysis using tetrabromoethane as an internal standard. ¢ The ee values were determined by

UPC?. No hv. ¢ Without CuOTf. / Without G-TqPy-3. € Without Cs2COs,

8.2 Radical Trapping Experiment.

In a glove box, a dry reaction tube was charged with CuOTf (10 mmol%), G-TqPy-3 (12 mmol%)
and Cs>CO; (0.4 mmol), A2 (0.3 mmol) and 2,2,6,6-tetramethyl-1-piperidinyloxyl (TEMPO, 0.3
mmol), then PX (0.7 mL) and dichloromethane (0.3 mL) were added. Subsequently B1 (0.1 mmol)
and C1 (0.3 mmol) were added into the above solution with a microinjector. The mixture was stirred
under 10 W LED (440 nm) irradiation at 5 °C. After 44 h, the mixture was filtered through a short

pad of silica and concentrated in vacuo. The reaction mixture was analyzed by nanospray ESI mass
spectrometry (Figure S3) and yield was isolated yield.[*!

_OR standard conditions >1\/Nj< >L/j< O
N N TEMPO | N Z CN
o« PP » o + iy . I =
é .
J) “)\MCN
=24+ OO cN
Rozd U\A;O)zCSHSCOB‘l NG ¢ OO

c1
43 mg

[M+H]'= Ci3HpeN,0”" not observed
Calculated m/z: 225.1961 not observed not observed

Measured m/z: 225.1960

X8-11_231103100040 #131 RT 1.01 AV: 1 NL: 4.56E+008
T FTMS + ¢ ESI Full ms (100 D00D-350.0000]

L 2251960

261604
) 210174 1350328 1480820 1730784 1950531 EXon HTATR pspuase 2720209 Lo 261614 21090 3401154 3472091
1030074 1120073 130.0176 | 140.1433 1561383 171185 | i79.1279 189.1380 200810 74047 || 21200 Hs161 2651884 | 303 1902 o4 2100 3432378

Refalive ADUNGaN

100 i 20 130 0 150 160 170 180 " 200 210 B 230 240 250 260 an 240 200 300 3 320 350 340 0
mz

Figure S1. HRMS analysis
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8.3 Radical Clock Experiment.

Ph

n I
(I Ph/AY*' Ph—= standard conditions
Ph

Ph NSO

R = 2,4-(MeO),CgH3CO Ph
A2 B26 Cc1 D49

44% yield

Z/E = 5/1

In a glove box, a dry reaction tube was charged with CuOTf (10 mol%), G-TqPy-3 (12 mol%) and
Cs2COs3 (0.4 mmol) and A2 (0.3 mmol), then PX (0.7 mL) and dichloromethane (0.3 mL) were
added. Subsequently B26 (0.1 mmol) and C1 (0.3 mmol) were added into the above solution with
a microinjector. The mixture was stirred under 10 W LED (440 nm) irradiation at 5 °C. After 44 h,
the mixture was subjected to column chromatography on silica gel (eluent: petroleum ether/ acetone
= 20/1, v/v) to afford the desired product D49.

8.4 Electron paramagnetic resonance (EPR) analysis

EPR measurements: EPR spectra were recorded at room temperature on a Bruker EMXplus X-band
spectrometer EPR: FrequencyMon = 9.86 GHz; Modulation Amplitude = 1.00 G; Center Field =
3510.00 G; Sweep Width 100.000 G; Conversion Time =150.00 ms; Sweep Time = 15.00 s; Power
=2.00 mW.

CuOTf + G-TqPy-3 + Cs2CO3 + A2+ DMPO: In a glove box, a dry reaction tube was charged
with CuOTf (2.1 mg, 10 mol%), G-TqPy-3 (5.7 mg, 12 mol%), Cs>CO3 (133 mg, 0.4 mmol), then
PX (0.7 mL) and dichloromethane (0.3 mL) were added. After the mixture was stirred for 1 h, A2
(74.7 mg, 0.3 mmol) and DMPO (33.9 mg, 0.3 mmol) were added. After 10 mins, a small aliquot
of reaction solution was taken with pilet, and successfully transferred to an EPR capillary under a
nitrogen atmosphere for X-band EPR measurement.

N/OR

! CuOTf (10 mol%) M
- - 0,
<> G-TqPy-3 (12 mol%) NC\/\/Q< \ NN
‘. l o}
O é
|

DCM/PX = 0.3/0.7

R =2,4-(Me0),CeHsCO 440 nsﬁgbm w

A2 DMPO H
15 - Experiment 1 —FitofH
0.0 0+
15+ 4L
r L | L | 1 L 1 1
—— EPR Fit — Fitofl
15| I
0.0 oL
15 |
[ . 1 . L1 . I . 1
3450 3500 3550 3450 3500 3550
Field (Gauss) Field (Gauss)

Figure S2. EPR analysis
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8.5 UV-VIS Absorption Spectra

¥

Figure S3. A: Solution of CuOTf/G-TqPy-3 (1:1) in CH,Cl5 (0.01 M), B: Solution of CuOTf/G-
TqPy-3/Cs>COs (1:1:1) in CH2Cl, (0.01 M), C: Solution of CuOT/G-TqPy-3/Cs,CO3/C1 (1:1:2:1)
in CH2Cl; (0.01 M), D: Solution of CuOT{/G-TqPy-3/Cs>CO3/A2 (1:1:1:1) in CH>Cl» (0.01 M), E:
Solution of CuOTf/G-TqPy-1/Cs,CO3 (1:1:1) in CH>Cl (0.01 M).

UV-Vis absorption for CuOT{/G-TqPy-1/Cs>CO;3 (1:1:1), CuOT/G-TqPy-3/Cs,CO3 (1:1:1), G-
TqPy-3, CuOTf/G-TqPy-3/Cs,CO3/C1 (1:1:2:1), CuOTf/G-TqPy-1/Cs,CO3/C1 (1:1:2:1) at
concentration (2.0 mM in DCM), all solutions were prepared in a glove box.

—— CuOTf/G-TqPy-3/Cs,CO,/C1
—— CuOTf{/G-TqPy-1/Cs,CO,/C1
—— CuOTf{/G-TqPy-3/Cs,CO4
—— CuOTf/G-TqPy-1/Cs,CO,4
—— G-TqPy-3

— A2

S

Figure S4. UV-VIS absorption spectra of the related mixtures (2.0 mM in DCM).

T T T T 1
350 400 450 500 550
Wavelength (nm)

8.6 Cyclic voltammetry measurements

Cyclic voltammetry (CV) was performed in a three-electrode cell connected to a Schlenk line at
room temperature. The working electrode was a platinum disk electrode. The counter electrode was
a platinum wire. The reference was an Ag/AgCl electrode submerged in saturated aqueous KCl
solution, and separated from reaction by a salt bridge. 20 mL CH3CN containing 0.1 M TBAPFs
were poured into the electrochemical cell in all experiments. The scan rate is 0.1 V/s, 2 sweep
segments. Ferrocene (Cp2Fe) was used as a reference.

22



Cyclic voltammograms of A2:

Current (UA)

— A2
300 ~

200

100 ~

-100 A

-200 T T T T T T T
-1 0

Potential (V)

Cyclic voltammograms of CuOTf:

Current (UA)

-100 T T

—— CuOTf
150 ~

~0.12

100 ~

50

-50 4

-0.65

T
-0.6

T
04 -02
Potential (V)

-12 -1.0 -0.8 0.0

Cyclic voltammograms of CuOT{/G-TqPy-1/Cs2CO;3 (-1.2 — 0.2 V):

Current (uA)

—— CuOTf{/G-TqPy/Cs,CO,4

20 -0.44
15

104

-10
-15 -

-20 4

T T
0.8 0.6
Potential (V)

-1.2 -1.0 -0.4
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Cyclic voltammograms of CuOTf/G-TqPy-1/Cs2CO3/C1 (-1.2 —-0.7 V):

—— CUOTHG-TqPy-1/Cs,CO,/C1

6 -0.88

Current (UA)

T T
-1.2 1.1 -1.0 0.9 0.8 0.7
Potential (V)

Cyclic voltammograms of CuOTf{/G-TqPy-3/Cs2CO3(-1.2 — 0.2 V):

10 4 —— CuOTf/G-TqPy-3/Cs,CO,4
-0.45
5 -
<
2 0
€
[d
5
O
-5
-10 A 93

T T
-1.2 -1.0 0.8 0.6 0.4 0.2
Potential (V)

Cyclic voltammograms of CuOTf/G-TqPy-3/Cs2CO3/C1 (-1.2 —-0.7 V):
—— CuOT#/G-TgPy-3/Cs,CO,/C1

-0.86

Current (UA)

T T
-1.2 1.1 -1.0 0.9 0.8 0.7
Potential (V)
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Cyclic voltammograms of CuOTf/G-TqPy-3/Cs2C03(-2.75— 0.5 V):

—— CUOTH/G-TgPy-3/Cs,CO,

04

-50 4
<
2
5

£ -1004
3
o}

-150

2.49
-200 T T T T T

T T
30 25 20 -15 -10 -05 0.0 0.5
Potential (V)

Cyclic voltammograms of CuOT{/G-TqPy-3/Cs2C03/C1 (-2.75—- 1.0 V):

—— CUOTH/G-TqPy-3/Cs,CO,/C1
20

-20
-40

-60

Current (UA)

-80

-100 -
2.53

-120 T T T T T T T 1
3.0 -25 -20 -15 -1.0 -0.5 0.0 0.5 1.0

Potential (V)

Cyclic voltammograms of G-TqPy-3:

—— G-TgPy-3

-60 +

Current (UA)

-80 4

-100 +

-120

-140 T T T T T
-3 -2 -1 0 1

Potential (V)

Figure S5. Cyclic voltammograms
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—— CuOTf/G-TqPy-3/Cs,CO,/C1
—— CuOTf/G-TqPy-1/Cs,CO,/C1
507 —— CUOTH/G-TqPy-3/Cs,CO,

100000 —— CuOTf{/G-TqPy-1/Cs,CO,

80000
60000

40000

5
20000

T T T T T T
400 450 500 550 600 650
Wavelength (nm)

Intensity (Counts)

Figure S6. Phosphorescent emission spectrum of CuOT{/G-TqPy-1/Cs2CO3, CuOT{/G-TqPy-1/Cs2COs3/C1,
CuOTf/G-TqPy-3/Cs2C03, CuOTH/G-TqPy-3/Cs:CO3/Cl1.

The excited state potential (Eox*) was calculated using the following equation:

Eox" = Eox — E0,0; Eved” = Erea + Eoy

h . .
Eoo = 76 (A: maximum emission wavel ength)

Eox [CuOTH/G-TqPy-1/Cs,CO5] = -0.44 — 2.42 = -2.86 \/ vs. SCE
Eox [CuOTH/G-TqPy-1/Cs,CO5/C1] = -0.88 — 2.43 = -3.31 V vs. SCE
Eo'[CuOTH/G-TqPy-3/Cs,COs5] = -0.45 — 2.44 = -2.89 V vs. SCE
Eox [CUOT/G-TqPy-3/Cs,CO5/C1] = -0.86 — 2.44 = -3.30 V vs. SCE
Ered’ [CUOTH/G-TqPy-1/Cs,CO5] = -1 +2.42 = 1.42 V vs. SCE

Erea [CUOTF/G-TQPy-1/Cs,CO5/C1] = -1.02 + 2.43 = 1.41 V vs. SCE
Erea"[CUOTF/G-TQPy-3/Cs,CO5] = -0.93 + 2.44 = 1.51 V vs. SCE
Erea [CUOTF/G-TQPy-3/Cs,CO5/C1] = -1.04 + 2.44 = 1.40 V vs. SCE

8.7 Lifetime measurements

—— CUOTH/G-TqPy-3/Cs,CO,/C1 (77 K)
CUOTH/G-TqPy-10/Cs,CO,/C1 (77 K)

1400 4

1200 4

1000 +

800

Counts

600

400

200

0.0000 0.0002
Time (s)
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—— CUOTH/G-TqPy-1/Cs,CO,/C1 (77K)
—— CUOTH/G-TqPy-12/Cs,CO,/C1 (77K)
1400 +
1200 +

1000 +

800

Counts

600

0.0000 0.0002
Time (s)

—— CuOTH/G-TqPy-3/Cs,CO, (77 K)
1400 +
1200 +

1000 +

800

Counts

600

400
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1500 —— CuOTf/G-TqPy-3/Cs,CO,4/C1 (r.t.)

1200

900 ~

Counts

600

300

0 1
0.00E+00 2.40E-07

Time (s)

Figure S7. Phosphorescence lifetime of CuOTf/G-TqPy-3/Cs2CO3/C1, CuOTf/G-TqPy-10/Cs2CO3/C1,
CuOTH/G-TQPy-1/Cs2C03/C1, CUOTH/G-TqPy-12/Cs:COs/C1, CUOTF/G-TqPy-3/Cs:COs.
All measurements were carried out at a concentration of 2.0 mM in CHxCl.
CuOT{/G-TqPy-3/Cs,CO3/C1 (average lifetime = 5.25 ps, 77 K);

CuOT{/G-TqPy-10/Cs,CO3/C1 (average lifetime = 5.18 ps, 77 K);
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CuOT1/G-TqPy-1/Cs,CO3/C1 (average lifetime = 5.17 ps, 77 K);
CuOT{/G-TqPy-12/Cs,CO3/C1 (average lifetime = 5.10 ps, 77 K);
CuOT{/G-TqPy-3/Cs,COs3 (average lifetime = 5.03 ps, 77 K);
CuOT1/G-TqPy-3/Cs,CO3/C1 (average lifetime = 3.05 ns, room temperature);

Phosphorescence data of the system containing CuOTf/G/Cs2CQO3/C1 (77 K)

O O
X
N I X X N X
\
N H No~o N H N~
N N i N Ph
\ i-Pr \ i-Pr
i-Pr i-Pr
G-TgPy-1: G-TqPy-12: G-TqPy-3: G-TqPy-10:
X=H X = OMe X=H X =Cl
eV 2.42 2.42 2.45 2.45
T (us) 5.17 5.10 5.25 5.18
9 X-ray crystal structure
Prob = 50
Temp = 173

-23 Y

(60124)

PLATON-Feb 3 13:23:57 2024

~
1
ul
@
X
c
=)
R
n

P21 R = 0.03 RES= 0 -76 X

X-ray crystal structure of product J
The crystal of product J was obtained in the solvents of dichloromethane and petroleum ether.
CCDC: 2331715 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Center via
https://www.ccdc.cam.ac.uk/structures/.

Crystallographic Data for CoeH280 .

Formula C26H280
Formula mass (amu) 356.48
Space group P21
a(A) 13.2149(3)
b (A) 5.5084(1)
c(A) 13.7281(4)

28


https://www.ccdc.cam.ac.uk/structures/

a (deg) 90

f (deg) 96.519(1)
y (deg) 90
V(A% 992.85(4)
Z 2
2 (A) 1.54178
T (K) 173K
Pealed (g cm) 1.192
4 (mm™) 0.536
Transmission factors 0.702—1.000
0 max (deg) 68.252
No. of unique data, including F,> <0 3545
No. of unique data, with F,> > 2 o(F,?) 3421
No. of variables 245
R(F) for Fy* > 20(F?) 0.0304
RW(F2)" 0.0793
Goodness of fit 1.066

*R(F) = ZIFol = [Fel| / ZIFol.
" RW(FY) = [XIW(FS ~ FE)1 ZwF " w = [0°(F0) + (4p)’ + Bp], where p = [max(F.’,0) +

2F2]/ 3.
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10 The analytical and spectral characterization data for the products

(R)-6-(naphthalen-2-yl)-8-phenyloct-7-ynenitrile (D1)

colourless oil, 52% yield, 91% ee. [a]?°% = 47.2 (c = 0.36, in CH2Cl,).
O UPC? (Chiralcel OX column), CO./EtOH = 96/4, flow rate = 1.5 mL/min,
A = 254 nm, retention time: t; = 16.78 min, t, = 18.12 min.
IH NMR (400 MHz, Chloroform-d) § 7.92 — 7.81 (m, 4H), 7.54 (dd, J = 8.5,
1.8 Hz, 1H), 7.48 (m, 4H), 7.32 (m, 3H), 4.04 (t, J = 7.2 Hz, 1H), 2.35 (t, J =
6.6 Hz, 2H), 1.96 (m, 2H), 1.63-1.78 (m, 4H).

I -

D1

13C NMR (101 MHz, CDCls3) § 139.09, 133.59, 132.67, 131.85, 128.56, 128.44, 128.13, 127.93, 127.80,
126.35, 126.10, 125.90, 125.84, 123.62, 119.77, 90.87, 84.10, 38.43, 37.60, 26.72, 25.38, 17.27.
ESI-HRMS: calcd for CasH2oN* ([M + H]Y) = 324.1746, found 324.1748.

IR (neat): 3054, 2924, 2856, 2246, 1718, 1603, 1508, 1459, 1269, 1120, 949, cm™ .

2 0.201
0.00’—’_I\'\ S
000 100 200 3060 400 500 600 700 800 900 10000 1100 1200 1300 14.00 15,00 1600 17.00 18100 19,00 20.00
Minutes
Retention Time Area % Area
1 16.781 32642439 50.19
2 18.122 32398580 49.81
ooof_t/———/\
Retention Time Area % Area
1 16.459 11947354 95.33
2 17.756 585920 4.67

(S)-6-(naphthalen-2-yl)-8-(o-tolyl)oct-7-ynenitrile (D2)

I Me

D -

D2

colourless liquid, 51% yield, 91% ee; [a]*°b = 22.9 (¢ = 0.34, in CH,ClL,).

HPLC (Chiralcel OD-H column), n-hexane/i-PrOH = 95/5, flow rate =
1.0mL/min, A = 254 nm, retention time: t; = 23.06 min, t, = 25.21min.

TH NMR (400 MHz, Chloroform-d) & 7.89 (s, 1H), 7.86 — 7.81 (m, 3H), 7.55
(dd, J = 8.5, 1.8 Hz, 1H), 7.50 — 7.42 (m, 3H), 7.22 (d, J = 4.3 Hz, 2H), 7.15
(m, 1H), 4.09 (t, J = 7.2 Hz, 1H), 2.48 (s, 3H), 2.35 (t, J = 6.6 Hz, 2H), 2.00 —

1.93 (m, 2H), 1.78 — 1.66 (m, 4H).
13C NMR (101 MHz, CDCL3) & 140.21, 139.23, 133.60, 132.66, 132.14, 129.57, 128.52, 128.11, 127.91,
127.80, 126.35, 126.10, 125.88, 125.85, 125.68, 123.41, 119.72, 94.84, 83.04, 38.64, 37.77, 26.74, 25.40,
21.08,17.27.

ESI-HRMS: calcd for CosHasN * ([M + H]) = 338.1903, found 338.1902.

IR (neat): 3056, 2924, 2856, 2246, 1683, 1506,1371, 1268, 819, 755 cm’.

0.153

23,056
5214

0.102
o.05
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©.003
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-0.25
o
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Retention Time Area % Area
1 23.056 2763788 50.14
2 25.214 2748358 49.86

AU

‘ 22
25.846

8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00

Minutes

Retention Time Area % Area
1 22.875 37265997 95.25
2 25.846 1857252 4.75

(S)-6-(naphthalen-2-yl)-8-(m-tolyl)oct-7-ynenitrile (D3)
colourless liquid, 51% yield, 90% ee; [a]*°p = 41.3 (¢ = 0.24, in CH,Cl).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 13.59 min, t, = 18.12min.

'H NMR (600 MHz, Chloroform-d) § 7.87 — 7.82 (m, 4H), 7.54 (dd, J = 8.6,
1.8 Hz, 1H), 7.52 — 7.44 (m, 2H), 7.33 — 7.26 (m, 2H), 7.21 (t, J= 7.6 Hz, 1H),
7.13(d, J="7.6 Hz, 1H), 4.03 (t, J= 7.2 Hz, 1H), 2.34 (m, 5H), 1.97 — 1.92 (m,
2H), 1.76 — 1.66 (m, 4H).
13C NMR (151 MHz, CDCl5) § 139.15, 138.12, 133.58, 132.65, 132.44, 129.01, 128.88, 128.53, 128.34,
127.92, 127.79, 126.33, 126.09, 125.86, 123.39, 119.80, 90.46, 84.23, 38.42, 37.63, 26.72, 25.38, 21.36,

lMe

90 -

D3

17.27.

ESI-HRMS: caled for CosHagN * ([M + H]*) = 338.1903, found 338.1900.
IR (neat): 3053, 2924, 2856, 2245, 1685, 1600, 1459, 1369, 1090, 819, 786 cm'.

1.50
-, 1.00]
<

0.50

0.00

100 200 300 400 500 600 700 800 900 1000 1100 1200 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00
Minutes

Retention Time Area % Area
1 13.594 69705234 49.16
2 18.123 72076614 50.84
0.801
0.604 ﬁ
2 0.40] N
0.204 oroi
0.00 ‘ : : : : : : e : ‘
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes
Retention Time Area % Area
1 13.794 19658141 95.00
2 18.222 1034180 5.00

(S)-6-(naphthalen-2-yl)-8-(p-tolyl)oct-7-ynenitrile (D4)
colourless liquid, 55% yield, 90% ee; [a]*°p = 50.3 (¢ = 0.36, in CH,Cl).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 13.89 min, t; = 15.47 min.

'H NMR (400 MHz, Chloroform-d) & 7.88 — 7.80 (m, 4H), 7.54 (dd, J= 8.5, 1.8
Hz, 1H), 7.47 (m, 2H), 7.40 — 7.34 (m, 2H), 7.13 (d, J = 7.8 Hz, 2H), 4.03 (t, J =
7.2 Hz, 1H), 2.35 (m, SH), 1.98 — 1.91 (m, 2H), 1.80 — 1.61 (m, 4H).

Me

90 -

D4
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I3C NMR (101 MHz, CDCl;) 8 139.23, 138.16, 133.60, 132.66, 131.71, 129.18, 128.51, 127.92, 127.79,
126.32, 126.09, 125.86, 120.54, 119.76, 90.08, 84.17, 38.43, 37.62, 26.71, 25.38, 21.58, 17.25.
ESI-HRMS: calcd for CosH2sN * ([M + HJ") = 338.1903, found 338.1902.

IR (neat): 3053, 2924, 2857, 2246, 1685, 1508, 1459,1370, 1120, 818cm’!.
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.00 10/00 1100 12/00 13/00 1400 15/00 16,00 17.00 18.00 1900 20.00
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Retention Time Area % Area
1 13.893 6609248 50.02
2 15.472 6602694 49.98
e
Retention Time Area % Area
1 13.856 19296643 94.82
2 15.574 1054335 5.18

(S)-8-(4-ethylphenyl)-6-(naphthalen-2-yl)oct-7-ynenitrile (D5)

Et

D5

CN

colourless liquid, 48% yield, 90% ee; [a]*°p = 6.3 (¢ = 0.30, in CH,Cl,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate =
mL/min, A = 254 nm, retention time: t; = 12.89 min, t; = 13.74 min.

'H NMR (600 MHz, Chloroform-d) § 7.85 (s, 1H), 7.83 (d, J = 8.1 Hz, 3H), 7.53
(d, J = 8.5 Hz, 1H), 7.47 (m, 2H), 7.40 (d, J = 7.8 Hz, 2H), 7.15 (d, J = 7.8 Hz,
2H), 4.02 (t, J = 7.2 Hz, 1H), 2.64 (q, J = 7.6 Hz, 2H), 2.33 (t, J = 6.6 Hz, 2H),

1.0

1.96 — 1.91 (m, 2H), 1.75 — 1.61 (m, 4H), 1.22 (t, J = 7.6 Hz, 3H).
13C NMR (151 MHz, CDCL3) & 144.41, 139.13, 133.47, 132.53, 131.69, 128.39, 127.90, 127.81, 127.68,
126.21, 125.97, 125.77, 125.74, 120.66, 119.70, 89.96, 84.09, 38.31, 37.54, 28.82, 26.60, 25.26, 17.15,

15.49.

ESI-HRMS: caled for CagHagN * ([M + H]*) = 352.059, found 352.2058.
IR (neat): 3053, 2931, 2866, 2246, 1684, 1604, 1508, 1420, 1289, 894, 831 cm'.
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2 13.362 2702302 94.81

(S)-6-(naphthalen-2-yl)-8-(4-propylphenyl)oct-7-ynenitrile (D6)
Fr colourless liquid, 50% yield, 90% ee; [a]*’p = -12.5 (¢ = 0.32, in CH,Cl).
O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
I mL/min, A = 254 nm, retention time: t; = 19.44 min, t; = 23.39 min.
OO o 'H NMR (600 MHz, Chloroform-d) § 7.87 — 7.81 (m, 4H), 7.53 (dd, J = 8.5, 1.7
Hz, 1H), 7.50 — 7.44 (m, 2H), 7.39 (d, J = 7.9 Hz, 2H), 7.13 (d, J = 7.9 Hz, 2H),
pe 4.02 (t,J=17.2 Hz, 1H), 2.58 (t, J= 7.6 Hz, 2H), 2.34 (t, J = 6.8 Hz, 2H), 1.94 (q,
J=7.4Hz, 2H), 1.77 - 1.55 (m, 6H), 0.93 (t, J = 7.4 Hz, 3H).
13C NMR (151 MHz, CDCl;) § 142.96, 139.24, 133.58, 132.64, 131.70, 128.61, 128.50, 127.92, 127.79,
126.31, 126.08, 125.88, 125.84, 120.77, 119.80, 90.08, 84.21, 38.42, 38.05, 37.65, 26.71, 25.37, 24.55,
17.26, 13.89.
ESI-HRMS: calcd for Co7HasN ™ ([M + H]Y) = 366.2216, found 366.2215.
IR (neat): 3053, 2929, 2865, 2246, 1685, 1603, 1508, 1460, 1371, 1178, 819 cm™.
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(S)-8-(4-butylphenyl)-6-(naphthalen-2-yl)oct-7-ynenitrile (D7)
"By colourless liquid, 50% yield, 90% ee; [a]*°p = 58.3 (¢ = 0.15, in CH,ClL,).
O HPLC (Chiralcel ITH column), n-hexane/i-PrOH = 99/1, flow rate = 0.5
mL/min, A = 254 nm, retention time: t; = 47.54 min, t; = 53.36 min.

| 'H NMR (400 MHz, Chloroform-d) 5 7.87 (s, 1H), 7.84 (dd, J= 7.6, 2.0 Hz, 3H),

99 N 754752 (m, 1H), 7.48 (td, /= 8.0, 1.8 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.35

o7 (d, J = 8.2 Hz, 2H). 4.03 (1, J= 7.2 Hz, 1H), 2.61 (t, J = 7.6 Hz, 2H), 2.34 (1, J =
6.6 Hz, 2H), 1.95 (m, 2H), 1.75 — 1.67 (m, 4H), 1.63 — 1.53 (m, 4H), 1.97 - 1.92 (m, 2H), 0.92 (t, /= 7.4
Hz, 3H).

13C NMR (101 MHz, CDCl3)  143.06, 139.12, 133.47, 132.53, 131.58, 128.42, 128.36, 127.79, 127.66,
126.18, 125.95, 125.75, 125.71, 120.61, 119.63, 89.94, 84.11, 38.30, 37.52, 35.55, 33.45, 26.58, 25.26,
22.28,17.13, 13.93.

ESI-HRMS: calcd for CasHsoN * ([M + H]*) = 380.2372, found 380.2374.

IR (neat): 3053, 2927, 2858, 2246, 1685, 1508, 1460, 1371, 1178, 820, 750 cm'.
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(S)-8-(4-(tert-butyl)phenyl)-6-(naphthalen-2-yl)oct-7-ynenitrile (D8)

(Bu colourless liquid, 53% yield, 88% ee; [a]*°p = 44.6 (¢ = 0.32, in CH,Cl,).

O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0

mL/min, A = 254 nm, retention time: t; = 14.37 min, t; = 15.92 min.
'H NMR (600 MHz, Chloroform-d) & 7.87 (s, 1H), 7.84 (dd, J = 7.6, 2.0 Hz, 3H),
OO " 754 (dd, J = 8.4, 1.8 Hz, 1H), 7.48 (td, J= 7.9, 1.8 Hz, 2H), 7.43 (d, J = 8.1 Hz,

o8 2H), 7.35 (d, J = 8.2 Hz, 2H), 4.04 (t, J= 7.1 Hz, 1H), 2.34 (t, J = 6.8 Hz, 2H),
1.94 (m, 2H), 1.80 — 1.65 (m, 4H), 1.32 (s, 9H).
13C NMR (151 MHz, CDCl;) § 151.35, 139.23, 133.58, 132.63, 131.54, 128.49, 127.92, 127.79, 126.31,
126.08, 125.89, 125.84, 125.44, 120.59, 119.80, 90.09, 84.17, 38.42, 37.67, 34.88, 31.32, 26.70, 25.37,
17.26.
ESI-HRMS: calcd for CosH3oN * ([M + H]") = 380.2372, found 380.2369.
IR (neat): 3054, 2956, 2866, 2246, 1685, 1601, 1506, 1461, 1364, 1268, 855 cm™'.
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(S)-8-(4-fluorophenyl)-6-(naphthalen-2-yl)oct-7-ynenitrile (D9)
F colourless liquid, 58% yield, 90% ee; [a]*°p = 50.0 (¢ = 0.08, in CH,ClL,).
O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
I mL/min, A = 254 nm, retention time: t; = 15.22 min, t; = 16.15 min.
'H NMR (400 MHz, Chloroform-d) & 7.84 (m, J = 5.6, 5.1, 3.0 Hz, 4H), 7.55 —
0 931 (m, 5H), 7.00 (t, J = 8.7 Hz, 2H), 4.01 (t, J= 7.2 Hz, 1H), 2.34 (t, /= 6.6 Hz,
D 2H), 1.98 — 1.90 (m, 2H), 1.76 — 1.63 (m, 4H).
13C NMR (101 MHz, CDCI3) 8 163.57, 161.10, 138.84, 133.58, 133.49, 133.46, 132.56, 128.46, 127.78,
127.68, 126.25, 125.95, 125.80, 125.64, 119.59, 119.56, 119.53, 115.64, 115.42, 90.42, 82.88, 38.26,
37.38, 26.55, 25.19, 17.12.
F NMR (376 MHz, CDCls) § -111.57.
ESI-HRMS: calcd for CosH2 FN* ([M + HJ") = 342.1652, found 342,1641. IR (neat): 3054, 2921,
2853, 2244, 1600, 1506, 1265, 1227, 837, 734 cm’.
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(S)-8-(4-chlorophenyl)-6-(naphthalen-2-yl)oct-7-ynenitrile (D10)
cl colourless liquid, 50% yield, 87% ee; [a]*°b = 48.8 (¢ = 0.24, in CH,ClL,).
O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 16.41 min, t; = 17.47 min.
H NMR (400 MHz, Chloroform-d) 8 7.84 (m, 4H), 7.55 — 7.44 (m, 3H), 7.39 (d,
0 N J=8.4Hz, 2H), 7.32 — 7.25 (m, 2H), 4.02 (t, J = 7.2 Hz, 1H), 2.34 (t, J = 6.6 Hz,
D10 2H), 2.01 — 1.90 (m, 2H), 1.77 — 1.62 (m, 4H).
13C NMR (101 MHz, CDCl3) & 138.82, 134.09, 133.58, 133.08, 132.69, 128.75, 128.63, 127.91, 127.82,
126.42, 126.10, 125.97, 125.74, 122.10, 119.72, 91.96, 82.98, 38.45, 37.46, 26.69, 25.32, 17.27.
ESI-HRMS: calcd for Co4H2iCIN * ([M + H]") = 342.1652, found 342,1641.
IR (neat): 3055, 2940, 2864, 2245, 1681, 1595, 1488, 1398, 1091, 1013, 826 cm™'.
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(S)-8-(4-bromophenyl)-6-(naphthalen-2-yl)oct-7-ynenitrile (D11)

Br

I -

D11

colourless liquid, 50% yield, 85% ee; [a]*°p = 39.3 (¢ = 0.3, in CH,Cl).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 19.30 min, t; = 20.74 min.

TH NMR (400 MHz, Chloroform-d) & 7.90 — 7.77 (m, 4H), 7.55 — 7.41 (m, 5H),
7.33 (d, J=8.4 Hz, 2H), 4.02 (t, J= 7.2 Hz, 1H), 2.35 (t, J = 6.4 Hz, 2H), 2.01 —
1.90 (m, 2H), 1.79 — 1.59 (m, 4H).

13C NMR (101 MHz, CDCl;) & 138.63, 133.44, 133.17, 132.55, 131.53, 128.50,

127.77, 127.68, 126.28, 125.96, 125.83, 125.60, 122.43, 122.14, 119.58, 92.04, 82.90, 38.33, 37.29,

26.54,25.18,17.13.

ESI-HRMS: caled for CosHaBrN * ([M + H]¥) = 404.0831, found 404.0834.
IR (neat): 3957, 2928, 2859, 2246, 1596, 1485, 1444, 1181, 1071, 915, 760cm-1.
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(S)-8-(4-methoxyphenyl)-6-(naphthalen-2-yl)oct-7-ynenitrile (D12)

OMe

I ”

D12

(m, 4H).

colourless liquid, 48% yield, 90% ee; [a]*’p = 64.3 (¢ = 0.18, in CH,Cl,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 21.34 min, t; = 25.67 min.

'H NMR (400 MHz, Chloroform-d) & 7.87 — 7.80 (m, 4H), 7.53 (dd, J = 8.5, 1.8
Hz, 1H), 7.47 (m, 2H), 7.43 — 7.39 (m, 2H), 6.88 — 6.81 (m, 2H), 4.01 (t, J=7.2
Hz, 1H), 3.81 (s, 3H), 2.34 (1, J = 6.6 Hz, 2H), 1.97 — 1.90 (m, 2H), 1.76 — 1.65
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I3C NMR (151 MHz, CDCl;) 8 159.47, 139.32, 133.58, 133.19, 132.63, 128.50, 127.91, 127.78, 126.30,
126.06, 125.88, 125.84, 119.80, 115.73, 114.02, 89.30, 83.85, 55.43, 38.43, 37.64, 26.70, 25.35, 17.25.
ESI-HRMS: calcd for C2sH2sNO ™ ([M + H]") = 354.1852, found 354.1849.

IR (neat): 3053, 2938, 2863, 2244, 1604, 1509, 1289, 1247, 1173, 1030, 831 cm™'.
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(S)-10-(benzyloxy)-6-(naphthalen-2-yl)dec-7-ynenitrile (D13)

_0O
Bn

colourless oil, 55% yield, 85% ee; [a]*’p = 8.3 (¢ = 0.3, in CH,Cl,).
| HPLC (Chiralcel IF column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
OO CN  mL/min, A = 254 nm, retention time: t; = 17.08 min, t; = 19.26 min.
'"H NMR (600 MHz, Chloroform-d) & 7.86 — 7.80 (m, 4H), 7.52 — 7.41
D13 (m, 3H), 7.40 — 7.36 (m, 5H), 4.64 (s, 2H), 4.29 (d, J = 2.0 Hz, 2H), 3.88
(t,J=7.2 Hz, 1H), 231 (t, J = 6.8 Hz, 2H), 1.94 — 1.83 (m, 2H), 1.71 — 1.54 (m, 4H).
13C NMR (151 MHz, CDCl3) & 138.82, 137.68, 133.53, 132.64, 128.59, 128.54, 128.22, 127.99, 127.88,
127.78, 126.37, 126.04, 125.91, 125.73, 119.74, 88.00, 79.56, 71.63, 57.86, 37.91, 37.37, 26.63, 25.31,
17.21.

ESI-HRMS: calcd for C26H26NO ™ ([M + H]") = 368.2008, found 368.2004.
IR (neat): 3056, 2938, 2860, 2244, 1600, 1503, 1454, 1355, 1070, 820, 739c¢m".
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(S)-8-cyclopropyl-6-(naphthalen-2-yl)oct-7-ynenitrile (D14)
V4 colourless oil, 58% yield, 84% ee; [a]*’p =-12.5 (¢ = 0.32, in CH2ClL).
HPLC (Chiralcel IA column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
‘ ‘ mL/min, A = 254 nm, retention time: t; = 7.42 min, t, = 8.11 min.
cN 'H NMR (600 MHz, Chloroform-d) § 7.81 (t,J= 7.5 Hz, 3H), 7.76 (s, 1H),
OO 7.54—7.43 (m, 3H), 3.75 (t, J= 7.2 Hz, 1H), 2.32 (t, J= 7.0 Hz, 2H), 1.83
D14 — 1.77(m, 2H), 1.74 — 1.50 (m, 4H), 1.35 — 1.28 (m, 1H), 0.80 — 0.74 (m,
2H), 0.71- 0.65(m,, 2H).
13C NMR (151 MHz, CDCl;) § 139.77, 133.54, 132.56, 128.36, 127.87, 127.75, 126.22, 125.91, 125.85,
125.73, 119.82, 87.15, 76.43, 37.83, 37.75, 26.62, 25.32, 17.23, 8.44, 8.38, -0.20.
ESI-HRMS: calcd for CoiH2N * ([M + H]") = 288.1746, found 288.1743.
IR (neat): 3026, 2926, 2858, 2245, 1600, 1500, 1454, 1339, 1023, 858, 820 cm™'.
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(S)-6-(naphthalen-2-yl)-8-(trimethylsilyl)oct-7-ynenitrile (D15)
colourless oil, 58% yield, 79% ee; [a]*p = -11.0 (¢ = 0.26, in

9.00 9.50 10.00

TMS
‘ ‘ CH:CL).
HPLC (Chiralcel OJ-H column), n-hexane/i-PrOH = 99/1, flow rate
OO = 1.0 mL/min, A = 211 nm, retention time: t; = 33.60 min, t, =43.15
min.
D15

1.54 (m, 4H), 0.21 (s, 9H).

'"H NMR (600 MHz, Chloroform-d) & 7.82 (d, J = 8.3 Hz, 3H), 7.79 (s,
1H), 7.51 — 7.40 (m, 3H), 3.83 (t, J = 7.2 Hz, 1H), 2.33 (¢, J = 7.0 Hz, 2H), 1.87 — 1.82 (m, 2H), 1.76 —

I3C NMR (151 MHz, CDCl;5) 8 138.79, 133.53, 132.62, 128.45, 127.90, 127.77, 126.30, 126.12, 125.86,
125.78, 119.75, 107.69, 88.28, 38.73, 37.47, 26.53, 25.30, 17.23, 0.28.

ESI-HRMS: calcd for C21Ha6NSi ™ ([M + H]") = 320.1829, found 320.1828.

IR (neat): 3055, 2953, 2862, 2169, 1600, 1507, 1248, 1085, 843 cm.
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Retention Time Area % Area
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(S)-6-(naphthalen-2-yl)-10-phenyldec-7-ynenitrile (D16)

Ph colourless liquid, 60% yield, 82% ee; [a]*’p = 23.8 (¢ = 0.29, in
‘ ‘ CH:Cb).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 98/2, flow rate =
OO CN 1.0 mL/min, A = 254 nm, retention time: t; =22.51 min, t; =23.67 min.

H NMR (600 MHz, Chloroform-d) & 7.81 (d, J = 7.8 Hz, 1H), 7.79 (d, J

= 8.4 Hz, 2H), 7.72 (s, 1H), 7.51 — 7.42 (m, 2H), 7.39 (dd, J= 8.4, 1.9 Hz,
1H), 7.31 - 7.27 (m, 2H), 7.26 — 7.20 (m, 3H), 3.77 — 3.72 (t, J= 6.4, 1H), 2.87 (t, J = 7.4 Hz, 2H), 2.58
(t,J=7.4,2H),2.27 (t,J=7.2,2H), 1.81 — 1.71 (m, 2H), 1.67 — 1.58 (m, 2H), 1.58 — 1.44 (m, 2H).
13C NMR (151 MHz, CDCls) § 140.97, 139.65, 133.53, 132.55, 128.73, 128.46, 128.33, 127.89, 127.74,
126.35, 126.20, 125.89, 125.73, 119.85, 83.27, 82.04, 37.82, 37.69, 35.43, 26.57, 25.32, 21.06, 17.20.
ESI-HRMS: calcd for CagHasN * ([M + H]") = 352.2059, found 352.2056.
IR (neat): 3026, 2926, 2858, 2245, 1600, 1500, 1454, 1367, 1339, 1023, 895, 858, 820cm"".
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(S)-8-([1,1'-biphenyl]-4-yl)-6-(naphthalen-2-yl)oct-7-ynenitrile (D17)

Ph

D *

D17

colourless oil, 58% yield, 89% ee. [a]*°b = 38.9 (¢ = 0.54, in CH>Cl,). HPLC
(Chiralcel IE column), n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A =
254 nm, retention time: t; = 21.60 min, t; = 23.20 min.

IH NMR (400 MHz, Chloroform-d) 5 7.90 — 7.82 (m, 4H), 7.63 — 7.57 (m, 2H),
7.56 (M, 5H), 7.53 — 7.41 (m, 4H), 7.39 — 7.32 (m, 1H), 4.07 (t, J = 7.2 Hz, 1H),
2.40 —2.32 (t, J = 6.6 Hz, 2H), 1.98 (m, 2H), 1.79 — 1.66 (m, 4H).

13C NMR (101 MHz, CDCls) § 140.89, 140.59, 139.10, 133.62, 132.70, 132.28, 129.02, 128.60, 127.96,
127.83, 127.74, 127.18, 127.15, 126.39, 126.14, 125.93, 125.87, 122.56, 119.80, 91.60, 83.98, 38.54,
37.63, 26.75, 25.40, 17.30.

ESI-HRMS: calcd for CsoH26N* ([M + H]*) = 400.2059, found 400.2055.

IR (neat): 3055, 3031, 2919, 2852, 2246, 1683, 1601, 1485, 842, 821, 766, 697 cm™ .
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(S)-6,8-di(naphthalen-2-yl)oct-7-ynenitrile (D18)

90 >

D18

(m, 4H).

colourless oil, 57% yield, 90% ee. [a.]*°p = 90.6 (¢ = 0.07, in CH2CL).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate =
mL/min, A = 254 nm, retention time: t; = 23.40 min, t; = 27.69 min.

IH NMR (400 MHz, Chloroform-d) & 7.99 (d, J = 1.5 Hz, 1H), 7.89 (d, J = 1.8
Hz, 1H), 7.88 — 7.73 (m, 6H), 7.57 (dd, J = 8.5, 1.8 Hz, 1H), 7.54 — 7.43 (m, 5H),
4.08 (t, J = 7.2 Hz, 1H), 2.39 — 2.28 (t, J = 6.6 Hz, 2H), 1.99 (m, 2H), 1.77 — 1.70

1.0

13C NMR (101 MHz, CDCl3) 5 138.96, 133.50, 133.04, 132.69, 132.58, 131.37, 128.67, 128.47, 127.94,
127.81, 127.75, 127.68, 126.51, 126.24, 126.01, 125.79, 125.73, 120.79, 119.64, 91.15, 84.31, 38.42,
37.48, 26.63, 25.27, 17.15.

ESI-HRMS: calcd for CasHoaN* ([M + H]*) = 374.1903, found 374.1907.

IR (neat): 3055, 2924, 2855, 2244, 1683, 1597, 1503, 1461, 1369, 1126, 859 cm™ .
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(S)-6-(naphthalen-2-yl)-8-(thiophen-3-yl)oct-7-ynenitrile (D19)

D19

CN

colourless oil, 43% yield, 88% ee; [a]*°p = 38.8 (¢ = 0.24, in CH,Cl,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 17.32 min, t; = 19.29 min.

TH NMR (400 MHz, Chloroform-d) § 7.86 — 7.80 (m, 4H), 7.55 — 7.42 (m,
4H), 7.30 — 7.23 (m, 1H), 7.14 (dd, J = 5.0, 1.2 Hz, 1H), 4.01 (t, J = 7.2 Hz,
1H), 2.34 (t, J = 6.6 Hz, 2H), 1.94 (m, 2H), 1.74 — 1.56 (m, 4H).

I3C NMR (101 MHz, CDCI;) 8 138.89, 133.46, 132.55, 130.06, 128.43, 128.25, 127.78, 127.66, 126.22,
125.96, 125.76, 125.69, 125.21, 122.44, 119.61, 90.26, 78.98, 38.32, 37.37, 26.56, 25.21, 17.12.
ESI-HRMS: calcd for C2;H2oNS * ([M + HJ") =330.1311, found 330.1309.
IR (neat): 3054, 2926, 2862, 2244, 1684, 1600, 1458, 1368, 1186, 820, 786 cm™'.
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(S)-6-(6-bromonaphthalen-2-yl)-8-phenyloct-7-ynenitrile (D20)
colourless liquid, 43% yield, 90% ee; [a]*’p = 7.9 (¢ = 0.30, in CH2ClL).
O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
Il mL/min, A = 254 nm, retention time: t; = 16.14 min, t; = 17.74 min.
'H NMR (400 MHz, Chloroform-d) 8 7.99 (d, J = 2.0 Hz, 1H), 7.83 (d, J =
OO 1.8 Hz, 1H), 7.72 (dd, J = 16.8, 8.6 Hz, 2H), 7.58 — 7.52 (m, 2H), 7.51 —
D20 7.44 (m, 2H), 7.34 — 7.29 (m, 3H), 4.02 (t, J= 7.2 Hz, 1H), 2.35 (t, J= 6.6
Hz, 2H), 1.98 — 1.89 (m, 2H), 1.71 (m, 4H).
13C NMR (101 MHz, CDCI3) & 139.56, 133.60, 131.88, 131.72, 129.72, 129.61, 129.49, 128.35, 128.11,
127.54, 126.81, 125.94, 123.35, 119.69, 119.61, 90.33, 84.21, 38.28, 37.39, 26.57, 25.20, 17.15.
ESI-HRMS: calcd for CosHz NBr* ([M + HJ") = 380.2372, found 380.2369.
IR (neat): 3030, 2938, 2846, 2246, 1684, 1601, 1487, 1229, 841, 762 cm'.

CN

Br

0.15
_ 00 S
= o0s =
o.ou—v—JM L~
o 100 200 300 400 500 600  7.00 800 900 1000 1100 1200  13.00 1400 1500 1600  17.00 18100  19.00  20.00
Minutes
Retention Time Area % Area
1 16.139 3779007 50.23
2 17.737 3744571 49.77
1.50
1.00 kS
R e i
0.0 e
0. 1.b0 2.60 3.b0 A.bo 5.60 6. 60 7.b0 E.bU 9. 60 10.‘00 11‘00 12.‘00 13.‘00 14‘00 15.‘00 16.‘00 17‘00 lE.‘UO 19.‘00 20.00
Minutes
Retention Time Area % Area
1 16.250 12946279 95.14
2 18.310 661439 4.86

(S)-6-(7-cyano-1-phenylhept-1-yn-3-yl)naphthalen-2-yl acetate (D21)
colourless liquid, 47% yield, 86% ee; [a]*p = 27.3 (¢ = 0.31, in
O CH,CL).
I HPLC (Chiralcel IE column), n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t; = 35.89 min, t; = 47.31 min.
OO SN 1H NMR (400 MHz, Chloroform-d) & 7.88 — 7.82 (d, 2H), 7.79 (d, J= 8.5
Ao D21 Hz, 1H), 7.58 — 7.51 (m, 2H), 7.51 — 7.43 (m, 2H), 7.32 (m, 3H), 7.27 —
7.20 (m, 1H), 4.03 (t, J = 7.2 Hz, 1H), 2.35 (m, 5H), 1.98 — 1.89 (m, 2H),
1.80 — 1.56 (m, 4H).
13C NMR (101 MHz, CDCl3) § 169.68, 148.32, 138.94, 132.83, 131.71, 131.50, 129.29, 128.31, 128.17,
128.02, 126.48, 125.86, 123.43, 121.50, 119.61, 118.39, 90.56, 84.07, 38.21, 37.43, 26.54, 25.22, 21.21,
17.13.
ESI-HRMS: calcd for CosH24NO, * ([M + H]") = 382.1801, found 382.1798.
IR (neat): 2925, 2855, 2245, 1761, 1604, 1489, 1368, 1199, 1143, 908, 759 cm’".
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(S)-6-(6-methoxynaphthalen-2-yl)-8-phenyloct-7-ynenitrile (D22)
colourless liquid, 50% yield, 90% ee; [a]*’p = 65.0 (¢ = 0.14, in
O CH,Cl).
I HPLC (Chiralcel IA column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
N mL/min, A = 254 nm, retention time: t; =13.91 min, t; = 23.18 min.
oo OO 'H NMR (400 MHz, Chloroform-d) 87.79 (d, J= 1.8 Hz, 1H), 7.77 — 7.70
D22 (m, 2H), 7.51 (d, J= 1.8 Hz, 1H), 7.50 — 7.46 (m, 2H), 7.34 — 7.29 (m, 3H),
7.20 —7.11 (m, 2H), 4.00 (t, J= 7.2 Hz, 1H), 3.93 (s, 3H), 2.34 (t, /= 6.6 Hz, 2H), 1.97 — 1.91 (m, 2H),
1.72 - 1.64 (m, 4H).
13C NMR (101 MHz, CDCl;) § 157.76, 136.78, 133.76, 131.83, 129.39, 129.05, 128.42, 128.07, 127.37,
126.34, 125.92, 123.69, 119.77, 119.14, 105.80, 91.09, 83.96, 55.45, 38.23, 37.66, 26.70, 25.37, 17.25.
ESI-HRMS: calcd for C2iH2oNO, * ([M + H]*) = 318.1488, found 318.1490.
IR (neat): 3056, 2938, 2862, 2245, 1605, 1485, 1266, 1214, 1168, 1030, 855 cm™'.
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(S)-6-(benzo[b]thiophen-5-yl)-8-phenyloct-7-ynenitrile (D23)
O colourless liquid, 55% yield, 85% ee; [a]*°p = 5.4 (¢ = 0.24, in CH,Cl,).
HPLC (Chiralcel TA column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
Il mL/min, A = 254 nm, retention time: t; = 10.21 min, t; = 12.45 min.
J O cn  'H NMR (400 MHz, Chloroform-d) 87.65 (d, J = 2.0 Hz, 1H), 7.63 (d, J = 2.0
s Hz, 1H), 7.51 — 7.41 (m, 3H), 7.36 — 7.29 (m, 4H), 6.76 (d, J = 2.0 Hz, 1H),
D23 3.99 (t, J=7.2 Hz, 1H), 2.34 (1, J = 6.6 Hz, 2H), 1.93 — 1.88 (m, 2H), 1.62 —
1.76 (m, 4H).
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13C NMR (101 MHz, CDCl;5) & 139.94, 138.37, 137.88, 131.69, 128.29, 127.97, 127.01, 124.01, 123.80,
123.49, 122.64, 122.25, 119.63, 90.95, 83.82, 38.13, 37.93, 26.57, 25.23, 17.13.

ESI-HRMS: calcd for Co;H2oNS ™ ([M + HJ") = 330.1311, found 330.1313.

IR (neat): 3075, 2926, 2858, 2245, 1681, 1598, 1489, 1439, 1050,815, 758 cm.
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(S)-6-(benzo[d][1,3]dioxol-5-yl)-8-phenyloct-7-ynenitrile (D24)
colourless liquid, 53% yield, 85% ee; [a]*°p = -13.0 (¢ = 0.31, in CH>CL).
O HPLC (Chiralcel IA column), n-hexane/i-PrOH = 90/10, flow rate = 1.0
ll mL/min, A = 254 nm, retention time: t; = 8.75 min, t, = 9.84 min.
o N 'H NMR (400 MHz, Chloroform-d) § 7.44 (dd, J = 6.6, 3.0 Hz, 2H), 7.30 (dd,
<o O J=15.0,2.0 Hz, 3H), 6.93 (d, /= 1.8 Hz, 1H), 6.85 (m, J = 8.0, 1.8 Hz, 1H),
D24 6.78 (d, J = 8.0 Hz, 1H), 5.96 (s, 2H), 3.79 (t, J= 7.2 Hz, 1H), 2.37 (t, J = 6.8
Hz, 2H), 1.86 — 1.78 (m, 2H), 1.77 — 1.55 (m, 4H).
I3C NMR (101 MHz, CDCl3) & 147.96, 146.59, 135.64, 131.78, 128.40, 128.09, 123.53, 120.61, 119.77,
108.35, 108.00, 101.18, 90.95, 83.81, 37.97, 37.94, 26.60, 25.33, 17.26.

ESI-HRMS: calcd for Co1HxoNO, * ([M + H]*) = 318.1488, found 318.1490.
IR (neat): 2930, 2855, 2246, 1676, 1486, 1441, 1246, 1038, 934, 759 cm".
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(S)-8-phenyl-6-(1-tosyl-1H-indol-5-yl)oct-7-ynenitrile (D25)
colourless liquid, 45% yield, 82% ee; [a]*°p = 75.4 (¢ = 0.46, in CH,Cl,).

O HPLC (Chiralcel IF column), n-hexane/i-PrOH = 85/15, flow rate = 1.0

l mL/min, A = 254 nm, retention time: t; = 22.13 min, t, = 24.52 min.
y O o 'H NMR (400 MHz, Chloroform-d) § 7.95 (d, J = 8.6 Hz, 1H), 7.81 — 7.74 (m,
by 2H), 7.57 (m, 2H), 7.48 — 7.41 (m, 2H), 7.38 — 7.31 (m, 1H), 7.32 — 7.27 (m, 3H),
p2s 7.23 (d, J = 8.2 Hz, 2H), 6.64 (d, J = 3.6 Hz, 1H), 3.92 (t, /= 7.2 Hz, 1H), 2.34

(d, m, SH), 1.90 — 1.82 (m, 2H), 1.76 — 1.55 (m, 4H).

13C NMR (101 MHz, CDCls) § 145.12, 136.93, 135.41, 133.94, 131.78, 131.15, 130.05, 128.41, 128.10,
126.98, 126.91, 124.32, 123.54, 120.12, 119.76, 113.71, 109.08, 91.06, 83.91, 38.15, 26.70, 25.30, 21.70,
17.23.

ESI-HRMS: calcd for CaoHa7N20,S * ([M + H") = 467.1787, found 467.1791.

IR (neat): 3055, 2927, 2859, 2245, 1596, 1458, 1370, 1172, 1091, 814, 760 cm"".
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(S)-6-(benzofuran-5-yl)-8-phenyloct-7-ynenitrile (D26)
colourless liquid, 45% yield, 85% ee; [a]*’p = 4.2 (¢ = 0.26, in CH,Cl,).
O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 10.37 min, t = 11.52 min.
I 'H NMR (600 MHz, Chloroform-d) 8 7.65 (d, J = 2.0 Hz, 1H), 7.63 (d, J=2.2

/ O N Hg, 1H), 7.51 — 7.41 (m, 3H), 7.36 — 7.29 (m, 4H), 6.76 (d, J = 2.2 Hz, 1H),
(6]
D26 3.97 (t, J= 7.2 Hz, 1H), 2.35 (t, J= 7.0 Hz, 2H), 1.93 — 1.88 (m, 2H), 1.75 —
1.62 (m, 4H).

13C NMR (151 MHz, CDCl;) § 154.19, 145.65, 136.38, 131.82, 128.42, 128.07, 127.80, 123.95, 123.66,
119.96, 119.79, 111.53, 106.74, 91.35, 83.84, 38.31, 38.22, 26.71, 25.36, 17.28.

ESI-HRMS: calcd for C22H20NO ™ ([M + H]") = 314.1539, found 314.1541.

IR (neat): 3058, 2940, 2852, 2245, 1721, 1697, 1598, 1465, 1125, 1029, 892 cm™'.
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(5)-6-([1,1'-biphenyl]-4-yI)-8-phenyloct-7-ynenitrile (D27)
colourless liquid, 53% yield, 88% ee; [a]*°p = 16.7 (¢ = 0.24, in CH,CL,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 15.55 min, t; = 22.04 min.

TH NMR (400 MHz, Chloroform-d) & 7.65 — 7.56 (m, 4H), 7.56 — 7.41 (m, 6H),
7.39 — 7.28 (m, 4H), 3.92 (t, J = 7.2 Hz, 1H), 2.45 — 2.33 (t, J = 6.6 Hz, 2H),
1.94 — 1.86 (m, 2H), 1.74 (m, 4H).
13C NMR (101 MHz, CDCl;) & 140.94, 140.83, 140.06, 131.82, 128.92, 128.42,
128.10, 127.98, 127.51, 127.40, 127.22, 123.59, 119.78, 90.80, 83.96, 37.98, 37.80, 26.72, 25.35, 17.27.
ESI-HRMS: calcd for CaHosN * ([M + HJ") = 350.1903, found 350.1911.
IR (neat): 3030, 2940, 2865, 2246, 1684, 1601, 1487, 1406, 1228, 841, 735 cm™'.
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(S)-6,8-diphenyloct-7-ynenitrile (D28)
colourless liquid, 64% yield, 90% ee; [a]*’p = 8.6 (¢ = 0.34, in CH,Cly).

HPLC (Chiralcel TA column), n-hexane/i-PrOH = 95/5, flow rate =

1.0

I mL/min, A = 254 nm, retention time: t; = 6.77 min, t, = 7.71 min.
'H NMR (400 MHz, Chloroform-d) & 7.49 — 7.37 (m, 4H), 7.41 — 7.18 (m, 6H),

Saas

D28

3.87 (t,J=7.2 Hz, 1H), 2.34 (t, J = 6.8 Hz, 2H), 1.90 — 1.81 (m, 2H), 1.76 — 1.57
(m, 4H).

13C NMR (101 MHz, CDCl3) § 141.76, 131.80, 128.76, 128.40, 128.06, 127.55,
127.07, 123.65, 119.75, 90.90, 83.89, 38.30, 37.83, 26.69, 25.34, 17.25.
ESI-HRMS: caled for CaoHaoN * ([M + H]*) = 274.1590, found 374.1593.
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IR (neat): 3029, 2927, 2859, 2346, 1598, 1490, 1449, 1347, 782 cm.
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(S)-6-(4-fluorophenyl)-8-phenyloct-7-ynenitrile (D29)
colourless liquid, 47% yield, 90% ee; [a]*°p = 6.7 (¢ = 0.18, in CH,Cl,).

HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 10.25 min, t; = 13.04 min.
'H NMR (400 MHz, Chloroform-d) § 7.48 — 7.43 (m, 2H), 7.38 (dd, /= 8.8, 5.4

D29

CN

2.36 (t, J = 6.8 Hz, 2H), 1.87 — 1.80 (m, 2H), 1.76 — 1.54 (m, 4H).

Hz, 2H), 7.34 — 7.24 (m, 3H), 7.04 (t, J = 8.8 Hz, 2H), 3.86 (t, J = 7.2 Hz, 1H).

I
e
13C NMR (101 MHz, CDCl;) § 163.16, 160.72, 137.48, 137.44, 131.79, 129.06,
128.98, 128.44, 128.18, 123.45, 119.70, 115.66, 115.44, 90.60, 84.10, 37.90, 37.60, 26.62, 25.30, 17.27.
19F NMR (376 MHz, CDCL3) § -116.06.
ESI-HRMS: caled for CaoH1oNF * ([M + H]*) = 292.1496, found 292.1495.
IR (neat): 3064, 2931, 2863, 2247, 1687, 1599, 1507, 1448, 1416, 1225cm’.
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(S)-6-(4-chlorophenyl)-8-phenyloct-7-ynenitrile (D30)
colourless liquid, 60% yield, 85% ee; [a]*’p = 6.7 (¢ = 0.18, in CH,ClL,).
O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
I mL/min, A = 254 nm, retention time: t; =10.37 min, t, = 15.50 min.
TH NMR (400 MHz, Chloroform-d) 5 7.48 — 7.40 (m, 2H), 7.37 — 7.17 (m, 7H),
O N385 (t,J=7.2 Hz, 1H), 2.35 (t, J = 6.8 Hz, 2H), 1.87 — 1.80 (m, 2H), 1.60 —
“ D30 1.76 (m, 4H).
13C NMR (101 MHz, CDCI3) & 140.26, 132.83, 131.79, 128.92, 128.89, 128.45,
128.23, 123.38, 119.68, 90.25, 84.24, 37.74, 37.72, 26.60, 25.29, 17.27.
ESI-HRMS: calcd for C2oH9CIN * ([M + H]") = 308.1200, found 308.1201.
IR (neat): 3059, 2935, 2864, 2246, 1688, 1594, 1489, 1289, 1091, 1014, 831 cm'.
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(S)-6-(4-bromophenyl)-8-phenyloct-7-ynenitrile (D31)
colourless liquid, 50% yield, 87% ee; [a]*’p = 2.0 (¢ = 0.31, in CH,Cl,).
O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
I mL/min, A = 254 nm, retention time: t; =10.93 min, t, = 17.28 min.
N 'H NMR (400 MHz, Chloroform-d) & 7.50 — 7.37 (m, 4H), 7.40 — 7.23 (m, 5H),
O 3.83 (t, J= 7.2 Hz, 1H), 2.35 (t, J = 6.8 Hz, 2H), 1.87 — 1.79 (m, 2H), 1.60 —
D31 1.75(m, 4H).
13C NMR (101 MHz, CDCl3) & 140.66, 131.71, 131.66, 129.18, 128.32, 128.10, 123.23, 120.74, 119.54,
90.02, 84.12, 37.69, 37.52, 26.46, 25.16, 17.13.
ESI-HRMS: calcd for C2oHi9BrN * ([M + HJ") = 352.0695, found 352.0693.
IR (neat): 3056, 2926, 2858, 2246, 1596, 1486, 1404, 1071, 1010, 827, 758, 693 cm’".
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(S)-6-(4-iodophenyl)-8-phenyloct-7-ynenitrile (D32)

® -
|

D32

colourless liquid, 48% yield, 85% ee; [a]*’p = 38.9 (¢ = 0.20, in CH,CL).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; =11.78 min, t; = 20.33 min.

'H NMR (400 MHz, Chloroform-d) & 7.70 — 7.59 (m, 2H), 7.47 — 7.33 (m, 2H),
7.36 — 7.28 (m, 3H), 7.20 — 7.14 (m, 2H), 3.82 (t, J = 7.2 Hz, 1H), 2.35 (t, J =
6.8 Hz, 2H), 1.86 — 1.78 (m, 2H), 1.69 (m, 4H).

13C NMR (101 MHz, CDCl3) § 141.50, 137.82, 131.79, 129.63, 128.46, 128.24,

123.34, 119.70, 92.33, 90.10, 84.23, 37.92, 37.64, 26.61, 25.29, 17.28.
ESI-HRMS: caled for CooH 1oBrN * ([M + H]*) = 352.0695, found 352.0693.
IR (neat): 3059, 2940, 2867, 2244, 1687, 1580, 1484, 1395, 1224, 1004, 822 cm".
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(S)-6-(3-chlorophenyl)-8-phenyloct-7-ynenitrile (D33)

Cl
Saae.

D33

colourless liquid, 58% yield, 87% ee; [0]*’p = -6.2 (¢ = 0.29, in CH2Cl,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 10.83 min, t; = 14.36 min.

'"H NMR (400 MHz, Chloroform-d) & 7.48 —7.37 (m, 3H), 7.34 — 7.20 (m, 6H),
3.85 (t, J = 7.2 Hz, 1H), 2.35 (t, J = 6.8 Hz, 2H), 1.89 — 1.81 (m, 2H), 1.76 —
1.57 (m, 4H).

13C NMR (101 MHz, CDCls) & 143.66, 134.44, 131.69, 129.88, 128.32, 128.13,

127.60, 127.17, 125.66, 123.20, 119.54, 89.79, 84.25, 37.90, 37.51, 26.49, 25.16, 17.12.
ESI-HRMS: calcd for C20Hi9CIN * ([M + H]*) = 308.1200, found 308.1201.
IR (neat): 3061, 2938, 2865, 2246, 1690, 1595, 1424, 1221, 1075, 787 cm™,
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(S)-4-(7-cyano-1-phenylhept-1-yn-3-yl)phenyl acetate (D34)

SOat.

D34

AcO

colourless liquid, 47% yield, 87% ee; [a]*°p = 7.2 (¢ = 0.32, in CH,Cl,).
HPLC (Chiralcel IG column), n-hexane/i-PrOH = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 22.76 min, t; = 26.68 min.

TH NMR (400 MHz, Chloroform-d) & 7.43 (m, 4H), 7.30 (m, 3H), 7.10 — 7.02
(m, 2H), 3.87 (t, J= 7.2 Hz, 1H), 2.35 (t, J = 6.8 Hz, 2H), 2.30 (s, 3H), 1.88 —
1.81 (m, 2H), 1.75 — 1.61 (m, 4H).

13C NMR (101 MHz, CDCls) & 169.69, 149.65, 139.30, 131.79, 128.56, 128.42, 128.14, 123.49, 121.78,

119.72, 90.56, 84.08, 37.81, 37.78, 26.66, 25.31, 21.28, 17.25.
ESI-HRMS: calcd for C2oH»NO, * ([M + H]Y) = 332.1645, found 332.1642.
IR (neat): 3063, 2930, 2863, 2246, 1758, 1687, 1599, 1504, 1369, 1197, 1014, 913, 851 cm.
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(S)-6-(4-phenoxyphenyl)-8-(o-tolyl)oct-7-ynenitrile (D35)
O colourless liquid, 48% yield, 88% ee; [a]*°p = 29.6 (¢ = 0.35, in CH,Cl,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
I mL/min, A = 254 nm, retention time: t; = 18.52 min, t; = 25.09 min.
O CN 1H NMR (400 MHz, Chloroform-d) 8 7.49 — 7.40 (m, 2H), 7.39 — 7.27 (m,
PhO s 7H), 7.10 (t, J = 7.4 Hz, 1H), 7.00 (m, 4H), 3.86 (t, J= 7.2 Hz, 1H), 2.36 (t, J
= 6.8 Hz, 2H), 1.89 — 1.81 (m, 2H), 1.79 — 1.61 (m, 4H).
13C NMR (101 MHz, CDCl;) § 157.26, 156.14, 136.44, 131.66, 129.76, 128.69, 128.28, 127.97, 123.44,
123.26, 119.61, 118.97, 118.86, 90.77, 83.81, 37.76, 37.51, 26.55, 25.21, 17.15.
ESI-HRMS: calcd for Co¢H24NO * ([M + H]") = 366.1852, found 366.1856.
IR (neat): 3037, 2926, 2858, 2246, 1683, 1587, 1487, 1235, 1166, 843, 755 cm’.
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(R)-6-(2-methoxyphenyl)-8-phenyloct-7-ynenitrile (D36)

® -
OMe

D36

colourless liquid, 60% yield, 83% ee; [a]*°p = 17.2 (¢ = 0.35, in CH,Cl,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min,
A =254 nm, retention time: t; = 10.35 min, t; = 11.46 min.

'H NMR (400 MHz, Chloroform-d) 8 7.61 (dd, J=7.6, 1.8 Hz, 1H), 7.49 — 7.42 (m,
2H), 7.33 — 7.19 (m, 4H), 6.98 (t, J = 7.8 Hz, 1H), 6.88 (d, J = 8.8 Hz, 1H), 4.36 —
429 (t, J= 6.8 Hz, 1H), 3.86 (s, 2H), 2.35 (t, J= 7.0 Hz, 1H), 1.85 — 1.55 (m, 6H).

13C NMR (101 MHz, CDCls) § 156.19, 131.81, 130.05, 128.64, 128.37, 128.11, 127.91, 123.89, 120.87,
119.90, 110.54, 91.46, 83.14, 55.55, 35.80, 31.35, 26.67, 25.22, 17.17.

ESI-HRMS: calcd for C2iHNO ™ ([M + H]") = 304.1695, found 304.1682.

IR (neat): 2938, 2863, 2837, 2245, 1596, 1491, 1460, 1440, 1243, 1028, 756 cm™'.
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(S)-6-(3-methoxyphenyl)-8-phenyloct-7-ynenitrile (D37)

OMe
D37

CN

colourless liquid, 51% yield, 91% ee; [a]*°p = -7.2 (¢ = 0.21, in CH,Cl).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min,
A = 254 nm, retention time: t; = 15.42 min, t; = 21.42 min.

H NMR (400 MHz, Chloroform-d)  7.44 (m, 2H), 7.32 — 7.18 (m, 4H), 7.02 — 6.95
(m, 2H), 6.80 (m, 1H), 3.82 (m, 4H), 2.34 (t, J = 6.8 Hz, 2H), 1.90 — 1.80 (m, 2H),
1.69 (m, 4H).

3C NMR (101 MHz, CDCl3) § 159.93, 143.37, 131.79, 129.73, 128.40, 128.07, 123.60, 119.94, 119.78,

113.52, 112.16, 90.76, 83.90, 55.37, 38.30, 37.71, 26.68, 25.34, 17.26.
ESI-HRMS: caled for Co1HNO * ([M + HJ*) = 304.1695, found 304.1695.
IR (neat): 3054, 2937, 2862, 2244, 1601, 1488, 1437, 1257, 1149, 1045, 784 cm'.
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(S)-6-(4-methoxyphenyl)-8-phenyloct-7-ynenitrile (D38)

MeO I

D38

CN

colourless liquid, 62% yield, 87% ee; [0]*°p = 9.0 (¢ = 0.20, in CH,ClL,).
HPLC (Chiralcel IA column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 10.14 min, t, = 11.45 min.

'"H NMR (400 MHz, Chloroform-d) & 7.52 — 7.36 (m, 2H), 7.39 — 7.16 (m,
5H), 6.93 — 6.80 (m, 2H), 3.81 (m, 5H), 2.35 (t, J = 6.8 Hz, 2H), 1.92 — 1.78
(m, 2H), 1.72 — 1.57 (m, 4H).

13C NMR (101 MHz, CDClsy) & 158.65, 133.83, 131.78, 128.52, 128.39,

128.02, 123.68, 119.80, 114.10, 91.25, 83.66, 55.45, 37.92, 37.45, 26.65, 25.35, 17.27.
ESI-HRMS: calcd for C2iH22NO ™ ([M + H]") = 304.1695, found 304.1695.
IR (neat): 2937, 2865, 2245, 1676, 1602, 1510, 1298, 1248, 1175, 1032, 834 cm™'.
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(5)-6-(3,4-dimethoxyphenyl)-8-phenyloct-7-ynenitrile (D39)

colourless liquid, 55% yield, 90% ee; [a]*°b = -19.1 (¢ = 0.30, in CH,CL,).
HPLC (Chiralcel IG column), n-hexane/i-PrOH = 90/10, flow rate = 1.0

Il mL/min, A = 254 nm, retention time: t; = 28.35 min, t, = 35.12 min.

] -
MeO

OMe

'H NMR (400 MHz, Chloroform-d) § 7.47 — 7.40 (m, 2H), 7.36 — 7.26 (m, 3H),
6.95 (dd, J = 6.4, 2.2 Hz, 2H), 6.85 (d, J = 8.8 Hz, 1H), 3.91 (s, 3H), 3.88 (s,

D30 3H), 3.82 (t, J= 7.2 Hz, 1H), 2.36 (t, /= 6.8 Hz, 2H), 1.89 — 1.81 (m, 2H), 1.76

— 1.62 (m, 4H).

13C NMR (101 MHz, CDCl3)  149.18, 148.12, 134.37, 131.77, 128.43, 128.07, 123.66, 119.77, 119.54,
111.36, 110.78, 91.15, 83.83, 56.11, 56.07, 37.93, 37.90, 26.73, 25.35, 17.29.

ESI-HRMS: calcd for Co,Ho4NO, * ([M + HJ*) = 334.1801, found 334.1802.

IR (neat): 2938, 2856, 2245, 1674, 1593, 1460, 1481, 1262, 1143, 1026, 761cm’".
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(S)-6-(4-ethoxyphenyl)-8-phenyloct-7-ynenitrile (D40)
colourless liquid, 57% yield, 86% ee; [0]*’p = 9.8 (¢ = 0.33, in CH,Cl,).
O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 10.96 min, t; = 16.93 min.
| 'H NMR (400 MHz, Chloroform-d) & 7.47 — 7.41 (m, 2H), 7.41 — 7.26 (m,
O CN " 5H), 6.90 — 6.79 (m, 2H), 4.02 (q, J = 7.0 Hz, 2H), 3.81 (t, J = 7.2 Hz, 1H),
2.33 (t, J = 7.0 Hz, 2H), 1.83 (q, J = 7.0, 2.4 Hz, 2H), 1.77 — 1.55 (m, 4H),
1.41 (t, J = 7.0 Hz, 3H).
3C NMR (101 MHz, CDCl3) 8 157.90, 133.53, 131.65, 128.36, 128.25, 127.86, 123.59, 119.65, 114.55,
91.18, 83.52,63.47,37.77,37.31, 26.51, 25.22, 17.12, 14.87.
ESI-HRMS: calcd for C»2H24NO, * (M + H]") = 318.1852, found 318.1852.
IR (neat): 2979, 2937, 2869, 2246, 1676, 1601, 1509, 1245, 1174, 1045, 835 cm’!.
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(S)-6-(4-(tert-butoxy)phenyl)-8-phenyloct-7-ynenitrile (D41)
colourless liquid, 30% yield, 90% ee; [a]*’p = 11.3 (¢ = 0.16, in CH2Cl»).
O HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 9.50 min, t, = 13.26 min.
I 'H NMR (400 MHz, Chloroform-d) & 7.50 — 7.41 (m, 2H), 7.41 — 7.26 (m,
O CN5H), 7.02 — 6.92 (m, 2H), 3.83 (1, J = 7.2 Hz, 1H), 2.35 (1, J = 7.0 Hz, 2H),
Buo D41 1.87 — 1.80 (m, 2H), 1.75 — 1.62 (m, 4H), 1.34 (s, 9H).
13C NMR (101 MHz, CDCls) 8 154.37, 136.49, 131.80, 128.41, 128.04,
127.90, 124.36, 123.70, 119.77, 91.15, 83.83, 78.56, 37.91, 37.66, 28.99, 26.71, 25.35, 17.28.
ESI-HRMS: calcd for Co4HosNO ™ ([M + H]) = 346.2165, found 346.2164.
IR (neat): 2976, 2929, 2866, 2246, 1680, 1598, 1503, 1367, 1238, 1160, 896 cm™'.
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(R)-8-phenyl-6-(thiophen-3-yl)oct-7-ynenitrile (D42)

4 | CN
S
D42

colourless liquid, 58% yield, 87% ee; [0]*’p = -6.2 (¢ = 0.29, in CH2Cl,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 12.96 min, t; = 17.66 min.

'"H NMR (600 MHz, Chloroform-d) & 7.44 (m, 2H), 7.30 (m, 4H), 7.27 — 7.21 (m,
1H), 7.10 (dd, J = 5.0, 1.4 Hz, 1H), 3.98 (t, J = 8.2 Hz, 1H), 2.36 (t, J = 6.8 Hz,
2H), 1.97 — 1.89 (m, 2H), 1.82 — 1.61 (m, 4H).

I3C NMR (151 MHz, CDCls) § 142.11, 131.79, 128.42, 128.11, 126.96, 126.20,
123.53,121.23, 119.76, 90.64, 83.29, 36.57, 33.55, 26.49, 25.33, 17.28.
ESI-HRMS: calcd for CisHisNS * ([M + H]") = 280.1154, found 280.1155.
IR (neat): 3102, 2939, 2865, 2246, 1677, 1598, 1511, 1447, 1417, 1232, 787 cm’.

0.050:
0.040:

2 0.030:
0.020 D
0.010

0.000:
0.00

10000 1100 12000 1300 1400 1500 16,00  17.00 1800 1900  20.00

Minutes

800  9.00

Retention Time Area % Area
1 12.956 13359645 49.95
2 17.656 13385350 50.05
0.60
0.40
2 2
0.20q g
0.00- = = = = = = = = = = = : — : = = = HA‘ =
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
Minutes
Retention Time Area % Area
1 12.948 10517608 93.62
2 17.588 716585 6.38

(R)-8-phenyl-6-((triisopropylsilyl)ethynyl)oct-7-ynenitrile (D43)

colourless liquid, 63% yield, 92% ee; [a]*’p = -12.8 (¢ = 0.18, in CH2CL,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 5.55 min, t, = 6.45 min.

'TH NMR (400 MHz, Chloroform-d) § 7.44 — 7.36 (m, 2H), 7.39 — 7.26
(m, 3H), 3.65 (t, J= 6.3 Hz, 1H), 2.41 — 2.29 (m, 2H), 1.88 — 1.74 (m,
6H), 1.08 (d, 21H).

I3C NMR (101 MHz, CDCl3) 6 131.79, 128.36, 128.19, 123.26, 119.59, 105.65, 87.52, 82.30, 81.52,
35.08,26.14, 25.15, 24.87, 18.73, 17.26, 11.34.

ESI-HRMS: calcd for CosH3sNSiNa™ ([M + Na]*) = 400.2431, found 400.2428.

IR (neat): 3639, 3547, 3256, 3029, 2943, 2865, 2246, 2174, 2346, 1598, 1490, 1449, 1347, 787 cmr
1

4 CN

TIPS D43
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0.40
0.30
2 020

0.104

T
2.00

T T
5.00 5.50

Minutes

T
9.50

10.00

Retention Area % Area
Time
1 5.546 3613998 50.30
2 6.454 3571360 49.70
Retention Area % Area
Time
1 5.525 21217391 95.93
2 6.504 899972 4.07

(S)-3-(benzyloxy)-6,8-diphenyloct-7-ynenitrile (D44)

10.00

D44

colourless liquid, 43% yield, 80% ee; [a]*°p = 8.0 (¢ = 0.2, in CH,CL,).
HPLC (Chiralcel IB column), n-hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min,
A = 254 nm, retention time: t; = 29.13 min, t; = 32.72 min, t; = 41.20 min, t; =

44.11 min.

'H NMR (400 MHz, Chloroform-d) § 7.54 — 7.23 (m, 15H), 4.66 — 4.48 (m, 2H),

3.92 —3.82 (m, 1H), 3.79 — 3.68 (m, 1H), 2.54 (d, J = 5.8 Hz, 2H), 1.90 (m, 4H).

13C NMR (101 MHz, CDCl3) § 141.20, 137.23, 131.50, 128.47, 128.38, 128.10,
127.86, 127.80, 127.72, 127.28, 127.26, 126.82, 123.26, 117.31,90.37, 83.84, 74.08, 73.87, 71.67, 37.96,
37.76, 33.53, 33.34, 31.74, 31.56, 22.86, 22.82.
ESI-HRMS: calcd for Co7HasNONa* ([M + Na]*) = 402.1824, found 402.1826.
IR (neat): 3060, 3029, 2924, 2865, 2250, 1599, 1491, 1451, 1348, 1093, 1028, 75¢6, 696 m™'.

T T T T T T T T T T T
10.00 15.00 20.00

1
25.00

— T T
30.00

L UL e ——
35.00

5.00 40.00
Minutes
Retention Area % Area
Time
1 29.132 731007 25.04
2 32.720 740786 25.37
3 41.197 724704 24.82
4 44.106 722886 24.76
<3(0.02{ /\h—/\‘
0.007““““““““““““““7““““““““
0.00 5.60 10.‘00 15.‘00 20.‘00 25.‘00 30.‘00 35.‘00 40}00 45.‘00 50.‘00 55.00
Minutes
Retention Area % Area
Time
1 30.871 3342659 45.20
2 34.667 3317108 44.86
3 43.346 371870 5.03
4 46.274 363193 491
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(S)-tert-butyl4-(cyanomethyl)-4-(3-phenyl-5-phenylpent-4-yn-1-yl)piperidine-1-

carboxylate(D45)

CN

N

D45 )
Boc

colourless liquid, 27% yield, 81% ee; [a]*°p = -2.2 (¢ = 0.32, in CH2CL,).
HPLC (Chiralcel IE column), n-hexane/i-PrOH = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 16.10 min, t; = 18.14 min.

H NMR (400 MHz, Chloroform-d) § 7.49 — 7.40 (m, 4H), 7.36 (t, J= 7.6 Hz, 2H),
7.33 —7.28 (m, 3H), 7.27 (d, J = 5.4 Hz, 1H), 3.86 (t, J = 6.6 Hz, 1H), 3.51 — 2.98
(m, 4H), 2.33 (s, 2H), 1.91 — 1.62 (m, 4H), 1.54 — 1.46 (m, 4H), 1.44 (s, 9H).

BC NMR (101 MHz, CDCl3) & 154.71, 141.32, 131.68, 128.71, 128.30, 128.01, 127.38, 127.11, 123.34,

117.36, 90.47, 84.08,

79.79, 38.55, 34.03, 33.83, 32.25, 28.40, 26.31.

ESI-HRMS: calcd for C2oH3sN>O> ™ ([M + HJ") = 443.2693, found 443.2697.
IR (neat): 2974, 2924, 2854, 2242, 1687, 1423, 1366, 1247, 1154, 1020, 759 cm™.

0.154
_, 010
0.05

0.00

0.00

T T T T T T
10.00 16.00 18.00 20.00 22.00 24.00 26.00

MMMMMMM

0.10

S b
< 0.05-

0.00]

Retention Area % Area
Time
1 16.099 4501717 49.68
2 18.136 4559711 50.32
2
o
0.00‘ ' ‘2.(‘)0 4.60 6.60 8.‘00 ' ‘10.‘00‘ ' ‘12.‘00‘ ' ‘14.‘00‘ ' ‘15‘ ' ‘18.‘00‘ ‘20.‘00‘ ‘22.‘00‘ ‘24.‘00‘ ‘26.‘00
Minutes
Retention Area % Area
Time
1 16.100 2619300 90.31
2 18.175 281175 9.69

(S)-tert-butyl 3-(cyanomethyl)-3-(3,5-diphenylpent-4-yn-1-yl)azetidine-1-carboxylate (D46)

D46

CN

N
Boc

28.45, 26.08.
ESI-HRMS: calcd

colourless liquid, 50% yield, 85% ee; [a]*°b = 8.5 (¢ = 0.34, in CH,Cl,).
HPLC (Chiralcel IE column), n-hexane/i-PrOH = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 18.94 min, t; = 20.14 min.

'H NMR (400 MHz, Chloroform-d) § 7.48 — 7.26 (m, 10H), 3.89 (t, J = 7.8Hz,
1H), 3.77 — 3.66 (m, 4H), 2.61 (s, 2H), 2.0 — 1.72 (m, 4H), 1.42 (s, 9H).

13C NMR (101 MHz, CDCl3) 8 156.27, 141.14, 131.84, 128.91, 128.44, 128.23,
127.50, 127.33, 123.35, 117.01, 90.19, 84.44, 80.18, 38.42, 35.45, 34.30, 33.35,

for Co7H3N>0, * ([M + HJ*) = 415.2380, found 443. 2383. IR (neat): 2972,

2928, 2880, 2245, 1698, 1398, 1150, 859, 759 cm’!.

> 0.204
=< 4

0.00

0.00

\
L L B e e e e e AL B S B
12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

Minutes

—
10.00

Retention Area % Area
Time
1 18.941 8878017 50.55
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2 20.140 8686392 49.45
o 0420; H %
< 4 ~ =
000/’\
0.00 2.‘00 4.1‘:)0 5.60 8.60 10.‘00 12.‘00 14.‘00 16.‘00 18.‘00 20.‘00 22.‘00 24.‘00 26.‘00
Minutes
Retention Area % Area
Time
1 18.927 9547529 92.32
2 20.183 793899 7.68

(S)-2-(3,5-diphenylpent-4-yn-1-yl)benzonitrile (D47)

D47

O colourless liquid, 21% yield, 65% ee; [a]*’p = 28.3 (¢ = 0.36, in CH,CL).
'H NMR (400 MHz, Chloroform-d) 8 7.54 (d, J= 7.8 Hz, 1H), 7.46 — 7.34 (m, 5H),
7.24 (m, 8H), 3.87 — 3.79 (t, J = 7.4 Hz, 1H), 3.12 — 2.91 (m, 2H), 2.19 — 2.05 (m,
128.79, 128.40, 128.08, 127.59, 127.14, 126.78, 123.62, 118.08, 112.58, 90.48, 84.49, 39.43, 38.18,
32.71.

HPLC (Chiralcel AD-H column), n-hexane/i-PrOH = 90/10, flow rate = 1.0
2H).
ESI-HRMS: calcd for C24H9NNa™ ([M + Na]*) = 379.2032, found 379.2030.

mL/min, A = 254 nm, retention time: t; = 7.32 min, t, = 9.98 min.
13C NMR (101 MHz, CDCl;) & 145.75, 141.40, 133.10, 132.90, 131.88, 129.81,
IR (neat): 3060, 3028, 2924, 2856, 2224, 1645, 1489, 1449, 1072, 758 cm’!.

0.06+
5 0.044
<
0.024 g
° 0.00 1.00 2.00 3.[‘]0 4.60 5.&)0 660 7.60 8.(‘]0 960 10.‘00 11‘00 12.‘00 13.‘00 14‘00 15.00
Minutes
Retention Area % Area
Time
1 7.319 659691 49,54
2 9.981 671876 50.46
2 0.20; §
4 o
0'007””””HHHHHHHHHHHHHH“‘A“““““““““‘
0.00 1.60 2.‘00 3.(‘)0 4,150 5.60 6.60 7.‘00 8.60 9,150 10,‘00 11.‘00 12.‘00 13.‘00 14.‘00 15.00
Minutes
Retention Area % Area
Time
1 7.300 3900558 82.36
2 9.964 835398 17.64

(5)-2,2,4,4-tetramethyl-3-0x0-6,8-diphenyloct-7-ynenitrile (D48)

colourless liquid, 44% yield, 35% ee; [a]*°p = -12.4 (¢ = 0.23, in CH,CL).
O HPLC (Chiralcel AD-H column), n-hexane/i-PrOH = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: t; = 4.66 min, t, = 5.54 min.
'H NMR (400 MHz, Chloroform-d) § 7.55 — 7.31 (m, 4H), 7.31 — 7.05 (m, 6H),
3.82(dd,J=104,4.2 Hz, 1H), 2.43 (dd, J=14.3, 10.4 Hz, 1H), 2.08 (dd, /= 14.3,
4.0 Hz, 1H), 1.54 (s, 3H), 1.48 (d, J= 3.4 Hz, 6H), 1.41 (s, 3H).

CN
O

D48

I3C NMR (101 MHz, CDCl5) 8 207.47, 142.53, 131.55, 128.75, 128.25, 127.98, 127.48, 126.96, 123.47,
123.44,91.48, 84.43, 49.85, 48.02, 40.27, 34.87, 26.86, 25.36, 25.06.
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ESI-HRMS: calcd for Co4HosNO ™ ([M + H]) = 344.2008, found 344.2010.
IR (neat): 3028, 2923, 2853, 2234, 1707, 1599, 1490, 1464, 1212, 1031, 999, 758 cm".

2 0.20{
0'007““\‘ Ty Ty Ty Ty | L L L B R i Ty Ty T v v o
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
Minutes
Retention Area % Area
Time
1 4.660 2176126 50.68
2 5.540 2117781 49.32
0.20- g
2 v
O.UOHH‘ = = — = = — H‘/\‘ = — = =
0.00 O.%O 1.(‘70 1.%0 2.60 2.%0 3.60 3.%0 4.60 4.%0 5.60 5.%0 6.60 6.‘50 7.60 7.%0 8.00
Minutes
Retention Area % Area
Time
1 4.651 1934597 67.62
2 5.523 926228 32.38

(R)-6,8-diphenyloctanenitrile (E)
colourless liquid, 83% yield, 90% ee; [a]*’p = 2.7 (¢ = 0.15, in CH,Cl,).
O HPLC (Chiralcel OJ-H column), n-hexane/i-PrOH = 95/5, flow rate = 1.0
mL/min, A = 211 nm, retention time: t; = 50.08 min, t; = 65.37 min.
'H NMR (400 MHz, Chloroform-d) 5 7.31 (t, J = 8.2, 2H), 7.24 (m, 3H), 7.18
O —7.11 (m, 3H), 7.12 - 6.91 (m, 2H), 2.51 (m, 1H), 2.46 — 2.39 (m, 2H), 2.20 (td,
E J=17.2,2.8 Hz, 2H), 2.02 — 1.77 (m, 2H), 1.77 — 1.40 (m, 4H), 1.39 — 1.13 (m,
2H).
13C NMR (101 MHz, CDCl3) § 144.93, 142.43, 128.61, 128.45, 128.39, 128.36, 127.77, 126.38, 125.80,
119.82, 45.38, 38.60, 36.28, 33.82, 26.81, 25.53, 17.09.
ESI-HRMS: calcd for CooH23NNa* ([M + Na]*) = 300.1727, found 300.1718.
IR (neat): 3060, 3026, 2924, 2854, 2246, 1645, 1601, 1494, 1453, 1261, 1028, 754 cm’!.

CN

0.40 =] N
=3 ~
2 0.20 ® g
0-00"/‘&“\\/‘%&/% T T T T T T T T
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00  80.0C
Minutes
Retention Time Area % Area
1 50.083 18974946 49.53
2 65.372 1119973 50.47
0.12]
0.10] S
0.08] o3
2 0.06 © 8
0.02 ©
0.00 4*7\5%

Minutes

Retention Time Area % Area
1 53.067 19056012 94.83
2 69.436 1038907 5.17
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(R)-1,6,8-triphenyloctan-1-one (F)

9 ]

Ph

colourless liquid, 85% yield, 90% ee; [a]*°b = 22.6 (¢ = 0.53, in CH,CL,).
HPLC (Chiralcel IA column), n-hexane/i-PrOH = 98/2, flow rate = 1.0
mL/min, A = 245 nm, retention time: t; = 8.37 min, t, = 9.57 min.

H NMR (400 MHz, Chloroform-d) 8 7.83 (d, J = 7.8 Hz, 2H), 7.45 (t, J= 7.4
Hz, 1H), 7.35 (t, J = 7.6 Hz, 2H), 7.13 (m, 10H), 2.79 (t, J = 7.6 Hz, 2H), 2.47

. (m, 1H), 2.36 (t, J = 8.2 Hz, 2H), 1.90 — 1.82 (m, 2H), 1.65 — 1.50 (m, 4H),
1.25 - 1.02 (m, 2H).
13C NMR (101 MHz, CDCls) § 200.54, 145.53, 142.70, 137.15, 133.00, 128.67, 128.51, 128.39, 128.16,
127.90, 126.19, 125.76, 45.61, 38.74, 38.66, 37.04, 33.95, 27.46, 24.47.
ESI-HRMS: calcd for CagHa00 * ([M + H]Y) = 357.2213, found 357.2212.
IR (neat): 3060, 3026, 2927, 2855, 1684, 1599, 1493, 1450, 1408, 1218, 1028, 750 cm’.

0.04—
2 ]
0.02

0.00—

T T T
0.00 1.00 6.00 7.00

T T
8.00 9.00

Minutes

T T T T T T T
10.00 11.00 12.00 13.00 14.00 15.00 16.00

Retention Area % Area
Time
1 8.373 535132 49.44
2 9.573 547171 50.56
5 0.20; o F\
2 3
i ©
0.00 /Q\
0.00‘ o ‘1.[‘)0‘ ‘2.1‘30‘ 3.(‘)0‘ ‘4.(‘)0‘ 5.[‘)0‘ 6.&)0‘ 7.(‘)0‘ ' ‘B.l‘)O‘ o ‘9.‘00‘ o iO.‘OC‘l o ‘11.‘00‘ o ‘12.‘0(‘) o ‘13.‘00‘ o ‘14.‘0[?‘! o ‘15.‘00‘ o ‘16.‘00
Minutes
Retention Area % Area
Time
1 8.548 541202 4.80
2 9.800 10722518 95.20
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6018 —

9668 —

0L'6LL
99'0CL
v.'GelL
1,62l
16°5¢L
LeocL —
89'L¢cl
3: k4%
06'Lcl
6€'8¢l
69'LEL
€szcel
Lyeel
€L'e6el
Lrvvl

value

Parameter

L)

©
oY
J
©
Lo
N
©
Lo
Y E
Q
&
©
~
o~
©
«©
N
—
8530
caca
=
]
3
e
s
£
E]
E
EEs
§2E58
Z £ 3873
s 52 —
A EazZ
- z
o
wn
a

1 (ppm)
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082’

value
CDCI3|
2.

Parameter

ol

1 Solvent
3 Spectrometer Frequency600.17)

2 Temperature
4 Nucleus

25

2.6

2.3

24

1 (ppm)

77 76 75
1 (ppm)

7.8

"Pr

1.8 1.7 1.6
1 (ppm)

1.9

2.0

CN

Dé

Fiio
Fgoz

Feoe
Fso0e

1002
0z
0z
0L

ooy

1 (ppm)

68°€lL —
9T LL —

SSVZ\
1£°62—
(RT4

g9
mo.me
cv'8e

L2 v8 —

80°06 —

08'6LL
1,20k
¥8°'scl
88'GCl
80°9¢L
Le9gt ~t
6l'/¢L
c6' L2
0682t
19821
0LLEL
v9cel
8g'eet
vZect
96°¢vL

T
127.0
1 (ppm)

125.0

126.0

128.0

129.0

Parameter
3 Spectrometer Frequency150.91

2 Temperature

1 Solvent
4 Nucleus

"Pr

CN

1 (ppm)

66



1607
2601
¥6°0 1
2eL
ve'L
9g'L |
161
S5l
951
16717 ﬁ
161

651 Y
vort b
WA\
oL
L2
]
zoL]
cov o
z6'L
€671 |
6L 1
g6'L 1
€€z
vez
geT |
98z
6521
192
292
Lot
€0y
So'v
zhLy
€12
vLLq
vLLq
9z'1 1
8¢/ 1
8€°L
6L
ov'L
SbL
9v/
9v /A
1972
81
8v° L]
6v'L]
252 ]
€5/ 1
¥G'L
65°L 1
28]
28'L]
8L ]
82
owi
982

J

value

Parameter

CDCI13

1 Solvent

296.6

3 Spectrometer Frequency400.13

2 Temperature

1H

4 Nucleus

MMUM

"Bu

T
23

T
25
1 (ppm)

19 18 1.7 16

2.0

24

1 (ppm)

CN

D7

o'e

Fo0z
9'€
6€

1002

Feoe
F00C

66}
#00°C
0z
10°L
Foo'y

1 (ppm)

E6'EL
gLl
8222\
926z
8592~

Sree
§5'SE~\
2528~
oege /.

1 (ppm)

L'y —

¥6°68 —

€9'6LL
1901
[ YA-r4%
Gl'scl
G6'GCl
8L'9¢L
99'/¢2L
6L'/2L
9€'8cL
44147
8g'LelL
€gecel
Ly'eel
cL'eel
90'evl

value
CDCI3
2973

3 Spectrometer Frequency100.61

Parameter
4 Nucleus

1 Solvent

2 Temperature

13C

"Bu

CN

D7

1 (ppm)

67



e
G€'L1
9€°/ 1
v LY
€V LY
or'sy
'L
LY LA
8L

6v°L ]

6L
€572
€62
vmi
vG'L
€82
€8,
v8'L]
v8'L ]

T

———

1821

value

Parameter

CDCI3

1 Solvent

2 Temperature

3 Spectrometer Frequency600.17

1H

4 Nucleus

1.7

1 (ppm)
1.8
1 (ppm)

1.9

CN

Feov
F96°)

oz

16'L
mmm:
w/ (k4

101

»Mm.m
670

9C'LL —

VRN -TAN
0,92~
zeLE~
88'VE
19726~
Zree

1 (ppm)

L1'v8 —

60°06 —

086LL
65°0Ct
vv'scl
v8'Gcl
68'GCl
80'9¢L
Le'9ZL ¢
6L'/¢L
ce'lel
6¥'8CL
vSLEL
€9cel
8g'eel
€eceel
GelsL —

value
CDCI3

Parameter

1 Solvent

2 Temperature

3 Spectrometer Frequency150.91

13C

4 Nucleus

Bu

1 (ppm)

CN

D8

1 (ppm)

68
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RRDROOLYEYYYYYIOOD
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Parameter value

1 Solvent cpei3

2 Temperature 296.8

3 Spectrometer Frequency400.13

F 4 Nucleus 1H

CN

D9

————
7.10 7.05 7.00 6.95 6.90
1 (ppm)

——

T T T T T T T T T
24 23 22 21 20 19 18 1.7 16

1 (ppm)

L
- g Jd 2%
] < e < o
< w N - N N <
T T T T T T T T T T T T T T T T T T T T T T
00 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -1C
1 (ppm)
N~ O OO OWOWWOWDOWVLWOTOMWOWMSN
De OVIIOINOVNODOB VYOI N ©on wo o
D= BOOONONNOBLL OO O W0 W < @ N ® (R
© © MOOMMOONONNNNNNN——— — — o N @ N O v N~
Fr FrrrYrTrrrrTTTTTTee e & @ ® o N -
\ o/ T\ | | Y4 Y4 |
Parameter value
1 Solvent CDCI3
2 Temperature 297.6
E 3 Spectrometer Frequency100.61
4 Nucleus 13C
T T T T T
1264 1262 1260 1258 125.6
1 (ppm)
G'ND CN vawﬁ~MN
—_—
115.8 115.6 115.4 115.2
fl
D9 (ppm)
Joadi s " " " L " mn l .
e I . It iy oo g Wi )
T T T T T T T T T T T T T T T T T T T
90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
1 (ppm)

69



—-111.57

Parameter value
cpei3
2 Temperature 296.8
3 Spectrometer Frequency376.50
19F

1 Solvent

4 Nucleus

0 -

D9

T T T T T T T
-150 -160 -170 -180 -190 -200 -210

T T T T T
-100 -110 -120 -130 -140

T T T T T
-50 60 -70 -80  -90
1 (ppm)

T T T
10 0 -10 -20 -30 -40

70



@
> ©
-

69°L 1
0L'L
011
L1
LLL

[
€L
181
€81
#w._‘)ﬁ
G8'L¢

ez
se€cT
Nm.N\

€8¢
mw.mW
18°¢

0€'Ly
0€'L1
1€/
1e7Lq
1€
ze L
ze L
€€
€€ L
e L
€L
Ge'L]
9e'L ]
1872
'L
vy L]
'L
Sb.
Sv'21
svL’

value
CDCI3
296.5

3 Spectrometer Frequency400.13

Parameter
4 Nucleus

1 Solvent

2 Temperature

1H

Cl

CN

D10

T T T T T
18 1.7 1.6

1.9

2.0
1 (ppm)

24 23 22 21

oy
%4

0L
o0z

rw

6.5

7.5

1 (ppm)

12,1 —

62'GC~
09'92

clLle
v.l€

vev8 —

G206 —

89'6L1
g€zl
ez'8zl
svezl /
68'821
z6'821
62°LEL w
eezel
9z'0vL —

=

value
CDCI3
297.3

Parameter
3 Spectrometer Frequency100.61

1 Solvent

2 Temperature

4 Nucleus

Cl

128.5

1 (ppm)

128.0

129.0

129.5

CN

i

D10

1 (ppm)

71



L2
cL
€L
€6’
6’
96°
86’
86°
€e'eC
el
9€'c

T T e

—e e

9T'1
ze L
ze L
ve'L
YL
v’ L
9Ly
L2
L7 LA
8t
6y,
052
152
252
€52

€8
€8
68/
982’

-
—

value
CDCI3
294.6

3 Spectrometer Frequency400.13

Parameter
4 Nucleus

1 Solvent

2 Temperature

1H

Br

T T T T T T
17 1.6

24 23 22 21

20 19 18

1 (ppm)

CN

D11

Feov

Feoz

6L
0'G

Foovy

45 40 35 30 25 20
1 (ppm)

5.0

eLLL—

8lL'Gc~
592

62°.E~
€€'8e

06'28 —

0°¢6 —

8561
vieech
evech
09'sclh
€8'gcl
96'GCl
8¢'9¢l —
89'L¢cl
LL/21
06'8cl
€s’iel
ggeel
AR
vyeel
€9'8¢cl

value
CDCI3

Parameter

T T T T
125.8 125.6 125.4

126.4 126.2 126.0

1 (ppm)

133.0 1325
1 (ppm)

133.5

1 Solvent

295.6

3 Spectrometer Frequency100.61

2 Temperature

4 Nucleus

CN

D11

1 (ppm)

72



CULTONOOULTODONON O T
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NN

=

Parameter value

1 Solvent cpeny

2 Temperature 2925

3 Spectrometer Frequency600.17
OMe 4Nucleus 1

I -

D12

ODNTTCVOYTNOLTONTONTORDONNOOLY
CCQRMMMOMAARANNNNNOOOOQQQ
Tt oNNNN- ==

7.9

T T
78 7.7

T
76 75

1 (ppm)

7.4

T T T T T T T T
24 23 22 21 20 19 18 17

1 (ppm)
y
1
]
Ln
g Y ad & g9
o208 O SRS & 99
6O~ - N < ® B N
T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05 00 05 -1.0
1 (ppm)
N~ NDVPDNO-DVOOOTO M
< OOV OUANMNO QXN O S 8 ) I 8 8
@ DOMNONNOGOIWLW LW 0 ® < < © N @ N
I} OOOOANNNNNNN =« ~ o o T © N S N
= PRI AL A L IR L L L D ® 0 ™o IS -
I Y e [ e N/ I
Parameter value
1 Solvent CDCI3
2 Temperature 293.7
3 Spectrometer Frequency150.91
4 Nucleus 13C
OMe
Il T
128.5 128.0 127.5 127.0 126.5 126.0
1 (ppm)
90 -
D12
|
i
L L | " " " L n l L " m \
y . ¥ L " A
T T T T T T T T T T T T T T T T T T 1
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
1 (ppm)

73



851
651
09'L
09'L

19'L
19°1
€91 |
v9'L |
Y91
S9'L 7
G9'L 1
99'L
99'1 1
191
89'1
89'L ]
691
691
0LL
0211
1L
18}
88l |
88l |
68t ]
06'L
06'L
161
0ez
ez
€€z
18°¢
88°¢
69°¢ |

—_—

621
62
r9y”
ve LA
vE LA
9€°/
1€ 21
8€'L Y
8c°L Y
G2
v L
1YL
v
1¥'1]
82
8y'L
6L ]
6v°L
671
0521
152 ]
1821
18
€8s

8L

value

CDCI3
292.7

3 Spectrometer Frequency600.17

Parameter

1 Solvent

2 Temperature

1H

4 Nucleus

T T T T T T
17 16

23 22 21

20 1.9 18
1 (ppm)

CN

D13

lu

Fsov
Fgoz

Feoz

WMm.w
6'C

720'%

1 (ppm)

oL —

Le'ge~
€992~

1828~
162687

98,6 —

€9'LL—
96°6L —

0088 —

&8
16'GZ) M
¥0'921 ]
1£°921
8121
88721
66'22) 1
228zl 1
¥5°821
6582 |
v9'ZEL |
89°/€1 1
z8'8¢el ”

"

L

value
CDCI3|

Parameter

1 Solvent

2 Temperature

3 Spectrometer Frequency150.91

i

13C

4 Nucleus

1 (ppm)

D13

T
110

T
120

T
130

T
140

T
150

1 (ppm)

74



NCOOONOOOVLITVNONTIANNTNTCTODDNDDVONNOTNINOINOOINOUNTT-TOODDDONNOO DD D ®
QRONITIILIIECIIIINNNONNRONNOOOCEQOOEOEOEOEQEOOEURINVIMMOOONNENENNNNENOQOO
NNNNNNNNNNNNNNOG SO A NN rF s S rf s rr s rr s rr s rr - +-+-00O000O0000000
T ] deii———— | e e

Parameter
1 Solvent

2 Temperature

value
CDCI3
2923

3 Spectrometer Frequency600.17

4 Nucleus 1H
T T
790 785 7.80 7.75 7.70
\/ 1 (ppm)
CN
T T T T T T T T T
23 22 21 20 19 18 17 16 15
if1 (ppm)
D14
A A
&e & I
99 o
N~ ™ -
, ; ; T ; T T T T T T ; ; ; ;
00 95 90 85 80 75 70 65 60 55 50 45 40 35 30
1 (ppm)
NS OONWOLNTULON
NOOODONNO DN @ © ) Qo Ny o o
FONONNOCWISO o N ~ QN © o N IR I
HOOONNNNNNN — ~ © NN © 10 ~ 3 P
FrrrrTTee e e ) ~ ™o S -~ o © 7
e I I ~ Y4 I ~ I
Parameter value
1 Solvent CDCI3
2 Temperature 293.6
3 Spectrometer Frequency150.91
4 Nucleus 13C
“I/\/\CN
T T T T
T T T T T 37.9 37.8 37.7
D14 120 128 127 126 125 1 (ppm) 85 84 83
1 (ppm) f1 (ppm)
T ; T T T ; T T , T r ; T T T ; T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
1 (ppm)

75



000
100
910
910
110
110
120
120
SZ0
120
820
AN
951
1671
1617
851 |
851
661
191
19°L
z9'1
z9'L ]
€911
b9l
oL |
Go'L
99°
19°
19°
89°
69°
69°
0L
0L
L
L
zL
€8’
v’
98’
181
ez
ee'z
ve'z
z8er
egelf
g8'e
@N.&ﬁ

£1000 922
e
St'L |
ot L]
191
172
8v'L]
052
6LL]
5.&
€82

value

Parameter

CDCI3
2925

3 Spectrometer Frequency600.17|

1 Solvent

2 Temperature

1H

4 Nucleus

T T T T T T
2.0

24 23 22 21

CN

D15

18 1.7 1.6

1.9

1 (ppm)

Fooe
0L
6'C

820 —

€ LL —

0€°GC ~
€592 7

LY LE~
€28

1 (ppm)

——
128.5 128.0 127.5 127.0 126.5 126.0 125.5
1 (ppm)

82'88 —

69°20} —

Parameter

1 Solvent

2 Temperature

13C

3 Spectrometer Frequency150.91

TMS 4 Nucleus
l

CN
D15

i

T
140

T
150

1 (ppm)
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05°1
151
151
(408
zS'L
€5°1 1
€5°1 1
19°) 1
29°L 1
€91
¥9°L Y
S9'L Y
S9'L
YL LA
SL LN
G217
9L L
91
L2070
2070
52z
Lz
822

1572 ]
162

R
—

—

e

value

Parameter

CDCI3|
2924

3 Spectrometer Frequency600.17

1 Solvent

2 Temperature

1 (ppm)

T T T T T
29 28 27 26 25 24 23 22
1 (ppm)

T T T T T
9 18 17 16 15
1 (ppm)
|

CN

4 Nucleus

D16

7L
W.wtm

Ve
feoz

€02

m\&o.N

(TOR>
6°L
10°L
(Vx4
M/ 6°0
20'e

7.5 7.0

8.0

0z'LL—
90°'Le~
Nm.mN/
1592~

£V'GE
69'L€
z8°L8

1 (ppm)

0°¢8 ~
Lze8”

value
CDCI3
2932

Parameter
3 Spectrometer Frequency150.91

1 Solvent

2 Temperature

13C

4 Nucleus

1 (ppm)

1 (ppm)

CN

D16

1 (ppm)

77



E.L
192

€82
8L
s8'L
98/ 1
18721
88/ ]
g2/

value
CDCI3
293.8

Parameter
3 Spectrometer Frequency400.18

1 Solvent

2 Temperature

1H

4 Nucleus

Ph

1.8 1.7 1.6

1.9

2.0

24 23 22 21

1 (ppm)

CN

D17

Fov
oz

Foe

1 (ppm)

0gLL —

or'SZT~
IN-TAd

€92~
¥5'8€

86'€8 —

09°'L6 —

08°61LL
95221 1
18°52) |
€6°52) |
yL9ZL |
6£°9Z) 1
SL2Z)
81221
V2L
€8°221
96221
09'821
z0'621 1
wm.wmi
0LZEL |
z9eel |
0L 6EL |
65071 |
68°07L

e

value
CDCI3
2944

3 Spectrometer Frequency100.63

Parameter
4 Nucleus

1 Solvent

2 Temperature

13C

Ph

1 (ppm)

hab

CN

D17

"

W

TV

1 (ppm)
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©
~
Rl it S R

o

o

N
e ———

00¢c

value

CDCI13

Parameter

1 Solvent

298.6
3 Spectrometer Frequency400.13;

2 Temperature

1H

4 Nucleus

T
22

T
2.4

1.8 16

2.0
1 (ppm)

|

D18

Fooz
002

Foo's

0L
o'l

1 (ppm)

SLLL—

YRACTANS
€992~

8 LE~
Zree

128.5 128.0 127.5 127.0 126.5 126.0 125.5
|
" ‘ " -
v (e L)

129.0

1 (ppm)

(U bt

il L

"

LEY8 —

GL'L6—

9611
6,021 4
[IRTAR
[T
10°921
¥2°9Z1 f
15921
89°/21
SL2ZLN
ez
¥6° 221 Kw
[

L

L°821
19'8Z1
s€°1EL]
8g°zeL ]
69°Z€L 1
$0°€EL
05°€€l
96'8€l -

value
CDCI3
297.6

3 Spectrometer Frequencyl100.61

Parameter
4 Nucleus

1 Solvent

2 Temperature

CN

D18

T

1 (ppm)

79



TETTANANDOND-—ODDVONOQOUOUWUOLSTITINNOOLTO®M (o) OUTANLOLDLOLUONTONT O OD
DOQROUNOHOIITTIIICIITINNNNE = = = 098 OOMONARRRRANNNNOQ
NNN NNNNNNNNNNNNNNNNNNNNNNNKN <o NANANNTEF -~~~
P NN P e
Parameter value
1 Solvent CDCI3
2 Temperature 296.4
3 Spectrometer Frequency400.13;
/ S 4 Nucleus H
/ T T T T T
7.5 7.4 7.3 7.2 7.1
H 1 (ppm)
CN
T
D19 242322212019 18 1.7 16
1 (ppm)
I
I
il ﬂ
[
&' TS & d &9
Q@O Q < Q -
T M~ O - N N <
T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
1 (ppm)
DOV OMUVOVDONWO©OORN«™ I —
DIVOTANONONONTQ 9 ® N e o
BONOBONNGII WO AN G N ] g 0o N
MMOMMANNNNNNNNNN — o [ @ N~ © 0 N~
R R Il R e & ~ ® o NN -
Tl | | Y4 4 |
Parameter value
1 Solvent CDCI3|
2 Temperature 297.3
3 Spectrometer Frequency100.61
4 Nucleus 13C
f S
Y
T T T T T T
H 1285 1275 1265 125.5 124.5
1 (ppm)
CN
D19
I
7 T T T T T ; T T T T T T T T T T T
60 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
1 (ppm)
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value

Parameter
cpc3
2 Temperature 293.7

3 Spectrometer Frequency400.18

1 Solvent

4 Nucleus 1H
CN
Br
D20
T T T T T T T T T T T T T T
7.7 76 75 74 7.3 24 23 22 21 20 1.9 1.8 1.7 1.6
1 (ppm) 1 (ppm)
mn
I
f I
||
[
JJ‘ b - Ai-‘)J
SRR S S S o
N+~~~ -— N N ™
T T T T T T T T T T T T T T T T T T T T T T
50 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)
OCOONNTOW—TT TV «—
LORNRNOIN-BROINEL @ o °o N9 ©
DD PDDDODON OO D o o N ® 0 N
MMMMANNNNNNNNN— — o < @ N~ © 0 ~
Rl it alh »  © ™o NN -
| r——— | | N/ I\ |
Parameter value
1 Solvent CDCI3
2 Temperature 2043
3 Spectrometer Frequency100.63
4 Nucleus 13C
CN T
134 133 132 131 130 129 128 127 126 125
1 (ppm)
Br
D20
T T T T T T ; T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)
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QUM VOMTMHMOONNNONOHOANNNTOWLLSTON TOTT LUTONOLDNTT"TMOANTT-TOO OO0
RRRONOOHOOIIIIITINNNNNOANNNNN Q00 MMNNAAARANNNNNNOOQ
NNNNNNNNNNNNNNNNNNNNNNNNNNNN IS NNNANFrr s -« —
e R rsarearrA
———r—
Parameter
1 Solvent
2 Temperature
3 Spectrometer Frequency400.13
4 Nucleus 1H
T T T T
CN 2.0 1.9 1.8 1.7
1 (ppm)
AcO
D21
T T T
7.85 7.80 7.75
1 (ppm)
m | Il
A J
NMB g & \TN
RO o RO e < o -
~ N NN~ -~ n N <
T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 2.0 1.5 1.0 05 00 -05
1 (ppm)
@ NN OO NNDVDOMO —O
© DPONDHNM=OT®TBO® e 5 59 INS®
) WO N = = OB WOWD = G 0 v < N VNN =
© TOMOMOOANNNNNNNN— — o < @ N O W~ N~
- B R R i alk ok et I ® © ™ o NN N
| | == | | Y4 Ve
Parameter value
1 Solvent CDCI3
2 Temperature 296.9
3 Spectrometer Frequency100.61
4 Nucleus 13C
133 3 130 20 128
131 1
CN
1 (ppm)
AcO
D21
I
I
I | I
I
I
. [l'l . ‘ ”H J
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 40 30 20 10 0

1 (ppm)
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DXLV ONT-"TDDDONNDONNT=OO©ONDWLT T NODNOUWYITOINRNLDLTNANTTONT O OO
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NNNNNNNNNNNNNNNNNNNNNNNNNNNNN TFTMOANNNNTEF e e ===
e e e e e T 2 e
Parameter value
1 Solvent cpeiy
2 Temperature 296.4
3 Spectrometer Frequency400.13
4 Nucleus H

CN
MeO
D22

DRI DR e S S I e
24 23 22 21 20 19 18 1.7 16
1 (ppm)

SR S ° @
<o a o o
T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05 00
1 (ppm)
© DOMDONNNTND N O
~ NNROOTONMRNON -, ® Q © ) Qe on v
N CH-DDVON G DG G O e @ < N @ ~Noo o
) OOOANNNNNNN + = O - ® *) © N ©w N
- FErrrrer e o> © © ®» o™ NN -
| | | | | N Y4 |
Parameter value
1 Solvent CDCI3
2 Temperature 297.1
3 Spectrometer Frequency100.61
4 Nucleus 13¢
1295 1200 1285 1280 127.5
CN . . X . .
1 (ppm)
MeO
D22
" mm "y " by A L o L ™ L Wb L " |
Y f ¥ el Y ¥ A o
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

83



NNOTOMNOOWUN—O0OWOMAN™f™OO - N~ OCUOUTOOUNDN-—ODN~OOD
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e ~— a2
—_—=
Parameter value
1 Solvent CDCI3|
2 Temperature 296.1
3 Spectrometer Frequency400.13;
4 Nucleus 1H
J CN
T T T T
S 22 20 18 16
f1 m
D23 (ppm)
il
Il
[
2 3 g
29509 IS S o9
M=o - o o <
T T T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
1 (ppm)
ITNODODONT - O DT UM
PNVONROOBIONG v o oo )
PONT-TONNT®MONN O @ © = o -
MMOMOMANNNNNNNN — o vl @ N © 0 N~
Frrr T > @ R S -
SV N NS ——— | | N 4 I
Parameter value
1 Solvent CDCI3
2 Temperature 296.9
3 Spectrometer Frequency100.61
4 Nucleus 13C
Il ———
129 128 127 126 125 124 123 122
1 (ppm)
J CN
S
D23
—————————
38.2 38.1 38.0 37.9
1 (ppm)
|
I
| I
I
— t l! | | — — —
i . " v ;
T T T T T T ; T T T T T i T T T T T
60 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1(
1 (ppm)
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Parameter value
1 Solvent CDCI3
2 Temperature 295.0
3 Spectrometer Frequency600.17;
T T T T T T T T T
24 23 22 21 20 19 18 17 16
f1 m
CN (ppm)
D24
JLUJ M,L__J—
PE YT 4 b &
Q03O 0 < - oA
O ON < o - N N <
T T T T T T T T T T T T T T T T T T T T T T 1
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -1
1 (ppm)
(=] 0 ODANANMNOLOOWO m T
- © MOITQXROAN 1y N v 3 prgiN R4 2
< W O-OBONDD®DOH « © « @© ® A N ® N
0 < MOOANNNNN-- —~ O - o0 © © © v N~
- - YT rTreTTT v o ) ) (SR} N -
| | ==\ v &~ | | | | N 4 |
Parameter value
1 Solvent CDCI3|
2 Temperature 295.1
3 Spectrometer Frequency150.91
4 Nucleus 13C
CN A e
129 128 127 126 125 124 385 38.0
1 (ppm) 1 (ppm)
D24
|
| | L
" | .
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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€e'¢e
vee
gec

06'€
N@.MW
v6°'€

©
<~
N
o
———r—

value

Parameter

CDCI3

1 Solvent

2 Temperature

3 Spectrometer Frequency400.18,

4 Nucleus

ol W

7.35 7.30 7.25 7.20

1 (ppm)

1 (ppm)

CN

D25

Fevw

Foe

FolL'g

1 (ppm)

€TLL—
011z~
0£'6Z~\
0292~

G1'8¢ —

value

Parameter

CDCI3
2943

1 Solvent

T
130 129 128 127 126 125 124 123 122 121 120 119 118

1 (ppm)

-

2 Temperature

3 Spectrometer Frequency100.63

4 Nucleus

13C

D25

) 1/

1 (ppm)
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LOLOMONNOOWUL T T~ O © @ N~ © OOt - —-O0O0d N N~ —
©OOOITIIITNN MO AN 230 NOOHRRHONNNNN
NNNMNNNNNNNNNNNNNRN © ™ omom NANANrErF s«
T T———— e ~ N m————
Parameter value
1 Solvent CDCI3
2 Temperature 295.0
3 Spectrometer Frequency600.17
4 Nucleus 1H
T T T T —— T T T
24 23 22 21 20 1.9 18 17 16
1 (ppm)
7 CN
[¢]
D26
PE YT 4 s 4
Q03O 0 < - oA
O ON < o - N N <
T T T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
1 (ppm)
[ 7o} ONANNMNOWLOO® m T
- © NVIOBIOCRN © N ooy ] ce @
< K C-VONDTDBOD « O « @ oA ~ @ R
[fe] < MONNNNN~-~ «~ O - [ @ [(elTo] ~
- - rfrrrTrTrrTrrTTeT o« o« () © ™ ™ NN -
I I ==l &~ | | I I N N/
Parameter value
1 Solvent CDCI3
2 Temperature 295.1
3 Spectrometer Frequency150.91
4 Nucleus 13C
‘ ‘ T T T T T T
129 128 127 126 125 124 38.5 38.0
1 (ppm) 1 (ppm
Y CN (ppm)
[¢]
D26
|
\ | i
o ‘
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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(78
€L
78
SL
S
88
06
26’
€6’
€6’
v6'L
se'e
9e'z
1872
8e'Z
62
L16'c
z6'e
¥6'¢
9z'L
0g'L
gL
zeL
zeL
€g'L
ve'L
se'L
se'L
9g'L
1821
18721
8¢/ 1
€L
€L
Sv'L
Sv'L
oL
1L
8t L
8L
6v'L 7]
052
1S'2
8572
852 1
65,
65°L 1
0921
1921

Fr T T T T e T

value
CDCI3|
293.8

3 Spectrometer Frequency400.18
1H

Parameter

2 Temperature

1 Solvent
4 Nucleus

192
19°2

1.6

T
7.3

T T T T T T T T 1
24 23 22 21 20 19 18 17

CN

D27

1 (ppm)

1 (ppm)

Py
Fo0'z

700 ¥
09
oo’

1 (ppm)

Le L) —

Ge'gec~
219z

08°2€~
86287

96°'€8 —

08°06 —

8.6LL
6s'ect
celel
ov'Lcl
Lg'lclL
86'Lcl
oL'gct
[44 14
26'8¢L *
z8lel
90°0vL
€8°0vL A
6 0vL

L)L

0
1 (ppm)

i

129.0 128.5 128.0 127.5 127.0 126.5
1 (ppm)

Parameter

1 Solvent
3 Spectrometer Frequency100.63

2 Temperature
4 Nucleus

B

CN

D27

—L

1 (ppm)

150 140

160

88



L9'1
891 |
691 1
0211
041
Lo
L2
IR
zoL
€8l
681
8\
68'L &
6817
YA
ve'z

mm.mN

9€'¢C

g8'¢e
N&.MW
88°¢

YL

value

Parameter

CDCI3
296.6

3 Spectrometer Frequency400.13

1 Solvent

2 Temperature

1H

4 Nucleus

CN

D28

24 23 22 2120 19 18 1.7 16 1.5

1 (ppm)

Favy

Fooz

£20¢

209
(Va4

1 (ppm)

ScLL—
ve'Se~

6992

€872~
og'se”

68'¢8 —

06'06 —

SL6LL
S9°€ZL /
10221

mmsﬁ/
90'8Z1 %
otwﬁ\
92821 \
08'LEL

9L LpL —

value
CDCI3
297.3

3 Spectrometer Frequency100.61

Parameter
4 Nucleus

1 Solvent

2 Temperature

13C

1285 1280 1275 1270 1265

129.0

1 (ppm)

kol

™

CN

D28

a

1 (ppm)
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14%4

ggc
101
021
9021
om.hg

9€°/
PR

L

v’

value

Parameter

g
o
]
%

296.4
3 Spectrometer Frequency400.13/

2 Temperature
4 Nucleus

1H

T
20 19 18 1.7 16

T T T
1 (ppm)

24 23 22 21

CN

D29

Fouy

oz

706}

6°C

0z
el

1 (ppm)

L2V —

0g'se~
299z

0928~
06287

0L'v8 —

0906 —

vyGLL
99°GLL
0L6LL
sv'ect N
81'82l
v¥'8cL
86'8¢CL
9062k
6L71€L

¢L 091 ~
91°e9L —

value
CDCI3

Parameter

NI

115.4 115.2

115.6

T
129

1 Solvent

297.2

2 Temperature

3 Spectrometer Frequency100.61

4 Nucleus

13C

1 (ppm) f (ppm)
|
I
I
| WJ—JJ-LW

1 (ppm)

D29
MMMMMMW

90



—-116.06

Parameter value
1 Solvent CDCI13

2 Temperature 296.8
3 Spectrometer Frequency376.50

4 Nucleus 19F
CN
F
D29
T T T T T T T T T T T T T T T T T T T T T
20 10 0 10 20 -30 -40 -50 60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)
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19’
19’
89’
69’
69’
0L
0L
L2
L
cL
cL
€L
18
€8’
8’
G8’

- - -

H
H
L
L
17
19
H
1

Al
[

oL/
vET
sez s
e

€8¢
mw.mW
18'¢

value

Parameter

cDCi3
96
3 Spectrometer Frequency400.13

1 Solvent
4 Nucleus

]

2 Temperature

1H

CN

Cl

D30

19 18 1.7 16

2.0
1 (ppm)

24 23 22 21

I

oy
fore

oL
200 PN

1 (ppm)

1221 —

62°GC~
0992~

cLle
v.LE

vev8 —

G206 —

value
CDCI3
297.3

3 Spectrometer Frequency100.61

Parameter

1 Solvent

2 Temperature

4 Nucleus

T T T
128.4 1282
1 (ppm)

128.8 128.6

129.0

CN

Cl

"

D30

1 (ppm)

92



ONOCOUTITTONN-TOOO® 0 M~ NONDOTONT-TONTOOO®OWOWIN
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Parameter value
1 Solvent CDCI3
2 Temperature 296.5
3 Spectrometer Frequency400. 13!
4 Nucleus 1H
CN
Br
D31
T T T T T T T T T
24 23 22 21 20 19 1.8 1.7 16
1 (ppm)
It
L " J‘ L
e o <
< 0 -
T T T T T T T T T T T T T T T T T T
>0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 05 00 -05 -1.0
1 (ppm)
© OO NOMS <
© NO-O-AND NN 2N ©o o
O T - W®OMmO o o - ©w A -
< MONNNNN— o < N~ [(eTe} N~
- rr T T &) © [ N -
N I I N N/
Parameter value
1 Solvent CDCI3
2 Temperature 297.3
3 Spectrometer Frequency100.61
4 Nucleus 13C
T T T T T T
129.5 129.0 128.5 128.0 127.5 127.0
‘ ‘ 1 (ppm)
CN
Br
38.0 375 37.0
D31 1 (ppm)
1 I
” . ‘ l " -
" o o it W p " y |
T T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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99’
19’
19’
89’
89’
89’
69’
0L
0L
Lz
L
cL

3
H
H
L
1
1
1
9
Ly
[
[\

L

el
14%4
mm.NW
LE°C

08¢
Nw.mW
€8¢

9121
91721
1127
81/
9711
6711
0821
0L
R
e LA
LeL
zeslf

evL

value
CDCI3|
293.8

Parameter
3 Spectrometer Frequency400.18

1 Solvent

2 Temperature

1H

4 Nucleus

T
20 1.9 1.8 1.7 16
1 (ppm)
|
|

24 23 22 21

E

(Va4
0'c

CN

D32

hoz

Tooz
1662
ooz

Z6°L

T
6.0

6.5

7.0

8.0

1 (ppm)

8¢'LL —

62°GC~
1992~

Y9 LE~
26287

37

1 (ppm)

38.0

128.4128.1
1 (ppm)

€Cv8 —

0106 —
€€°26

0L'6LL~
YEETL
vz'szl
ov'szl
£9'6ZL —
6L1eL "

c8LeL —
0S'LyL —

value
CDCI3|
294.2

3 Spectrometer Frequency100.63

Parameter

1 Solvent

2 Temperature

13C

4 Nucleus

CN

D32

1 (ppm)
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Parameter value
1 Solvent CDCI13
2 Temperature 2963
3 Spectrometer Frequency400.13;
4 Nucleus 1H
Cl M
CN
T T T T T T T T T
24 23 22 21 20 19 18 17 1.6
f1 m
D33 (ppm)
I}
[l
I
[
" LIV J‘\ ~ l
Qoo < < e Qe
N «— © -~ N N <
T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 10 05 00 05 -1C
1 (ppm)
OTFTODONMOMNOO <
©OIQDN-O=-O D 2 v 9= 2@ o
O DDBDONNI O o N A o 0 S
TOMONNNNNNN— (o] < N~ © 0 N~
DR R et ol M © © ™o S -
| —=Se————" [ N Y4 |
Parameter value
1 Solvent CDCI3
2 Temperature 297.1
3 Spectrometer Frequency100.61
4 Nucleus 13C
I A —
1285 128.0 127.5 127.0
Cl 1 (ppm)
CN
D33
T T T T
38.5 38.0 375 37.0
1 (ppm)
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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68°¢

G029
90"
20727
80 1
9Z'L7
62°L1
0€2 1
9%
1€ 2
282
[RRN
WL
2z L]
ev'L
ev's]
YL
L
S/

L

-

—f

Svs
oL

value
CDCI3
296.6

3 Spectrometer Frequency400.13:

Parameter
4 Nucleus

1 Solvent

2 Temperature

1H

T T T T T T
1.7 16

24 23 22 21

19 1.8

2.0
1 (ppm)

CN

AcO

D34

R

oy
£00Z
6'C
102

0L

Fooz
L6
100y

GC'LL~
8c'le~
LE'GC
99'9¢ —

8.'.¢
18°L€

80'v8 —

1 (ppm)

95°06 —

zL6LL
8121 %
6'€ZL\
v1'8zL
zr'sel A
95°8z1
6L'1EL
0g6EL —

S9'6vlL —

69691 —

value
CDCI3

297.4

3 Spectrometer Frequency100.61

Parameter
4 Nucleus

128.6128.4128.2128.0

1 (ppm)

1 Solvent

2 Temperature

13C

CN

AcO

D34

1 (ppm)
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[
N~
FrrTTETET T e e oe

vEZ

oLz

oLz
Ve
sz L
6241
0€°Z 1
0€°2 1
02
LE LA
e LA
ze LN
€€ L
€L
ges
ge ]
9e°2]
9e°L ]
28721
8€'L ]
evs]
L]
sv's]

mvN;
'L

value
CDCI3
296.5

3 Spectrometer Frequency400.13

Parameter

1 Solvent

2 Temperature

4 Nucleus

T T T T T T T
20 19 18

24 23 22 21

1.7 16

1 (ppm)

PhO

D35

Feov
190z

Wmn.m
0L
ﬁw.w

02

5.0

6.5

7.0

1 (ppm)

SLZL—

XA TN
§5'92

LG LEN
9s187

1 (ppm)

1 (ppm)

18°€8 —

1,06 —

98'8lLL
Nm.w:/
19611\

9Z'€TL N\
yrezL
16°L2L %
8z'82)
69821
9,621
99°LEL \

vy ocL

¥L'9G1 ~
9z LSV~

value
CDCI3

297.3
3 Spectrometer Frequency100.61

Parameter
4 Nucleus

1 Solvent

2 Temperature

13C

.

CN

PhO

.

1 (ppm)
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69°
69’
0L
L
€L
vL
181

c8’L

eg'L’
€€°C\
see

wm.NN

pASN4

Rl ol Sl o

4584
€ev
98'9
8891
96'9 1
1691
869
669
€C' L
Ve Ly
vZ LA
G2
821
6272
0€° L~
0€°L

1228
3

vl
vl
S/
ot/ ]
v/
6521
0921
B.L
29'L

value

Parameter

CDCI3
298.5

3 Spectrometer Frequency400.13

1 Solvent
4 Nucleus

2 Temperature

7.00 6.95 6.90 6.85
1 (ppm)

CN

D36

OMe

Fsio

F00'¢

=00°¢

oot

#00'L
*00'L
Foov
ooz
oo

LL'LV —

ccse
19'9¢ s
seLe”
08'6€ ~

GG'6S —

v1'€8 —

1 (ppm)

VL6 —

vS0oLL —
06'6LL /
18°0Ct
68'ccl ”
16’2l
L'8ch
1£'8¢L
wo.wmr\
soogl

187LEL

61951 —

value
CDCI3
297.1

3 Spectrometer Frequency100.61

Parameter
4 Nucleus

1 Solvent

2 Temperature

:
128.5 128.0 1275 127.0
1 (ppm)

129.0

CN

OMe
D36

1 (ppm)
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value

CDCI13

Parameter

1 Solvent

293.8
3 Spectrometer Frequency400.18

2 Temperature

1H

4 Nucleus

T T
1 (ppm)

23 222120 19 18 1.7 1.6

CN

OMe

D37

Feov
kg6l

oo
700t
m\mm.r

7.0

7.5

8.0

8.5

1 (ppm)

9T LL —

ve'Se~
8992

LLILEN
og'se”

1865 —

06'¢8 —

9.°06 —

oLzl
S
81611
¥6BLL
09°€ZL~.
L0°82}
ovezl >
mhmﬁw
6LLEL

LE°evL —

€6°'651 —

value
CDCI3

Parameter

1 Solvent

294.2

3 Spectrometer Frequency100.63

2 Temperature

13C

4 Nucleus

o 4
E
® |Q E 2
L 18
3
—% 3§
- g 3
P 3
© 3
L
t [~
3
© -
LS 3
3 3
=] b 3
— \w F@ 3
E 3
e
3
E
=z
O

OMe

D37

1 (ppm)
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~
©
el

08¢
18°¢
28'e
8¢

88'97
88'91
689
069 1
9z'. 1
62°L 1
0gL Y
0€°L7
0g'L Y
LE LA
ze LA
2eL]
€e' L
ves]
€L
s ]
v
L]
S’
gL
St

value

Parameter

CDCI3
293.8

3 Spectrometer Frequency400.18

1 Solvent
4 Nucleus

2 Temperature

1H

T T T
18 1.7 16

1.9

T
2.0
1 (ppm)

24 23 22 21

CN

MeO

D38

i

2£0'S
ksoz

LeL) —

ge'ge~
59'92 7

Shle~
z6'.8”

G¥'qS —

127.5

128.0

1 (ppm)

128.5

99°¢8 —

1 (ppm)

G216 —

oLy~
08641
89'€ZL
z0'8zl /
6£'82L W
25821
8L1EL —
egeel

G9'8G1 —

value

CDCI3
294.2

3 Spectrometer Frequency100.63

Parameter

1 Solvent

2 Temperature

13C

4 Nucleus

CN

D38

I .

MeO

1 (ppm)
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0L
(VA
(YA
cL
cL
cL
€L
8’
€8’
8’

L

3
H
H
a
L
1
1
1
19

G8'L Y
98'L 4
98'L
181 %
88l
ve'e
se'e
9e'z
1£2
8c'z

08¢
28'¢
€8°C ¢
ww.mw\
L6°¢

value
CDCI3
296.5

3 Spectrometer Frequency400.13

Parameter
4 Nucleus

1 Solvent

2 Temperature

1H

19 18 1.7 16

2.0
1 (ppm)

23 22 21

6.90 6.85 6.80

6.95

7.00

1 (ppm)

CN

D39

OMe

MeO

Foov
FooC

H\oD”v

T00'L
0Z

8'C
(k4

1 (ppm)

62'LL —

Ge'Ge~
€92

06°.¢
€6°.€

109§
119G

119.0

119.5

120.0

120.5

1 (ppm)

T T
38.0 37.5

T
56.2 56.0 55.8

1 (ppm)

1 (ppm)

8L0LL~
9L

PGELL~
12617
99'€zL —
10°8T1~
ev'8zl W
LLLEL

ever’

ZL8yl~
8L 6vL

value
CDCI3
297.3

3 Spectrometer Frequency100.61

Parameter
4 Nucleus

1 Solvent

2 Temperature

13C

D39

OMe

MeO

1 (ppm)

101



6g'L
LWL

B

291
mw.:
69}
69°L §
0L'L
0L'L
L2
08'L
181 9
ey
z8'L
€8l
8L L
g8l
ow.r\
[4XAN
vee’

6.€
_‘w.m/
€8'e~\t

007~
z0vf
€'Y

S0V

98’9
98'9
189
g2
62'L
og’L
og’L
L€' L
LeL
ceL
ev'L
ev'L
vyl
Sv'L

value
CDCI3
296.6

3 Spectrometer Frequency400.13

Parameter
4 Nucleus

1 Solvent

2 Temperature

[HN

EtO I

242322212019 18 1.7 16

D40

1 (ppm)

Foot

Fooz

1 (ppm)

18V ~
cLLL—
(4 T4
1592~

L2~
12187

Ly'€9 —

25'€8 —

81’16 —

SSPLLA
G9'6LL
65°€z)
o iz
szezl W
og'8z)
so'leL —
egeel

06251 —

Parameter

1 Solvent

2 Temperature

3 Spectrometer Frequencyl100.61

4 Nucleus

"~

1275 127.0

128.0
1 (ppm)
Wi

128.5

129.0

"
L

I
S
EtO
D40
|

1 (ppm)
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e
69°
0L
0L
(YA
(YA
(VA
cL
cL
18
€8’

M
H
H
L
1
1
1

1

_‘)7.
3\

g8l
98 /
mm.u/

mmN\

9€'¢

2c8'e
mw.mw
Gg8'c

56'9
56'9 |
969 |
16'9 1
92L
821
6221
6221
0€°L A
0€" LA
0€'2]
LeL
vl
L]
s
Sv'2 ]
ot L
91/ |
ops’

e

value

CDCI13
296.5

Parameter
3 Spectrometer Frequency400.13

1 Solvent

2 Temperature

1H

4 Nucleus

1.6

1.7

T
1.8

1.9

T
2.0
ppm)

T T
(

24 23 22 21

1

CN

‘BuO

D41

Bov
002

koot

oz

[oo's
ooz

1 (ppm)

8z /L —
1T AN
1292 —
66'82 7

99°28
167287

968, —
€8°¢8 —

SL'l6—

1,611
osect \S
9€vel
06'Lct
v0'8cl W
Lv'8clh
og'Lel
6¥'9¢€L /

LEVSL —

128.0 127.5 127.0

128.5

(ppm)

1 (ppm)

value

Parameter

CDCI3
2973

3 Spectrometer Frequency100.61

1 Solvent

2 Temperature

4 Nucleus

CN

BuO

D41

1 (ppm)
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69°
0L

o
cL
€L
g8’
98’
A
88’

b
4

L
1
1
1
H
H

ss1 |
681 Y
06'L ¥
161
sez
A
182

96°¢
16°¢€
86°¢
66°¢

value

Parameter

cpCi3
294.9
3 Spectrometer Frequency600.17

1 Solvent
4 Nucleus

2 Temperature

1 (ppm)

1 (ppm)

CN

D42

J00'L
£€8°0
Deee
"oz

1 (ppm)

8C'LL —

€e'GC~
6v'92
Gg'ee —
15°9¢€ —

1 (ppm)

62°€8—

9°06 —

9,611
£z'1zl %
€S€Zh\
02'9Z4 ~\
96'9Z} —

value
CDCI13

Parameter

1 Solvent

295.0

3 Spectrometer Frequency150.91

2 Temperature

13C

4 Nucleus

CN

D42

1 (ppm)
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Parameter value
1 Solvent CDCI3
2 Temperature 2982
3 Spectrometer Frequency400.13
4 Nucleus 1H
Z CN
TIP
s D43
i “ )
4 ‘
e b S
[N} o o ~ [+2]
S S < o 2
T N T T T N <5 N T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1 0.5 0.0 -0.5 -1
f1 (ppm)
DO oOOo, n
NO«- D © N O o © TONOOY
— WMo 0 0 oW S} TS ONN®
™M N NN «— o N~ AN [To) O W<t OMN—
PEIRA IR - ® © © ) NANAN -~ —
NN~ | VN | N&— +— /¢
Parameter value
1 Solvent CDCI3
2 Temperature 299.0
3 Spectrometer Frequency100.61
4 Nucleus 13C
Z CN
TIP
s D43
[}
1
I I \‘
‘ 1] L el L
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
f1 (ppm)
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) © © © ©

061 §
1671
161 1
6L
26’1y
€6°L

value
CDCI3
295.7

3 Spectrometer Frequency400.13

Parameter
4 Nucleus

1 Solvent

2 Temperature

oM

1H

470 4.65 460 4.55 4.50

2.50

255

€
§
e
w0
Lo
™
o
[
&
o]
LN~ o
b=J ™
E £
) 3e
T © T
w0
L
™
o
Lo
™

CN
OBn

D44

©Q
re
=
— ro
0
o
Le
e
Woﬁm‘o
o~
Le
Epgyf
<
I
0
I
me.n
00} o
=
L@
W ey
<
v
©Q
v
<
[f©
0
[f©
Q
~
= TE:
0
~
=
[T
0
[T oo
o

1 (ppm)

L9V
I8EL~
80'7LL

127.0

129.0

1280 127.5 1265  126.0
1 (ppm)

128.5

38 37 36 35 34 33 32 31

T
740 739 738

1 (ppm)

1 (ppm)

78'€8 —

€06 —

Ve LI —
gcect
28'9¢L
9c'lcl /
8c'lcl
clLlel
08°.cL
98'L¢cl
oL'gct
8€'8¢l
Ly'8cl
os'Lel
€clel
oc'Lvl

value
CDCI3

Parameter

1 Solvent

296.8

3 Spectrometer Frequency100.61

2 Temperature

13C

4 Nucleus

CN

OBn

D44

T
140

T
150

T
160

1 (ppm)
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Parameter value
1 Solvent CDCI3
2 Temperature 294.8
3 Spectrometer Frequency400.13;
4 Nucleus 1H
CN
pas N
Boc
T T T T
7.5 7.4 7.3 7.2 71390 3.85  3.80
1 (ppm) 1 (ppm)
I
i 1
| i w 1
L ERY 3 d ot
5566595 S S S SS9
<t N® - ~ < o < <o
T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 05  -1C
1 (ppm)
0 N~ AN T OLNO OO
=) ¥ 0% -OANSTD - N o ON®O YT
< - T WOWONN®N © N - T Y
0 < ONNNNNN— oY o O MN O ©
= - rr T o 0~ HOOHOOONN
I [ SN\ ANN NN
Parameter value
1 Solvent CDCI3
2 Temperature 295.6
3 Spectrometer Frequency100.61
4 Nucleus 13C
I B —
1295 129.0 1285 1280 127.5 127.0
1 (ppm)
CN
pas N\
Boc
T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
1 (ppm)
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08 |
181 |
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€9 |
€9 |
vl |
58 |
88 |
68t |
s |
661
00z}
10z}

value
CDCI13

Parameter

1 Solvent

298.6

3 Spectrometer Frequency400.13;

2 Temperature

1H

4 Nucleus

1 (ppm)

1 (ppm)

Boc

D46

foov
oot

(Va4

8'¢

T
20 15 10 05 00 -05

25

3.0

3.5

4.0

1 (ppm)

8092~
St'8z~
se'ee
om.vmw
sp'se
zvee

gL08”
brv8—
6106

oL
seezL -
ee .2t /
052} /
€281\
vzl 7
16'821°f
veLel

14334

12°9S1 —

value

CDCI3

Parameter

1 Solvent

2 Temperature

3 Spectrometer Frequency100.61

4 Nucleus

13C

T
127

T
129

1 (ppm)

"

v

L

D46

1 (ppm)
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4N

5521

Parameter

1 Solvent

2 Temperature

3 Spectrometer Frequency400.13]

4 Nucleus

CN

D47

3.1

3.90 3.85 3.80 3.75

1 (ppm)

1 (ppm)

Froz

-

Foot

1 (ppm)

6v'1v8 —

8¥'06 —

85¢ClLL
80°'8LL
co'ect
8L'9¢L
vi'lcl
65°/2L
80'8¢CL
ov'8cl
6.°8¢L
1862l ~
88’LEL
oezcel \
oLeel
ov'ivl —
SLSvL —

value
CDCI3
296.1

Parameter

1 Solvent

2 Temperature

~
oy
2 3
2]
o
£
182
Lo
N
LS
®
L3
3
3 N
s O
R
= = I
i
]
g —
£ _
5 e
] ——
g, -
£z p—
£33
23
wn Z
o5
P4
(&)
N~
<
O °

1 (ppm)
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Parameter value
1 Solvent cpCi3
2 Temperature 294.9
3 Spectrometer Frequency400.13
4 Nucleus 1H
T T T T T
3.90 3.85 3.80 3.75 3.70
1 (ppm)
CN
[¢]
D48 T T T T T
25 24 23 22 21
1 (ppm) e
P!
1
I
1 Iy
W
Qv < e Q@ Qo-
<+ © - - < o©ooo
T T T T T T T T T T T T T T T T T T T T T T T
00 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1
1 (ppm)
~ MWL O®OONTT
N uu~NNY oY ® vaNys 898
~ A~ 000NN © OO R VON® ©OMO
o TONNNNNNA - < DOVOY ©WW
« Frr T o © ST O AN
I | s (- NN
Parameter value
1 Solvent cpei3
2 Temperature 295.7
3 Spectrometer Frequency100.61
4 Nucleus 13C
T T T T T T
129.5 129.0 1285 128.0 127.5 127.0
‘ ‘ 1 (ppm)
CN
(0]
D48 . . .
25.5 25.0 24.5
1 (ppm)
| | |
" l " " J A
Y iy s
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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11
1
1
1
1
1

value
CDCI13
2955

3 Spectrometer Frequency400.13

1H

Parameter

1 Solvent
2 Temperature
4 Nucleus

T
1 (ppm)

19 18 1.7 16 15 14 13 1.2

CN

1 (ppm)

1 (ppm)

60°LL —
€6'GC ~
1892~
28°€E
8C'9¢€ —
098

8€'GY —

Nw.m:
ow.mNr /
8€'9¢L
1,721
9€'8CL
6€'8¢Cl
Sv'8ct
L9'8clL

everl —
€6l —

-1

1 (ppm)

1 (ppm)

11

value
CDCI3|

296.4

3 Spectrometer Frequency100.61

4 Nucleus

Parameter
13¢
CN

1 Solvent
2 Temperature
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e e N
Parameter value

1 Solvent cpCi3)

2 Temperature 295.7

3 Spectrometer Frequency400.13

4Nucleus H

—_—
(0] 2.40 2.35 2.30
2.8 2.7 1 (ppm)

F 1 (ppm)

NO OO
©C®g
T T T T T = T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0
1 (ppm)
< MOWON—TOOOOdWO
0 N OQWM= N
o W AN NOMOWOWWODDMNWOLW
o TTOONNNNNNN
N R R R itk ik i
\ B
Parameter value
1 Solvent CDCI13
2 Temperature 296.5
3 Spectrometer Frequency100.61
4 Nucleus 13C
129 128 127 126 125 124
1 (ppm)
Ph
0
F
I
JH—H-“”
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)
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ON._‘N

el

8¢
06'¢
16¢
26'¢C

value
CDCI3|

295.1

3 Spectrometer Frequency400.13

Parameter

1 Solvent

2 Temperature

1H

4 Nucleus

G-TqPy-3

N
[©
o

2 00

90
Foow
¥ 4079

75

8.0

Foog

8.5

1 (ppm)

2122~
8z vz~
0z'LE~
sy’

SeLY
GG LY

1996
8196

696LL
zeoct
28'sel
gcoct
8¥'9cl
LgocL
98'9¢t
98'8¢l
6c'6cl
9g'6Cl
ar'6cl
L0veL
cLvel
€8'GEL
€6'GEL
ve'8elL
0s'8el
G¥'9sL
vS'951L

LeesLL —

value

CDCI13

Parameter

1 Solvent

295.9
3 Spectrometer Frequency100.61

2 Temperature
4 Nucleus

13C

G-TqPy-3

1 (ppm)
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€Ll
cc'L
€zl
G8'¢C
88°C 1
68°C1
262
€621
96°C
vLEn
m_.fﬁ
91°€
gLe\l
6Le’
89°€\
0L'€

L€

NN.M\
SO0’V

<
©
~
—
—

value
CDCI3

Parameter

1 Solvent

297.7
3 Spectrometer Frequency400.13

2 Temperature

1H

4 Nucleus

3.0 29

3.2 31

1 (ppm)

G-TqPy-4

Teee

0
‘[©

-1

-0.5

0.0

T T T
10.5 100 95 9.0

1.0

1 (ppm)

o€ vl —
06'¢cc —
cs'Le—
€9 Ly

NN.NVV

06°9G —

AR
16121 |
66621 |
1£°921 |
L9zl
29'921 1
vE 121
1€1211
tyezi|
26621
99'621 |
sLveLyt
zZT el
G8'GEL
209elL
z8' €L
61671
68671 7

Parameter
3 Spectrometer Frequency100.61

2 Temperature
4 Nucleus

1 Solvent

G-TqPy-4

WWMMNWMMWMMWWW

1 (ppm)
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0024 - szgo 26957
102 <
2021 o
80°L1 Fe
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. L O
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L2 N T
AW o
Ss;

. o
WM.MU Fiofe  eg6Ll
L © 9°02Z1 |

2] fe  96°GZl 1
9L )
?.Dﬁ o 6£°9Z1 |

) 2 zo [~ 29921 |
[SA Ao .

. W 00'¢ G9'9C1 |
4R\ W Iw .

e, f ez g~ _‘ONN_.;

] v 86° 00°6¢C1
GG fﬁ [ 2 £v6Z1
el 2805, £ o.m.mmfyﬁ

S Ao n .

2] SRR Lo 09'621
652 7 oo LZ'veL
€8/ 5 ] ° )
v8° L H < 8= 9z el
ca /] o3 —z 16'SEL
98°2 1 Tiicd ? e o9eL

2E83 o> .

88/ 1 e 5z =--I, o a o w?.wm_.
2] a89% >t T 12 v9'8€L
€18 o [ e ot
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v2'8] Z rO 3
z- re

ol
6.8 T -

Sv'esL—

1 (ppm)
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value
CDCI13
2959

3 Spectrometer Frequency100.61

4 Nucleus

13C

Parameter

1 Solvent
2 Temperature

5

G-TqPy

mewmwmwm
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RS _
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207 e
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660 6EW2L |
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1021 96'5Z1 |
) ge'9zL |
5021 e
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L] ogzzi
217 gz'8zl 1
217 L6zl
eLg- 17621~
oy BLVEL S
Sk = €TYEL
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| g 16'SEL ]
8Lz : 7\ €0°9€1
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A R (s szowL?
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1 (ppm)
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value
CDCI3
298.4

3 Spectrometer Frequency100.61
13C

Parameter

2 Temperature

1 Solvent
4 Nucleus

G-TqPy-6

1 P
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[
Sl
9171
8€L
8€L
mw.ﬁ
26'C
€6°C1
96°C |
61°¢€
0z'e
[A4A%
€2T°¢
G9'E
19°€
89°¢ |
69°€ 1
0L°€
601
86'G |

G0'L
102
vi'L
(<] AVA
h_\.ﬁg
(20N
2L
9z, 1
0€' L1
ce L
61°L
0S°Z
LG L 1
WA
99/ 1
197/
697/
[WAVAR
€L L%
86°L

6672

00'8

10’8

<
o
~
e

€6'8 —

value

CDCI13

Parameter

1 Solvent

297.5

3 Spectrometer Frequency400.13

2 Temperature

1H

4 Nucleus

G-TqPy-7

Bu

iz

F 807¢

% 0

s

1.5

3.0

1 (ppm)

evic—
16°6¢C
Ad FmW
PANR) 7
00'6€e
08,y —

26'9G —

9¢’6lLL
96°G¢l
66°G¢Cl
Ly'oct
vv'9cl
G.'9¢l
gg'6cl
€29l
v1'8€l

R

61951 —

99'¢/LL —

Parameter

1 Solvent

2 Temperature

3 Spectrometer Frequencyl100.61

4 Nucleus

G-TqPy-7

1 (ppm)
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fe03 7 F DITEN - z7F
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1 (ppm)
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(41
el
Sl
Lc'h
ccL
vel
88°¢C
L6'¢
4%
v6°¢C
S6°¢
86°¢C

aL'e
N_‘.m/
0z’ €~

A
69°€\
L2e
zLe
€Le
GLe
Yo'v

Parameter

1 Solvent

2 Temperature

3 Spectrometer Frequency400.13

4 Nucleus

E oo
E oo

v,

F oo

60

¥ 9L’
F 00
=20’
= 00'¢

3.5

i
4.0

45
1 (ppm)

6c'€c—

JrATEN
srie”’

v Ly
mm.hvv
0499
18'9G V

c6'LLL
86°LLL
€e'8ll

67811 |
98'G21 |
S2°9Z1 |
IATAR
25921 |
90°/Z1 1
62221 1
ze L2
16821 1
€€'62l 1
1£°621 7 ﬁ
TR
zs'62l ,W
oLvEL

LLvEL

£8'6el

16°GEL Y
€z'8cl x
8.8¢cl

680G} ~
90°/G1

vL 261 3

ccell —

value
CDCI3

Parameter

1 Solvent

298.4
3 Spectrometer Frequency100.61

2 Temperature

13C

4 Nucleus

1 (ppm)
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value
CDCI3

2975

3 Spectrometer Frequency400.13

Parameter

1 Solvent

2 Temperature

1H

4 Nucleus

Fasz

F oo

T
4.0 3.5 3.0

45
1 (ppm)

L97LL ~
o€Vl —
68°¢cc —

zs e
cgle”’

09'Lv
ow.ﬁnv
6.°9G
169G V

99°6L1 1
9z'0z1 |
£vozl |
96'Sz1 |
01921 |
89'9Z1 1
0221
oozl |
AR
05°621 NV
rS6eL
ZeveL

»0'9EL

60°9€L

ge'sel

L8'8el

09'951L —

ocell —

value

CDCI3

Parameter

1 Solvent

298.3

3 Spectrometer Frequency100.61

2 Temperature

13C

4 Nucleus

1 (ppm)
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z6'C
¥6°C
SL'e
al'e
1€
61°¢
1ze
1Z°€1
LLe
v.¢q
16°€ 1
00'¥ {
96°9
86°9
66°9
00°2
60"
oL
R |}
WA ||
€L’L
z5°.
€5/,
S,
mm.r
26721
85°L 1
65°L 1
291
97/ 1
59/ 1
1914
69/ 1
LL LA
08
28,
S8/
88"/ \
16°L 7]
00'8
208
¥0'8
S8
11°8
8.'8
6.8
08'8

value
CDCI3|
297.5

3 Spectrometer Frequency400.13

Parameter

1 Solvent

2 Temperature

1H

4 Nucleus

G-TqPy-11

1 (ppm)

6e vl —

16722~
5662

€9'LE
veLe”

6E LY
oosvw
06'LY
219G~
88957

98221 |
9z'€Z1 |
v6vZl |
86'GZ1 |
9e°9Z1 |
85921 |
61921 |
26'921 1
00°221 1
121217
9G° /217
68'8Z1 |
€Z'6Z1
€621
61621
8c°0€L
2L 0EL ]
66°0€L
e LeL
LvEL |
06'GEL

L0651 —

\

08'€ll —

value
CDCI3
294.0

3 Spectrometer Frequency100.63

Parameter
4 Nucleus

1 Solvent

2 Temperature

13C

1 (ppm)
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value
CDCI3
298.5

3 Spectrometer Frequency400.13

Parameter

1 Solvent

2 Temperature

1H

4 Nucleus

G-TqPy-12

ke

F oo
E 00

Eeo

4

T 667
Fee

F oo

=20’

F oo

TN

1 (ppm)

9l vl —

€L'eg\
€.'6¢C
€2’
mw.rmv

(3WA4
wm.tuV
91'GS
€G°GS
NN.@@\

L2201
687201
06'601
L0°0LL

11621
61921
A TAA
8z'6Z1
Le'6ZL
86°€El
80°vEL
69°GEL
G8'GelL
mm.omr\

04991
92991 W
16°2LL 7

Parameter

1 Solvent

2 Temperature

3 Spectrometer Frequency100.61

4 Nucleus

G-TqPy-12

1 (ppm)
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3.84
3.83
3.81
2.49
2.47
2.46
1.91
1.89
1.89
8
8
8
8
4
1.44
1.43
1.43
1.42
1.14
1.08

Parameter

1 Solvent

2 Temperature

value
CDCI3|
295.6

3 Spectrometer Frequency400.13

4 Nucleus

1H

o-z

o o o =N~
N N le] [l e}
. T T T . T T . . . . . T ; .
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)
[s]
Q - ™ © o - N W o
o © © 0 =} -~0oOow
— o (o2} (o2} (3] 0 oM~
- N 0 (] ] NN~ —
| | | | | /NN N
Parameter value
1 Solvent CDCI3
2 Temperature 296.4
3 Spectrometer Frequency100.61
4 Nucleus 13C
N
|
O
NC G
I
deorllnd, dod

7T T T T T T T T T T T T T T
140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
1 (ppm)
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