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I. General informations

General Methods: Unless otherwise stated, all reactions were carried out under argon. Thin-
layer chromatography was performed on silica gel 60 F254 on aluminum plates (Merck).
Visualization was accomplished using UV light (A = 254 or 365 nm) or by staining in basic
KMnO4, p-anisaldehyde or phosphomolybdic acid solution followed by heating. Flash
chromatography was performed under positive air pressure using silica gel (40-63 um) from
VWR Chemical.

Instrumentation and Data Acquisition: Proton (H), carbon (*3C) and fluorine (*°F) nuclear
magnetic resonance spectra were recorded on Bruker AV400 instrument, using non
deuterated chloroform (*H NMR : § = 7.26 ppm) as an internal chemical shift reference for
Proton (*H) and (*3C NMR : 6 = 77.16 ppm) relative to the centre line of the triplet as an
internal chemical shift reference for Carbon (*3C). Melting points (M. p.) were determined on
a Kofler melting point apparatus. High resolution mass spectrometric (HRMS) analyses were
measured on Q-Tof 6545LTQ-Orbitrap (Agilent) by ESI or APCl. Low resolution mass
spectrometric (LRMS) analyses were measured on DSQIl (ThermoScientific) by DEP.

Data Reporting: The presentation of 'H NMR spectroscopic data: magnet strength, analysis
solvent, chemical shift (6, ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
quint. = quintuplet, sext. = sextuplet sept. = septuplet, m = multiplet, b = broad,
app. = apparent), J-coupling constants (Hz), and integration. The regioisomeric ratio was
determined by integration of *H-NMR signals. The response factor of both regioisomers was
assumed to be equal in each case. For regioisomeric ratios greater than 90:10 only the major
isomer is depicted in the following NMR characterizations. HRMS were given for the mixture
of regioisomers of 5H-chromeno(3,4-c]pyridines and 5H-chromeno[4,3-c]pyridines.

Materials: All reagents were purchased in the highest purity grade available from Acros
Organics, Sigma-Aldrich, Tokyo Chemical Industry, Alfa Aesar and Fluorochem. They were
used without further purification unless otherwise specified. Argon and liquid nitrogen were
provided from Air liquid. Anhydrous solvents were freshly distilled before use or obtained
from solvent purificator Pure Solv™. Petroleum ether, pentane, ethyl acetate,
dichloromethane and diethyl ether were used as received. Anhydrous
2-methyltetrahydrofuran was obtained by distillation over sodium in the presence of
benzophenone under argon prior to use.

Safety Notice: Cyanamides are volatile and toxic. Propargyl bromide is toxic and
carcinogenic. lodophenols reagents are known to be harmful. All these reagents must be
handled under a fume hood and with gloves.
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Il. Cyanamide syntheses

Dimethylcyanamide 2a, pyrrolidine carbonitrile 2d, cyanamide 2f and 4-
morpholinecarbonitrile 2e were purchased from commercial sources. Cyanamides 2b, 2c and
2g were prepared according to reported procedures.’?

" @ J SN ORI

\ \
CN CN CN

o—=2

2a 2b 2c 2d 2e 2f 2g

Ill. General procedures

1. Sonogashira coupling (general procedure A)

TMS

I ™S PdCI,(PPh3), Cul F
R1©: + 1
OH | | THF/NEt; (8:2), rt, 4-12 h R

OH

(2.0 equiv.)

In a 100 mL round bottom flask was suspended PdCl>(PPhs), (255 mg, 0.36 mmol,
0.02 equiv.) and Cul (139 mg, 0.73 mmol, 0.04 equiv.) in 26 mL of THF/NEts (8:2). Under
argon, a solution of 2-iodophenol (4.00 g, 18.2 mmol, 1.0 equiv.) and trimethylsilyl acetylene
(5.03 mL, 36.4 mmol, 2.0 equiv.) in 26 mL of THF/NEt3 (8:2) was added, the solution turns to
black. The resulting mixture was stirred overnight at room temperature. A saturated
aqueous solution of NH4Cl (30 mL) was added and the aqueous layer was extracted with
EtOAc (3 x 30 mL). The combined organic layers were dried over MgSO, filtered, and the
filtrate was concentrated under reduced pressure. The residue was purified by flash column
chromatography (SiOg, cyclohexane/EtOAc 100:0 to 95:5) affording
2-((trimethylsilyl)ethynyl)phenol as a yellow oil (3.36 g, 17.6 mmol, 97%).

1Auvinet, A-L.; Ez-Zoubir, M.; Vitale, M. R.; Brown, J. A.; Michelet, V.; Ratovelomanana-Vidal, V.; ChemSusChem,
2012, 5, 1888.
2 Shirota, F. N.; Nagasawa, H. T.; Kwon, C. H., Demaster E. G.; Drug Metab. Dispos., 1984, 12, 337.
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2. Ether formation and alkyne deprotection (general procedure B)

1) Br/\\\ (1.5 equiv.)

T™MS K,COj3 (2.0 equiv.) =
Z DMF, rt, 1-4 h ~
R’ R'
OH 2)  TBAF (1.2 equiv.) 07N
1

THF, rt, 1-4 h

In a 100 mL round bottom flask 2-((trimethylsilyl)ethynyl)phenol (3.36 g, 17.6 mmol,
1.0 equiv.), and K,COs (4.88 g, 35.3 mmol, 2.0 equiv.) were mixed in 50 mL of anhydrous
DMF at room temperature. Under argon, propargyl bromide (80 % in toluene) (2.93 mlL,
26.4 mmol, 1.5 equiv.) was added and the brownish mixture was stirred 4 h at room
temperature. When the reaction was complete (NMR monitoring), 20 mL of water was
added. The resulting solution was extracted with Et,0 (3 x 20 mL). The combined organic
layers were washed with brine (20 mL), dried over MgS04 and the filtrate was concentrated
under reduced pressure. The residue was dissolved in 50 mL of THF and
tetrabutylammonium fluoride (5.52 g, 21.1 mmol, 1.2 equiv.) was added, the solution turns
to black. The solution was stirred 1 h at room temperature, then water (20 mL) was added.
The resulting solution was extracted with DCM (3 x 20 mL). The combined organic layers
were dried over MgSQy, filtered and the filtrate was concentrated under reduced pressure.
The residue was purified by flash column chromatography (SiO2, cyclohexane/EtOAc ; 95:5)
affording 1a as a pale-yellow solid (2.31 g, 14.8 mmol, 84%).

3. [2+2+2] Cycloaddition method (general procedure C)

4 5
R\N/R F|{4
N N
Z N =z SRS
= RY _RS | |
N [Cp*Ru(MeCN);]PFg (2 mol%) X X
R! + ‘ > R * R
| | toluene, 100 °C, 24 h
O/\ ! o o
1 2 (1.5 equiv.) 3 3

A sealed tube was charged with [Cp*Ru(MeCN)3]PFs (6.5 mg, 1.28x102 mmol, 0.02 equiv.)
and dimethylcyanamide 2a (76 pL, 0.96 mmol, 1.5 equiv.) was added. Under argon a solution
of diyne 1a (100 mg, 0.64 mmol, 1.0 equiv.) in 1.8 mL of anhydrous toluene was added. The
tube was sealed, and the reaction mixture was stirred vigorously at 100 °C for 24 h. When
the reaction was complete, the solvent was removed under reduced pressure. The residue
was purified by flash column chromatography (SiO,, petroleum ether/EtOAc ; 80:20), then
the excess of cyanamide was distilled off with a Kugelrohr distillation apparatus, affording a
mixture of 3aa and 3aa’ as a pale-brown oil (121 mg, 535 umol, 84%).
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4. [2+2+2] Cycloaddition method (general procedure D)

4 5
R R " .
N _No
5
= RY _RS ~ |N ~ | R
. N [Cp*Ru(MeCN)3]PFg (3 mol%) N g N g
. .
o |‘| toluene, 100 °C, 48 h R TR
/\ N 0 0
R3
1 2 (1.5 equiv.) 3

A sealed tube was charged with [Cp*Ru(MeCN)3]PFs (9.7 mg, 1.92x102 mmol, 0.03 equiv.)
and 4-morpholinecarbonitrile 2e (97 uL, 0.96 mmol, 1.5 equiv.) was added. Under argon a
solution of diyne 1a (100 mg, 0.64 mmol, 1.0 equiv.) in 1.8 mL of anhydrous toluene was
added. The tube was sealed, and the reaction mixture was stirred vigorously at 100 °C for
48 h. When the reaction was complete, the solvent was removed under reduced pressure.
The residue was purified by flash column chromatography (SiO2, petroleum ether/EtOAc ;
80:20 to 70:30), then the excess of cyanamide was distilled off with a Kugelrohr distillation
apparatus, affording a mixture of 3ae and 3ae’ as a pale-brown oil (148 mg, 552 umol, 86%).

Proposed mechanism3

R* _RS
N
R2
NN
1 7R ="
5 >/ [CP"RU(S)I"

R2 ® metallacycle formation

RU(S
R

1 S= MeCN’E 1,2-nitrile insertion

3 Roglans, A.; Pla-Quintana, A.; Sola, M. ; Chem. Rev., 2021, 121, 1894.
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V. Optimization

Catalyst o o : o i
Entry (mol %) Solvent | T°C | Conv. (%) | Yield (%) | Ratio
[Cp*RuCl]4
1 (2 mol%) Toluene | 100 100 43 >99/1
[Cp*Ru(MeCN)s]PFe
2 (5 mol%) Toluene | 100 100 83 96/4
Cp*Ru(cod)Cl
3 (5 mol%) Toluene | 100 92 37 >99/1
[Rh(cod)Cl]>
4 (5 mol%) Toluene | 100 100 0 ND
RUClg.nHzo
5 (5 mol%) Toluene | 100 58 33 92/8
[Ir(cod)Cl];
6 (5 mol%) Toluene | 100 100 0 ND
In(OTf)3
7 (5 mol%) Toluene | 100 0 0 ND
Fe(acac)s
8 (5 mol%) Toluene | 100 0 0 ND
FESO4
9 (5 mol%) Toluene | 100 0 0 ND
CpCo(CO),
10 (5 mol%) Toluene | 100 26 21 76/24
[Cp2Ni] (5 mol%),
11 Xantphos (10 mol%), Toluene | 100 0 0 ND
Cs,C0s3 (1.00 equiv.)
*
12 e R(;(n'\:'slc(y'\;)ﬂp& Toluene | 100 | 100 84 96/4
0
*
13 [Cp R(;(mslcy'\;)ﬂpﬁ DCE | 80 54 40 97/3
(]
*
14 e R(;('r\n/lslc(y'\;)?’]PFs DCM | 50 43 26 97/3
0
*
15 [Cp R(;(n'\:'slc(y'\;)ﬂpﬁ EtOH | 80 10 9 92/8
0
*
16 [Cp F{(‘Q(mjfy'“))S]PFs MeTHF | 80 71 61 96/4
0
*Ru(MeCN)s]PF
17 [Cp (li(mslcw)h] 5 | Toluene | 100 62 61 96/4
0
[Cp*RU(MeCN)3]PF5
18 (2 mol%) Toluene | 90 95 77 96/4

Table 1 : Optimization table
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V. Characterization

1. Characterization of 2-((trimethylsilyl)ethynyl)phenol derivatives

2-((trimethylsilyl)ethynyl)phenol (A1)

TMS
=

OH

A1
Chemical Formula: C41H440Si

Prepared according to the general procedure A using 2-iodophenol (4.00 g, 18.2 mmol,
1.0 equiv.). After flash column chromatography (cyclohexane/EtOAc ; 100:0 to 95:5), the
expected product was obtained as a yellow oil (3.36 g, 17.6 mmol, 97%).

14 NMR (400 MHz, CDCl3) 6 7.34 (dd, J = 7.8, 1.7 Hz, 1H), 7.27-7.22 (m, 1H), 6.94 (dd, J = 8.3,
0.8 Hz, 1H), 6.85 (td, J = 7.6, 1.1 Hz, 1H), 5.84 (s, 1H), 0.29 (s, 9H).

13C NMR (101 MHz, CDCl3) 6 157.2, 131.7, 130.8, 120.4, 114.7, 109.6, 102.5, 99.1, 0.1 (3C).

LRMS (El): Calculated for C11H140Si [M-CHs]* : 175 (100) found 175 (100).

4-methyl-2-((trimethylsilyl)ethynyl)phenol (A2)

TMS
=

OH

A2
Chemical Formula: C1,H4¢0Si

Prepared according to the general procedure A using 2-iodo-4-methylphenol (1.65 g,
7.05 mmol, 1.0 equiv.). After flash column chromatography (cyclohexane/EtOAc ; 100:0 to
95:5), the expected product was obtained as a yellow oil (1.40 g, 6.85 mmol, 97%).

14 NMR (400 MHz, CDCls) & 7.16 (d, J = 2.1 Hz, 1H), 7.02 (dd, J = 8.4, 2.2 Hz, 1H), 6.84 (d,
J=8.4,Hz, 1H), 5.69 (s, 1H), 2.24 (s, 3H), 0.28 (s, 9H).

13C NMR (101 MHz, CDCls3) & 155.1, 131.8, 131.6, 129.5, 114.4, 109.2, 102.0, 99.4, 20.4, 0.1
(3C).

LRMS (El): Calculated for C12H160Si [M-CHs]* : 189 (100) found 189 (100).
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4-isopropyl-2-((trimethylsilyl)ethynyl)phenol (A3)

T™MS
-Pr Z

OH

A3
Chemical Formula: C14H5qOSi

Prepared according to the general procedure A using 2-iodo-4-isopropylphenol (5.80 g,
22.1 mmol, 1.0 equiv.). After flash column chromatography (cyclohexane/EtOAc ; 98:2), the
expected product was obtained as a yellow oil (3.72 g, 16.0 mmol, 72%).

1H NMR (400 MHz, CDCls) § 7.21 (d, J = 2.3 Hz, 1H), 7.08 (dd, J = 8.5, 2.3 Hz, 1H), 6.88 (d,
J=8.5Hz, 1H), 5.81 (s, 1H), 2.80 (sept., J = 6.9 Hz, 1H), 1.28 (app. s, 3H), 1.27 (app. s, 3H),
0.29 (s, 9H).

13¢ NMR (101 MHz, CDCls) & 155.3, 140.6, 129.2, 129.1, 114.6, 109.2, 101.6, 99.7, 33.3,
24.1(2C), 0.1 (3C).

LRMS (El): Calculated for C14H200Si [M-CHs]* : 217 (100) found 217 (100).

4-(tert-butyl)-2-((trimethylsilyl)ethynyl)phenol (A4)

™S
t-Bu FZ

OH

A4
Chemical Formula: C15H,,0Si

Prepared according to the general procedure A using 4-(tert-butyl)-2-iodophenol (2.90 g,
10.5 mmol, 1.0 equiv.). After flash column chromatography (cyclohexane/EtOAc ; 98:2 to
95:5), the expected product was obtained a white solid (2.15 g, 8.72 mmol, 83%).

1H NMR (400 MHz, CDCls) & 7.34 (d, J = 2.4 Hz, 1H), 7.27 (dd, J = 8.6, 2.5 Hz, 1H), 6.87 (d,
J=8.6Hz, 1H), 5.68 (s, 1H), 1.27 (s, 9H), 0.28 (s, 9H).

13C NMR (101 MHz, CDCls) & 155.0, 143.1, 128.3, 128.1, 114.2, 108.8, 101.8, 99.7, 34.2, 31.5
(3C), 0.2 (3C).

M.p. : 71-73 °C

LRMS (EI): Calculated for C15H220Si [M-CH3s]* : 231 (100) found 231 (100).
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3-((trimethylsilyl)ethynyl)-[1,1'-biphenyl]-4-ol (A5)

™S
Ph =

OH

A5
Chemical Formula: C17HgOSi

Prepared according to the general procedure A using 3-iodo-[1,1'-biphenyl]-4-ol (7.50 g,
25.3 mmol, 1.0 equiv.). After flash column chromatography (petroleum ether/EtOAc ; 98:2),
the expected product was obtained as yellow solid (3.40 g, 12.8 mmol, 51%).

1H NMR (400 MHz, CDCl3) & 7.65 (d, J = 2.3 Hz, 1H), 7.58-7.55 (m, 2H), 7.52 (dd, J = 8.6,
2.3 Hz, 1H), 7.46-7.43 (m, 2H), 7.38-7.33 (m, 1H), 7.07 (d, J = 8.5 Hz, 1H), 5.97 (s, 1H),
0.37 (s, 9H).

13C NMR (101 MHz, CDCl3) § 156.6, 140.1, 133.7, 130.2, 129.6, 128.9 (2C), 127.1, 126.7 (2C),
115.1, 110.0, 102.6, 99.1, 0.1 (3C).

M.p. : 98-100 °C

LRMS (EI): Calculated for C17H180Si [M-CHs]* : 251 (100) found 251 (100).

4-fluoro-2-((trimethylsilyl)ethynyl)phenol (A6)

™S
F Z

OH

A6
Chemical Formula: C41H43FOSi

Prepared according to the general procedure A using 2-iodo-4-fluorophenol (4.20 g,
17.6 mmol, 1.0 equiv.). After flash column chromatography (cyclohexane/EtOAc ; 100:0 to
98:2), the expected product was obtained as a yellow oil (3.21 g, 15.4 mmol, 87%).

1H NMR (400 MHz, CDCls) & 7.04 (dd, J = 8.5, 3.0 Hz, 1H), 6.97-6.92 (m, 1H), 6.89-6.86
(m, 1H), 5.76 (s, 1H), 0.29 (s, 9H).

13¢ NMR (101 MHz, CDCls) & 156.1 (d, J = 232.3 Hz), 153.5, 117.7 (d, J = 31.3 Hz), 117.5 (d,
J=33.3Hz), 115.7 (d, J = 9.1 Hz), 110.2 (d, J = 9.1 Hz), 103.3, 9.1 (d, J = 2.0 Hz), 0.1 (3C).

19F NMR (376.5 MHz, CDCI3) & = -123.8.

LRMS (EI): Calculated for C11H13FOSi [M-CH3]* : 193 (100) found 193 (100).
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4-chloro-2-((trimethylsilyl)ethynyl)phenol (A7)

™S
cl =

OH

A7
Chemical Formula: C41H43CIOSi

Prepared according to the general procedure A using 2-iodo-4-chlorophenol (3.98 g,
15.6 mmol, 1.0 equiv.). After flash column chromatography (petroleum ether/DCM ; 90:10),
the expected product was obtained as a yellow oil (3.14 g, 13.9 mmol, 89%).

14 NMR (400 MHz, CDCls) & 7.31 (d, J = 2.6 Hz, 1H), 7.19 (dd, J = 8.8, 2.6 Hz, 1H), 6.87 (d,
J=8.8Hz, 1H), 5.78 (s, 1H), 0.28 (s, 9H).

13C NMR (101 MHz, CDCls) 6 155.8, 131.0, 130.8, 125.0, 116.0, 111.1, 103.9, 97.7, 0.1 (3C).

LRMS (El): Calculated for CiiH13CIOSi [M-CHs]* : 209 (100), 211 (32) found 209 (100),
211 (48).

4-bromo-2-((trimethylsilyl)ethynyl)phenol (A8)

TMS
Br: 4

OH

A8
Chemical Formula: C41H3BrOSi

Prepared according to the general procedure A using 2-iodo-4-bromophenol (4.90 g,
16.4 mmol, 1.0 equiv.). After flash column chromatography (cyclohexane/EtOAc ; 96:4 to
95:5), the expected product was obtained as a yellow oil (4.12 g, 15.3 mmol, 93%).

1H NMR (400 MHz, CDCls) & 7.46 (d, J = 2.4 Hz, 1H), 7.32 (dd, J = 8.8, 2.4 Hz, 1H), 6.82 (d,
J=8.8 Hz, 1H), 5.83 (s, 1H), 0.28 (s, 9H).

13C NMR (101 MHz, CDCls) 6 156.3, 133.9, 133.6, 116.5, 111.9, 111.7, 104.0, 97.5, 0.0 (3C).

LRMS (El): Calculated for CiiH13BrOSi [M-CHs]* : 253 (100), 255 (97) found 253 (100),
255 (97).

S-10



4-hydroxy-3-((trimethylsilyl)ethynyl)benzonitrile (A9)
™S
NC Z

OH

A9
Chemical Formula: C1,H3NOSi

Prepared according to the general procedure A using 4-hydroxy-3-iodobenzonitrile (3.50 g,
14.3 mmol, 1.0 equiv.). After flash column chromatography (petroleum ether/DCM ; 70:30 to
60:40), the expected product was obtained as a white solid (2.02 g, 9.38 mmol, 66%).

14 NMR (400 MHz, CDCls) & 7.64 (d, J = 1.9 Hz, 1H), 7.49 (dd, J = 8.6, 2.0 Hz, 1H), 7.00 (d,
J=8.6Hz, 1H), 6.50 (s, 1H), 0.28 (s, 9H).

13C NMR (101 MHz, CDCl3) § 160.4, 136.1, 134.2, 118.3, 116.0, 111.4, 105.0, 104.1, 96.4, 0.2
(3C).

LRMS (EI): Calculated for C12H13NOSi [M-CHs]* : 200 (100) found 200 (100).

5-methoxy-2-((trimethylsilyl)ethynyl)phenol (A10)
™S
Z

MeO OH

A10
Chemical Formula: C4,H460,Si

Prepared according to the general procedure A using 2-iodo-5-methoxyphenol (3.20 g,
12.8 mmol, 1.0 equiv.). After flash column chromatography (petroleum ether/EtOAc ; 98:2),
the expected product was obtained as a yellow oil (2.38 g, 10.8 mmol, 84%).

1H NMR (400 MHz, CDCls) & 7.25 (d, J = 8.6 Hz, 1H), 6.50 (d, J = 2.4 Hz, 1H), 6.43 (dd, J = 8.6,
2.5 Hz, 1H), 5.91 (s, 1H), 3.78 (s, 3H), 0.28 (s, 9H).

13C NMR (101 MHz, CDCls) & 161.8, 158.7, 132.5, 107.3, 102.0, 101.0, 100.0, 99.3, 55.4,
0.2 (30).

LRMS (EI): Calculated for C12H160,Si [M-CHs]* : 205 (100) found 205 (100).

S-11



1-((trimethylsilyl)ethynyl)naphthalen-2-ol (A11)

A11
Chemical Formula: C45H4¢0Si

Prepared according to the general procedure A using 1l-iodonaphthalen-2-ol (4.00 g,
14.8 mmol, 1.0 equiv.). After flash column chromatography (petroleum ether/DCM ; 80:20),
the expected product was obtained as a yellow oil (562 mg, 2.34 mmol, 16%).

1H NMR (400 MHz, CDCls) & 8.12 (d, J = 8.3 Hz, 1H), 7.78-7.74 (m, 2H), 7.58-7.54 (m, 1H),
7.40-7.36 (m, 1H), 7.21 (d, J = 9.0 Hz, 1H), 6.24 (s, 1H), 0.39 (s, 9H).

13C NMR (101 MHz, CDCl3) & 156.9, 133.7, 131.0, 128.5, 128.4, 127.6, 125.0, 124.2, 116.3,
107.5, 102.9, 97.6, 0.3 (3C).

HRMS (ESI): Calculated for C1sH160Si [M+H]* : 241.1043 (100) found 241.1039 (100).

tert-butyldimethyl((6-((trimethylsilyl)ethynyl)benzo[d][1,3]dioxol-5-yl)oxy)silane (A12)

/ TMS
¢ g
o o _TBDMS

A12
Chemical Formula: C1gH»g03Si,

Prepared according to the general procedure A using tert-butyl
((6-iodobenzo[d][1,3]dioxol-5-yl)oxy)dimethylsilane (5.00 g, 13.2 mmol, 1.0 equiv.). After
flash column chromatography (petroleum ether/EtOAc ; 98:2), the expected product was
obtained as an orange oil (3.11 g, 8.92 mmol, 68%).

1H NMR (400 MHz, CDCl3) & 6.81 (s, 1H), 6.34 (s, 1H), 5.90 (s, 2H), 1.03 (s, 9H), 0.23 (s, 6H),
0.22 (s, 9H).

13 NMR (101 MHz, CDCls) & 153.0, 148.8, 141.6, 111.9, 107.3, 102.7, 101.9, 101.6, 96.2,
25.9 (3C), 18.4, 0.2 (3C), -4.2 (20).

LRMS (CI/NHs): Calculated for C1gH2803Si> [M+H]* : 349 (100) found 349 (100).
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2,4-dimethyl-6-((trimethylsilyl)ethynyl)phenol (A13)

TMS
=
OH
A13

Chemical Formula: C43H4gOSi

Prepared according to the general procedure A using 2-iodo-4,6-dimethylphenol (3.00 g,
12.1 mmol, 1.0 equiv.). After flash column chromatography (petroleum ether/DCM ; 95:5 to
80:20), the expected product was obtained as a yellow oil (2.58 g, 11.8 mmol, 97%).

14 NMR (400 MHz, CDCls) & 7.04 (s, 1H), 6.94 (s, 1H), 5.84 (s, 1H), 2.27 (s, 3H), 2.24 (s, 3H),
0.33 (s, 9H).

13C NMR (101 MHz, CDCl3) & 153.3, 133.0, 129.0, 128.9, 123.6, 108.6, 101.5, 99.9, 20.3, 15.9,
0.1 (30).

LRMS (CI/NHs): Calculated for C13H180Si [M+H]* : 219 (100) found 219 (100).

3-bromo-2,4-dimethyl-6-((trimethylsilyl)ethynyl)phenol (A14)

TMS
=
Br OH
A14

Chemical Formula: C43H¢7BrOSi

Prepared according to a modification of the general procedure A using
3-bromo-6-iodo-2,4-dimethylphenol (3.00 g, 9.17 mmol, 1.0 equiv.), ethynyltrimethylsilane
(5.08 mL, 36.7 mmol, 4.0 equiv.), the reaction was refluxed in THF/EtsN (8/2) for 6 hours.
After flash column chromatography (cyclohexane/EtOAc ; 95:5), the expected product was
obtained as a yellow oil (2.58 g, 8.68 mmol, 95%).

1H NMR (400 MHz, CDCl3) 8 6.71 (s, 1H), 5.83 (s, 1H), 2.52 (s, 3H), 2.36 (s, 3H), 0.32 (s, 9H).

13C NMR (101 MHz, CDCls) & 155.9, 140.5, 140.0, 117.8, 114.1, 109.0, 106.0, 98.1, 24.4, 22.4,
0.1 (30).

LRMS (CI/NHs): Calculated for Ci3H17BrOSi [M+H]* : 297 (100), 299 (97) found 297 (100),
299 (97).

S-13



2-(phenylethynyl)phenol (A15)

Ph

E%
OH

A15
Chemical Formula: C44H41o0

Prepared according to a modification of the general procedure A using 2-iodophenol
(5.00 g, 22.7 mmol, 1.0 equiv.) and phenylacetylene (4.99 mL, 45.5 mmol, 2.0 equiv.). After
flash column chromatography (petroleum ether/DCM ; 99.5:0.5 to 98:2), the expected
product was obtained as a yellow solid (1.62 g, 8.34 mmol, 37%).

'H NMR (400 MHz, CDCls) § 7.57-7.55 (m, 2H), 7.45 (dd, J = 7.7, 1.6 Hz, 1H), 7.40-7.37 (m,
3H), 7.31-7.27 (m, 1H), 7.01 (dd, J = 8.3, 0.8 Hz, 1H), 6.93 (dt, J = 7.6, 1.1 Hz, 1H), 5.90 (s, 1H).

13C NMR (101 MHz, CDCl3) & 156.6, 131.8, 131.7 (2C), 130.6, 128.9, 128.6 (2C), 122.5, 120.6,
114.9,109.7, 96.5, 83.2.

M.p.:71-73°C

LRMS (EI): Calculated for C14H100 [M+H]* : 195 (100) found 195 (100).
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2. Characterization of 1-ethynyl-2-(prop-2-yn-1-yloxy)benzene derivatives

1-ethynyl-2-(prop-2-yn-1-yloxy)benzene (1a)

Pz
CC

1a
Chemical Formula: C4{HgO

Prepared according to the general procedure B using Al (3.36 g, 17.6 mmol, 1.0 equiv.).
After flash column chromatography (cyclohexane/EtOAc ; 95:5), the expected product was
obtained as a pale-yellow solid (2.31 g, 14.8 mmol, 84%).

1H NMR (400 MHz, CDCls) & 7.49 (dd, J = 7.6, 1.7 Hz, 1H), 7.34 (ddd, J = 8.5, 7.5, 1.7 Hz, 1H),
7.06 (dd, J = 8.4, 0.7 Hz, 1H), 6.97 (td, J = 7.5, 1.0 Hz, 1H), 4.80 (d, J = 2.4 Hz, 2H), 3.31 (s, 1H),
2.53 (t, J = 2.4 Hz, 1H).

13C NMR (101 MHz, CDCls3) & 158.7, 134.4, 130.2, 121.6, 112.9, 112.2, 81.6, 79.8, 78.3, 76.2,
56.6.

M.p. = 47-49 °C

HRMS (ESI): Calculated for C11HsO [M+H]* : 157.0648 (100) found 157.0648 (100).

2-ethynyl-4-methyl-1-(prop-2-yn-1-yloxy)benzene (1b)

Pz
T

1b
Chemical Formula: C4,H4¢O

Prepared according to the general procedure B using A2 (1.40 g, 6.85 mmol, 1.0 equiv.).
After flash column chromatography (cyclohexane/EtOAc ; 95:5), the expected product was
obtained as a pale-yellow solid (793 mg, 4.66 mmol, 68%).

1H NMR (400 MHz, CDCls) & 7.28 (d, J = 2.1 Hz, 1H), 7.11 (dd, J = 8.4, 2.2 Hz, 1H), 6.94 (d,
J=8.5Hz, 1H), 4.77 (d, J = 2.4 Hz, 2H), 3.28 (s, 1H), 2.51 (t, J = 2.4 Hz, 1H), 2.27 (s, 3H).

13C NMR (101 MHz, CDCl3) & 156.6, 134.7, 131.0, 130.7, 113.1, 111.9, 81.3, 80.0, 78.5, 76.0,
56.7, 20.4.

M.p. = 60-62 °C

HRMS (ESI): Calculated for C12H100 [M+H]* : 171.0804 (100) found 171.0805 (100).
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2-ethynyl-4-isopropyl-1-(prop-2-yn-1-yloxy)benzene (1c)

1c
Chemical Formula: C14H4,0

Prepared according to the general procedure B using A3 (2.00 g, 8.61 mmol, 1.0 equiv.).
After flash column chromatography (cyclohexane/EtOAc ; 95:5), the expected product was
obtained as white fluffy needles (1.36 g, 6.86 mmol, 80%).

1H NMR (400 MHz, CDCl3) & 7.35 (d, J = 2.4 Hz, 1H), 7.17 (dd, J = 8.6, 2.4 Hz, 1H), 6.97 (d,
J=8.6 Hz, 1H), 4.76 (d, J = 2.4 Hz, 2H), 3.30 (s, 1H), 2.84 (sept., J = 6.9 Hz, 1H), 2.52 {(t,
J=2.4Hz, 1H), 1.22 (app. s, 3H), 1.21 (app. s, 3H).

13C NMR (101 MHz, CDCls) & 156.7, 141.9, 132.1, 128.1, 112.9, 111.7, 81.1, 80.2, 78.5, 75.9,
56.6, 33.1, 24.0 (20C).

M.p. = 96-98 °C

HRMS (ESI): Calculated for C14H140 [M+H]* : 199.1117 (100) found 199.1121 (100).

4-(tert-butyl)-2-ethynyl-1-(prop-2-yn-1-yloxy)benzene (1d)

t—Bu\E%
o/\\\

1d
Chemical Formula: C45H0O

Prepared according to the general procedure B using A4 (4.10 g, 16.6 mmol, 1.0 equiv.).
After flash column chromatography (cyclohexane/EtOAc ; 95:5), the expected product was
obtained as a pale-yellow solid (2.95 g, 13.9 mmol, 84%).

1H NMR (400 MHz, CDCls) & 7.50 (d, J = 2.5 Hz, 1H), 7.34 (dd, J = 8.8, 2.6 Hz, 1H), 6.98 (d,
J=8.8Hz, 1H), 4.77 (d, J = 2.4 Hz, 2H), 3.29 (s, 1H), 2.52 (t, J = 2.4 Hz, 1H), 1.29 (s, OH).

13C NMR (101 MHz, CDCls) 6 156.5, 144.3, 131.4, 127.1, 112.6, 111.4, 81.0, 80.4, 78.6, 76.0,
56.6, 34.2, 31.4 (3C).

M.p. = 58-60 °C

HRMS (ESI): Calculated for CisH160 [M+H]* : 213.1274 (100) found 213.1277 (100).

S-16



3-ethynyl-4-(prop-2-yn-1-yloxy)-1,1'-biphenyl (1e)

1e
Chemical Formula: C47H4,0

Prepared according to the general procedure B using A5 (2.00 g, 7.51 mmol, 1.0 equiv.).
After flash column chromatography (petroleum ether/EtOAc ; 95:5 to 90:10), the expected
product was obtained as a white solid (1.32 g, 5.68 mmol, 76%).

14 NMR (400 MHz, CDCls) & 7.74 (d, J = 2.4 Hz, 1H), 7.57-7.53 (m, 3H), 7.45-7.41 (m, 2H),
7.36-7.32 (m, 1H), 7.13 (d, J = 8.6 Hz, 1H), 4.85 (d, J = 2.4 Hz, 2H), 3.35 (s, 1H), 2.56 (t,
J=2.4Hz, 1H).

13C NMR (101 MHz, CDCl3) 6 158.1, 139.8, 134.8, 133.0, 128.9 (2C), 128.8, 127.3, 126.9 (2C),
113.2,112.5, 81.7,79.8, 78.3, 76.3, 56.7.

M.p. =101-103 °C

HRMS (ESI): Calculated for C17H120 [M+H]* : 233.0961 (100) found 233.0964 (100).

2-ethynyl-4-fluoro-1-(prop-2-yn-1-yloxy)benzene (1f)

1f
Chemical Formula: C41H;FO

Prepared according to the general procedure B using A6 (1.50 g, 7.20 mmol, 1.0 equiv.).
After flash column chromatography (cyclohexane/EtOAc ; 95:5), the expected product was
obtained as a pale-brown solid (859 mg, 4.93 mmol, 68%).

14 NMR (400 MHz, CDCls) & 7.15 (dd, J = 8.4, 2.9 Hz, 1H), 7.03-6.95 (m, 2H), 4.74 (d,
J=2.4Hz, 2H),3.33 (s, 1H), 2.53 (t, J = 2.4 Hz, 1H).

13 NMR (101 MHz, CDCl3) & 155.7, 154.0 (d, J = 237.4 Hz), 120.5 (d, J = 24.7 Hz), 116.7 (d,
J=23.2 Hz), 114.6 (d, J = 8.6 Hz), 113.5 (d, J = 9.6 Hz), 82.7, 78.7 (d, J = 2.2 Hz), 78.1, 76.3,
57.2.

19F NMR (376.5 MHz, CDCI3) 6 = -122.0.
M.p. = 51-53 °C

HRMS (ESI): Calculated for C11H7FO [M+H]* : 175.0554 (100) found 175.0556 (100).
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2-ethynyl-4-chloro-1-(prop-2-yn-1-yloxy)benzene (1g)

19
Chemical Formula: C44H;CIO

Prepared according to the general procedure B using A7 (3.15 g, 14.0 mmol, 1.0 equiv.).
After flash column chromatography (petroleum ether/DCM ; 80:20), the expected product
was obtained as white fluffy needles (2.18 g, 11.4 mmol, 81%).

1H NMR (400 MHz, CDCl3) & 7.43 (d, J = 2.6 Hz, 1H), 7.27 (dd, J = 8.9, 2.6 Hz, 1H), 6.97 (d,
J=8.9Hz, 1H), 4.77 (d, J = 2.4 Hz, 2H), 3.33 (s, 1H), 2.53 (t, J = 2.4 Hz, 1H).

13C NMR (101 MHz, CDCl3) 6 157.3, 133.8, 130.0, 126.4, 114.3, 113.8, 82.8, 78.5, 77.9, 76.6,
56.9.

M.p. = 80-82 °C

HRMS (ESI): Calculated for C11H,CIO [M+H]* : 191.0258 (100), 193.0229 (32) found 191.0260
(100), 193.0230 (32).

2-ethynyl-4-bromo-1-(prop-2-yn-1-yloxy)benzene (1h)

1h
Chemical Formula: C44H;BrO

Prepared according to the general procedure B using A8 (2.15 g, 7.99 mmol, 1.0 equiv.).
After flash column chromatography (petroleum ether/DCM ; 90:10 to 85:15), the expected
product was obtained as a pale-yellow solid (747 mg, 3.18 mmol, 40%).

'H NMR (400 MHz, CDCl3) 6 7.58 (d, J = 2.5 Hz, 1H), 7.41 (dd, J = 8.9, 2.5 Hz, 1H), 6.92 (d,
J=8.9Hz, 1H), 4.77 (d, J = 2.4 Hz, 2H), 3.33 (s, 1H), 2.54 (t, J = 2.4 Hz, 1H).

13C NMR (101 MHz, CDCls) & 157.8, 136.7, 132.9, 114.6, 114.3, 113.4, 82.9, 78.4, 77.8, 76.6,
56.8.

M.p. = 75-77 °C

HRMS (ESI): Calculated for C11H7BrO [M+H]* : 234.9753 (100), 236.9733 (97) found 234.9756
(100), 236.9735 (97).
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3-ethynyl-4-(prop-2-yn-1-yloxy)benzonitrile (1i)

O
o/\

1i
Chemical Formula: C1,H;NO

Prepared according to the general procedure B using A9 (1.91 g, 8.87 mmol, 1.0 equiv.).
After flash column chromatography (petroleum ether/EtOAc ; 95:5), the expected product
was obtained as white fluffy needles (1.36 g, 7.51 mmol, 85%).

1H NMR (400 MHz, CDCl3) & 7.71 (d, J = 2.1 Hz, 1H), 7.59 (dd, J = 8.7, 2.1 Hz, 1H), 7.10 (d,
J=8.7Hz, 1H), 4.83 (d, J = 2.4 Hz, 2H), 3.37 (s, 1H), 2.58 (t, J = 2.4 Hz, 1H).

13C NMR (101 MHz, CDCl3) 6 161.3, 137.7, 133.9, 117.9, 113.4, 112.9, 105.0, 83.6, 77.2, 76.8,
76.7, 56.5.

M.p. = 123-125 °C

HRMS (ESI): Calculated for C12H7NO [M+H]* : 182.0600 (100) found 182.0602 (100).
1-ethynyl-4-methoxy-2-(prop-2-yn-1-yloxy)benzene (1j)

1j
Chemical Formula: C4,H40,

Prepared according to the general procedure B using A10 (2.30 g, 10.4 mmol, 1.0 equiv.).
After flash column chromatography (petroleum ether/EtOAc ; 98:2 to 95:5), the expected
product was obtained as a yellow oil (1.17 g, 6.28 mmol, 60%).

1H NMR (400 MHz, CDCls) & 7.37 (d, J = 8.5 Hz, 1H), 6.59 (d, J = 2.4 Hz, 1H), 6.46 (dd, J = 8.5,
2.4 Hz, 1H), 4.75 (d, J = 2.4 Hz, 2H), 3.78 (s, 3H), 3.22 (s, 1H) 2.54 (t, J = 2.4 Hz, 1H).

13C NMR (101 MHz, CDCl3) & 161.2, 159.8, 135.0, 106.1, 104.4, 100.3, 80.1, 79.9, 78.1, 76.3,
56.5, 55.5.

M.p. = 88-90 °C

HRMS (ESI): Calculated for C12H1002 [M+H]* : 187.0754 (100) found 187.0756 (100).
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1-ethynyl-2-(prop-2-yn-1-yloxy)naphthalene (1k)

So gl

1k
Chemical Formula: C45H1oO

Prepared according to the general procedure B using A11 (828 mg, 3.44 mmol, 1.0 equiv.).
After flash column chromatography (petroleum ether/EtOAc ; 99:1), the expected product
was obtained as a pale-yellow solid (428 mg, 2.07 mmol, 60%).

14 NMR (400 MHz, CDCls) & 8.31 (dd, J = 8.5, 0.8 Hz, 1H), 7.84 (d, J = 9.1 Hz, 1H), 7.80 (d,
J=8.2 Hz, 1H), 7.59-7.55 (m, 1H), 7.44-7.40 (m, 1H), 7.37 (d, J = 9.1 Hz, 1H), 4.94 (d,
J=2.4Hz, 2H),3.77 (s, 1H), 2.55 (t, J = 2.4 Hz, 1H).

13C NMR (101 MHz, CDCl3) & 158.0, 134.8, 130.5, 129.1, 128.2, 127.7, 125.4, 124.9, 114.7,
106.8, 87.1, 78.6, 78.0, 76.3, 57.4.

M.p. = 70-72 °C

HRMS (ESI): Calculated for C1sH100 [M+H]* : 207.0804 (100) found 207.0808 (100).

5-ethynyl-6-(prop-2-yn-1-yloxy)benzo[d][1,3]dioxole (1)

11
Chemical Formula: C4,HgO3

In a 50 mL round bottom flask A12 (710 mg, 2.04 mmol, 1.0 equiv.), was dissolved in 10 mL
of methanol and K,COs (844 mg, 6.11 mmol, 3.0 equiv.) was added, the mixture turns to
brown. The suspension was stirred 6 h at room temperature, then filtrated. The resulting
solution was concentrated under reduced pressure. The residue was dissolved in 13 mL of
anhydrous DMF and stirred 5 minutes with K,CO3 (564 mg, 4.08 mmol, 2.0 equiv.). Under
argon, propargyl bromide (80 mol% in toluene) (328 uL, 3.06 mmol, 1.5 equiv.) was added
and the solution was stirred overnight at room temperature, then water (20 mL) was added.
The resulting solution was extracted with DCM (3 x 20 mL). The combined organic layers
were dried over MgSO0, filtered, and the filtrate was concentrated under reduced pressure.
The residue was purified by flash column chromatography (SiO2, petroleum ether/EtOAc ;
98:2 to 95:5) affording 1l as an orange solid (310 mg, 1.55 mmol, 76%).

1H NMR (400 MHz, CDCls) & 6.86 (s, 1H), 6.65 (s, 1H), 5.94 (s, 2H), 4.71 (d, J = 2.4 Hz, 2H),
3.22 (s, 1H), 2.53 (t, J = 2.4 Hz, 1H).

13C NMR (101 MHz, CDCl3) & 155.3, 149.0, 142.0, 112.4, 104.4, 101.9, 97.6, 80.4, 79.9, 78.4,
76.3, 57.8.
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M.p. =117-119 °C

HRMS (ESI): Calculated for C12HsO3 [M+H]* : 201.0546 (100) found 201.0545 (100).

1-ethynyl-3,5-dimethyl-2-(prop-2-yn-1-yloxy)benzene (1m)

z
T
Tm

Chemical Formula: C43H4,0

Prepared according to the general procedure B using A13 (2.50 g, 11.4 mmol, 1.0 equiv.).
After flash column chromatography (petroleum ether/EtOAc ; 98:2), the expected product
was obtained as pale-yellow solid (1.48 g, 8.03 mmol, 70%).

1H NMR (400 MHz, CDCls) & 7.12 (s, 1H), 6.99 (s, 1H), 4.82 (d, J = 2.4 Hz, 2H), 3.30 (s, 1H),
2.48 (t,J = 2.4 Hz, 1H), 2.31 (s, 3H), 2.25 (s, 3H).

13C NMR (101 MHz, CDCl3) & 155.8, 133.5, 132.8, 132.1, 131.8, 115.3, 81.7, 80.2, 79.4, 75.1,
60.3, 20.4, 16.5.

M.p. = 106-108 °C

HRMS (ESI): Calculated for C13H1,0 [M+H]* : 185.0961 (100) found 185.0963 (100).

2-bromo-5-ethynyl-1,3-dimethyl-4-(prop-2-yn-1-yloxy)benzene (1n)

=
Br N
1n

Chemical Formula: C43H4,BrO

Prepared according to the general procedure B using A14 (800 mg, 2.69 mmol, 1.0 equiv.).
After flash column chromatography (petroleum ether/EtOAc ; 98:2 to 95:5), the expected
product was obtained as pale-yellow solid (471 mg, 1.79 mmol, 66%).

1H NMR (400 MHz, CDCls) 6 6.81 (s, 1H), 4.76 (d, J = 2.4 Hz, 2H), 3.52 (s, 1H), 2.58 (s, 3H),
2.53 (t,J = 2.4 Hz, 1H), 2.44 (s, 3H).

13C NMR (101 MHz, CDCls) & 157.7, 142.5, 139.9, 119.7, 112.6, 111.3, 85.8, 78.5, 78.2, 76.3,
56.7, 25.0, 22.4.

M.p. = 109-111 °C

HRMS (ESI): Calculated for CisH11BrO [M+H]* : 263.0066 (100), 265.0046 (97) found
263.0068 (100), 265.0048 (97).
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1-(but-2-yn-1-yloxy)-2-ethynylbenzene (10)

10
Chemical Formula: C4,H400

Prepared according to a modification of the general procedure B using Al (2.00 g,
10.5 mmol, 1.00 equiv.) and 1-bromo-2-butyne (1.38 mL, 15.8 mmol, 1.50 equiv.). After flash
column chromatography (petroleum ether/EtOAc ; 98:2 to 95:5), the expected product was
obtained as yellow oil (1.42 g, 8.34 mmol, 79%).

1H NMR (400 MHz, CDCls) & 7.45 (dd, J = 7.6, 1.7 Hz, 1H), 7.32-7.28 (m, 1H), 7.02 (d,
J=8.4Hz, 1H), 6.92 (app. t, J = 7.5 Hz, 1H), 4.74 (q, J = 2.2 Hz, 2H), 3.30 (s, 1H), 1.82 (t,
J=2.4 Hz, 3H).

13C NMR (101 MHz, CDCl3) & 158.9, 134.2, 130.0, 121.0, 112.6, 111.8, 84.2, 81.4, 79.9, 73.8,
57.0,3.7.

HRMS (ESI): Calculated for C12H100 [M+H]* : 171.0804 (100) found 171.0806 (100).

(3-(2-ethynylphenoxy)prop-1-yn-1-yl)trimethylsilane (1p)

1p
Chemical Formula: C44H150Si

In a 100 mL round bottom flask 2-((trimethylsilyl)ethynyl)phenol (1.00 g, 5.25 mmol,
1.0 equiv.), was dissolved in 13 mL of THF and tetrabutylammonium fluoride monohydrate
(1.81 g, 6.31 mmol, 1.2 equiv.) was added, the solution turns to black. The solution was
stirred 1 h at room temperature, then water (20 mL) was added. The resulting solution was
extracted with Et;0 (3 x 20 mL). The combined organic layers were dried over MgSOa,
filtered and the filtrate was concentrated under reduced pressure. The residue was dissolved
in 13 mL of anhydrous DMF and stirred 5 minutes with K,CO3 (1.50 g, 10.5 mmol, 2.0 equiv.).
Under argon, 3-(trimethylsilyl)propargyl bromide (1.12 mL, 7.88 mmol, 1.5 equiv.) was
added and the solution was stirred 2 h at room temperature. Water (20 mL) was added, and
the resulting solution was extracted with DCM (3 x 20 mL). The combined organic layers
were dried over MgSOQ,, filtered, and the filtrate was concentrated under reduced pressure.
The residue was purified by flash column chromatography (SiO2, petroleum ether/DCM ;
95:5 to 90:10) affording 1p as a yellow oil (830 mg, 3.63 mmol, 69%).
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14 NMR (400 MHz, CDCls) 6 7.46 (dd, J = 7.6, 1.7 Hz, 1H), 7.33-7.28 (m, 1H), 7.06 (dd, J = 8.3,
0.5 Hz, 1H), 6.94 (td, J = 7.6, 0.9 Hz, 1H), 4.78 (s, 2H), 3.30 (s, 1H), 0.16 (s, 9H).

13C NMR (101 MHz, CDCl3) & 158.9, 134.3, 130.0, 121.4, 113.3, 112.1, 99.9, 93.4, 81.5, 79.9,
57.5, 0.3 (3C).

HRMS (ESI): Calculated for C1aH160Si [M+H]* : 229.1043 (100) found 229.1046 (100).

Trimethyl((2-(prop-2-yn-1-yloxy)phenyl)ethynyl)silane (1q)
™S
Z

o/\

1q
Chemical Formula: C4H0Si

Prepared according to a modification the general procedure B using A1 (700 mg, 3.68 mmol,
1.0 equiv.), without the deprotection step. After flash column chromatography (petroleum
ether/EtOAc ; 98:2), the expected product was obtained as white crystal (577 mg, 2.53
mmol, 69%).

14 NMR (400 MHz, CDCls) 6 7.45 (dd, J = 7.6, 1.7 Hz, 1H), 7.30-7.26 (m, 1H), 7.00 (dd, J = 8.3,
0.7 Hz, 1H), 6.93 (dt, J = 7.5, 1.0 Hz, 1H), 4.76 (d, J = 2.4 Hz, 2H), 2.54 (t, J = 2.4 Hz, 1H),
0.28 (s, 9H).

13¢ NMR (101 MHz, CDCls) § 158.5, 134.2, 129.8, 121.5, 113.4 (2C), 101.0, 99.0, 78.5, 76.0,
56.7, 0.1 (3C).

M.p. = 48-50 °C

HRMS (ESI): Calculated for C1aH160Si [M+H]* : 229.1043 (100) found 229.1045 (100).

1-(phenylethynyl)-2-(prop-2-yn-1-yloxy)benzene (1r)

Ph

o
o/\\\

1r
Chemical Formula: C47H4,0

Prepared according to a modification the general procedure B using A15 (750 mg,
3.86 mmol, 1.0 equiv.), without the deprotection step. After flash column chromatography
(petroleum ether/EtOAc ; 98:2 to 95:5), the expected product was obtained as a yellow oil
(801 mg, 3.45 mmol, 89%).
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14 NMR (400 MHz, CDCls) & 7.61-7.58 (m, 2H), 7.56 (dd, J = 7.6, 1.6 Hz, 1H), 7.39-7.31 (m,
4H), 7.08 (dd, J = 8.2, 0.4 Hz, 1H), 7.02 (dt, J = 7.5, 0.9 Hz, 1H), 4.83 (d, J = 2.4 Hz, 2H), 2.56 (t,
J=2.4Hz, 1H).

13C NMR (101 MHz, CDCls) 6 158.1, 133.7, 131.7 (2C), 129.6, 128.4 (2C), 128.3, 123.6, 121.7,
113.5,113.3, 93.9, 85.6, 78.5, 76.0, 56.7.

HRMS (ESI): Calculated for C17H120 [M+H]* : 233.0961 (100) found 233.0966 (100).
1-(but-2-yn-1-yloxy)-2-(phenylethynyl)benzene (1s)

Ph

1s
Chemical Formula: C4gH140

Prepared according to a modification of the general procedure B using A15 (750 mg,
3.86 mmol, 1.0 equiv.) and 1-bromo-2-butyne (507 uL, 5.79 mmol, 1.5 equiv.), without the
deprotection step. After flash column chromatography (petroleum ether/EtOAc ; 98:2 to
95:5), the expected product was obtained as white solid (850 mg, 3.45 mmol, 89%).

1H NMR (400 MHz, CDCl3) & 7.60-7.57 (m, 2H), 7.52 (dd, J = 7.6, 1.7 Hz, 1H), 7.38-7.30 (m,
4H), 7.08 (dd, J = 8.4, 0.7 Hz, 1H), 6.99 (dt, J = 7.5, 1.0 Hz, 1H), 4.79 (g, J = 2.3 Hz, 2H), 1.87 (t,
J=2.4Hz, 3H).

13C NMR (101 MHz, CDCl3) & 158.3, 133.6, 131.7 (2C), 129.5, 128.3 (2C), 128.1, 123.7, 121.2,
113.3,113.1, 93.6, 85.7,84.1, 74.1, 57.2, 3.8.

M.p. = 68-70 °C

HRMS (ESI): Calculated for C1sH140 [M+H]* : 247.1117 (100) found 247.1120 (100).
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3. Characterization of 5H-chromeno[3,4-c]pyridines derivatives

N,N-dimethyl-5H-chromeno[3,4-c]pyridin-2-amine (3aa) and N,N-dimethyl-5H-

chromeno([4,3-c]pyridin-3-amine (3aa’)

\N/ |
N N
Z N Z | ~
NS | NS
+
(6) (6)
3aa 3aa’

Chemical Formula: C44H14N50

Prepared according to the general procedure C using 1a (100 mg, 640 umol, 1.0 equiv.) and
dimethylcyanamide 2a (76 uL, 960 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 80:20), the expected product was obtained as a pale-brown oil
(121 mg, 535 umol, 84%). Regioisomeric ratio (3aa/3aa’) : (96:4).

14 NMR (3aa) (400 MHz, CDCl3) & 8.00 (s, 1H), 7.75 (dd, J = 7.8, 1.5 Hz, 1H), 7.33-7.28 (m,
1H), 7.06 (dt, J = 7.6, 1.1 Hz, 1H), 7.00 (dd, J = 8.2, 1.0 Hz, 1H), 6.75 (s, 1H), 5.04 (s, 2H),
3.15 (s, 6H).

13C NMR (3aa) (101 MHz, CDCl3) & 159.6, 155.6, 143.3, 138.2, 130.6, 123.5, 121.6, 121.3,
117.5,114.3,97.2, 65.8, 38.0 (2C).

1H NMR (3aa’) (400 MHz, CDCls) & 8.54 (s, 1H), 7.67 (dd, J = 7.7, 1.6 Hz, 1H), 7.17-7.13 (m,
1H), 7.03 (dt, J = 7.6, 1.2 Hz, 1H), 6.95 (dd, J = 8.0, 1.1 Hz, 1H), 6.27 (s, 1H), 5.02 (s, 2H),
3.13 (s, 6H).

HRMS (ESI): Calculated for C14H14N20 [M+H]* : 191.0258 (100) found 191.0260 (100).

N,N-9-trimethyl-5H-chromeno([3,4-c]pyridin-2-amine (3ba) and N,N-9-trimethyl-5H-
chromenol[4,3-c]pyridin-3-amine (3ba’)

\N/ |
ZN /N | N\
NS NS
+
(0] (0)
3ba 3ba’

Chemical Formula: C45H4gN,O
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Prepared according to the general procedure C using 1b (100 mg, 587 umol, 1.0 equiv.) and
dimethylcyanamide 2a (69 ulL, 881 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc : 90:10 to 80:20), the expected product was obtained as a yellow
solid (123 mg, 512 umol, 87%). Regioisomeric ratio (3ba/3ba’) : (96:4).

14 NMR (3ba) (400 MHz, CDCl3) & 7.99 (s, 1H), 7.53 (d, J = 1.4 Hz, 1H), 7.11 (dd, J = 8.2, 1.9
Hz, 1H), 6.90 (d, J = 8.2 Hz, 1H), 6.74 (s, 1H), 5.00 (s, 2H), 3.16 (s, 6H), 2.37 (s, 3H).

13C NMR (3ba) (101 MHz, CDCl3) § 160.1, 153.9, 143.6, 139.0, 131.9, 131.4, 124.1, 121.4,
117.7,115.0,97.7, 66.3, 38.6 (2C), 21.0.

M.p.=117-119°C

HRMS (ESI): Calculated for C1sH1gN2O [M+H]* : 241.1335 (100) found 241.1338 (100).

9-isopropyl-N,N-dimethyl-5H-chromeno[3,4-c]pyridin-2-amine (3ca) and 9-isopropyl-N,N-
dimethyl-5H-chromeno([4,3-c]pyridin-3-amine (3ca’)

\N/ |
7\ /N | ~
i-Pr N l i-Pr N
+
(0) O
3ca 3ca’

Chemical Formula: C47H5oN,O

Prepared according to the general procedure C using 1c (100 mg, 504 umol, 1.0 equiv.) and
dimethylcyanamide 2a (61 uL, 757 umol, 1.5 equiv.). After flash column chromatography
(cyclohexane/EtOAc ; 90:10 to 80:20), the expected product was obtained as a yellow oil
(110 mg, 410 umol, 81%). Regioisomeric ratio (3ca/3ca’) : (95:5).

14 NMR (3ca) (400 MHz, CDCl3) 6 7.98 (d, J = 0.7 Hz, 1H), 7.56 (d, J = 2.2 Hz, 1H), 7.18 (dd,
J=8.4,2.1Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 6.74 (s, 1H), 5.00 (s, 2H), 3.15 (s, 6H), 2.94 (sept.,
J=6.9 HZ, 1H), 1.30 (app. s, 3H), 1.28 (app. s, 3H).

13C NMR (3ca) (101 MHz, CDCl3) & 160.1, 154.1, 143.7, 142.5, 139.0, 129.0, 121.6, 121.3,
117.7,115.0, 97.6, 66.3, 38.5 (2C), 33.8, 24.3 (2C).

HRMS (ESI): Calculated for C17H20N20 [M+H]* : 269.1648 (100) found 269.1651 (100).
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9-(tert-butyl)-N,N-dimethyl-5H-chromeno[3,4-c]pyridin-2-amine (3da) and 9-(tert-butyl)-
N,N-dimethyl-5H-chromeno[4,3-c]pyridin-3-amine (3da’)

\N/ |
NN /Nl N\
t-Bu NS | t-Bu NS
+
(0] (6)
3da 3da’

Chemical Formula: C4gH,oN,0

Prepared according to the general procedure C using 1d (100 mg, 471 umol, 1.0 equiv.) and
dimethylcyanamide 2a (56 uL, 707 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 90:10), the expected product was obtained as a yellow solid (118 mg,
418 umol, 89%) ; NMR yield using mesitylene as an internal standard : 93%. Regioisomeric ratio
(3da/3da’) : (96:4).

1H NMR (3da) (400 MHz, CDCls) & 7.99 (d, J = 0.6 Hz, 1H), 7.72 (d, J = 2.4 Hz, 1H), 7.35 (dd,
J=8.6,2.4 Hz, 1H), 6.95 (d, J = 8.6 Hz, 1H), 6.75 (s, 1H), 5.01 (s, 2H), 3.16 (s, 6H), 1.38 (s, 9H).

13C NMR (3da) (101 MHz, CDCls) 6 160.1, 153.8, 144.7, 143.7, 139.1, 128.4, 120.9, 120.1,
117.4,115.0, 97.5, 66.3, 38.5 (2C), 34.5, 31.6 (3C).

M.p. = 135-137 °C

HRMS (ESI): Calculated for C1sH22N20 [M+H]* : 283.1805 (100) found 283.1807 (100).

N,N-dimethyl-9-phenyl-5H-chromeno[3,4-c]pyridin-2-amine (3ea) and N,N-dimethyl-9-phenyl-
5H-chromenol4,3-c]pyridin-3-amine (3ea’)

\N/ |
s /N | N\
Ph ™ ! Ph N
+
(0] (0]
3ea 3ea’

Chemical Formula: CogH4gN>O

Prepared according to the general procedure D using 1e (100 mg, 430 umol, 1.0 equiv.) and
dimethylcyanamide 2a (51 plL, 646 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 85:15), the expected product was obtained as a pale-yellow solid (114
mg, 377 umol, 88%). Regioisomeric ratio (3ea/3ea’) : (94:6).
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1H NMR (3ea) (400 MHz, CDCls) & 8.03 (d, J = 0.6 Hz, 1H), 7.92 (d, J = 2.2 Hz, 1H), 7.63-7.60
(m, 2H), 7.52 (dd, J = 8.4, 2.2 Hz, 1H), 7.49-7.45 (m, 2H), 7.39-7.35 (m, 1H), 7.08 (d, J = 8.4 Hz,
1H), 6.79 (s, 1H), 5.07 (s, 2H), 3.16 (s, 6H).

13C NMR (3ea) (101 MHz, CDCls) & 160.1, 155.5, 143.8, 140.8, 138.6, 135.4, 129.9, 128.9 (2C),
127.2,127.0 (2C), 122.5, 121.9, 118.3, 114.7, 97.6, 66.4, 38.5 (2C).

M.p. = 145-147 °C

HRMS (ESI): Calculated for CaoH1gN20 [M+H]* : 303.1492 (100) found 303.1494 (100).

9-fluoro-N,N-dimethyl-5H-chromeno[3,4-c]pyridin-2-amine  (3fa) and 9-fluoro-N,N-
dimethyl-5H-chromeno([4,3-c]pyridin-3-amine (3fa’)

~N N ~ |
N N
Z >N ~ | ~
F . | F. .
+
(0] O
3fa 3fa’

Chemical Formula: C14H13FN,O

Prepared according to the general procedure C using 1f (100 mg, 574 pmol, 1.0 equiv.) and
dimethylcyanamide 2a (70 uL, 861 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 90:10 to 80:20), the expected product was obtained as a yellow solid
(107 mg, 438 umol, 76%). Regioisomeric ratio (3fa/3fa’) : (91:9).

1H NMR (3fa) (400 MHz, CDCls) & 7.98 (d, J = 0.6 Hz, 1H), 7.38 (dd, J = 9.0, 2.9 Hz, 1H),
7.00-6.91 (m, 2H), 6.61 (s, 1H), 4.98 (s, 2H), 3.12 (s, 6H).

13C NMR (3fa) (101 MHz, CDCls) § 160.0, 158.0 (d, J = 240.4 Hz), 152.0, 143.9, 138.0, 122.8
(d, J = 8.1 Hz), 119.0 (d, J = 7.1 Hz), 117.6 (d, J = 23.2 Hz), 114.5, 109.9 (d, J = 24.2 Hz), 97.7,
66.3, 38.4 (20).

19F NMR (376.5 MHz, CDCI3) & = -121.0.
M.p. = 105-107 °C

HRMS (ESI): Calculated for C14H13FN,O [M+H]* : 245.1085 (100) found 245.1090 (100).
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9-chloro-N,N-dimethyl-5H-chromeno[3,4-c]pyridin-2-amine (3ga) and 9-chloro-N,N-dimethyl-
5H-chromeno[4,3-c]pyridin-3-amine (3ga’)

\N/ |
N /N | N\
Cl ™ | Cl X
+
O O
3ga 3ga’

Chemical Formula: C14H43CIN,O

Prepared according to the general procedure C using 1g (100 mg, 525 pumol, 1.0 equiv.) and
dimethylcyanamide 2a (62 uL, 787 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 85:15), the expected product was obtained as a pale-yellow solid (95
mg, 364 umol, 69%). Regioisomeric ratio (3ga/3ga’) : (91:9).

1H NMR (3ga) (400 MHz, CDCls) & 7.96 (d, J = 0.6 Hz, 1H), 7.63 (d, J = 2.5 Hz, 1H), 7.19 (dd,
J=8.7,2.5Hz, 1H), 6.89 (d, J = 8.7 Hz, 1H), 6.60 (s, 1H), 4.98 (s, 2H), 3.11 (s, 6H).

13C NMR (3ga) (101 MHz, CDCl3) & 159.9, 154.5, 143.9, 137.5, 130.6, 127.0, 123.6, 123.0,
119.3,114.1, 97.5, 66.3, 38.4 (2C).

M.p. = 151-153 °C

HRMS (ESI): Calculated for CisH13CIN,O [M+H]* : 261.0789 (100), 263.0760 (32) found
261.0792 (100), 263.0764 (32).

9-bromo-N,N-dimethyl-5H-chromeno[3,4-c]pyridin-2-amine (3ha) and 9-bromo-N,N-
dimethyl-5H-chromeno([4,3-c]pyridin-3-amine (3ha’)

\N/ |
NN /N | N\
Br: N l Br: N
+
O O
3ha 3ha'

Chemical Formula: C14H43BrN,O

Prepared according to the general procedure C using 1h (100 mg, 425 umol, 1.0 equiv.) and
dimethylcyanamide 2a (50 uL, 638 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 85:15), the expected product was obtained as a pale-yellow solid
(101 mg, 331 umol, 78%). Regioisomeric ratio (3ha/3ha’) : (94:6).

14 NMR (3ha) (400 MHz, CDCls) & 7.96 (d, J = 0.5 Hz, 1H), 7.78 (d, J = 2.4 Hz, 1H), 7.34 (dd,
J=8.7,2.4 Hz, 1H), 6.85 (d, J = 8.7 Hz, 1H), 6.61 (s, 1H), 4.99 (s, 2H), 3.12 (s, 6H).
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13C NMR (3ha) (101 MHz, CDCls) & 159.9, 155.0, 143.9, 137.4, 133.6, 126.5, 123.6, 119.7,
114.3,114.1, 97.6, 66.3, 38.4 (2C).

M.p. = 143-145 °C

HRMS (ESI): Calculated for CisH13BrN,O [M+H]* : 305.0284 (100), 307.0264 (97) found
305.0288 (100), 307.0268 (97).

2-(dimethylamino)-5H-chromeno[3,4-c]pyridine-9-carbonitrile (3ia) and 3-
(dimethylamino)-5H-chromeno[4,3-c]pyridine-9-carbonitrile (3ia’)

\N/ |
N /N | N\
NC NS | NC NS
+
(@) (@)
3ia 3ia’

Chemical Formula: C45H43N30

Prepared according to the general procedure D using 1i (100 mg, 552 umol, 1.0 equiv.) and
dimethylcyanamide 2a (65 pulL, 828 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/DCM/EtOACc ; 60:25:15), the expected product was obtained as a white solid

(108 mg, 430 umol, 78%). Regioisomeric ratio (3ia/3ia’) : (91:9).

1H NMR (3ia) (400 MHz, CDCls) & 8.03 (d, J = 2.0 Hz, 1H), 8.01 (d, J = 0.7 Hz, 1H), 7.54 (dd, J =
8.5,2.0 Hz, 1H), 7.04 (d, J = 8.5 Hz, 1H), 6.66 (s, 1H), 5.11 (s, 2H), 3.16 (s, 6H).

13C NMR (3ia) (101 MHz, CDCls) 6 160.1, 159.4, 144.3, 136.5, 134.4, 128.4, 122.6, 119.2,
119.0, 113.3, 105.5, 97.5, 66.7, 38.5 (2C).

M.p. = 185-187 °C

HRMS (ESI): Calculated for CisH13N30 [M+H]* : 252.1131 (100) found 252.1134 (100).
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8-methoxy-N,N-dimethyl-5H-chromeno[3,4-c]pyridin-2-amine (3ja) and 8-methoxy-N,N-
dimethyl-5H-chromeno[4,3-c]pyridin-3-amine (3ja’)

\N/ |
N N
Z N = | ~
I
A A
+
MeO (6) MeO O
3ja 3ja’

Chemical Formula: C45H4gN,05

Prepared according to the general procedure C using 1j (100 mg, 537 umol, 1.0 equiv.) and
dimethylcyanamide 2a (65 uL, 805 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 90:10 to 70:30), the expected product was obtained as a yellow solid
(79 mg, 308 umol, 57%). Regioisomeric ratio (3ja/3ja’) : (97:3).

1H NMR (3ja) (400 MHz, CDCls) & 7.93 (s, 1H), 7.61 (d, J = 8.6 Hz, 1H), 6.61-6.58 (m, 2H), 6.51
(d, J = 2.5 Hz, 1H), 5.00 (s, 2H), 3.78 (s, 3H), 3.10 (s, 6H).

13C NMR (3ja) (101 MHz, CDCl3) 6 162.1, 160.0, 157.3, 143.4, 138.8, 124.8, 114.5, 113.8,
109.1, 102.3, 96.8, 66.5, 55.4, 38.4 (2C).

M.p. =133-135 °C

HRMS (ESI): Calculated for C1sH1gN202 [M+H]* : 257.1285 (100) found 257.1288 (100).

N,N-dimethyl-5H-benzo[5,6]chromeno|[3,4-c]pyridin-2-amine (3ka) and N,N-dimethyl-5H-
benzo[5,6]chromeno[4,3-c]pyridin-3-amine (3ka’)

\N/

3ka

Chemical Formula: C4gH4gN,O

Prepared according to the general procedure D using 1k (100 mg, 485 umol, 1.0 equiv.) and
dimethylcyanamide 2a (57 uL, 727 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/DCM/EtOAc ; 70:20:10), the expected product was obtained as a yellow solid
(90 mg, 326 umol, 67%). Regioisomeric ratio (3ka/3ka’) : (89:11).

1H NMR (3ka) (400 MHz, CDCls) & 8.59 (d, J = 8.5 Hz, 1H), 8.14 (d, J = 0.4 Hz, 1H), 7.85 (dd,
J=8.0, 0.4 Hz, 1H), 7.77 (d, J = 8.8 Hz, 1H), 7.59-7.54 (m, 1H), 7.45-7.41 (m, 1H), 7.22 (d,
J=8.8Hz, 1H), 7.12 (s, 1H), 4.98 (s, 2H), 3.15 (s, 6H).
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13¢ NMR (3ka) (101 MHz, CDCls) & 159.9, 155.8, 144.0, 138.6, 131.6, 130.7, 130.6, 129.2,
127.3,124.4, 124.1,118.7, 116.4, 116.2, 102.4, 66.9, 38.5 (2C).

1H NMR (3ka’) (400 MHz, CDCl3) & 8.86 (s, 1H), 8.51 (d, J = 8.5 Hz, 1H), 7.83 (d, J = 7.6 Hz,
1H), 7.66 (d, J = 8.8 Hz, 1H), 7.52-7.48 (m, 1H), 7.42-7.38 (m, 1H), 7.21 (d, J = 8.8 Hz, 1H), 6.44
(d, J = 0.6 Hz, 1H), 4.96 (s, 2H), 3.18 (s, 6H).

13C NMR (3ka’) (101 MHz, CDCls) 6 158.2, 152.8, 145.6, 143.5, 130.9, 129.9, 128.9, 128.4,
126.8,125.0,124.1, 118.2, 116.5, 115.1, 101.5, 68.8, 38.3 (2C).

M.p. = 134-136 °C

HRMS (ESI): Calculated for C1sH16N,O [M+H]* : 277.1335 (100) found 277.1338 (100).

N,N-dimethyl-5H-[1,3]dioxolo[4',5":6,7]chromeno[3,4-c]pyridin-2-amine (3la) and N,N-
dimethyl-5H-[1,3]dioxolo[4',5':6,7]chromeno[4,3-c]pyridin-3-amine (3la’)

\N/ |
N /Nl N\
0 \l 0 AN
¢ RS
o] o 0 0]
3la 3la’

Chemical Formula: C15H14N,03

Prepared according to the general procedure C using 1l (100 mg, 499 umol, 1.0 equiv.) and
dimethylcyanamide 2a (61 uL, 749 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 90:10 to 60:40), the expected product was obtained as a yellow solid
(100 mg, 370 umol, 74%). Regioisomeric ratio (3la/3la’) : (98:2).

1H NMR (3la) (400 MHz, CDCls) & 7.94 (s, 1H), 7.13 (s, 1H), 6.52 (s, 1H), 6.52 (s, 1H), 5.95
(s, 2H), 4.95 (s, 2H), 3.11 (s, 6H).

13C NMR (3la) (101 MHz, CDCl3) 6 160.1, 152.1, 149.8, 143.4, 143.1, 139.1, 114.4, 113.9,
102.6, 101.6, 99.6, 96.9, 66.6, 38.5 (2C).

M.p. = 166-168 °C

HRMS (ESI): Calculated for CisH1aN203 [M+H]* : 271.1077 (100) found 271.1078 (100).
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N,N,7,9-tetramethyl-5H-chromeno[3,4-c]pyridin-2-amine (3ma) and N,N,7,9-tetramethyl-
5H-chromeno[4,3-c]pyridin-3-amine (3ma’)

\N/ |
N N
Z >N = | ~
I
NN N
+

(6] (6)

3ma 3ma’

Chemical Formula: C4gH4gN,O

Prepared according to the general procedure C using 1m (100 mg, 543 umol, 1.0 equiv.) and
dimethylcyanamide 2a (64 pL, 814 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 90:10), the expected product was obtained as a yellow solid (113 mg,
444 umol, 82%). Regioisomeric ratio (3ma/3ma’) : (96:4).

1H NMR (3ma) (400 MHz, CDCls) & 7.99 (d, J = 0.5 Hz, 1H), 7.37 (d, J = 1.2 Hz, 1H), 6.98 (s,
1H), 6.70 (s, 1H), 4.99 (s, 2H), 3.13 (s, 6H), 3.33 (s, 3H), 2.24 (s, 3H).

13C NMR (3ma) (101 MHz, CDCl3) 6 160.0, 152.0, 143.4, 139.2, 133.2, 130.4, 126.8, 121.5,
120.8, 115.0, 97.8, 66.1, 38.4 (2C), 20.8, 15.9.

M.p. = 143-145 °C

HRMS (ESI): Calculated for C16H1sN20 [M+H]* : 255.1492 (100) found 255.1496 (100).

8-bromo-N,N,7,9-tetramethyl-5H-chromeno([3,4-c]pyridin-2-amine (3na) and 8-bromo-
N,N,7,9-tetramethyl-5H-chromeno[4,3-c]pyridin-3-amine (3na’)

\N/ |
Z >N /N | ~
NS | X
+
Br (6) Br O
3na 3na’

Chemical Formula: C4gH{7BrN,O

Prepared according to a modification of the general procedure C using 1n (100 mg, 380 umol, 1.0
equiv.), dimethylcyanamide 2a (46 pL, 570 umol, 1.5 equiv.), [Cp*Ru(MeCN)3]PFs (9.6 mg,
19 umol, 0.05 equiv.), the reaction was heated to 100°C in toluene for 64 hours. After flash
column chromatography (petroleum ether/EtOAc ; 98:2 to 90:10), the expected product was
obtained as a white solid (37 mg, 111 umol, 29%). Regioisomeric ratio (3na/3na’) : (59:41).
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14 NMR (3na) (400 MHz, CDCls) & 8.05 (d, J = 0.3 Hz, 1H), 6.85 (s, 1H), 6.72 (s, 1H),
4.83 (s, 2H), 3.12 (s, 6H), 2.79 (s, 3H), 2.42 (s, 3H).

13C NMR (3na) (101 MHz, CDCl3) § 159.7, 156.1, 143.8, 140.7, 139.1, 136.0, 122.5, 122.0,
117.4,116.5, 103.0, 66.7, 38.5 (2C), 24.6, 23.6.

1H NMR (3na’) (400 MHz, CDCls) & 8.48 (s, 1H), 6.81 (s, 1H), 6.35 (d, J = 0.5 Hz 1H),
4.82 (s, 2H), 3.14 (s, 6H), 2.73 (s, 3H), 2.40 (s, 3H).

13C NMR (3n2’) (101 MHz, CDCl3) & 159.7, 153.9, 146.1, 143.6, 137.5, 133.9, 122.6, 121.4,
116.8,115.3,101.1, 68.8, 38.3 (2C), 24.4, 23.8.

M.p. = 162-164 °C

HRMS (ESI): Calculated for CigHi7BrN,O [M+H]* : 333.0597 (100), 335.0577 (97) found
333.0600 (100), 335.0580 (97).

N,N,4-trimethyl-5H-chromeno[3,4-c]pyridin-2-amine  (30a) and N,N,4-trimethyl-5H-
chromeno([4,3-c]pyridin-3-amine (30a’)

\N/ |
N N
Z N ~ | ~
I
X X
+

(6) (6)
3oa 3oa’

Chemical Formula: C45H4gN,O

Prepared according to a modification of the general procedure C using 10 (100 mg, 587 umol, 1.0
equiv.) and dimethylcyanamide 2a (71 pL, 881 umol, 1.5 equiv.), the reaction was heated to
100 °C for five days. After flash column chromatography (petroleum ether/EtOAc ; 95:5 to 80:20),
the expected product was obtained as a yellow solid (73 mg, 304 umol, 52%). Regioisomeric ratio
(30a/30a’) : (>99:1).

14 NMR (30a) (400 MHz, CDCl3) & 7.72 (dd, J = 7.8, 1.6 Hz, 1H), 7.30-7.25 (m, 1H), 7.02 (dt,
J=7.5,1.1 Hz, 1H), 6.98 (dd, J = 8.1, 1.1 Hz, 1H), 6.61 (s, 1H), 5.08 (s, 2H), 3.12 (s, 6H), 2.38
(s, 3H).

13¢ NMR (30a) (101 MHz, CDCls) 6 159.0, 155.7, 151.4, 138.6, 130.7, 124.0, 122.0, 121.9,
117.6, 112.6, 95.5, 65.4, 38.2 (2C), 21.6.

M.p. = 85-87 °C

HRMS (ESI): Calculated for CisH16N20 [M+H]* : 241.1335 (100) found 241.1338 (100).
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2-(pyrrolidin-1-yl)-5H-chromeno|[3,4-c]pyridine (3ad) and 3-(pyrrolidin-1-yl)-5H-
chromenol4,3-c]pyridine (3ad’)

] [
N /N N

NS X
+
(@) (©)
3ad 3ad’

Chemical Formula: C4gH4gN2O

Prepared according to the general procedure C using 1a (100 mg, 640 umol, 1.0 equiv.) and
pyrrolidine carbonitrile 2d (97 pL, 960 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc : 80:20 to 60:40), the expected product was obtained as a yellow oil
(127 mg, 503 umol, 79%). Regioisomeric ratio (3ad/3ad’) : (96:4).

1H NMR (3ad) (400 MHz, CDCls) & 7.95 (s, 1H), 7.71 (dd, J = 7.8, 1.5 Hz, 1H), 7.29-7.25 (m,
1H), 7.02 (dt, J = 7.6, 1.1 Hz, 1H), 6.97 (dd, J = 8.1, 1.0 Hz, 1H), 6.53 (s, 1H), 5.00 (s, 2H), 3.47
(t, J = 6.6 Hz, 4H), 1.99 (m, 4H).

13C NMR (3ad) (101 MHz, CDCls) & 157.9, 156.0, 143.9, 138.4, 130.9, 123.8, 121.9, 121.6,
117.8, 114.3, 98.2, 66.2, 46.9 (2C), 25.6 (20).

HRMS (ESI): Calculated for C1gH16N20 [M+H]* : 253.1335 (100), found 253.1336 (100).

9-methyl-2-(pyrrolidin-1-yl)-5H-chromeno(3,4-c]pyridine (3bd) and 9-methyl-3-(pyrrolidin-
1-yl)-5H-chromeno([4,3-c]pyridine (3bd’)

X AN
+
(6] (6]
3bd 3bd’

Chemical Formula: C47H4gN,O

Prepared according to the general procedure C using 1b (100 mg, 587 umol, 1.0 equiv.) and
pyrrolidine carbonitrile 2d (89 uL, 881 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc : 80:20 to 70:30), the expected product was obtained as brown oil
(134 mg, 503 umol, 86%). Regioisomeric ratio (3bd/3bd’) : (96:4).
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1H NMR (3bd) (400 MHz, CDCls) 6 7.97 (s, 1H), 7.52 (d, J = 1.6 Hz, 1H), 7.10 (dd, J = 8.2, 1.8
Hz, 1H), 6.89 (d, J = 8.2 Hz, 1H), 6.56 (s, 1H), 4.99 (s, 2H), 3.52 (t, J = 6.6 Hz, 4H), 2.36 (s, 3H),
2.03 (m, 4H).

13C NMR (3bd) (101 MHz, CDCls) 6 158.0, 153.9, 144.0, 138.7, 131.8, 131.3, 124.1, 121.4,
117.7, 114.6, 98.2, 66.4, 47.0 (2C), 25.7 (2C), 21.0.

HRMS (ESI): Calculated for C17H1sN20 [M+H]* : 267.1492 (100) found 267.1494 (100).

9-(tert-butyl)-2-(pyrrolidin-1-yl)-5H-chromeno[3,4-c]pyridine (3dd) and 9-(tert-butyl)-2-
(pyrrolidin-1-yl)-5H-chromeno[4,3-c]pyridine (3dd’)

] [
NN /N | N
t-Bu N | t-Bu NS
+
O O
3dd 3dd'

Chemical Formula: CygHo4N,O

Prepared according to the general procedure C using 1d (100 mg, 471 umol, 1.0 equiv.) and
pyrrolidine carbonitrile 2d (72 uL, 707 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 75:15), the expected product was obtained as a yellow solid
(112 mg, 363 umol, 77%). Regioisomeric ratio (3dd/3dd’) : (94:6).

'H NMR (3dd) (400 MHz, CDCls) 6 7.97 (d, J = 0.6 Hz, 1H), 7.71 (d, J = 2.4 Hz, 1H), 7.34 (dd,
J=8.6, 2.4 Hz, 1H), 6.93 (d, J = 8.6 Hz, 1H), 6.58 (s, 1H), 5.00 (s, 2H), 3.55-3.52 (m, 4H),
2.04-2.01 (m, 4H), 1.37 (s, 9H).

13¢ NMR (3dd) (101 MHz, CDCls) & 158.0, 153.8, 144.7, 143.9, 138.9, 128.3, 120.9, 120.1,
117.4, 114.6, 98.0, 66.3, 47.0 (2C) , 34.5, 31.6 (3C), 25.6 (2C).

M.p. = 162-164 °C

HRMS (ESI): Calculated for C2oH24N20 [M+H]* : 309.1961 (100) found 309.1964 (100).
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9-phenyl-2-(pyrrolidin-1-yl)-5H-chromeno[3,4-c]pyridine (3ed) and 9-phenyl-3-
(pyrrolidine-1-yl)-5H-chromeno[4,3-c]pyridine (3ed’)

] [
s /N | N
Ph X ! Ph X
+
(@) (0]
3ed 3ed’

Chemical Formula: CooHogN,O

Prepared according to the general procedure D using 1le (100 mg, 431 umol, 1.0 equiv.) and
pyrrolidine carbonitrile 2d (65 pL, 646 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 90:10 to 80:20), the expected product was obtained as a brown solid
(100 mg, 304 umol, 71%). Regioisomeric ratio (3ed/3ed’) : (92:8).

1H NMR (3ed) (400 MHz, CDCls) 6 8.01 (s, 1H), 7.92 (d, J = 2.2 Hz, 1H), 7.62-7.60 (m, 2H), 7.51
(dd, J = 8.4, 2.2 Hz, 1H), 7.48-7.44 (m, 2H), 7.38-7.34 (m, 1H), 7.07 (d, J = 8.4 Hz, 1H), 6.62
(s, 1H), 5.06 (s, 2H), 3.53 (m, 4H), 2.05-2.01 (m, 4H).

13C NMR (3ed) (101 MHz, CDCls) & 158.0, 155.6, 144.0, 140.8, 138.4, 135.3, 129.8, 128.9 (2C),
127.1,127.0 (2C), 122.5, 121.8, 118.2, 114.3, 98.2, 66.5, 47.0 (2C), 25.6 (2C).

M.p. =137-139 °C

HRMS (ESI): Calculated for C22H20N,0 [M+H]* : 329.1648 (100) found 329.1651 (100).

9-fluoro-2-(pyrrolidin-1-yl)-5H-chromeno|[3,4-c]pyridine (3fd) and 9-fluoro-3-(pyrrolidin-1-
yl)-5H-chromeno[4,3-c]pyridine (3fd’)

F A F N
+
(@) (©)
3fd 3fd’

Chemical Formula: C4gH45FN2O

Prepared according to the general procedure C using 1f (100 mg, 574 umol, 1.0 equiv.) and
pyrrolidine carbonitrile 2d (87 pL, 861 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 90:10 to 75:25), the expected product was obtained as a brown solid
(129 mg, 477 umol, 83%). Regioisomeric ratio (3fd/3fd’) : (94:6).
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1H NMR (3fd) (400 MHz, CDCls) & 7.95 (s, 1H), 7.35 (dd, J = 9.0, 2.9 Hz, 1H), 6.98-6.89 (m,
2H), 6.42 (s, 1H), 4.96 (s, 2H), 3.47 (m, 4H), 2.00 (m, 4H).

13C NMR (3fd) (101 MHz, CDCls) & 158.0 (d, J = 240.4 Hz), 157.9, 152.0, 144.1, 137.7, 122.7
(d,J = 8.9 Hz), 119.0 (d, J = 8.1 Hz), 117.5 (d, J = 24.2 Hz), 114.1, 109.9 (d, J = 24.2 Hz), 98.3,
66.4, 46.9 (2C), 25.6 (2C).

19F NMR (376.5 MHz, CDCI3) 6 = -121.4.
M.p. = 99-101 °C

HRMS (ESI): Calculated for C1gH1sFN2O [M+H]* : 245.1085 (100) found 245.1090 (100).

2-(pyrrolidin-1-yl)-5H-chromeno(3,4-c]pyridine-9-carbonitrile (3id) and 3-(pyrrolidin-1-yl)-
5H-chromeno[4,3-c]pyridine-9-carbonitrile (3id’)

I 9
Ny /Nl N
NC ™ | NC X
+
o) o)
3id 3id"

Chemical Formula: C47H45N30

Prepared according to the general procedure D using 1i (100 mg, 552 umol, 1.0 equiv.) and
pyrrolidine carbonitrile 2d (84 pL, 828 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 80:20), the expected product was obtained as a yellow solid
(118 mg, 425 umol, 77%). Regioisomeric ratio (3id/3id’) : (93:7).

1H NMR (3id) (400 MHz, CDCl3) & 7.99 (d, J = 2.0 Hz, 1H), 7.95 (d, J = 0.6 Hz, 1H), 7.51 (dd,
J=8.5, 2.0 Hz, 1H), 6.99 (d, J = 8.5 Hz, 1H), 6.47 (s, 1H), 5.08 (s, 2H), 3.50 (m, 4H), 2.05-2.01
(m, 4H).

13C NMR (3id) (101 MHz, CDCl3) 6 159.3, 157.9, 144.5, 136.2, 134.3, 128.4, 122.4, 119.1,
119.0,112.9, 105.3, 98.1, 66.7, 47.0 (2C), 25.6 (2C).

M.p. = 160-162 °C

HRMS (ESI): Calculated for C17H1sNsO [M+H]* : 278.1288 (100) found 278.1294 (100).
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N-benzyl-N-methyl-5H-chromeno[3,4-c]pyridin-2-amine (3ab) and N-benzyl-N-methyl-5H-
chromenol[4,3-c]pyridin-3-amine (3ab’)

Ph
\N/\Ph ﬁ
N N
7\ 7 | ~
I
X X
+

(0) (0)
3ab 3ab’

Chemical Formula: CygH4gN,O

Prepared according to the general procedure C using 1a (100 mg, 640 umol, 1.0 equiv.) and
N-benzyl-N-methylcyanamide 2b (140 mg, 960 umol, 1.5 equiv.). After flash column
chromatography (petroleum ether/EtOAc : 95:5 to 90:10), the expected product was obtained as
a yellow solid (165 mg, 546 umol, 85%). Regioisomeric ratio (3ab/3ab’) : (96:4).

14 NMR (3ba) (400 MHz, CDCls) & 7.99 (s, 1H), 7.64 (dd, J = 7.7, 1.5 Hz, 1H), 7.31-7.20 (m,
6H), 7.02-6.97 (m, 2H), 6.73 (s, 1H), 5.01 (s, 2H), 4.84 (s, 2H), 3.10 (s, 3H).

13 NMR (3ba’) (101 MHz, CDCls) & 159.6, 156.0, 143.9, 138.9, 138.8, 131.1, 128.7 (2C),
127.1(2C), 127.0, 123.9, 122.0, 121.6, 117.9, 115.1, 97.5, 66.2, 53.5, 36.5.

M.p. : 104-106 °C

HRMS (ESI): Calculated for C2oH1sN20 [M+H]* : 303.1492 (100) found 303.1495 (100).

N-benzyl-9-isopropyl-N-methyl-5H-chromeno[3,4-c]pyridin-2-amine  (3cb) and N-benzyl-9-
isopropyl-N-methyl-5H-chromeno([4,3-c]pyridin-3-amine (3cb’)

Ph
\N/\Ph ﬁ
N N
Z >N = | ~
i-Pr: N l i-Pr: N
+
(0] (0]
3cb 3cb’

Chemical Formula: Co3Ho4N>O

Prepared according to the general procedure D using 1c (100 mg, 504 umol, 1.0 equiv.) and N-
benzyl-N-methylcyanamide 2b (111 mg, 757 upmol, 1.5 equiv.). After flash column
chromatography (petroleum ether/EtOAc ; 95:5 to 90:10), the expected product was obtained as
a yellow solid (75 mg, 218 umol, 43%). Regioisomeric ratio (3cb/3cb’) : (92:8).
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1H NMR (3cb) (400 MHz, CDCls) & 8.02 (d, J = 0.5 Hz, 1H), 7.50 (d, J = 2.2 Hz, 1H), 7.34-7.23
(m, 5H), 7.18 (dd, J = 8.4, 2.1 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.78 (s, 1H), 5.02 (s, 2H), 4.89
(s, 2H) 3.15 (s, 3H), 2.93 (sept., J = 6.9 Hz, 1H), 1.29 (app. s, 3H), 1.27 (app. s, 3H).

13C NMR (3cb) (101 MHz, CDCls) 6 159.6, 154.1, 143.8, 142.5, 139.2, 138.9, 129.1, 128.7 (2C),
127.2 (2C), 127.0, 121.5, 121.3, 117.7, 115.4, 97.5, 66.3, 53.5, 36.6, 33.7, 24.3 (20).

M.p. =110-112 °C

HRMS (ESI): Calculated for C23H24N20 [M+H]* : 345.1961 (100) found 345.1962 (100).

N-benzyl-9-chloro-N-methyl-5H-chromeno[3,4-c]pyridin-2-amine (3gb) and N-benzyl-9-
chloro-N-methyl-5H-chromeno[4,3-c]pyridin-3-amine (3gb’)

Ph
\N/\Ph ﬁ
Za\N /N | N\
Cl N ! Cl A
+
O O
3gb 3gb’

Chemical Formula: C5oH7CIN,O

Prepared according to the general procedure C using 1g (100 mg, 525 umol, 1.0 equiv.) and N-
benzyl-N-methylcyanamide 2b (115 mg, 787 umol, 1.0 equiv.). After flash column
chromatography (petroleum ether/EtOAc ; 95:5), the expected product was obtained as a white
solid (131 mg, 389 umol, 74%). Regioisomeric ratio (3gb/3gb’) : (93:7).

'H NMR (3gb) (400 MHz, CDCls) § 7.97 (d, J = 0.5 Hz, 1H), 7.57 (d, J = 2.5 Hz, 1H), 7.28-7.16
(m, 6H), 6.87 (d, J = 8.7 Hz, 1H), 6.63 (s, 1H), 4.97 (s, 2H), 4.83 (s, 2H), 3.07 (s, 3H).

13C NMR (3gb) (101 MHz, CDCls) & 159.6, 154.5, 144.1, 138.6, 137.8, 130.7, 128.7 (2C),
127.2 (2C), 127.1, 127.0, 123.6, 123.0, 119.3, 114.6, 97.4, 66.3, 53.3, 36.4.

M.p. =142-144 °C

HRMS (ESI): Calculated for CyoH17CIN2O [M+H]* : 337.1102 (100), 339.1073 (32) found
337.1106 (100), 339.1081 (32).
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N-benzyl-9-bromo-N-methyl-5H-chromeno[3,4-c]pyridin-2-amine (3hb) and N-benzyl-9-
bromo-N-methyl-5H-chromeno[4,3-c]pyridin-3-amine (3hb’)

Ph
\N/\Ph w
7\ /N | N\
Br N l Br A
+
O O
3hb 3hb'

Chemical Formula: C,gH417BrN,O

Prepared according to the general procedure C using 1h (100 mg, 425 umol, 1.0 equiv.) and N-
benzyl-N-methylcyanamide 2b (93 mg, 638 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 97:3 to 95:5), the expected product was obtained as a pale-yellow solid
(131 mg, 344 umol, 81%). Regioisomeric ratio (3hb/3hb’) : (94:6).

1H NMR (3hb) (400 MHz, CDCls) & 7.95 (s, 1H), 7.70 (d, J = 2.4 Hz, 1H), 7.30-7.18 (m, 6H), 6.81
(d, J = 8.7 Hz, 1H), 6.61 (s, 1H), 4.96 (s, 2H), 4.82 (s, 2H), 3.05 (s, 3H).

13C NMR (3hb) (101 MHz, CDCl3) & 159.5, 155.0, 144.1, 138.6, 137.6, 133.6, 128.6 (2C), 127.2,
127.1(2C), 126.5, 123.5, 119.7, 114.5, 114.3, 97.3, 66.3, 53.3, 36.4.

M.p. = 148-150 °C

HRMS (ESI): Calculated for CaoH17BrN,O [M+H]* : 381.0597 (100), 381.0577 (97) found
381.0599 (100), 381.0579 (97).

N-butyl-N-methyl-5H-chromeno[3,4-c]pyridin-2-amine (3ac) and N-butyl-N-methyl-5H-
chromeno([4,3-c]pyridin-3-amine (3ac’)

\N/\/\ |
N N\/\/
Z\ z |
X X
+
O O
3ac 3ac’

Chemical Formula: C47H59N,O

Prepared according to the general procedure D using 1a (100 mg, 640 umol, 1.0 equiv.) and
N-butyl-N-methylcyanamide 2c (108 mg, 960 umol, 1.0 equiv.). After flash column
chromatography (petroleum ether/EtOAc : 98:2 to 95:5), the expected product was obtained as a
pale-brown oil (111 mg, 414 umol, 65%). Regioisomeric ratio (3ac/3ac’) : (95:5).
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14 NMR (3ac) (400 MHz, CDCls) & 7.98 (s, 1H), 7.72 (dd, J = 7.8, 1.5 Hz, 1H), 7.31-7.27 (m,
1H), 7.04 (dt, J = 7.6, 1.1 Hz, 1H), 7.00 (dd, J = 8.1, 1.0 Hz, 1H), 6.70 (s, 1H), 5.02 (s, 2H), 3.56
(t, J = 7.4 Hz, 2H), 3.09 (s, 3H), 1.65-1.57 (m, 2H), 1.37 (s, J = 7.7 Hz, 2H), 0.97 (t, J = 7.4 Hz,
3H).

13C NMR (3ac) (101 MHz, CDCls) & 159.2, 156.0, 143.7, 138.5, 130.9, 123.7, 121.9, 121.7,
117.8,114.3,97.3, 66.2, 50.1, 36.5, 29.5, 20.3, 14.1.

HRMS (ESI): Calculated for C17H20N20 [M+H]* : 303.1492 (100), found 303.1493 (100).

2-morpholino-5H-chromeno(3,4-c]pyridine (3ae) and 3-morpholino-5H-chromeno[4,3-

c]pyridine (3ae’)
o)
()

N /N | N
NS | X
+
(@) (®)
3ae 3ae’

Chemical Formula: C4gH1gN20O5

Prepared according to the general procedure D using 1a (100 mg, 640 umol, 1.0 equiv.) and 4-
morpholinecarbonitrile 2e (97 pL, 960 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc : 80:20 to 70:30), the expected product was obtained as a brown solid
(148 mg, 552 umol, 86%). Regioisomeric ratio (3ae/3ae’) : (93:7).

'H NMR (3ae) (400 MHz, CDCls) 6 8.02 (d, J = 0.6 Hz, 1H), 7.71 (dd, J = 7.8, 1.6 Hz, 1H),
7.32-7.28 (m, 1H), 7.05 (dt, J = 7.6, 1.2 Hz, 1H), 7.00 (dd, J = 8.2, 1.1 Hz, 1H), 6.86 (s, 1H), 5.04
(s, 2H), 3.84 (m, 4H), 3.55 (m, 4H).

13C NMR (3ae) (101 MHz, CDCls) & 160.4, 155.9, 143.8, 139.2, 131.3, 123.8, 122.1, 121.4,
118.0, 117.0, 99.0, 66.8 (2C), 66.0, 46.0 (2C).
M.p. = 104-106 °C

HRMS (ESI): Calculated for CiH16N20 [M+H]* : 269.1285 (100) found 269.1288 (100).
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8-methoxy-2-(pyrrolidin-1-yl)-5H-chromeno[3,4-c]pyridine  (3jd) and 8-methoxy-3-
(pyrrolidin-1-yl)-5H-chromeno[4,3-c]pyridine (3jd’)

] [
NN /N | N
NS | NS
+
MeO (0] MeO (0)
3jd 3jd’

Chemical Formula: C47H4gN>O»

Prepared according to the general procedure D using 1j (100 mg, 537 umol, 1.0 equiv.) and
morpholine carbonitrile 2d (82 pL, 805 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc : 80:20 to 50:50), the expected product was obtained as a brown solid
(104 mg, 368 umol, 68%). Regioisomeric ratio (3jd/3jd’) : (97:3).

1H NMR (3jd) (400 MHz, CDCls) & 7.91 (d, J = 0.6 Hz, 1H), 7.61 (d, J = 8.6 Hz, 1H), 6.59 (dd,
J=8.6, 2.6 Hz, 1H), 6.51 (d, J = 2.5 Hz, 1H), 6.45 (s, 1H), 4.99 (s, 2H), 3.79 (s, 3H), 3.47 (m,
4H), 1.99 (m, 4H).

3¢ NMR (3jd) (101 MHz, CDCls) & 162.1, 157.9, 157.4, 143.7, 138.6, 124.9, 114.5, 113.5,
109.1, 102.3, 97.3, 66.6, 55.5, 46.9 (2C), 25.6 (2C).

M.p. = 142-144 °C

HRMS (ESI): Calculated for C17H1sN20, [M+H]* : 283.1441 (100) found 283.1447 (100).

2-(pyrrolidin-1-yl)-5H-benzo[5,6]chromeno[3,4-c]pyridine (3kd) and 3-(pyrrolidin-1-yl)-5H-
benzo[5,6]chromenol[4,3-c]pyridine (3kd’)

3kd 3kd’

Chemical Formula: CpyH1gN,O

Prepared according to the general procedure D using 1k (100 mg, 485 umol, 1.0 equiv.) and
pyrrolidine carbonitrile 2d (74 pL, 728 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 90:10 to 80:20), the expected product was obtained as a yellow solid
(79 mg, 261 umol, 54%). Regioisomeric ratio (3kd/3kd’) : (89:11).
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14 NMR (3kd) (400 MHz, CDCls) 6 8.61 (d, J = 8.5 Hz, 1H), 8.11 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H),
7.77 (d, J = 8.8 Hz, 1H), 7.58-7.54 (m, 1H), 7.42 (t, J = 7.8 Hz, 1H), 7.21 (d, J = 8.8 Hz, 1H),
6.96 (s, 1H), 4.97 (s, 2H), 3.53 (m, 4H), 2.06-2.02 (m, 4H).

13C NMR (3kd) (101 MHz, CDCl3) 6 157.8, 155.8, 144.2, 138.3, 131.5, 130.7, 130.5, 129.1,
127.3,124.4,124.1,118.7, 116.3, 115.8, 103.0, 67.0, 47.0 (2C), 25.6 (2C).

1H NMR (3kd’) (400 MHz, CDCls) & 8.86 (s, 1H), 8.51 (d, J = 8.5 Hz, 1H), 7.82 (d, J = 7.6 Hz,
1H), 7.65 (d, J = 8.8 Hz, 1H), 7.52-7.47 (m, 1H), 7.41-7.37 (m, 1H), 7.20 (d, J = 8.8 Hz, 1H), 6.29
(s, 1H), 4.95 (s, 2H), 3.55 (m, 4H), 2.08-2.04 (m, 4H).

13C NMR (3kd’) (101 MHz, CDCl3) & 156.2, 152.6, 145.9, 143.3, 130.9, 129.9, 128.9, 128.3,
126.7,125.0,124.1,118.2, 116.6, 114.8, 102.2, 68.7, 47.0 (2C), 25.7 (2C).

M.p. = 118-120 °C

HRMS (ESI): Calculated for CaoH1sN20 [M+H]* : 303.1492 (100) found 303.1494 (100).

N-benzyl-N-methyl-5H-[1,3]dioxolo[4',5':6,7]chromeno[3,4-c]pyridin-2-amine (3lb) and 3-
(benzyl(methyl)amino)-5H-[1,3]dioxolo[4',5':6,7]chromeno[4,3-c]pyridin-9-ylium (3Ib’)

SN ph |

Ny N Nj
0 ™ ! 0 ™ | Ph
< Y
0 o) 0 o)

3lb 3lb

Chemical Formula: Cy4HgN,03

Prepared according to the general procedure D using 1l (100 mg, 499 umol, 1.0 equiv.) and
N-benzyl-N-methylcyanamide 2b (110 mg, 749 pmol, 1.5 equiv.). After flash column
chromatography (petroleum ether/EtOAc ; 95:5 to 90:10), the expected product was obtained as
a yellow solid (142 mg, 410 umol, 82%). Regioisomeric ratio (3lb/3Ib’) : (97:3).

1H NMR (31b) (400 MHz, CDCls) & 7.94 (d, J = 0.5 Hz, 1H), 7.32-7.20 (m, 5H), 7.03 (s, 1H),
6.52 (s, 1H), 6.49 (s, 1H), 5.90 (s, 2H), 4.93 (s, 2H), 4.82 (s, 2H), 3.07 (s, 3H).

13C NMR (3Ib) (101 MHz, CDCls) 6 159.6, 152.0, 149.8, 143.6, 143.1, 139.3, 138.8, 128.6 (2C),
127.1(2C), 127.0, 114.3,114.2, 102.6, 101.6, 99.6, 96.7, 66.6, 53.4, 36.5.
M.p. =172-174 °C

HRMS (ESI): Calculated for C21H1sN203 [M+H]* : 347.1390 (100) found 347.1395 (100).
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7,9-dimethyl-2-(pyrrolidin-1-yl)-5H-chromeno|[3,4-c]pyridine (3md) and 7,9-dimethyl-3-
(pyrrolidin-1-yl)-5H-chromeno[4,3-c]pyridine (3md’)

NS NS
+
(0] (0)
3md 3md

Chemical Formula: C1gH,oN,O

Prepared according to the general procedure C using 1m (100 mg, 543 umol, 1.0 equiv.) and
pyrrolidine carbonitrile 2d (83 uL, 814 umol, 1.5 equiv.). After flash column chromatography
(petroleum ether/EtOAc ; 90:10 to 80:20), the expected product was obtained as a brown solid
(118 mg, 421 umol, 78%). Regioisomeric ratio (3md/3md’) : (96:4).

1H NMR (3md) (400 MHz, CDCl3) & 7.95 (s, 1H), 7.35 (s, 1H), 6.96 (s, 1H), 6.52 (s, 1H), 4.97
(s, 2H), 3.49 (m, 4H), 2.31 (s, 3H), 2.22 (s, 3H), 2.01-1.98 (m, 4H).

13C NMR (3md) (101 MHz, CDCl3) & 157.9, 152.0, 143.6, 138.9, 133.0, 130.3, 126.7, 121.5,
120.7,114.6,98.3, 66.1, 46.8 (2C), 25.5 (2C), 20.7, 15.9.

HRMS (ESI): [M+H]* Calculated for C1sH20N20: 281.1648 (100) found 281.1653 (100).

5H-chromeno[3,4-c]pyridin-2-amine (af) and 5H-chromeno[4,3-c]pyridin-3-amine (af’)

NH,
N NH
Z N Z 2
X | X
+
O (0]
3af 3af'

Chemical Formula: C4,H41oN,O

Prepared according to a modification of the general procedure C using 1a (100 mg, 640 umol, 1.0
equiv.), cyanamide 2f (40 mg, 960 umol, 1.5 equiv.), [Cp*Ru(MeCN)s]PF¢] (16.1 mg, 32 umol, 0.05
equiv.), the reaction was refluxed in anhydrous MeTHF for 5 days. After flash column
chromatography (Al,03, petroleum ether/EtOAc/EtsN ; 49:49:2 to 29:69:2), the expected product
was obtained as a brown solid (43 mg, 217 umol, 34%). Regioisomeric ratio (3af/3af’) : (88:12).

1H NMR (3af) (400 MHz, CDCls) & 7.91 (s, 1H), 7.67 (dd, J = 7.8, 1.5 Hz, 1H), 7.34 (m, 1H),
7.06 (dt, J = 7.6, 1.2 Hz, 1H),7.00 (dd, J = 8.2, 1.0 Hz, 1H), 6.76 (s, 1H), 5.04 (s, 2H),
4.52 (bs, 2H).
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3¢ NMR (3af) (101 MHz, CDCls) & 158.9, 156.0, 143.8, 139.7, 131.6, 124.0, 122.3, 121.0,
118.0, 117.4, 100.6, 66.2.

HRMS (ESI): [M+H]* Calculated for C12H10N20: 199.0866 (100) found 199.0868 (100).

9-(4-methoxyphenyl)-N,N-dimethyl-5H-chromeno[3,4-c]pyridin-2-amine (4) and 9-(4-
methoxyphenyl)-N,N-dimethyl-5H-chromeno[4,3-c]pyridin-3-amine (4’)

Chemical Formula: C51HygN505

Compound 3ha (100 mg, 330 umol, 1.0 equiv.), 4-methoxyphenyl boronic acid (74.8 mg,
490 umol, 1.5 equiv.), K2CO3 (90.7 mg, 660 umol, 2.0 equiv.), palladium acetate (3.7 mg,
16.4 umol, 0.05 equiv.) and CataCXium A (12.9 mg, 36.1 umol, 0.11 equiv.) were mixed in
3.3 mL of anhydrous DMF, the solution turns to brown. The resulting mixture was stirred
overnight at 100 °C under argon. The mixture was diluted with DCM and washed
successively with a saturated aqueous solution of NaHCOs (10 mL) and brine (10 mL). The
organic layer was dried over MgSQy, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography (SiO,, petroleum ether/EtOAc ; 80:20
to 60:40) to afford the product as a white solid (97 mg, 292 umol, 89%). Regioisomeric ratio
(4/4’) : (94:6).

1H NMR (4) (400 MHz, CDCl3) & 8.02 (s, 1H), 7.86 (d, J = 2.2 Hz, 1H), 7.54-7.52 (m, 2H), 7.46
(dd, J = 8.4, 2.2 Hz, 1H), 7.05 (d, J = 8.4 Hz, 1H), 7.00-6.98 (m, 2H), 6.78 (s, 1H), 5.06 (s, 2H),
3.85 (s, 3H), 3.15 (s, 6H).

13C NMR (4) (101 MHz, CDCl3) 6 160.1, 159.1, 155.1, 143.8, 138.7, 135.0, 133.4, 129.5, 128.0
(2C), 122.0, 121.8, 118.2, 114.7, 114.3 (2C), 97.6, 66.4, 55.4, 38.5 (2C).

M.p. = 106-108 °C

HRMS (ESI): Calculated for C21H20N20; [M+H]* : 333.1598 (100) found 333.1602 (100).

S-46



Tert-butyl (E)-3-(2-(dimethylamino)-5H-chromeno[3,4-c]pyridin-9-yl)acrylate (5) and tert-
butyl (E)-3-(3-(dimethylamino)-5H-chromeno[4,3-c]pyridin-9-yl)acrylate (5’)

t—Bu\O = N

Chemical Formula: Cy4Ho4N,O3

Compound 3ha (100 mg, 330 umol, 1.0 equiv.), tri(o-tolyl)phosphine (7.98 mg, 26.2 umol,
0.08 equiv.), palladium(ll) acetate (1.47 mg, 6.55 pumol, 0.02 equiv.), were mixed in 3.3 mL of
an anhydrous mixture of DMF/EtsN (10/1). Under argon, t-butyl-acrylate (238 uL, 1.64 mmol,
5.0 equiv.) was added, the solution turns to brown. The resulting mixture was stirred
overnight at 100 °C under argon. The mixture was diluted with DCM and washed
successively with a saturated aqueous solution of NH4Cl (10 mL), water (10 mL) and
brine (10 mL). The organic layer was dried over MgSQs, filtered, and concentrated under
reduced pressure. The residue was purified by flash column chromatography
(SiOy, petroleum ether/EtOAc ; 80:20 to 70:30) to afford the product as a pale-yellow solid
(107 mg, 304 umol, 92%). Regioisomeric ratio (5/5’) : (94:6).

14 NMR (5) (400 MHz, CDCl3) & 8.00 (d, J = 0.6 Hz, 1H), 7.86 (d, J = 2.1 Hz, 1H), 7.60 (d,
J=16.0 Hz, 1H), 7.46 (dd, J = 8.5, 2.1 Hz, 1H), 6.99 (d, J = 8.5 Hz, 1H), 6.73 (s, 1H), 6.33 (d,
J=16.0 Hz, 1H), 5.07 (s, 2H), 3.17 (s, 6H), 1.55 (s, 9H).

13C NMR (5) (101 MHz, CDCls) 6 166.6, 160.2, 157.6, 144.0, 143.1, 138.0, 130.6, 128.8, 123.8,
121.9,118.9, 118.6, 114.2, 97.6, 80.6, 66.5, 38.6 (2C), 28.4 (3C).

M.p. =157-159 °C

HRMS (ESI): Calculated for CiiHaN2Os [M+H]* : 353.1860 (100), 297.1234 (82) found
353.1863 (100), 297.1236 (82).

S-47



N-(8-methoxy-5H-chromeno[3,4-c]pyridin-2-yl)acetamide (6) and N-(8-methoxy-5H-
chromenol[4,3-c]pyridin-3-yl)acetamide (6’)

MeO 0 MeO @)

Chemical Formula: C45H44N,03

Prepared according to a modification of the general procedure C using 1j (950 mg, 5.09 mmol,
1.0 equiv.) and N-cyanoacetamide (428 mg, 7.64 mmol, 1.5 equiv.), the reaction was heated to
80°C in MeTHF for 24 hours. After flash column chromatography (DCM/EtOAc ; 100:0 to 70:30),
the expected product was obtained as a yellow solid (1.13 g, 4.18 mmol, 82%). Regioisomeric
ratio (6/6’) : (80:20). 6 was isolated after a second flash column chromatography (DCM/EtOAc ;
100:0 to 70:30), the expected product was obtained as a yellow solid (797 mg, 2.95 mmol, 58%)

1H NMR (6) (400 MHz, CDCls) & 8.71 (s, 1H), 8.43 (s, 1H), 8.01 (s, 1H), 7.75 (d, J = 8.7 Hz, 1H),
6.65 (dd, J = 8.7, 2.5 Hz, 1H), 6.52 (d, J = 2.5 Hz, 1H), 5.08 (s, 2H), 3.82 (s, 3H), 2.22 (s, 3H).

13C NMR (6) (101 MHz, CDCl3) 6 169.0, 163.0, 157.2, 152.2, 143.2, 140.5, 126.0, 121.3, 113.7,
109.5, 105.6, 102.4, 66.2, 55.6, 24.9.

1H NMR (6’) (400 MHz, CDCls) & 8.49 (s, 1H), 8.16 (s, 1H), 8.02 (s, 1H), 7.61 (d, J = 8.6 Hz, 1H),
6.64 (dd, J = 8.6, 2.6 Hz, 1H), 6.54 (d, J = 2.5 Hz, 1H), 5.1 (s, 2H), 3.82 (s, 3H), 2.22 (s, 3H).

13C NMR (6’) (101 MHz, CDCl3) & 168.7, 161.4, 155.7, 150.0, 141.0, 140.7, 123.4, 122.9,
113.1,109.4, 109.3, 102.7, 67.9, 55.6, 24.9.

M.p. =220-222 °C

HRMS (ESI): Calculated for CisH1aN203 [M+H]* : 271.1077 (100) found 271.1082 (100).

S-48



NMR spectra

VI.

600— —

¥8's —

+8'9
+8'9
S89
98'9
89
889

+6'9
v6'9 /.
96'9
9/
334
STL
STL W.
STL
€€°L
vEL
SEL
9e°L

TMS

AN

OH

T T T T
3.0

4.5

0T
=860

01’1
=00'T

3.5

4.0

5.0

f1 (ppm)

'H NMR of A1 (400 MHz, CDCls)

9T LL—

90°66 —
757201 —

€9°60T —

L9PIT —

SE0CT —

08°0€T ~
TLTET

TTLST—

TMS

OH

90

70

150 140 130 120 110 100 a®
ppm
13C NMR of A1 (101 MHz, CDCls)

160

S-49



800 — —

Yo —

69'G —

€89
589
€0°L
€0°L
0L

v0'L
S0°L
S0°L
90°L
90°L
90°L
9T'L
9T'L
9L

TMS

OH

=9T'E

0T
=00'T

T T T T
4.0

4.5

3 \

0.0

70—

0.5

1.0

wor—

1.5

2.0

2.5

3.0

3.5

ITLL—

f1 (pom)

H NMR of A2 (400 MHz, CDCl5)

5.0

LE£766 —

10201 —

$T60T —

PrYIT —

£5°62T ~_
LSTET~_
08'1€T "

TMS

OH

0T'SST —

A

\m.

90

70

80

100

110

120

130

140

150

f1 (ppm)

13C NMR of A2 (101 MHz, CDCls)

S-50



9€'0—

f4:44
¥8'C
S8'C
68'C
16'C
[{x4

68'G —

¥6'9
ww.w/
STL
mﬁ.n/.
JAYA
DNN.

mm&\
6TL

0.C

0.5

1.0

L

2.0 1.5

|

3.0

3.5

f14(8pm)
'H NMR of A3 (400 MHz, CDCls)

4.5

5.0

L

TMS

OH

i-Pr

90°0 —
4
0T'vz — - —_
. J
[7ee— =
ST'LL— — —
€66 — ——
8S°T0T — —_—
9T'60T — —_—
SSPIT — - m—
~
L0°6TT

ettt v 1

n

=

’ [y
9°0bT — \J

// I
O

TE'sST— —_

i-Pr

80

f1 (ppm)
13C NMR of A3 (101 MHz, CDCls)
S-51

T
150 140 130 120 110 100 90

160

170



8T0—

LT —

89'G —

98'9~_
88'9~"

9L
yaara
8TL
6CL
wm.N\“
bEL

TMS

t-Bu

OH

=516

T T
3.0

5.0

=£0'T

=0T
=001

2.0 1.5

2.5

3.5

f1 (ppm)
'H NMR of A4 (400 MHz, CDCls)

4.0

4.5

910 —

18°1€
wre—

ITLL—

€466 —
9LT0T —

78'80T —

TP —

ST°8CT
bE8TT >

PTEPT —

20°85T —

TMS

AN

t-Bu

OH

T T T T T T T T
150 110

90 80

100

130 120

140

160

170

f1 (ppm)

13C NMR of A4 (101 MHz, CDCls)

S-52



LE0—

Ph

OH

Fooe

60
6'0

m\mmuﬁ

0T

6'T
H/,mm.c

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

45
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
IH NMR of A5 (400 MHz, CDCl5)

9.0

800 —

ITLL—

0T'66 —
L5201 —

86'60T —

0T'STT —

¥L9TT
JApas V
58821 —
85°6CT i
0T'0ET
L9'EET a

L0°0bT —

£€9°9ST —

A

TMS

Ph

OH

70 60 50 40 30 20 10

80

f1 (ppm)

13C NMR of A5 (101 MHz, CDCls)

160 150 140 130 120 110 100 90

170

S-53



60—

387
189
889
689
269
€69
69
569
569
169
20,
€02
0L
0L

9L —

TMS

OH
I
|

Foee

T0°T
0T
koot

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

f1 (ppm)
'H NMR of A6 (400 MHz, CDCls)

7.0 6.5 6.0 5.5 5.0 4.5 4.0

7.5

£00-—

MLL—

01'86
Nﬁ.wmv
0€°€0T —
8T°0TT
LT0TT v

$9'STT
€L'STT V.

LELT—F
[4pAns
0L7LTT
€6°L1T

PbSEST —
L6'VST —
bELST —

TMS

OH

100

70

80

f1 (ppm)

13C NMR of A6 (101 MHz, CDCl)

90

160 150 140 130 120 110

170

S-54



OH

TMS

-123.84

-90 -100 -110 -120
f1 (ppm)

F NMR of A6 (376.5 MHz, CDCl;)

S-55

-130

T
-140

T
-150

T
-160

T
-170

-180



870 —

86—

98'9 ~_
689"

81t
81L HV
0zL
0T'L N
9Tt
€L
€L

TMS

Cl

OH

=660

00T
=060

T T T T
4.0

4.5

0.5

1.0

1.5

2.0

2.5

3.0

3.5

5.0

f1 (ppm)

H NMR of A7 (400 MHz, CDCl5)

00°0-—

MLL— -

W

99°6 —
68°€0T —
60'TTT —

20911 —

10°5¢T —
SO~ ()
VO'TET =
T

AN

£€8'G5T —

Cl

OH

T T T
90

110

70

80
f1 (ppm)

100
13C NMR of A7 (101 MHz, CDCls)

150 140 130 120

160

S-56



PSRV 7 I
P TMS
Br. 7
OH
b
| i
| AL X JH L
b & £ 2
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 0.5 0.0
f1 (ppm)
'H NMR of A8 (400 MHz, CDCls)
1 v TV T T 1 '
P TMS
Br =
OH
|
| | |
Al J ‘ L
T T T T T T T T T T T T 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 70 60 50 40 30 20 10 0

80
f1 (ppm)

13C NMR of A8 (101 MHz, CDCls)

S-57



23R RTL] 389 2 &
NNV e 3
N Y4
_ TMS
NC 7
OH
l “
|
i A 1 L L,
B
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
'H NMR of A9 (400 MHz, CDCls)
2 =1 58 8 85 S o ©
g 83 g% 5 8% g R 3
I o \Y
_ TMS
NC =
OH
|
|
T T T T T T T T T T T T T 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
f1 (ppm)

13C NMR of A9 (101 MHz, CDCls)

S-58



800 ——

8L'€ —

165 —

w9
w9 /
br'9
b9 V

0S°9 \
0S°9

YL~
L

M

TMS
l

MeO

Feee

fo

Feso

660
260

T T T
4.5 3.5 3.0

0.0

0.5

2.0 1.5 1.0

2.5

4.0
f1 (ppm)
'H NMR of A10 (400 MHz, CDCls)

5.0

5.5

ST'0

£V'9S —

oT'LL—

€66

6666 V
96°00T -7
20201 7

TEL0T —

15721 —

89'85T —
S8'T9T —

TMS

OH

MeO

160 150 140 130 120 110 100 90

170

f1 (ppm)

13C NMR of A10 (101 MHz, CDCls)

S-59



6£°0
mm.ov

9

J

06

H/mm.o

Ao

T T T T T
3.5

5.0

3.0

4.0
f1 (ppm)

14 NMR of A11 (400 MHz, CDCls)

4.5

5.5

ILL—

196 —
£6'20T —

8¥°L0T —

SE9TT —

JAS 749
96'¥CT V
8G°LTT~_
6£'8CT
Sv'8TT N
96°0€T
L9'EET s

98°9ST —

N

90

100

110

120

130

140

150

160

f1 (ppm)

13C NMR of A11 (101 MHz, CDCls)

S-60



80
f1 (ppm)

13C NMR of A12 (101 MHz, CDCls)

S-61

[ A T v
_ TMS
¢ g
o O/TBDMS
; e
& L g k <%
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 0.5 0.
f1 (ppm)
'H NMR of A12 (400 MHz, CDCls)
T T 1 T 1 T T
P TMS
¢ g
o o/TBDMS
I |
|
160 150 140 130 120 110 100 90 60 50 40 30 20 10 0



TG T v T
|
TMS
=
OH

2l & b 3
EES 2 3 3
23 3 3 &
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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 0.5 0.0
f1 (ppm)

14 NMR of A13 (400 MHz, CDCl3)

- S ) 0 ©
& SSa © ] < © n o
) M a0 o @ - 9 = M o z
A g R 2 28 R & A S
N \ Vi [
TMS
OH

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (pom)

13C NMR of A13 (101 MHz, CDCls)

S-62



7.26
6.71
—5.83

TMS

Br OH

—2.52
—2.36

0.32

099 p—————

3 & T s
S S S
2 R b
T T T T T T T T T T T T T T T T
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 0.5 0.0
f1 (ppm)
'H NMR of A14 (400 MHz, CDCls)
& S8 &3 88 n © T
@ ge 5 F g8 o & ¥ o 3
9 S -2 28 2 N I 3
\ [ Il
P TMS
Br OH
|
|
| |
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

f1 (ppm)

13C NMR of A14 (101 MHz, CDCls)

S-63



06’6 — —

169
169
€69
€69
569
S6°9
002
002
WL
@y

8€L
6EL
6€L
ov'L
br'L

SS°L
95,
9S°L
95,
yA-yA
LS°L

Ph

OH

0T
01

0T
|53
01
Rere

0.0

0.5
Ph

1.5 1.0

2.0

2.5

3.0

3.5

ovLL—

4.0

f1 (ppm)

'H NMR of A15 (400 MHz, CDCls)

L1768 —

4.5

8v'96 —

5.0

5.5

T£°60T —

L8YIT —

6.0

95°02T —
05'¢eT —

£€9'8C1
56821 W -
T9°0ET ~

6.5

OH

ELTET
T8°TET

7.0

7.5

€9'9ST —

8.0

8.5

L

70 60 50 40 30 20 10

80

f1 (ppm)

13C NMR of A15 (101 MHz, CDCls)

150 140 130 120 110 100 90

160

S-64



ST
€5°C W
€5°C

1€ —

08t
08y >

5694
$6'99
969
16'94
869
669
Y0
902
9TL
ﬁm.m/
€L~y
wif
eesr
€L
SeL
se
R
L
6v°L4
6v°2

)\

FET'T

0T
0T
10T
00T

4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

4.5
f1 (pom)

14 NMR of 1a (400 MHz, CDCl3)

5.0

5.5

8.5 8.0 7.5 7.0 6.5 6.0

9.0

669§ —

9T'9L~_
oT L~
168, —
S8'6L
1978~

LTTTT ~C
68°C1T

§S°TTT —

ST'0ET —

EVPET —

99'85T —

170 160 150 140 130 120 110 f (100) 90 80 70 60 50 40 30
ppm
13C NMR of 1a (101 MHz, CDCl)

180

S-65



LT —

0s'C
S.NW
15T

8T°€—

AUy
LY >

4 =

ore

=60

4.0
f1 (ppm)
'H NMR of 1b (400 MHz, CDCls)

5.0

H/MOA r
0T

H\cOA L

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.5

5.5

9€'0C —

TS —

96'SL

oTLL V
T58L —
20087

mN.ﬁw\

T6°TTIT ~
oT'ETT—

69°0ET ~
00'1er "
YLYET —

19°9ST —

100

170 160 150 140 130 120 110 )
ppm
13C NMR of 1b (101 MHz, CDCls)

180

S-66



1T~
wr "

15T
Nm.NW.
ST
08¢
Nm.NV
¥8'C
1: 4
8T

0€'e —

9y
NN.vv

96'9
ww.o/
9T'L
wﬁ.n/.
8T NV.
7

8T'L
9L
vm.n\
Se'L

AN

i-Pr

I

Fzro

oz

H/Qo.ﬁ
ot

H\.wm.o

T T T T T
3.5

5.0

2.5 2.0 1.5 1.0 0.5 0.0

3.0

4.0

f1 (ppm)

'H NMR of 1c (400 MHz, CDCls)

4.5

55

L6'€C—

Tree —

959§ —

S6'SL

oT'LL M
058 —
8108~
vr1s/

ELTIT~
68°CIT —

T8¢ —
ETCET —

— Vi
N %

TL9ST —

i-Pr

100

90
f1 (ppm)

160 150 140 130 120 110
13C NMR of 1c (101 MHz, CDCls)

170

S-67



60T —

w6T—

67°€—

LY
8Ly

86'9~_
00"
9L
mm&/
€L
mm.m\‘
S€L
0S'Z
0S'Z

AN

t-Bu

e

|

T T T T T
3.5

5.0

=0'T
=00T

2.5 2.0 1.5 1.0 0.5 0.0

3.0

1 (ppm)
'H NMR of 1d (400 MHz, CDCls)

4.5

5.5

or'1E —
ITHE —

65795 —

66'SL
orLL V
958, —
08—
s608 7

6E°TTT ~—
SSUT—

ST°LeT —

LETET —

TEPPT —

Ly'9ST —

AN

t-Bu

N

T T T T T T T T
130 100

160

70

80

1 (ppm)
13C NMR of 1d (101 MHz, CDCls)

90

110

120

140

150

170

S-68



§S°T
wm.NW
5T

se'e—

14:34
S8

Ph

Aot
20T
o
ot

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0
f1 (ppm)
'H NMR of 1e (400 MHz, CDCls)

8.0

8.5

0£795 —

1€°9L
9T'LL V
wN.wnw
¥8'6L
on.ﬂw\

6Y°CTT ~_
TCETT

98°92T
£€°LTT hS
8L'8TT
56'8CT \
66'CET
8LPET s

LL6ET —

90°85T —

Ph

70 60 50 40 30 20 10

80

10 40 130 10 w0 00 %0
ppm
13C NMR of 1e (101 MHz, CDCls)

160

170

S-69



ST
£5C W.
ST

£€e—

(74
mmév

569
96'9
L6'9
66°9
66'9

10/ -¥
w0, \
€0t
V'L
ST,
or's
e
9z'L

N

T T
3.5

4.5

F0T'T

Fore
00T

0.5

2.5 2.0 1.5 1.0

3.0

4.0

f1 (pom)
IH NMR of 1f (400 MHz, CDCls)

5.0

55

61°LS —

zeroL
9T'LL V

8L —F
£9°8L \

69'8L
5978 \

b1
85°€11 H/
95°b11
sob11 7
65911 \
8911

0b'0zT \
#9021

00°SST ~
TL'SST~"
01°8ST -~

T T T T T T T T
130 110 90

80

100

120

140

150

160

170

f1 (ppm)

13C NMR of 1f (101 MHz, CDCls)

S-70



-122.05

T T T T T T T

T

T

T

T

T

T

-180

90  -100 -110  -120
fL (ppm)

19F NMR of 1f (376.5 MHz, CDCl3)

S-71

-130

-140

-150

-160

-170



€5°C
€5°C W
ST

€€ —

LYy
8Lv v.

JA RN
66'9~"
9L
L

87'L \ /
67t

€L H\“

L

Cl

4

T
3.0

1 (ppmy
'H NMR of 1g (400 MHz, CDCls)

5.0

E80'T
=00'T

0.0

0.5

1.0

1.5

2.0

2.5

3.5

4.5

5.5

68°95 —

SS9L~_
orLL—
8L \
15'8L

8s28 "

SEETT~_
STHIT

woer
0001 —
E8EET~_

0€'£8T —

4

Cl

70

80

f1 (ppm)

13C NMR of 1g (101 MHz, CDCl5)

160 150 140 130 120 110 100 90

170

S-72



€5°C
ST W.
ST

bEE—

LYy
8L >

169~
$6'9~"
9L
ov'L /
L

WL
'L N

=7 N\

Br

4

g

&

S

T T T T T T
4.5 3.5 2.0

6.0

=E0'T
=00'T

0.0

0.5

1.0

1.5

2.5

3.0

4.0

5.0

5.5

f1 (ppm)

14 NMR of 1h (400 MHz, CDCls)

64795 —

09°9L

TLL V
8LL-F
8E'8L \
0678 —

e
OIS
gsv1T

T16°CET —
L9°9ET —

8LLST—

Br

4

160 150 140 130 120 110 100 90 80

170

f1 (ppm)

13C NMR of 1h (101 MHz, CDCls)

S-73



85T
wm.NWm
65T

L€ —

[3:32
mm.wv -

NC

T T T T
4.5

5.5

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

f1 (ppm)

'H NMR of 1i (400 MHz, CDCls)

5.0

4

NC

559§ —

wL
LL9L AN

9T'LL 7

A

v9'€8 — -

96'¥0T —

06°CTT ~_

Py ETT "

06°LTT —

68°€ET —

LA

E€LLET

9T TIT —

100

70

80

90

110

120

130

140

150

160

170

f1 (pom)

13C NMR of 1i (101 MHz, CDCl3)

S-74



888 RE3ReE 2 B B REG
Vs v N2
/
/
MeO o/\\\
|
|
i |
!
| L
< ) g ¥ t 3
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 0.5 0
f1 (ppm)
'H NMR of 1j (400 MHz, CDCls)
AE 2 228 1828 22
i | 77N N v
‘ ! —
/
MeO o/\\\
|
|
J JLJUL ) JJLL
T T T T T T T T T T T T T 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
f1 (ppm)

13C NMR of 1j (101 MHz, CDCl5)

S-75



§S°T
mm.NW.
95T

L0e—

6y

S6'%

92'L
9€°L A
66
0v'L
'L
s
[
v
b
b
ss'
95 4
(5L //
5

85°L

65'L
65°L

6LL
ﬁw.NV o
mmg\

S8

08

0£8~ ——

wsf ——

€8

U

=66'T

107
107
5007
107
01

/60

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

45
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
H NMR of 1k (400 MHz, CDCl5)

9.0

s —

87°9L
oLL V

L6'LL—F
mm.mm\

90°/8 —

94'90T —

89VIT— —

98'b21
ov'szt V\
(9221

bl s el ¢

PRIy

PPy

YORrI

07’871 —

oo.mﬁ *
05°0€1
V8PET —

10°85T —

70 60 50 40 30 20 10

80

f1 (ppm)

13C NMR of 1k (101 MHz, CDCl5)

150 140 130 120 110 100 90

160

S-76



€5'T—

we—

1744
E.vv

¥6's —

§9'9—

98'9 —

9L —

A,

=101

=007

T T T T
4.5 3.5

5.5

0.

0.5

1.0

1.5

2.0

2.5

3.0

4.0

5.0

f1 (ppm)

14 NMR of 11 (400 MHz, CDCl5)

6L°LS —

LT9L

oTLL V
9£'8L —
68'6L 7
ovog/

656"
£8°T0T

8E'HOT ~_

EUIT —

L6'TPT —

10647 —

0€°8ST —

T T T T T T T T
140 120

170

100 90 80

110

130

150

160

f1 (ppm)

13C NMR of 11 (101 MHz, CDCl3)

S-77



mNN/

€T

yA a4
8¥'C Wm
8¥'C

0€'e—

484
4:54 >

JLI.

=10¢
At0e
=860

4.5

=007 |

5.0

0T -

F00T

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

f1 (ppm)
'H NMR of 1m (400 MHz, CDCl3)

4.0

69T —

Sb'0T—

92°09 —

80°SL~_
LU~
6564 ~_
v208 —

"

A

w18

LTSTT—

T8 TET
902ET \.
SLTET T
om.mﬂ \

SL'GST—

T T T T T T T
120

140

100 90 80

110

130

150

160

170

f1 (ppm)

13C NMR of 1m (101 MHz, CDCl5)

S-78



e~
€57~
8¢

w6eE—

A4
LYy >

189 —

Br

=86
(>

&

o

3

T T T T
3.0

5.0

0.5

1.5 1.0

2.0

2.5

3.5

4.0
f1 (ppm)

14 NMR of 1n (400 MHz, CDCls)

4.5

5.5

LETC—
L6V —

€495 —

99,
aT'LL /

Wi

"

ww8L—F
mv.wn\

08'58 —

STTIT—
PoIT—

TL6TT—

6'6ET —
SPTPT —

99251 — //

4

O

Br

100
f1 (ppm)

170 160 150 140 130 120 110
13C NMR of 1n (101 MHz, CDCls)

180

S-79



4: 81
[4:81 W -
€8T

0€'e —

€Ly
(744
(744
SLy

169

Nm.o/
69 ~&
WL~
5947
wN.NV.

ocL"

Syl
Sv'L
yAA
yA A

i

I}

L

3.5

T
4.0

4.5

5.0

Feot

ot [

Fzot
00T

0.

0.5

2.0 1.5 1.0

2.5

3.0

f1 (ppm)

14 NMR of 10 (400 MHz, CDCls)

69°€ —

86'9S

08'cL
oTLL~—
V6'6L ~_
0v'18 —
0Tb8 ~_

P8TIT ~_
war-—

86°02T —

€0°0ET —

6T VET —

88'85T —

WAL

N

T T T T T T T T
120 90

140

70

80

f1 (ppm)

110 100
13C NMR of 10 (101 MHz, CDCls)

130

160 150

170

S-80



9T0— —

€€ —

8Ly —

AN

T™MS

E66'8

=107 [

F0T
E=10'T

=0T |

E00'T

0.C

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

f1 (ppm)

14 NMR of 1p (400 MHz, CDCls)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.5

§T0-

6.8 —

ITLL—
S6'6L ~
618 —

€6 —

1866 —

PTCIT ~
STETT —

LETTT —

€0°0€T —

9UYET —

16'85T —

JU

TMS
L

N\ %

70 60 50 40 30 20 10

Mo 130 w20 10 w00 %080
ppm
13C NMR of 1p (101 MHz, CDCls)

150

160

S-81



800 —

€5°C
vm.mv.
§S°T

/a4
Uy

69
69
+6'9
6'9
969
96'9
66'9
669
T0°Z
19
9L V.

Rx
R.N //
Rg
8T'L O
bh'L
vh'L
WL
'L

TMS
AS

o

6.8

0T

0T
T0°T
<ot
00T

3.5

4.0
f1 (nnm)

14 NMR of 1q (400 MHz, CDCl3)

5.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

4.5

5.0

M

oT'o

89°95 —

9686 —
€0°T0T —

8EETT —
ST —

6,671 —

LTHET —

8b'85T — // 5

T T T T T T T T T
140 120 100 80

160

T

90

110

130

150

170

f1 (ppm)

13C NMR of 1q (101 MHz, CDCls)

S-82



95T
om.NW.
5T

€8y
=

i
202
¥0'L
0"
80 1
01
01,
1€/
1€
€67 1
€67
€67 1
€67
SE'L
se'z
9e'
9t
e
e
b5
bS5 o
95 4
95°L

1

65°L
65°L
09°L
09°L
19
192

Jo

96T

00T
5860

Fuse
0T
6T

0.

0.5

3.5 3.0 2.5 2.0 1.5 1.0

f1 (nnm)
'H NMR of 1r (400 MHz, CDCls)

4.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5

1498 —

10°9L ~_
T LL—
Ss'8L "

95°68 —

18'€6 —

8TETT ~_
SSETT

89°TCT —
85°€CT —
87°8CT

9e'8e1
09'621

bLTET /.
erest/

<
o

ovast — //

4

o

70 60 50 40 30 20 10

150 140 130 120 110 100 ?10( ) 80
ppm
13C NMR of 1r (101 MHz, CDCl3)

160

170

S-83



98'T
8T Wv
8T

00T
860

Fese
60
6'T

0.(

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
H NMR of 1s (400 MHz, CDCl3)

6.0 5.5 5.0

6.5

7.5 7.0

8.0

18€—

0€'45 —

ETvL —
oTLL—

ST'H8 —
6468 —

69°€6 —

PTETT
SEETT

YOI —
e —
61821

ze821

65621~
91617
19ce1/”

0v'8ST —

Ph

70 60 50 40 30 20 10

80

10 10 130 20 10 w00 %0
ppm
13C NMR of 1s (101 MHz, CDCls)

160

170

S-84



STE—

$0's —

5L9
66'9 1
0024
T0°L 1
20/
0"
v0'
90
90
80°L
80, |

8L

67, W
€L
1€°L
[4a
€L
YLl
SLL
9L \

Ll
008 a

.l

=519

=80'C

00T
Hfl.ﬁ

2011

=€0'T

0.C

0.5

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

9.5

f1 (ppm)

1H NMR of 3aa (400 MHz, CDCls)

96'LE — 2

£€8'99 —

|

omLL— ————

6146 —

L

8THIT —

TSLIT~C

T

POTTT

TSETT — -

9°0ET — =

LT'8ET — -

TEEPT — —

zZ
$9'SST — Zz -
£5°65T — \ / \ (@] \” u

70 60 50 40 30 20 10

80

f1 (ppm)

13C NMR of 3aa (101 MHz, CDCls)

160 150 140 130 120 110 100 90

170

S-85



o e @ @ o -
& BEEE NAA4ATS3888aaaNN S =
2 2288 FAZaT08333%33:, : 3
| |
N N

—~ | ~

[l
Ll JL J |
" J
I z g 3 T 'z
3 S 588 S S &
g g 858 g g “

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
88 86 84 82 80 78 76 74 72 70 6.8 6.6 64 6.2 6.0 f 5(.8 ?.6 54 52 50 48 46 44 42 40 38 36 34 32 3.0 2
ppm

'H NMR of 3aa’ (400 MHz, CDCls)

S-86



LET—

9T'e —

00's —

16'9
(UYA
:.n/.
L
m.ﬁ.mw
9L
£€S°L
vm.mv.

vL9
mw.wW

66'L —

o

<
=]
L
=]
<
-
wn
]
<
e~
=0e |,
M e~
e
]
=40'9
n
o
Q
[~ <
o
<
o
6T [ o
L
M wn
e
[ o
L
o
o1 [
=201 | o
JS0T [N
L
=860 [~
o
=0T [ @
L
[~ o

f1 (ppm)

14 NMR of 3ba (400 MHz, CDCl5)

96'0C —

95°8€ —

T€99 —

9TLL

L6 —

00'sTT "
69'LTT "
8E'TZT ~_
60'52T ~_

LETET~_
L8TET"

96'8ET —

YO'EPT —

\

z

£€6°€ST— \

£0°09T —

T T T T T T T T
150 130 100 80

170

90

110

120

140

160

f1 (ppm)

13C NMR of 3ba (101 MHz, CDCl5)

S-87



8T T~
0T

8T
68'C
16'C
[{x4
6’7~

L

96T F
867/ _
86'C

667

[4R3

STE

00's —

L9
€69\
mo.w/
AN
D.n/

61'L /
61 =
95, \

95,

86'L
66'L >

P4

i-Pr

2

A

Frot

F81e

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

7.5 7.0 6.5 6.0 5.5 5.0 "1:15( )
ppm
'H NMR of 3ca (400 MHz, CDCls)

8.0

8.5

8THT

8L€E —

68 —

§T'99 —

ITLL—

85°L6 —

L6PTIT —
PLLTT~C

6T°TCT
SS°1CT AN
20621 —

66'8ET —
0S'THT ~_
99'€bT —

OT'¥ST—

£0°09T —

wat—_.‘_—___.

i-Pr

Jo XA

T T T T T T T
130 120 100 90

160

80

110

140

150

170

f1 (ppm)

13C NMR of 3ca (101 MHz, CDCl3)

S-88



8T ——

9T'eE—

106 —

Sr9—
¥6'9
969>
9L
veL /
veL
[ \
9cL
[
P

66°L
66°L >

t-Bu

N

I

=00'T
=0T

T T T T T T T T
4.5 3.0 1.5

0.5 0.0

1.0

2.0

2.5

3.5

4.0

5.0

5.5

6.0

f1 (ppm)

1H NMR of 3da (400 MHz, CDCls)

651"
LhvE—
8Y°8E~_

9799 —

LL—

Lyl —

T0'STT ~
0v'LTT~
0T°02T ~_
88'02T —

8E'8CT —

bT'6ET —

LYEPT ~
YLYYT

08'€ST —

£0°09T —

t-Bu

80

f1 (ppm)

13C NMR of 3da (101 MHz, CDCls)

100

70

90

110

120

130

140

150

160

170

S-89



ITeE— —

80'S —

897

ore|
JA A

192
192
€972

€972

A/

s/

\

Ph

T T T T T T T T T
4.0 3.0 1.5 0.0

=0T

5.5

=0T
=00T [

0.5

1.0

4.5 3.5 2.5 2.0

f1 (ppm)

'H NMR of 3ea (400 MHz, CDCls)

5.0

6.0

8v'8€ — -

6£'99 —

ITLL—

€926 —

(8121
eI
€0°L2T
8121 A
16'82T —~ ~
16621/

SE'SET "
19'8€T —

£8°06T —
T8'ERT ~_ /

SN/

§5°GST —

~

—

L9PTIT - u
9T'8IT ~_ b
I—

]

60°09T —

Ph

160 150 140 130 120 110 100 90 80

170

f1 (ppm)

13C NMR of 3ea (101 MHz, CDCls)

S-90



o

ae— —

86’y —

B9
¥6'9 W
S6'9
9L~
R

LEL

657,

ov'L

86'L
86> /

z

/

z

W/

i 4

T T T T T T T T T T
4.5 4.0 3.5 0.5 0.(

2.5 2.0 1.5 1.0

3.0

f1 (ppm)
'H NMR of 3fa (400 MHz, CDCls)

5.5 5.0

6.0

08 —

€€°99 —

LL—

wie—

§8'60T
60°0TT V
LyPTT
LYLTT /
0LLTT V
66'8TT
90°6TT 7

69°CCT
e N.

S6°LET —

S8'EPT —

00°28T —

8L°9ST ~
9T'6ST ~_
6665T —

A

160 150 140 130 120 110 100 90 80

170

f1 (pom)

3C NMR of 3fa (101 MHz, CDCls)

S-91



-121.38

T T T T T T T
60 -70 80 -90  -100 -110  -120
f1 (ppm)

19F NMR of 3fa (376.5 MHz, CDCls)

S-92

-130

-140

-150

-160

-170

-180



me—

86’y —

09'9 —

88'9~_

897
6T'L
cNNV
1L

€92
v9'L

96°L
mm.Nv

Cl

a

=179

4

N

T T T T
4.5

5.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

5.0

f1 (ppm)

'H NMR of 3ga (400 MHz, CDCls)

LE8E

0£'99 —

ITLL—

L6 —

aeIT—

gz611-"
20671 —
sseer
16921 —
£9°0ET~_

8V LET —

88'EPT —

9Y'¥ST —

¥6'65T —

\

P4

/

1J

z— —_

/

T T T T
70

100

Cl

80

f1 (ppm)

13C NMR of 3ga (101 MHz, CDCls)

90

150 140 130 120 110

160

S-93



ae—

66’y —

19'9—

8'9

089\

9L

€€t

mm.nW

seL

9L \. / Z—

wm”mV. z
6L'L
s/ N7

Br.

A
&

T T T T T T T T T
3.0 1.5 0.0

4.0

5.5

=0T

=0T

=0T
=00'T

0.5

1.0

2.0

2.5

3.5

45
f1 (ppm)

14 NMR of 3ha (400 MHz, CDCl5)

5.0

6.0

bp'8€ —

8799 —

ITLL—

8526 —

60°bTT~_
€EPIT

vL6TT "
95'€7T ~
2592~

SSEET —
WLET —

98'EPT —

86'¥ST —

£6'65T —

Br

T T T T T T T T T
140 120 100 70

170

80

f1 (ppm)

13C NMR of 3ha (101 MHz, CDCl5)

130 110 90

150

160

S-94



IT'eE—

ms—

999 —

ot 7
9L —
sy
57
ey
837

LA

NC

T T T T T
4.0 3.0

5.0

00T

o1 [

0.(

0.5

1.0

1.5

2.0

2.5

3.5

4.5

5.5

f1 (ppm)

'H NMR of 3ia (400 MHz, CDCls)

Sb'8E —

9999 —

b

9T'LL

6v'L6 —
Ly'S0T —

PEETT —
€0°6TT

6T°61T 7
L5 —

by'87T —

8E'VET —
Lh9ET — / =

6T HPT — \N / \

SE6ST ~_
0T°09T

NC

J\,

110

70

80

f1 (ppm)

13C NMR of 3ia (101 MHz, CDCls)

90

100

150 140 130 120

160

S-95



or'e—

8¢ —

00's —

159
159
859
mm.mV.

ow.o\“
199

9L — \
092 ~_
€91

£€6'L—

e

z

\ 7/ n

MeO

=560
61

T T T T
4.5 3.5

5.5

0.5

1.0

1.5

2.0

2.5

3.0

4.0

5.0

f1 (ppm)

IH NMR of 3ja (400 MHz, CDCls)

8€'8E

£¥'95 —

Lp'99 —

9T LL—

9496 —

8C°C0T —

TT'60T —

T8ETT ~
SEPIT "

¥8'vCT —

8L°8ET —

P EPT —

€€°LST —
T0°09T —
PTC9T —

MeO

U5 S

T T T T T T T T
150 130 110

80

90

100

120

140

160

170

f1 (ppm)

13C NMR of 3ja (101 MHz, CDCls)

S-96



T
1.0 0.5 0.C

1.5

T
2.0

P58 —

2.5

3.0

\l( ™ arm

3.5

$6'99 —

4.0

ITLL—

T
4.5
f1 (pom)

3
50
'H NMR of 3ka (400 MHz, CDCls)

T
5.5

6£720T —

T
6.0

LrotT
e
69°81T "~
PICT
SEPTT
PELTT~_
8T'62T ~_
95°0€T

€L°0ET
09°'TET \

95'8ET —

6.5

T
7.0

T
7.5

£0vPT —

T
8.0

08'6ST —

T
8.5

¥6'65T —

9.0

10

20

30

40

50

60

70

80

f1 (ppm)
13C NMR of 3ka (101 MHz, CDCls)
S-97

90

100

110

120

130

|

L \

150

|

170



8T — —

96y —

b9
5597
weL
9T'L

6EL
ov'L
ov'L
WL
WL

05°L
152
99°L \
89°L
8L
v8'L
058~
758"

98'8 —

o

Aeo't
=TT
5201
=£0'T
/50T

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 Ir15.(0 \ 4.5
14 NMR of 3ka’ (400 MHz, CDCls)

9.5

1€'8€ —

889 —

0S°'T0T —

90°STT ~
8Y'9TT —
ST8IT

a2
66421 %
6L'97T "
SH'8ZT ~o
16821 -
68'62T \

L8'0ET

LY EPT —
09°'SbT —

LL7TST —

°T8sST —

'

TS

ok

ks

W

70 60 50 40 30 20 10

80

f1 (ppm)

13C NMR of 3ka’ (101 MHz, CDCls)

160 150 140 130 120 110 100 90

170

S-98



me— —

e

S6'v — — J.

56’ — - =

759
259> B =

L — [E— I.Jh

6L — ——

T T T T T T T
5.0 2.5

6.0

=0T

=0T

0.C

0.5

1.5 1.0

2.0

3.0

4.0 3.5

4.5
f1 (pom)

IH NMR of 3la (400 MHz, CDCl3)

55

)

s

9v'8€ —

0999 —

an ]

oT'LL—

26'96 ~
09'66 ~_
85°T0T ~_
£9'20T —

S8ETT ~_
8EVIT "

60°6ET —
PTEPT N

wErT — /
SL6bT — Zz

soest— /

0T°09T —

P4

\ 7/

"

i

N

90

80

160 150 140 130 120 110 100

170

f1 (ppm)

13C NMR of 3la (101 MHz, CDCls)

S-99



23 IHYRRY R s 0 2%
NN NNNOOOS © v ™ NN
' /N i
\ /
N
~ N
N
(¢}
| |
1 1 L L J“ A JLJL "
Py Iy I X I g Ik
g 3 g 2 3 S gh
S 2 S 2 3 3 i
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.
f1 (ppm)
'H NMR of 3ma (400 MHz, CDCls)
g & 52 733 B3 % 2 ] 3 2 g 8
2 z § & @SS &5 = 2 2 g P 5 2
i ) £ & 888 ®§ % N N g g s L
\ LT 20N N I 85000
., 80000
N
75000
= |N 70000
A 65000
60000
o 55000
50000
45000
40000
35000
30000
25000
20000
15000
10000
5000
LJ u___J b 1) .“. "~ L. Lo
--5000
T T

160 150 140 130 120 110 100 80 70 60 50 40 30 20 10

90
f1 (ppm)

13C NMR of 3ma (101 MHz, CDCl5)

$-100



96'T —

we—

6L'CT—

aoe—

€8y —

w9 —
58'9 —

9L —

508

508 > \N / \

L

P4

Br.

=80T

=€0'T
=660

T T T T T T T T T
2.0

4.0

4.5
f1 (ppm)

'H NMR of 3na (400 MHz, CDCls)

0.0

0.5

1.0

1.5

3.0 2.5

3.5

5.0

5.5

6.0

€9°€~
€9vT

58 —

SL99 —

oy

I LL—

10°€0T —

SSOTT~_
oy’ LTIT "

66°TCT ~_
€scar "

PO'OET —
60'6€T —
P4

69°0bT — —_

PEVT ~ /
Y,

19ST —

bL'65T —

Br

T T T T T T T T T T
150

70

80

f1 (ppm)

13C NMR of 3na (101 MHz, CDCl3)

130 120 110 100 90

140

160

170

S-101



or'e—

&Lt —

PTeE—

nByr—

89—

8¥'8 —

A;_LA_JK_‘_JL

Br

T T T T T T T T T T T T
3.5 1.5

5.5

6.0

0.5 0.0

1.0

2.5 2.0

3.0

4.0

45
f1 (ppm)

'H NMR of 3na’ (400 MHz, CDCls)

5.0

08'€T~_
€vT "

§T'8E —

L1189 —

ITLL—

TT° 10T —

CESTT ~
8911 —

0r 12T ~
19721 —

/
—Z
€6'€ET —

8V LET — _—

85°€PT — & \ \

vt —

¢6'EST —
68°LST —

Br.

O

140 130 120 110 100 90 f1( 80)
ppm
13C NMR of 3na’ (101 MHz, CDCls)

150

160

$-102



8T —

£re—

80'S —

83T

66'9
66'9
€0°L~¥
8zt >
8Tt W fry
8zt /

zZ
\ /
AN \
€LL
vl

Fess

6'0
0'T

Fert

Foor

1.5 1.0 0.5

2.0

3.0 2.5

3.5

4.0

7.0 6.5 6.0 5.5 5.0 4.5 o )
ppm
'H NMR of 30a (400 MHz, CDCls)

7.5

8.0

651 —

078 —

0v'59 —

9T'LL—

Sv'56 —

L8 —

9L —
61T
96°'TCT
96°'€7T —

69°0€T —

65°8ET —

P

WA

80

70

160 150 140 130 120 110 100 90

170

f1 (ppm)

13C NMR of 30a (101 MHz, CDCl3)

S-103



L6'T
86'T
66T
00¢
T0C

9b'e
Ly'E W
6b'E

00's —

559~
169
86'9
66°9
wL
N_u.mN
aZL
NNNN
0LL
on.n/.
wUL—

S6°L—

_J

L

e

|24

T T T T T T T T
2.0

4.0

T
45
f1 (ppm)

14 NMR of 3ad (400 MHz, CDCl5)

0.5

1.0

1.5

2.5

3.0

3.5

5.0

5.5

6.0

§§°SC—

Ao

1L8°9% —

¥2'99 —

oLL— \."l

L4186 — -

9T HIT—
T8 LI~

85121
16721\
08'€2T ~ _

L.,_,JUL.L

6'0ET —

90

100

110

120

130

140

150

160

170

f1 (ppm)

13C NMR of 3ad (101 MHz, CDCls)

S-104



e
€0C
€0'C
0T
Ss0C

9T —
15°€
[
se
bS'E

66’y —

BT

169 /
60°L
60°L W.
60°L

9TL~_

wsL
€5°L >

M

T T T T T T T
5.0 2.5

6.0

1.5 1.0 0.5 0.0

2.0

4.0 3.5 3.0

45
f1 (ppm)

14 NMR of 3bd (400 MHz, CDCl3)

5.5

$6'0C —

£L9'ST—

€0°Ly —

0v'99 —

ITLL—

5786 —

09411 "
99'LTT —
8ETZT ~_
TUHET ~_

67 TET ~_
8LTET~"

0L'8ET —

96°EYT —

¥6'€ST—

=0

O

.

T T T T T T T T T T
140 110 80

170

90
f1 (ppm)

13C NMR of 3bd (101 MHz, CDCls)

100

120

130

150

160

180

S-105



LET—

10T
[4i4
€0'C
0T
s0¢

se
€5°E
bS'E
bS'E
§S°E

00's —

859 —

€69~

897
€eL
SEL
S€L
7L
Nn.nv.

L6'L
L6°L >

t-Bu

S

: !

45
f1 (ppm)
'H NMR of 3dd (400 MHz, CDCls)

5.0

=00'C

=10'T

=10'T

=00T |

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

5.5

6.0

95T —

65°TE —
IWHE —

L6'9Y —

€99 —

MLL—

2086 —

9PIT —
8ELIT~_
PTOTE~
£8°02T —

1€'82T —

v6'8ET —

YO'EPT ~
69'vbT "

78'€ST —

00°8ST —

t-Bu

90

160 150 140 130 120 110 100

170

f1 (ppm)

13C NMR of 3dd (101 MHz, CDCls)

S-106



10T
2wz
€0°C
¥0'C
0T

ﬂm.m V
€5°€ 7
$S'E

90's —

B9

60°L

9€°L
SH'L
YA A
8b°L
0S°L

15°L
g5t/

6L
w0
108"

i 1L

A

Ph

e

2.0

Ferv

3.0

By

T
45
f1 (ppm)

IH NMR of 3ed (400 MHz, CDCls)

5.5

0.5

1.0

1.5

2.5

3.5

4.0

5.0

6.0

19S¢— —

66'9Y —

S§¥'99 —

T LL—

1786 —

8THIT
PTBIT ~_

£8°1CT
8¥'CeT V

669CT

vr'Laa
68821 —~
£8°6CT a

rrser "
6£°8ET —
18°00T —
POBYT ~_

95°6ST —
66'LST —

L

Ph

T T T T
70

100

80

90

110

120

130

140

150

160

170

f1 (ppm)

13C NMR of 3ed (101 MHz, CDCl5)

$-107



86'T
66T
00
10T
2w

SY'E
v

ww.m\

96’y —

i3 hw
69
€69
¥6'9
96'9 ~=

9L~

bEL
SEL
9€'L
LEL

L

Ferv

Feev

0T

ot

T T T T T T
5.0 4.0 3.0

0.5

1.5 1.0

2.0

3.5 2.5

4.5
f1 (ppm)

H NMR of 3fd (400 MHz, CDCl3)

5.5

6.0

896 —

069 —

8€'99 —

oTLL—

6786 —

£€8'60T
£0°0TT V
SOPIT
LELTT /
19°L11 V
£€6'81T
TO'6TT 7

£€9°cet
|YAra4s w

0LLET —

L0YbT —

00°¢ST —

TLIST ~_
L8°LST —
01°65T "

A

100

110

120

130

140

150

160

f1 (ppm)

13C NMR of 3fd (101 MHz, CDCls)

S-108



-121.43

T T T T T T T

0 -90  -100 -110  -120
f1 (ppm)

F NMR of 3fd (376.5 MHz, CDCls)

S-109

T

-130

T

-140

T

-150

T

-160

T

-170

T

-180



2w
€0C
€0C
0T
S0C

8¥'E
omﬁW
15°€

LA

L

Ne

806 — —

8’9 —

00—
e/
97—
15,

157\
Mm.m\
€52

L6°L

AN zZ
662
008 7 O

NC

A

.

I
<
<«
T T T T T T
0.(

2.5

3.0

oy

00T

5.5

6.0

0T L

00T

oz |

1.5 1.0 0.5

2.0

3.5

4.0

4.5

5.0

f1 (pom)

IH NMR of 3id (400 MHz, CDCls)

655 —

66'9F —

9999 —

9TLL—

6086 —
£€°650T —

68°CIT —
86'8TT

80°61T 7
Sy'eer —
6£°87T —

STYET —
9T'9€T —

D
LYYl — prd
\

b6'LST ~
8T°65T —

/

NC

T T T T T T T T
150 130 110 90

80

100

120

140

160

170

f1 (ppm)

13C NMR of 3id (101 MHz, CDCl3)

$-110



oT'e—

P8y —
106 —

T T T T T T
1.5 0.0

2.5

==T'e

4.0

B AN4
91T

0.5

1.0

2.0

3.0

3.5

45
f1 (ppm)

5.0
14 NMR of 3ab (400 MHz, CDCl5)

5.5

6.0

6v'9€ —

SP'ES —

€099 —

LL—

0526 —

TUSTT~
om.n:/

€912t

v0'z2t V
S8ETT ~
0221

er o>
99'821
60'1eT <"

LLBET
T6'8€T v.

S8'EYT —

66'SST —
09'65T —

T
90
f1 (ppm)

13C NMR of 3ab (101 MHz, CDCl5)

170 160 150 140 130 120 110 100

180

S-111



LTI~
621"

88
%.N/
167\

€6'T-F
v6'C
96'C
wm.N\\‘

STE

687 —
20—
8L°9 -
¥6'9
96'9 1
LT
Aye
61
61
€L
€L

wNNH“
sz
9zt
e
874
67L
€L
€L
[
€L

T ——

€L~

bEL
vE'L
vEL
0S°Z
0S°L

w08
w8 >

i-Pr

I

ot

Bire

F80C
F60C

0T
o1

Wmog
TP°S

50T

2.5 2.0 1.5 1.0 0.5

3.0

3.5

4.0

f1 (ppm)
'H NMR of 3cb (400 MHz, CDCls)

5.0 4.5

6.0 5.5

6.5

7.0

7.5

8.0

8.5

9TYT —

€L€E—
95°9€ —

€965 —

9799 —

oT'LL—

Ly'i6—

SESTT —
ELLTT ~
9z 1T
§S° 1T >
$0°LTT
jxvk4s
§9'87T -7
Z.mNﬁ \

b6'8ET
TT6ET
0S°¢hT —
€8°evT 7

60'¥ST —

79'65T —

[

i-Pr

170 160 150 140 130 120 10 100 % 8 70 € S0 4 30 20 10
nbm
13C NMR of 3¢cb (101 MHz, CDCls)

180

S-112



L0€— —

€99 —
189~
Q"
1384
HN.N/
NNNV
9wt
yAwA
wm.nv

L6°L
L6'L >

Cl

Bl

T T T
3.0

4.0

=£0C
=80C

55

0.5

1.0

1.5

2.0

2.5

3.5

4.5

5.0

6.0

f1 (ppm)

H NMR of 3gb (400 MHz, CDCls)

Sb'9E —

TEES —

€€99 —

oLL—

LE16—

09'bTT —
Ze61T
bOELT >
zo€et /
€0'221
or'zzt V

Cl

N

9r/T1
89'871
wost/

T8 LET ~_
€9°8ET "

60vbT —

0S'¥ST —

65°65T —

UL

T
80
f1 (pom)

13C NMR of 3gb (101 MHz, CDCl5)

110

70

90

100

120

130

140

150

160

S-113



S0°E——

w8y —
96’y —

19°9—
089
SN
g9
0TL /
sl
8TL W
scLf
€L
%
7yhe

S6'L—

Br.

o

e

=0T
01T

=0T
0T

Foro

T T T T
4.5

5.5

0.(

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

5.0

f1 (ppm)

'H NMR of 3hb (400 MHz, CDCls)

w9E —

92'€S —

9799 —

ITLL—

1€°26 —

PEPTT
05411
TL6TT ~_
[aat

£5'921 \

80°/71 /

Br

ST
59'871 "

LSEET —

b9LET
79°8€ET V

LO0PPT —

96'PST —

5651 —

100

80

90

160 150 140 130 120 110

170

f1 (ppm)

13C NMR of 3hb (101 MHz, CDCls)

S-114



mm.o
L6°0 W
66°0

€T
SET V _

LETF e
6€'T L
W T

&1

LS°T
6S'T
19T
19T
€T
S9'T

60'€ — - —

ws—
R

mm.m\ \
66'9 H/

T0°L

102

S0t

s0'¢ ==
LYAYA

wie H/ pd

250 =

e

Foze

=£0C

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

7.5 7.0 6.5 6.0 5.5 5.0 f‘}% ) 4.0
ppm
1H NMR of 3ac (400 MHz, CDCls)

8.0

8.5

0T'vT —
€0 —
1867 —

§5'9€ —

8005 —

6199 —

ITLL—

SEL6—

TEPIT —
S8LTT~_

0L 12T
€6'TZT V
TLeer —

06'0€T —

€5°8ET —

69°EPT —

§6°'GST —
€T65T —

J_ L

L.

80 70 60 50 40 30 20 10

90
f1 (ppm)

170 160 150 140 130 120 110 100
13C NMR of 3ac (101 MHz, CDCls)

180

S-115



€5°€
ss'€ W
95°€
£8E
ve'E
swe/

5
669
669
0L
102
€0°L
€02
S0z
S0°2
£0°2 4
£0°L
82
62,4
0€°L o

0£L W
0L
[
[
€L
oL
st
we

w8
'8 >

P4

\_//

L

JU\

=£0C

=€0'T
0T
T

0.(

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

f1 (ppm)
'H NMR of 3ae (400 MHz, CDCls)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

665t — —
€099~ _
€899 =
orLL— =
86'86 — -
86'9TT ~_ _
16711 — =
SETTT~_ _ w
vrcer —
o€zt "
—
SETET—
9T'6ET — —_—
=
6L'€pT —

eessT—  / \ F= _ ;
££709T — O, \N / \ 5

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13C NMR of 3ae (101 MHz, CDCls)

170

S-116



86'T
66T
66T
00
10T

wv.m
Ly'E W
6v'E

6L'€—
66’y —

Sb'9
om.w/
el
859
mm.ov
099

199

9L —

092 ~_
€9L~"

162
Nm.mv

L

JU

S UaN

MeO

50T
=701
60

=0T

=00'T

T T T T
4.5 3.5

5.5

0.5

1.0

1.5

2.0

2.5

3.0

4.0

5.0

f1 (ppm)

IH NMR of 3jd (400 MHz, CDCls)

65°ST

06'9% — -

9¥'SS —
6599 —

IT'LL—

S€L6—

8C°C0T —

60T —
LYETT
Ela4ne M

68471 —

T9°8ET —

=
0L €PT — =
\

8ELST —
s6ust
£r791 —

/

MeO

160 150 140 130 120 110 100 90

170

f1 (pom)

13C NMR of 3jd (101 MHz, CDCls)

S-117



[4i4
€0'C
0T
s0C
90

ﬂm.m
mm.mV

mm.m\

L6y —

mm”mﬂ
€L
mNNV
L~
9L
mn.n/
8L
mw.nV

g —

09'8~_
98"

.

B

Frov

T
2.5

3.0

Feee

§

6.0

0T

H\oo.ﬁ

1.0 0.5 0.0

1.5

2.0

3.5

4.0

4.5

5.0

55

f1 (ppm)

'H NMR of 3kd (400 MHz, CDCls)

€9°67—

1040 —

0049 —

T LL—

S6°C0T —

08'STT ~_
€911
69°8TT
80'v2T

LEVTT V
LTLTT~_
€161~
15061 —=

SL0ET \
TSTIET
TEBET —

T —

78'GST —
08'LST —

A

90

80

160 150 140 130 120 110 100

170

f1 (ppm)

13C NMR of 3kd (101 MHz, CDCls)

S-118



90—

€5°E
mm.mw
95°E

S6'v —

827
wie
9L
6€L
6E°L
ov'L
WL
WL
YL~

§9°L \“
L9°L
[4: 4
v8'L
05'8~_
58"

0S°L
0S°Z

98'8 —

860

=0T
201
660

2007 [

60

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5.5 5.0

6.0

10.0 9.5

10.5

f1 (ppm)

'H NMR of 3kd’ (400 MHz, CDCls)

T8 —

86'9Y —

0,89 —

91201 —

SLPTIT ~
€9°9TT —
YT8IT

60521
20521 %
SL9TT T
87871 ~

68'82T /7
Rw.mﬁ%

88°0€T

SEEPT —
v6'SHT —

§9°¢ST —
LT°9ST —

T T T T T T T T
140 120 100 80

90

110

130

150

160

170

f1 (ppm)

13C NMR of 3kd’ (101 MHz, CDCls)

$-119



80'€ —

w8yr—
€6y —
06's —

6V°9~_
59"

we

9L—F
8L \y
8CL

v6'L
6L >

€0°L
0L /
0z'L W

00T
=06'T

10T

460

Fers

T T T T T T T
5.0 4.0

6.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

45
f1 (ppm)

'H NMR of 3Ib (400 MHz, CDCls)

5.5

8Y'9€ —

bP'ES —

8599 —

ovLL—

€2°96 ~
1566 ~_
S5T0T ~
29201 —

0TbTI
eevir
[42a:
e >
soger

<
ogser~. Q-
0€'6ET
TIEbT
SS'EPT 7

Z

9L 6bT — \
$0°2ST —

79°65T —

P

\ / 3

160 150 140 130 120 110 100 90

170

f1 (ppm)

13C NMR of 31b (101 MHz, CDCls)

$-120



86T
66'T
66'T -
00°C

ey

T€T

JbUk L

COAN -
7/
05°€

A

L6y —

.

69—

969 — -
9L — -
SeL— zZ -

S6'L—

=£0'E |

B0€

=10C

=00'T

0T

T T T T T
5.0 4.0

3.0

3.5

4.5

5.5

6.0

f1 (pom)

IH NMR of 3md (400 MHz, CDCls)

88'GT —

§L0T—

15°S¢

89y —

+1°99 —

w

=

LJ

9TLL— \J

LT86 — -

95 pTT — - J
SL°0TT ~_ .

6b° 12T~

v "
0€°0ET ~
SO'EET ~_

£6'86T — - L

£9°EVT —

80

f1 (ppm)

W 10 20 10 100 9
13C NMR of 3md (101 MHz, CDCl3)

160

70

90

110

130

150

170

S-121



sy —

$0'S —

109+
669
00
101
2041
b0°L ]
b0 |
90
90
80
80
9z'L
o€+
os
7€'

€L W

4

[\ I
vE'L

vEL N.
99°L
AN
89°L \
89°L

Hm.m\

J

o
I

N

e

Fsoc

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

45
f1 (ppm)

85 80 75 70 65 60 55 50
'H NMR of 3af (400 MHz, CDCl5)

9.0

§T°99 —

9T'LL—

€9°00T —

WLIT~C
S0'8TT
00°T2T —
8T —
€0vCT -7

95 TET —

€U6ET—

e — =

€09ST —
76'85T —

150 140 130 120 110 100 90 f (80 ) 70 60 50 40 30 20 10
ppm
13C NMR of 3af (101 MHz, CDCl5)

160

S-122



STE—

58'¢ —

90's —

\
/

iy

P4

\_//

MeO

A

oot
1T
01
107
1T

660
60

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

f1 (ppm)
'H NMR of 4 (400 MHz, CDCls)

6.0 5.5 5.0 4.5

6.5

7.0

7.5

8.0

8.5

9p'8E —

€b'55 —
GE99 —

MLL—

1926 —

TEPTIT~
&Lyt
LT'8TT —

08121
86'TCT >

20821~
ss6z1
8EEET —
10°56T —
[9°8ET ~_

9L EPT —

80°GST —
80°6ST
90°09T V

MeO

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13C NMR of 4 (101 MHz, CDCls)

180

S-123



SST—

Lre—

L0'S —

TE9~
S€9 "
€L'9—
86'9 ~_
o
894
SbL /
9L /
85,
9\
98,
8L v

008
008 N.

)

T T T
4.5 3.5

=007
00T
=66'0
=0T

4.0

5.0

5.5

f1 (ppm)

'H NMR of 5 (400 MHz, CDCls)

6£'8C —

5986 —

7599 —

oT'LL
$9°08 —

1516 —

TP —
£5°8TT

68'8TT AN
06'T2T ~
9LETT —

LL8TT —
09°0€T —
20°8ET —

90°EPT ~_
86'€LT

65°LST —
9T°09T —

95°99T —

\

pd

/

T T T T T T T T T
140 110 100

180

80

90
f1 (pom)

13C NMR of 5 (101 MHz, CDCl3)

120

130

160 150

170

S-124



o o o o o o o o o
o o o o o o o (=3 =3
o o o o o o o o o
o o o o o o o o o
(=2} 0 ~ O wn < ™M o~ — o
Il Il Il Il Il Il Il Il Il Il
we— - JL =66C
. ) .
e — - = =t
. .
80's — — 46T

%9
Nm.m/.
99
vw.mV.
cw.o\
99'9

9L—

YL—F
wn.n\
108 —
€8 —

78—

Al

MeO

=00'T
=0T

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

6.5 6.0 5.5
IH NMR of 6 (400 MHz, CDCl3)

9.5 9.0 8.5 8.0 7.5 7.0

10.0

16V —

195§ —

S1°99 —

ITLL

Ly

2ot \

95's01 "
25'60T —

eLett
\

vETLT —

+0'92T —

6t°0pT —
et —
@]
Z
I

ST'ZST—

E€TLST — O
16791 —

86'89T —

MeO

170 160 150 140 130 120 110 100 9% _ 8 70 60 50 40 30 20 10
f1 (ppm)
13C NMR of 6 (101 MHz, CDCls)

180

S-125



2 3 4 AS-L 6 7 8 9
Desktop
9 hs 533-b
1/9 .
8
5/8 -+ 6/8 ’
7

% ¥ 3/7 +

65 4/5 .

=N W

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 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f2 (ppbm)

NOESY of 6 (500 MHz, CDCls)

S-126




we— -

J

;|e— —

0T's —

>~
=]

9L — W

092~
9L

$S°9
559 /.
w99
£€9°9

N

6v'8 —

MeO

-

£96°0

E{

860

ot

5.5

6.0

4.5

5.0

f1 (ppm)

'H NMR of 6’ (400 MHz, CDCls)

06'vC —

09'SS —

€649 —

ovLL—

69°C0T —

Nm.moH
0¥'60T 7
80°ETT —

L8TTT ~_
weer

TLOVT ~_
20T

96'6bT —
€£°65T —

9€°'T9T —

€L'89T —

OY
Iz

A/

MeO

T T T T T T T T
150 120 100

180

80

90
f1 (ppm)

13C NMR of 6’ (101 MHz, CDCls)

110

130

140

160

170

S-127



VIl.  X-Ray crystallographic data for compound 3aa

A saturated solution of 10 mg of compound 3aa in CH,Cl, was introduced into a 1 mL vial.
This vial was then placed in a 10 mL vial already containing 2 mL of hexane and the system
was closed. The vapour diffusion was let to happen at room temperature for 2 weeks,

leading to long-needle crystals.

1. X-Ray crystal structure determination

For 3aa a single crystal was selected, mounted, and transferred into a cold nitrogen gas
stream. Intensity data was collected with a Bruker Kappa-APEX2 system using micro-source
Cu-Ka radiation. Unit-cell parameters determination, data collection strategy, integration
and absorption correction were carried out with the Bruker APEX2 suite of programs. The
structure was solved with SHELXT and refined anisotropically by full-matrix least-squares
methods with SHELXL using WinGX. Absolute structure couldn't be reliably determined by
anomalous scattering effects analysis. The structure was deposited at the Cambridge
Crystallographic Data Centre with number CCDC 2192543 and can be obtained free of charge

via www.ccdc.cam.ac.uk.
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Figure 1 : Crystal structure representation of 3aa.

Ellipsoids are drawn with 30% probability. All hydrogen atoms are omitted for the sake of

clarity.
2. Crystal data for 3aa

Orthorhombic P n a 21, a = 18.0753(4) A, b = 6.5874(1) A, ¢ =9.4903(2) A, a =B =y =90° V =
1130.00(4) A3, Z = 4, pale yellow plate 0.4 x 0.2 x 0.02 mm3, g = 0.679 mm-1, min / max
transmission = 0.55 / 0.75, T= 200(1) K, A = 1.54178 A 6 range = 4.90° to 66.58°, 7941
reflections measured, 1985 independent, Rint = 0.0258, completeness = 1.000, 156
parameters, 1 restraints, Flack x = 0.3(2), final R indices R1 [I>20(l)] = 0.0297 and wR2 (all
data) = 0.0831, GOF on F2 = 1.068, largest difference peak / hole =0.15 /-0.12 e-A-3.
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