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1. General Information:

All the vials (Borosil) used for carrying out the reactions were dried overnight on hot air oven at
120 °C. All chemicals were obtained from commercial sources and were used as received unless
otherwise noted. Carbazoles!®% and aryl diazonium salts®3% were synthesized according to
literature reports. All the anhydrous solvents required were purchased from TCI, Sigma Aldrich
and spectrochem and used without further purification. Reactions were monitored using precoated
aluminum supported silica gel 60 F2s4 TLC (thin layer chromatography) plates (Merck) and are
visualized by UV light at 254 nm. The final products were purified using column chromatography
(100-200 mesh silica gel purchased from Merck). *H NMR (400 MHz), °F NMR (376 MHz), and
13C NMR (101 MHz) spectra were recorded on the Bruker AVANCE NEO 400 MHz spectrometer.
Deuterated chloroform was used as solvent for NMR, and Chemical shifts (8) for *H and *C-NMR
spectra are given in ppm relative to tetramethylsilane (TMS) [§ 7.27 for *H (chloroform-d), & 77.0
for 1C (chloroform-d), 1°F-NMR spectra are not externally calibrated and chemical shifts are given
relative to CCIsF as received from the automatic data processing. Abbreviations used in the NMR
experiments: br, broad; s, singlet; d, doublet; t, triplet; q, quartet; sep, septet; dd, doublet of doublet;
m, multiplet. High resolution mass spectra (HRMS) was obtained from Orbitrap Elite Hybridlon
Trap-Orbitrap (Thermofischer scientific, Newington, NH, USA) Mass spectrometer in
electrospray ionization mode (ESI¥). X-ray data for the compounds were collected on a Bruker D8
VENTURE diffractometer instrument with an IpS 3.0 Mo source (A =0.7107 A) and a PHOTON-
[11 C28 detector.

2. Optimization table and Experimental procedures

The following substrates containing the directing groups were synthesized using literature

procedures.t!
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Table S1: Optimization of monoarylation

SINO Photocatalyst TM (10 mol%) | DG Solvent Yield
1 Eosin Y (5 mol %) Pd(OAC). la | DMF -

2 Ru(bpy)sCl: (5 mol %) Pd(OAC), la | DMF 27%
3 Ru(bpy)sCl2 (2.5 mol %) Pd(OAc), la | MeOH 82%
4 Ru(bpy)sCl2 (2.5 mol %) Pd(OAC): la’ | MeOH 54%
5 Ru(bpy)sCl; (2.5 mol %) Pd(OAC), 1b> | MeOH Trace
6 Ru(bpy)sCl; (2.5 mol %) Pd(OAC), 1¢’ | MeOH -

7 Ru(bpy)sCl2 (2.5 mol %) Pd(OAc). 1d> | MeOH -

8 Ru(bpy)sCl2 (2.5 mol %) Pd(OAC), la | DMF -

9 Pd(OAC), la | MeOH -

10 Ru(bpy)sCl2 (2.5 mol %) la | MeOH

11° Ru(bpy)sCl; (2.5 mol %) Pd(OAC), la | MeOH Trace
12¢ Ru(bpy)sCl2 (2.5 mol %) Pd(OAC): la | MeOH 62%
13 fac-Ir(ppy)s (2.5 mol %) Pd(OAC), la | MeOH 44%
14 Ru(phen)s(PFs)2 (2.5 mol %) Pd(OAc). la | MeOH 68%

Reaction conditions: Carbazole 1 (1 equiv), aryldiazonium salt 2a (4 equiv), Pd(OAc)2 (10 mol%),
Ru(bpy)sCl, (2.5 mol%), in methanol under argon at room temperature for 24 hours, 44 W Blue
LED (Kessil).bwithout light, ‘without argon.
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Table S2: Optimization of diarylation

SINO Photocatalyst ™ Time (h) | ArNz2BFs | Yield
(equiv)
1 Ru(bpy)sCl2 (2.5 mol %) | Pd(OAc)2 (10 mol %) 36 4 35%
2 | Ru(bpy)sCl2 (2.5 mol %) | Pd(OACc)2 (10 mol %) 48 4 35%
3 Ru(bpy)zCl2 (2.5 mol %) | Pd(OAc)2 (10 mol %) 24 5 61%
4 Ru(bpy)zCl2 (2.5 mol %) | Pd(OAc)2 (10 mol %) 24 6 84%
5 | Ru(bpy)sCl2(2.5 mo 1%) | Pd(OACc)2 (10 mol %) 24 8 79%
6 Ru(bpy)sCl2 (5 mol %) | Pd(OAc)2 (10 mol %) 24 6 78%
7 Ru(bpy)sCl2 (2.5 mol %) | Pd(OAc)2 (15 mol %) 24 6 76%

Reaction conditions: Carbazoles 1 (1 equiv), Aryl diazonium salt 2 (6 equiv), Ru(bpy)sCl; (2.5 mol %),
Pd(OAC), (10 mol %), in methanol under argon at room temperature for 24 h, 44 W Blue LED (Kessil).

2.1. General procedure for the synthesis of 9H-carbazoles (1ah, 1ai, 1aj)

Compounds laf and lag were obtained commercially

Carbazoles lah, lai, laj were synthesised following the literature procedures.*? Aniline
derivative (4.8 mmol), 1,2-dichlorobenzene (588 mg, 4.0 mmol), K3PO4 (2.55 g, 12.0 mmol),
Pd(OAC)2 (45.0 mg, 5 mol %), tricyclohexylphospene (PCys) (112.0 mg, 10 mol%) and dry NMP
(20 mL, 0.2 M) were added to a Schlenk tube with a magnetic stirring bar under argon atmosphere.

The resulting mixture was heated at 135 °C for 18 h. The progress of the reaction was monitored

by TLC. The mixture was cooled to room temperature and EtOAc was added to it. The resulting

crude reaction mixture was filtered and washed several times with EtOAc. The filtrate was then

washed twice with brine and then dried over anhydrous Na;SOs. The solvent was removed under

reduced pressure and the desired 9H-carbazole was purified by silica gel column chromatography

using hexane/ethyl acetate gradient as eluent.

Br

NH,

pelles

4.2 mmol 5.1 mmol

Pd(OAc), (47.0 mg, 5 mol%)
PCy; (117.6, 10 mol%)

K,PO, (2.6 g, 12.6 mmol)

NMP (20 mL, 0.2 M)
135°C,24 -48 h

sS4

N

H
1ah, 1ai, 1aj
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2.2. General procedure for synthesis of 9(pyrimidin-2-yl)-9H-carbazoles (1a, 1f-1j):

9(pyrimidin-2-yl)-9H-carbazoles (1f-1j) was synthesized using reported procedures.*¢-% To a
stirred solution of carbazole (11.97 mmol) in DMF (57 mL, 0.21 M), NaH (60% dispersion in
mineral oil, 575 mg, (14.37 mmol) was added in portions at 0 °C. After stirring for 30 min at that
temperature, 2-chloropyrimidine (2.046 g, 17.95 mmol) was added and the mixture was stirred at
130 °C for 24 h. The, reaction mixture was then cooled to room temperature, poured over H>.O
(400 mL) and extracted with EtOAc (4 x 75 mL). The combined organic phase was dried over
Na>SOg4. After filtration and evaporation of the solvents under reduced pressure, the crude product
was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/0.11) to afford the
corresponding 9(pyrimidin-2-yl)-9H-carbazoles.

— N\
R )\ NaH (575 mg, 14.37 mmol) -

\_/ » NN 0°C, 1h-130°C, 24 h )N\
N A NN
H
12 mmol 17.95 mmol \)
1a, 1f-1j

2.3. General procedure for the synthesis of 9(pyrimidin-2-yl)-9H-carbazoles derivatives (1b-
le):

To a solution of 2-bromo-9-(pyrimidin-2-yl)-9H-carbazole (1f) (323 mg, 1 equiv), arylboronic
acid (1.2 equiv) in DME (3 mL) was added CsF (302 mg, 2 equiv) and Pd(PPhz)s (46.2 mg, 4
mol%) under argon atmosphere in a sealed tube. Heat the reaction mixture to 100 °C for 24 h
followed by cooling the mixture to room temperature, then add ice cooled water to it. The reaction
mixture was then extracted with EtOAc and dried over Na2SO4. The crude mixture was finally

purified by column chromatography using hexane/EtOAc as eluent.

Br HO‘B’OH Pd(PPh;), (46.2 mg, 4 mol%) I\ O O

N . N CsF (302 mg, 2 equiv) R// N
PR | DME (3 mL, 0.3 M PY
N "N = N °N
| R/ 100 °C, 24 h |
NG NG
1f, 1 mmol 1.2 mmol 1b-1e
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2.4. General procedure for the preparation of aryldiazonium tetrafluoroborates

In a 50 mL round-bottom flask, the aniline (10 mmol) was dissolved in a mixture of absolute
ethanol (3 mL) and an aqueous solution of HBF4 (50%, 5.4 mL, 3 equiv). The tert-butyl nitrite
(1.7 mL, 1.5 equiv) was added drop wise to the solution at 0 °C. The mixture was stirred at room
temperature for 1 h and diethyl ether (20 mL) was added to precipitate the arenediazonium
tetrafluoroborate. The solid was filtered off and washed with diethyl ether (3 x 10 mL). The
aryldiazonium tetrafluoroborate was dried in vacuo (10-3 mbar) for 10 minutes and was then
directly used without further purification. Spectral data are agreement with the data available in

the literature.[%

. -
NH; N,BF,
. .
| X+ BUONO 50% aq. HBF3(3.0 equiv) XN
EtOH, 0 °C, 2 h |
AF o
R R

5 mmol 7.5 mmol

2.5. General procedure for ortho arylation of 9(pyrimidin-2-yl)-9H-carbazoles:

To an oven dried 4 mL vial, the corresponding carbazole derivative (0.1 mmol) aryldiazonium salt
(0.4 mmol, 4 equiv), Ru(bpy)zCl> (1.6 mg, 2.5 mol%) and Pd(OAc). (2.24mg,10 mol%) was
added. Anhydrous MeOH (1 mL, 0.1 M) was then added to this reaction mixture and sealed with
a Teflon screw cap. This mixture was then subjected to freeze pump thaw cycle using liquid
nitrogen and high vacuum for three times in order to remove oxygen and maintain inert atmosphere
(Argon). The mixture was irradiated with blue LED light for 2-24 h and the reaction mixture was
monitored using TLC. Upon completion, the solvent was evaporated under reduced pressure. The
reaction mixture was then subjected to column chromatography on silica gel (n-hexane/EtOAc) to

get the pure product.

.
R—- ~ N2BFs  Ru(bpy)Cl, (2.5 mol%) R-—
Z N . Pd (OAc), (10 mol%)
)\N MeOH, Blue LED,
N\\) 2-24 h, 1t N\\)

1, 0.1 mmol 2a, 0.4 mmol 3a-3p, 4a-4m
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2.6. General procedure for diarylation of 9(pyrimidin-2-yl)-9H-carbazoles:

To an oven dried 4 mL vial containing the carbazole (0.1 mmol), was added aryldiazonium salt
(0.6 mmol, 6 equiv), Ru(bpy)sCl2 (1.6 mg, 2.5 mol%) and Pd(OAc). (2.24mg, 10 mol%).
Anhydrous MeOH (1 mL, 0.1 M) was then added to this reaction mixture and then sealed with a
Teflon screw cap. This mixture was then subjected to freeze pump thaw cycle using liquid nitrogen
and high vacuum three times in order to remove oxygen and maintain inert atmosphere (Argon).
The mixture was then irradiated with blue LED light for 2-24 h and the reaction mixture was
monitored using TLC. Upon completion, the solvent was evaporated under reduced pressure. The
reaction mixture was then subjected to column chromatography on silica gel (n-hexane/EtOAc) to
get the pure product.

.-
R N2BF4  Ru(bpy);Cl, (2.5 mol%) R

N
Z N ) N Pd (OAc), (10 mol%)
Py | o MeOH, Blue LED,
N \\) 29 224 h, 1t

1, 0.1 mmol 2a, 0.6 mmol

2.7. Gram scale procedure for monoarylation of 9(Pyrimidin-2-yl)-9H-carbazoles, (3a):

To an oven dried 50 mL RB, carbazole, 1a (1 g, 4.1 mmol) aryladiazonium salt, 2a (2.74 g, 4
equiv, 14.35 mmol), Ru(bpy)sCl. (65.6 mg, 2.5 mol%) and Pd(OAc). (91.8 mg, 10 mol%) was
added. Anhydrous MeCN (41 mL, 0.2 M) was added to this reaction mixture and sealed with a
rubber septum. This mixture was then subjected to freeze pump thaw cycle using liquid nitrogen
and high vacuum three times in order to remove oxygen and maintain inert atmosphere (Argon).
The mixture was irradiated with blue LED light for 12 h and the reaction mixture was monitored
using TLC. Upon completion, the solvent was evaporated under reduced pressure. The reaction
mixture was then subjected to column chromatography on silica gel (n-hexane/EtOAC) to get the
pure product, 3a (947.52 mg, 72 %).

. O
N2BF4  Ru(bpy);Cl, (2.5 mol%) O
N © Pd (OAc), (10 mol%) N

.
AN MeOH, Blue LED, )\N O
N \\) 12, rt N\\)

1,1g,4.1 mmol 2a, 2.74g, 14.35 mmol 3a, 647.52 mg, 72%
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2.8. Gram scale procedure for diarylation of 9(Pyrimidin-2-yl)-9H-carbazoles, (3q):

To an oven dried 50 mL RB, carbazole, 1a (1 g, 4.1 mmol) aryladiazonium salt, 2a (4.7 g, 6 equiv,
14.35 mmol), Ru(bpy)sCl2 (65.6 mg, 2.5 mol%) and Pd(OAc). (91.8 mg, 10 mol%) was added.
Anhydrous MeCN (41 mL, 0.2 M) was then added to this reaction mixture and sealed with a rubber
septum. This mixture was then subjected to freeze pump thaw cycle using liquid nitrogen and high
vacuum three times in order to remove oxygen and maintain inert atmosphere (Argon). The
mixture was irradiated with blue LED light for 12 h and the reaction mixture was monitored using
TLC. Upon completion, the solvent was evaporated under reduced pressure. The reaction mixture
was then subjected to column chromatography on silica gel (n-hexane/EtOAC) to get the pure
product, 3q (1.3g, 80 %).

.
N2BF4  Ru(bpy);Cl, (2.5 mol%)
N © Pd (OAc), (10 mol%)

/N MeOH, Blue LED,
N\\) 12h, 1t
—
1,1g,4.1 mmol 2a,4.7g, 24.6 mmol 3q,1.3 2,80%

2.9. Ortho arylation of carprofen derivative, 5:

To an oven dried 4 mL vial, methyl 2-(6-chloro-9-(pyrimidin-2-yl)-9H-carbazol-2-yl) propanoate
(36.5 mg, 0.1 mmol), aryldiazonium salt (76.4 mg, 0.4 mmol), Ru(bpy)sCl2 (1.6 mg, 2.5 mol%)
and Pd(OACc). (2.24 mg, 10 mol%) was added. Dry MeOH (1.0 mL, 0.1 M) was added to this
reaction mixture and the vial was sealed with a Teflon screw cap. The mixture was then subjected
to blue light irradiation for 12 h under Oz atmosphere. The solvent was evaporated under reduced
pressure. The reaction mixture was then subjected to column chromatography on silica gel (n-
hexane/EtOAC) to afford product, 5a in 30.4 mg (72%).

o o]
’ Sy
. Ny BF4  Ru(bpy);Cl, (1.6 mg, 2.5 mol%)
@ Pd(OAc), (2.24 mg, 10 mol%) )N\
MeCN (0.5 mL, 0.2 M), Blue LED, NZON Q
0,, 24-48 h, 1t U

5, 0.1 mmol 2a, 0.4 mmol 5a,72 %

2.10. Procedure for the synthesis of hyellazole derivatives
2.10.1 Synthesis of 2-methoxy-1-methyl-4-nitrobenzene, 7:
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To an oven dried 60 ml pressure tube, 4-nitro-o-cresol, 6 (765 mg, 5 mmol) was added along with
KOH (1.4 g, 25 mmol) and acetone (17 mL, 0.3 M). Upon stirring, Mel (1.76 g, 12.5 mmol) was
slowly added to this mixture and sealed in a pressure tube. The reaction mixture was heated at
90 °C for 3 hours. The solvent was evaporated under reduced pressure and the reaction mixture
was then subjected to column chromatography on silica gel (n-hexane/EtOAC) to afford the pure
product, 7 in 793 mg (95%).

NO, Mel (2.5 equiv.) N0
KOH 5.0 equiv.)
Acetone
90°C,3h
OH CNQ
6, 5 mmol 7,95%

2.10.2 Synthesis of 3-methoxy-4-methylaniline, 8:

To an oven dried 100 mL round bottom flask charged with a magnetic stir bar, compound 7 (668
mg, 4 mmol) was added along with Fe (1.1 g, 20 mmol) and acetic acid (100 mL). The reaction
mixture was stirred at room temperature for 8 hours. The reaction mixture was passed through
celite and the filtrate was neutralized with saturated sodium bicarbonate solution and extracted
with EtOAc (4 x 75 mL). The combined organic phase was dried over Na>SOs. The reaction
mixture was then subjected to column chromatography on silica gel (n-hexane/EtOAc) to afford
the pure product, 8 in 482 mg (88%).

NO, NH,
Fe (5.0 equiv.)

CH;COOH (100 mL)
8h

O O
7, 4.0 mmol 8, 88%

2.10.3 Synthesis of 2-methoxy-3-methyl-9H-carbazole, 10:

Compound 8 (699 mg, 5.1. mmol), 1,2-dichlorobenzene (617 mg, 4.2 mmol), KsPO4 (2.6 g, 12.2
mmol), Pd(OAc)2 (47.0 mg, 5 mol %), tricyclohexylphospene (PCys) (117.6 mg, 10 mol%) and
dry NMP (20 mL, 0.2 M ) were added to a Schlenk tube with a magnetic stirring bar under argon
atmosphere. The resulting mixture was heated at 135 °C for 18 h. The mixture was cooled to room
temperature and EtOAc was added to it. The resulting crude reaction mixture was filtered and

washed several times with the EtOAc. The filtrate was then washed twice with brine and then dried
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over anhydrous Na»SOs4. The solvent was removed under reduced pressure and the reaction
mixture was subjected to column chromatography on silica gel (n-hexane/EtOACc) to afford the
pure product, 10 in 580 mg (70 %).

NH
) Pd(OAC),(10 mol%) o O
Cl ~
PCy; (5.0 mol%) O
.
K;3PO,4 (3.0 equiv.) N

cl NMP, 130 °C H

12N
8, 5.1 mmol 9, 4.2 mmol 10, 4.2 mmol

2.10.4 Synthesis of 3-methoxy-2-methyl-9-(pyrimidin-2-yl)-9H-carbazole, 11

3-methoxy-2-methyl-9-(pyrimidin-2-yl)-9H-carbazole, 10 was prepared using the general
procedure 2.2.

—0
B
Cl
+ N)%N NaH (1.2 equiv.)
; L

N
0°C1h-130°C,24h
N)\N

U

1 equiv. 1.5 equiv. 11

2.10.5 Synthesis of hyellazole regioisomer, 12
Hyellazole regioisomer (12) was prepared using the general procedure 2.4.

_0
o) s
O . N2BF4 Ru(bpy);Cly (1.6 mg, 2.5 mol%)
N Pd(OAc), (2.24 mg, 10 mol%)
N

N
MeCN (0.5 mL, 0.2 M), Blue LED, )\
‘2

N \\) 0,, 24-48 h, rt U Q
= x

10, 0.1 mmol 2a, 0.4 mmol

2.10.6 Synthesis of functionalized hyellazole, 13:

Functionalized Hyellazole (13) was prepared using the general procedure 2.5.

—0
oA ) s )
O . NaBFs Ru(bpy)sCly (1.6 mg, 2.5 mol%)
N Pd(OAc), (2.24 mg, 10 mol%) /"“\
MeCN (0.5 mL, 0.2 M), Blue LED, NZON
N 0,,24-48 h, 1t )
<)

10, 0.1 mmol 2a, 0.6 mmol 13,72 %

2.11. Deprotection of pyrimidine, 3a to form free carbazole, 14:
To an oven dried 10 mL RB, 1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (500 mg, 1.43 mmol) was
added along with sodium methoxide (471 mg, 8.6 mmol) in dry DMF (10 mL, 0.15 M). The
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reaction mixture was heated to 120 °C for 12 h and brought to room temperature. Ice-cooled water
was then added to the reaction mixture and the aqueous layer was extracted with ethyl acetate (3
x 20 mL). Dry the combined organic layers over Na>SO4 followed by purification using column
chromatography on silica gel (n-hexane/EtOAc) to afford product 14 in 302 mg (78%).

O O MeONa (471 mg, 8.6 mmol) O O
N

DMF (10 mL, 0.15 M)

N
120°C, 12 h
O s
J

3a, 1.43 mmol 14,78 %

2.12. Procedure for trapping aryl radical using TEMPO:

To an oven dried 4 mL vial, carbazole, 1la (24.5mg, 0.1 mmol) was added along with
aryldiazonium salt, 2a (76.4 mg, 0.4 mmol), Ru(bpy)sCl> (1.64 mg, 2.5 mol%), Pd(OAc). (2.24
mg, 10 mol%) and TEMPO (62.4 mg, 0.4 mmol). To this dry MeCN (0.5 mL, 0.2 M) was added,
and the reaction mixture was sealed with a teflon screw cap. The reaction mixture was then
irradiated with blue light for 48 h under oxygen atmosphere (balloon). The reaction was monitored
by TLC and upon completion the solvent was evaporated under reduced pressure. The crude
mixture was then subjected to HRMS analysis.

O + - Ru(bpy);Cl, (0.64 mg, 1 mol%) O 7(}
N N2BF, Pd(OAc), (2.24 mg, 10 mol%)

N
N + O
J TEMPO (62.4 mg, 0.4 mmol) Ju O \©
2\ MeCN(0.5 mL, 0.5 M), Blue LED, N "\‘
<)
0

N™
\§) 0,,24-48 h, rt

1a, 0.1 mmol 2a, 0.4 mmol %

[M+H"] actual: 234.1858
[M+H"] found: 234.1854

3.0 Crystallographic data

General data collection and structure solution details:

X-ray data for the compound was collected at room temperature on a Bruker D8 VENTURE diffractometer
instrument with an IuS 3.0 Mo source (A=0.7107 A) and a PHOTON-I1I C28 detector. The raw data frames
were reduced and corrected for absorption effects using the Bruker Apex 4 software suite programs.1 The
structure was refined with the SHELXL2 program and expanded using Fourier techniques. Anisotropic
displacement parameters were included for all non-hydrogen atoms. CCDC contains the supplementary
crystallographic data for this paper which can be obtained free of charge at

https://www.ccdc.cam.ac.uk/structures/
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3.1 Crystallographic data 4g

Figure S1. Crystal structure of 4g

Table S2 Crystal data and structure refinement of 4g

CCDC number | 2267782

Crystal data Crystal

Chemical formula 2(CasHi14F3N3)

Mr 778.74

Crystal system, space group Monoclinic, P2:/c
Temperature (K) 150

a, b, c (A) 19.4774 (17), 12.0444 (11), 16.5411 (15)
B(°) 106.097 (3)

V (A%) 3728.3 (6)

Z 4

Radiation type Mo Ka

i (mm™) 0.10

Crystal size (mm) X X

Data collection

Diffractometer

Bruker D8 venture

Absorption correction

No. of measured, independent and
observed [1 > 26(1)] reflections

25773, 7429, 4971

Rint

0.101

(sin 8/M)max (A™)

0.626

Refinement

R[F? > 26(F?)], wR(F?), S

0.056, 0.159, 1.05

No. of reflections 7429
No. of parameters 579
No. of restraints 360

H-atom treatment

H-atom parameters constrained

Apmax, APmin (e A73)

0.24, -0.27
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3.2 Crystallographic Data 4i

Figure S2. Crystal structure of 4i

Table S3 Crystal data and structure refinement of 4i

CCDC number | 2267784

Crystal data

Chemical formula Ca.711H2N0.3500.12
Mr 41.34

Crystal system, space group Monoclinic, P2i/c
Temperature (K) 149

a, b, c (A) 12.1412 (11), 12.7990 (9), 12.1671 (7)
B (°) 115.924 (3)

V (A%) 1700.5 (2)

VA 34

Radiation type Mo Ka

u (mm—1) 0.09

Crystal size (mm) X X

Data collection

Diffractometer

Bruker D8 venture

Absorption correction

No. of measured, independent and
observed [1 > 26(1)] reflections

6831, 3166, 2667

Rint

0.051

(sin 0/W)max A1)

0.607

Refinement

R[F? > 26(F?)], wR(F?), S

0.045, 0.121, 1.07

No. of reflections

3166

No. of parameters

245

H-atom treatment

H-atom parameters constrained

Apmax, Apmin (8 A7)

0.17, -0.27
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3.3 Crystallographic Data 4k

Figure S3. Crystal structure of 4k

Table S4 Crystal data and structure refinement of 4k

CCDC number | 2267783

Crystal data

Chemical formula Ca3H17N3O

M; 351.39

Crystal system, space group Monoclinic, P2:/c
Temperature (K) 150

a, b, c(A) 7.3575 (5), 19.3150 (15), 12.3105 (9)
B(°) 97.192 (2)

VvV (A% 1735.7 (2)

Z 4

Radiation type Mo Ka

i (mm™) 0.08

Crystal size (mm) X X

Data collection

Diffractometer

Bruker D8 venture

Absorption correction

No. of measured, independent and
observed [1 > 25(1)] reflections

95588, 3073, 2476

Rint

0.079

(sin /M)max (A™")

0.596

Refinement

R[FZ > 26(F9)], WR(F?), S

0.037,0.101, 1.02

No. of reflections

3073

No. of parameters

245

H-atom treatment

H-atom parameters constrained

Apmax, Apmin (8 A™)

0.28, —0.16

S14



file:///F:/arylation/mo_sk_111_0m_a%20_chemical_formula_moiety
file:///F:/arylation/mo_sk_111_0m_a%20_chemical_formula_moiety
file:///F:/arylation/mo_sk_111_0m_a%20_chemical_formula_moiety
file:///F:/arylation/mo_sk_111_0m_a%20_chemical_formula_moiety
file:///F:/arylation/mo_sk_111_0m_a%20_chemical_formula_moiety
file:///F:/arylation/mo_sk_111_0m_a%20_chemical_formula_moiety
file:///F:/arylation/mo_sk_111_0m_a%20_chemical_formula_moiety
file:///F:/arylation/mo_sk_111_0m_a%20_chemical_formula_weight
file:///F:/arylation/mo_sk_111_0m_a%20_space_group_crystal_system
file:///F:/arylation/mo_sk_111_0m_a%20_space_group_name_H-M_alt
file:///F:/arylation/mo_sk_111_0m_a%20_space_group_name_H-M_alt
file:///F:/arylation/mo_sk_111_0m_a%20_space_group_name_H-M_alt
file:///F:/arylation/mo_sk_111_0m_a%20_space_group_name_H-M_alt
file:///F:/arylation/mo_sk_111_0m_a%20_space_group_name_H-M_alt
file:///F:/arylation/mo_sk_111_0m_a%20_cell_measurement_temperature
file:///F:/arylation/mo_sk_111_0m_a%20_cell_length_a
file:///F:/arylation/mo_sk_111_0m_a%20_cell_length_b
file:///F:/arylation/mo_sk_111_0m_a%20_cell_length_c
file:///F:/arylation/mo_sk_111_0m_a%20_cell_angle_beta
file:///F:/arylation/mo_sk_111_0m_a%20_cell_volume
file:///F:/arylation/mo_sk_111_0m_a%20_cell_formula_units_Z
file:///F:/arylation/mo_sk_111_0m_a%20_diffrn_radiation_type
file:///F:/arylation/mo_sk_111_0m_a%20_diffrn_radiation_type
file:///F:/arylation/mo_sk_111_0m_a%20_diffrn_radiation_type
file:///F:/arylation/mo_sk_111_0m_a%20_exptl_absorpt_coefficient_mu
file:///F:/arylation/mo_sk_111_0m_a%20_diffrn_measurement_device_type
file:///F:/arylation/mo_sk_111_0m_a%20_reflns_threshold_expression
file:///F:/arylation/mo_sk_111_0m_a%20_reflns_threshold_expression
file:///F:/arylation/mo_sk_111_0m_a%20_reflns_threshold_expression
file:///F:/arylation/mo_sk_111_0m_a%20_reflns_threshold_expression
file:///F:/arylation/mo_sk_111_0m_a%20_reflns_threshold_expression
file:///F:/arylation/mo_sk_111_0m_a%20_reflns_threshold_expression
file:///F:/arylation/mo_sk_111_0m_a%20_diffrn_reflns_number
file:///F:/arylation/mo_sk_111_0m_a%20_reflns_number_total
file:///F:/arylation/mo_sk_111_0m_a%20_reflns_number_gt
file:///F:/arylation/mo_sk_111_0m_a%20_diffrn_reflns_av_R_equivalents
file:///F:/arylation/mo_sk_111_0m_a%20_refine_ls_R_factor_gt
file:///F:/arylation/mo_sk_111_0m_a%20_refine_ls_wR_factor_ref
file:///F:/arylation/mo_sk_111_0m_a%20_refine_ls_goodness_of_fit_ref
file:///F:/arylation/mo_sk_111_0m_a%20_refine_ls_number_reflns
file:///F:/arylation/mo_sk_111_0m_a%20_refine_ls_number_parameters
file:///F:/arylation/mo_sk_111_0m_a%20_refine_ls_hydrogen_treatment
file:///F:/arylation/mo_sk_111_0m_a%20_refine_diff_density_max
file:///F:/arylation/mo_sk_111_0m_a%20_refine_diff_density_min
file:///F:/arylation/mo_sk_111_0m_a%20_refine_diff_density_min

3.4 Crystallographic Data 4m

Figure S4. Crystal structure of 4m

Table S5 Crystal data and structure refinement of 4m

CCDC number

Crystel data

Chemical formula

CosH17N302

M

379.40

Crystel system,
space group

Monoclinic, P2:1/c

Temperature (K) 100

a, b, c(A) 12.7425 (10), 13.5862 (11), 10.3411 (7)
B (°) 97.302 (2)

V (A% 1775.8 (2)

VA 4

Radiation type Mo Ka

M (mm™) 0.09

Crystal size (mm)

0.20 x 0.1 x 0.05

Data collection

Diffractometer

Bruker D8 Venture

Absorption Multi-scan

correction SADABS2016/2 (Bruker,2016/2) was used for absorption correction.
wR2(int) was 0.0966 before and 0.0769 after correction. The Ratio of
minimum to maximum transmission is 0.9522. The A/2 correction factor
is Not present.

Tmin, Tmax 0.702, 0.737

No of measured,
independent and
observed [1 >

20(1)] reflections

42328, 3158, 2421

Rint 0.087

(SinB/M)max (A1) 0.596
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refinement

R[F? > 20(F9)], 0.036, 0.091, 1.06

wR(F?), S

No. of reflections 3158

No. of parameters | 263

H-atom treatment H-atom parameters constrained

Apmax, Apmin (€ 0.18, -0.22

A%)
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5.0. Analytical data of compounds

2-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (1b)

30~

N

N)\N
N

Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl
acetate = 9.1:1.0, V/V). 'H NMR (400 MHz, CDCl3) § 9.14 (dd, J =
1.5, 0.5 Hz, 1H), 8.91 — 8.82 (m, 3H), 8.16 — 8.08 (m, 2H), 7.79 —
7.74 (m, 2H), 7.64 (dd, J = 8.0, 1.6 Hz, 1H), 7.56 — 7.49 (m, 3H),
7.43 —7.37 (m, 2H), 7.13 (t, J = 4.8 Hz, 1H). 13C NMR (101 MHz,
CDCl3) 6 159.17 (s), 157.93 (s), 142.28 (s), 140.02 (s), 139.71 (s),
139.63 (s), 128.74 (s), 127.73 (s), 127.07 (S), 126.64 (s), 125.56 (S),

125.01 (s), 122.43 (s), 121.89 (s), 119.71 (s) 119.59 (s), 116.29 (s), 116.07 (s), 115.09 (s). HR-
MS (ESI) m/z calcd for CasHisN3s [M+H*] 322.1344, found 322.1339.

2-(4-methoxyphenyl)-9-(pyrimidin-2-yl)-9H-carbazole (1c)

Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl
acetate = 9.1:1.0, V/V). 'H NMR (400 MHz, CDCls) & 9.02 (dd, J
=1.5,0.5 Hz, 1H), 8.78 — 8.68 (m, 3H), 7.97 (ddd, J =4.7,1.9, 0.6
Hz, 2H), 7.63 — 7.54 (m, 2H), 7.50 (dd, J = 8.0, 1.6 Hz, 1H), 7.40
(ddd, J = 8.5, 7.2, 1.4 Hz, 1H), 7.27 (ddd, J = 8.1, 5.3, 1.4 Hz, 3H),
6.96 (t, J = 4.8 Hz, 1H), 2.89 (dt, J = 13.8, 6.9 Hz, 1H), 1.23 (d, J =

6.9 Hz, 6H). 3C NMR (101 MHz, CDCl3) 6 159.22 (s), 157.90 (s), 147.83 (s), 140.05 (s), 139.85
(s), 139.76 (s), 139.63 (s), 127.68 (s), 126.86 (S), 126.56 (s), 125.67 (S), 124.82 (s), 122.42 (S),
121.83 (s), 119.65 (s), 119.54 (s), 116.34 (s), 116.01 (s), 115.02 (s), 33.88 (s), 24.12 (s). HR-MS
(ESI) m/z calcd for CosH22N3s [M+H'] 364.1814, found 364.1832

9-(pyrimidin-2-yl)-2-(p-tolyl)-9H-carbazole (1d)

Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl
acetate = 9.1:1.0, V/V). *H NMR (400 MHz, CDCl3) § 9.15 (dd, J
= 1.5, 0.4 Hz, 1H), 8.91 — 8.87 (m, 1H), 8.83 (d, J = 4.8 Hz, 2H),
8.14—8.09 (m, 2H), 7.66 (ddd, J = 9.6, 7.2, 1.7 Hz, 3H), 7.54 (ddd,
J=85,72,13Hz 1H), 7.41 (td, J = 7.7, 1.0 Hz, 1H), 7.33 (d, J
= 7.8 Hz, 2H), 7.09 (t, J = 4.8 Hz, 1H), 2.47 (s, 3H). *C NMR
(101 MHz, CDCl3) 6 159.18 (s), 157.97 (s), 140.00 (s), 139.72 (s),

139.58 (s), 139.41 (s), 136.81 (S), 129.46 (s), 127.56 (S), 126.54 (s), 125.62 (S), 124.78 (S), 122.40
(s), 121.75 (s), 119.65 (s), 119.53 (s), 116.26 (s), 116.06 (s), 114.87 (s), 21.16 (s). HR-MS (ESI)
m/z calcd for Co3H1sN3* [M+H™] 336.1501, found 336.1492.
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2-(4-methoxyphenyl)-9-(pyrimidin-2-yl)-9H-carbazole (1e)
Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl acetate
Da O - 9.1:1.0, V/V). 'H NMR (400 MHz, CDCl3) § 9.02 (d, J = 1.0 Hz,
N © | 1H), 8.84 (dd, J = 15.4, 6.6 Hz, 3H), 8.10 (dd, J = 7.9, 1.8 Hz, 2H),
/*IN 7.58 (dd, J = 8.0, 1.4 Hz, 1H), 7.55 — 7.46 (m, 2H), 7.41 — 7.35 (m,
! 2H), 7.13 — 7.08 (m, 2H), 7.06 (dd, J = 8.3, 0.8 Hz, 1H), 3.85 (s,
3H).13C NMR (101 MHz, CDCls) 8 159.17 (s), 158.38 (s), 157.76 (s),
140.41 (s), 119.70 (s), 119.09 (s), 115.87 (s), 109.82 (s), 101.94 (s), 55.79 (s). HR-MS (ESI) m/z
calcd for Co3H1gN3O*[M+H*] 352.1450, found 352.1442.

N

2-bromo-9-(pyrimidin-2-yl)-9H-carbazole (1f)
Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl acetate =

9.1:1.0, V/V). 'H NMR (400 MHz, CDCl3) § 9.10 (d, J = 1.6 Hz, 1H), 8.86
\ Br | (dd, J =5.0, 2.8 Hz, 3H), 8.04 (ddd, J = 7.7, 1.2, 0.6 Hz, 1H), 7.92 (d, J =

Y 8.2 Hz, 1H), 7.56 — 7.48 (m, 2H), 7.41 — 7.36 (m, 1H), 7.16 (t, J = 4.8 Hz,
U‘ 1H). 13C NMR (101 MHz, CDCl3) § 158.88 (s), 157.96 (s), 139.77 (s),

X 139.23 (s), 127.03 (s), 125.43 (s), 125.05 (s), 124.73 (s), 122.64 (s), 120.53

(s), 120.16 (s), 119.51 (s), 119.45 (s), 116.50 (s), 116.34 (s). HR-MS (ESI)
m/z calcd for C16H11BrNs [M+H*] 324.0136, found 324.0127.

2-chloro-9-(pyrimidin-2-yl)-9H-carbazole (19g)

Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl acetate =
©'1 9.1:1.0, VIV). TH NMR (400 MHz, CDCl3) § 8.96 — 8.92 (m, 1H), 8.88 —

)N\ 8.83 (m, 3H), 8.03 (ddd, J = 7.7, 1.3, 0.7 Hz, 1H), 7.99 — 7.94 (m, 1H), 7.52
U (ddd, J=8.5,7.2, 1.3 Hz, 1H), 7.41 — 7.34 (m, 2H), 7.14 (t, J = 4.8 Hz, 1H).

13C NMR (101 MHz, CDCls) § 158.89 (s), 157.92 (s), 139.54 (s), 139.39
(s), 132.17 (s), 126.87 (s), 125.06 (s), 124.36 (s), 122.69 (s), 122.62 (s),
120.16 (s), 119.47 (s), 116.65 (s), 116.53 (s), 116.30 (s).HR-MS (ESI) m/z calcd for C16H11CINs
*[M+H*] 280.7350, found 280.7337.

2-trifluromethyl-9-(pyrimidin-2-yl)-9H-carbazole (1h)

Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl acetate =

CFa 9.1:1.0, V/V). IH NMR (400 MHz, CDCI3) & 9.11 (s, 1H), 8.78 (dd, J =
N 13.4, 6.6 Hz, 3H), 8.02 (dd, J = 13.1, 7.9 Hz, 2H), 7.55 — 7.44 (m, 2H),

PR 7.31 (t, J = 7.4 Hz, 1H), 7.06 (t, J = 4.7 Hz, 1H). 33C NMR (101 MHz,

N7 N CDCI3) & 158.89 (s), 157.99 (s), 140.04 (s), 138.41 (s), 128.42 (s), 128.10
\) (s), 127.84 (s), 126.28 (s), 124.62 (s), 123.57 (s), 122.71 (s), 120.10 (s),

119.69 (s), 119.01 (d, J = 3.7 Hz), 116.56 (d, J = 19.0 Hz), 113.98 (d, J =
4.3 Hz). HR-MS (ESI) m/z calcd for C17H11FsN3 O [M+H"] 314.0905, found 314.0893.
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2-methoxy-9-(pyrimidin-2-yl)-9H-carbazole (1i)

QA0

N
N)\N
W/

Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). 'H NMR (400 MHz, CDCI3) & 8.86 — 8.81 (m, 3H), 8.50 (d,
J = 2.3 Hz, 1H), 8.00 — 7.94 (m, 2H), 7.44 (ddd, J = 8.5, 7.2, 1.4 Hz, 1H),
7.35 (td, J = 7.5, 1.0 Hz, 1H), 7.12 (t, ) = 4.8 Hz, 1H), 7.00 (dd, J = 8.5, 2.4
Hz, 1H), 3.97 (s, 3H).13C NMR (101 MHz, CDCI3) § 159.28 (s), 159.19 (s),
157.85 (s), 140.39 (s), 139.24 (s), 125.91 (s), 125.35 (s), 122.38 (s), 120.00

(s), 119.54 (s), 118.73 (s), 116.17 (s), 115.95 (s), 110.08 (s), 101.45 (s), 55.77 (s).HR-MS (ESI)
m/z calcd for C17H14CIN3 O [M+H*] 276.1137, found 276.1142.

5-(pyrimidin-2-yl)-5H-[1,3]dioxolo[4,5-b]carbazole (1))

Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). *H NMR (400 MHz, CDCls) & 8.83 (t, J = 5.7 Hz, 3H), 8.41
(d, J=8.7 Hz, 1H), 8.07 (d, J = 7.5 Hz, 1H), 7.51 (t, J = 7.8 Hz, 1H), 7.36
(t,J=7.3Hz, 1H), 7.11 (t, J = 4.1 Hz, 1H), 7.03 (d, J = 8.7 Hz, 1H), 6.20 (s,
2H). 3C NMR (101 MHz, CDCI3) & 159.16 (s), 157.82 (s), 142.84 (s),
140.56 (s), 139.66 (s), 135.60 (s), 126.68 (s), 122.98 (s), 122.43 (s), 121.99

(s), 116.17 (s), 115.83 (s), 110.66 (s), 108.19 (s), 106.78 (s), 101.87 (s). HR-MS (ESI) m/z calcd
for C17H12Ns 05 [M+H*] 290.0930, found 290.0932.

1-phenyl-9-(pyridin-2-yl)-9H-carbazole (3a’)

o

Yield (0.1 mmol scale, 26 mg, 82 %); white solid (hexane/ethyl acetate
=9.1:1.0, V/V).'H NMR (400 MHz, CDCl3) 5 8.37 (dd, J = 4.7, 1.3 Hz,
1H), 8.20 — 8.13 (m, 2H), 7.65 (d, J = 8.2 Hz, 1H), 7.44 — 7.39 (m, 3H),
7.33(t,J=7.3Hz, 1H),7.23 (dd, J=7.7, 1.8 Hz, 1H), 7.16 (dd, J = 6.3,
2.9 Hz, 2H), 7.06 — 7.00 (m, 3H), 6.96 (dd, J = 7.0, 5.0 Hz, 1H), 6.74 (d,
J = 8.0 Hz, 1H).°C NMR (101 MHz, CDCls) & 151.5, 148.3, 141.6,

139.7, 137.1, 136.7, 128.6, 128.5, 127.7, 126.9, 126.5, 126.2, 125.8, 123.9, 121.6, 121.2, 121.0,
120.9, 120.1, 119.4, 111.0. HR-MS (ESI) m/z calcd for C23Hi17N2 [M+H*] 321.1393, found

321.1394.

1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (3a)

O3

Yield (0.1 mmol scale, 26 mg, 82 %); white solid (hexane/ethyl acetate
=9.1:1.0, V/V).'H NMR (400 MHz, CDCls) 5 8.80 (d, J = 4.8 Hz, 2H),
8.48 (d, J = 2.3 Hz, 2H), 7.88 — 7.76 (m, 2H), 7.07 (t, J = 4.8 Hz, 1H),
6.96 (dd, J=8.5, 2.4 Hz, 2H), 3.95 (s, 6H).1*C NMR (101 MHz, CDCI3)
6 157.6,157.3, 141.45, 141.0, 137.1, 128.7, 128.5, 128.1, 127.7, 126.9,
126.8, 126.2, 125.2, 122.4, 122.1, 120.2, 119.3, 117.1, 112.3. HR-MS

(ESI) m/z calcd for C22H1sNs [M+H*] 322.1344, found 322.1339.
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1-(3-fluorphenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3b)

O
sy

Yield (0.1 mmol scale, 27 mg, 80%); white solid (petroleum ether/ethyl
acetate = 9.1:1.0, V/V).*H NMR (400 MHz, Chloroform-d) § 8.38 (d, J
= 4.8 Hz, 2H), 8.21 - 8.06 (m, 3H), 7.51 - 7.41 (m, 3H), 7.38 (t, J=7.5
Hz, 1H), 7.08 — 7.00 (m, 3H), 6.88 (t, J = 4.8 Hz, 1H), 6.79 (m, 1H). 3C
NMR (101 MHz, Chloroform-d) 6161.4 (d, Jc-r = 246.6 Hz), 157.5,

157.3, 143.5 (d, Jc-r = 8.0 Hz), 140.7, 136.8, 129.2 (d, Jc-r = 8.3 Hz),

128.4, 127.1, 126.9, 126.8, 124.9, 123.3, 122.3, 122.1, 120.1, 119.6, 117.1, 114.5(d, Jc—¢ = 21.8
Hz), 112.7 (d, Je-r = 21.2 Hz), 112.1. HR-MS (ESI) m/z calcd for CooHisFsNa [M+H*] 340.1250,

found 340.1234.

1-(2-bromophenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3c)

Br

N

Yield (0.1 mmol scale, 28 mg, 69 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V)'H NMR (400 MHz, Chloroform-d) & 8.35 (d, J = 4.9 Hz,
2H), 8.20 — 8.09 (m, 3H), 7.49 — 7.40 (m, 4H), 7.36 (t, J = 7.2 Hz, 1H),
7.20 (dd, J=7.6, 1.7 Hz, 1H), 7.08 (m, 1H), 6.96 (m, 1H), 6.82 (t, J = 4.8
Hz, 1H). 13C NMR (101 MHz, Chloroform-d) § 157.34, 157.18, 142.22,
140.56, 136.92, 132.61, 131.05, 129.58, 128.04, 127.05, 126.94, 126.88,

126.71, 125.02, 123.17, 122.07, 121.69, 120.06, 119.91, 116.87, 112.35. HR-MS (ESI) m/z calcd
for C22H15BrNs [M+H"] 400.0449, found 400.0430.

1-(3-Bromophenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3d)

Yield (0.1 mmol scale, 31 mg, 78 %); white solid (hexane/ethyl acetate
=9.1:1.0, V/V). 'H NMR (400 MHz, Chloroform-d) & 8.40 (d, ] = 4.8
Hz, 2H), 8.18 — 8.06 (m, 3H), 7.49 — 7.43 (m, 3H), 7.41 — 7.34 (m, 2H),
7.23 (m, 2H), 7.00 (t, J = 7.8 Hz, 1H), 6.91 (t, J = 4.8 Hz, 1H). 3C NMR
(101 MHz, Chloroform-d) 6 157.58, 143.42, 140.86, 136.91, 130.89,
129.62, 129.24, 128.48, 126.99, 126.82, 126.39, 124.97, 122.34, 122.19,

122.16, 120.23, 119.89, 117.44, 112.24. HR-MS (ESI) m/z calcd for CooHisBrNs*[M+H"]
400.0449, found 400.0435.

4-(9-(pyrimidin-2-yl)-9H-carbazol-1-yl)benzonitrile (3¢)

Yield (0.1 mmol scale, 24.5 mg, 70 %); white solid (hexane/ethyl acetate
=9.1:1.0, V/V).*H NMR (400 MHz, Chloroform-d) & 8.35 (d, J = 4.8 Hz,
2H), 8.23(m, 3H), 7.52 (m, 8H), 6.91 (t, J = 4.8 Hz, 1H). *C NMR (101
MHz, Chloroform-d) 6 157.60, 146.55, 140.89, 136.75, 131.83, 128.40,
128.24, 127.30, 127.23, 126.65, 125.04, 122.61, 122.51, 120.47, 120.25,
119.03, 117.40, 112.60, 109.71. HR-MS (ESI) m/z calcd for
Ca3H1sN4 [M+H™] 347.1297, found 347.1294.
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1-(4-Nitrophenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3f)

Yield (0.1 mmol scale, 28 mg, 75 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). IH NMR (400 MHz, Chloroform-d) & 8.36 (d, J = 4.8 Hz,
2H), 8.22 — 8.12 (m, 3H), 7.99 (d, J = 8.7 Hz, 2H), 7.53 — 7.45 (m, 5H),
7.40 (m, 1H), 6.86 (t, J = 4.8 Hz, 1H). 3C NMR (101 MHz, Chloroform-
d) 8 157.67, 148.66, 146.10, 140.92, 136.81, 128.48, 128.26, 127.38,
127.31, 126.28, 125.05, 123.35, 122.64, 122.60, 120.72, 120.29, 117.49,

112.68. HR-MS (ESI) m/z calcd for C22H1sN4O2* [M+H"] 367.1195, found 367.1178.

9-(pyrimidin-2-yl)-1-(3-(trifluoromethyl)phenyl)-9H-carbazole (3g)

Yield (0.1 mmol scale, 31 mg, 81 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). 'H NMR (400 MHz, CDCI3) & 8.32 (d, J = 4.8 Hz, 4H),
8.15 (t, J = 8.2 Hz, 6H), 7.56 — 7.42 (m, 10H), 7.38 (dd, J = 14.8, 7.7 Hz,
4H), 7.32 — 7.22 (m, 3H), 6.84 (t, J = 4.8 Hz, 2H). 3C NMR (101 MHz,
CDCI3) 6 157.5, 157.4, 142.4, 140.9, 136.9, 131.0, 128.6, 128.6, 127.1,
127.1, 126.9, 125.0, 124.5 (d, J = 3.7 Hz), 122.9 (d, J = 3.9 Hz), 122.5,

122.3,120.2, 120.0, 117.2, 112.4. HR-MS (ESI) m/z calcd for C23H15F3N3+[M+H+] 390.1218,

found 390.1199.

1-(2-chloro-3-methylphenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3h)

Cl

N
N)\N
o

Yield (0.1 mmol scale, 30 mg, 80 %); white solid (hexane/ethyl acetate
=9.1:1.0, V/V). 'H NMR (400 MHz, CDCl3) & 8.34 (d, J = 4.8 Hz, 2H),
8.17 —8.11 (m, 2H), 7.99 (d, J = 8.2 Hz, 1H), 7.44 (ddd, J = 7.6, 3.7, 1.7
Hz, 2H), 7.35 (ddd, J = 8.5, 7.7, 0.9 Hz, 2H), 7.14 — 7.04 (m, 2H), 6.93
(t,J=7.8 Hz, 1H), 6.86 (t, J = 4.8 Hz, 1H), 2.11 (s, 3H). *C NMR (101
MHz, CDCl3) 6 157.23, 157.1, 143.0, 140.7, 137.3, 134.8, 134.0, 128.9,

128.1, 127.6, 127.0, 126.9, 126.4, 126.2, 124.8, 122.0, 121.8, 120.2, 119.6, 117.3, 112.0, 17.8.
HR-MS (ESI) m/z calcd for C2sH17CINs* [M+H*] 370.1111, found 370.1101.

1-(4-methoxy-3-methylphenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3i)

Yield (0.1 mmol scale, 28 mg, 78 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). *H NMR (400 MHz, CDCI3) & 8.26 (d, ] = 4.8 Hz, 2H),
8.05 (ddd, J =8.9,4.4, 1.0 Hz, 2H), 7.93 - 7.88 (m, 1H), 7.39 — 7.30 (m,
2H), 7.30 — 7.23 (m, 2H), 6.95 (d, J = 8.3 Hz, 1H), 6.76 (t, J = 4.8 Hz,
1H), 6.50 — 6.41 (m, 2H), 3.66 (s, 3H), 1.98 (s, 3H). *C NMR (101 MHz,
CDCI3) 6 158.5, 157.4, 157.1, 140.8, 137.7, 137.0, 133.6, 130.6, 129.4,
1275, 126.7, 126.3, 125.0, 121.8, 121.8, 120.1, 119.0, 117.0, 115.1,

111.9, 110.9, 55.4, 20.4. HR-MS (ESI) m/z calcd for C2sH20N3O “[M+H*] 366.1606, found

366.1671.

s21



1-(benzo[d][1,3]dioxol-4-yl)-9-(pyrimidin-2-yl)-9H-carbazole (3j)

Yield (0.1 mmol scale, 27 mg, 27 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). *H NMR (400 MHz, Chloroform-d) 6 8.43 (d, J = 4.8 Hz,
2H), 8.13 — 8.04 (m, 3H), 7.49 — 7.33 (m, 4H), 6.93 (t, J = 4.8 Hz, 1H),
6.80 — 6.71 (m, 2H), 6.56 (d, J = 8.0 Hz, 1H), 5.87 (s, 2H). 3C NMR (101
MHz, Chloroform-d) & 157.82, 157.40, 147.49, 146.11, 140.97, 137.15,
135.48, 128.50, 128.09, 126.95, 126.84, 125.15, 122.36, 122.09, 121.32,

120.19, 119.15, 117.11, 112.20, 108.35, 108.02, 100.95. HR-MS (ESI) m/z calcd for
C23H15N302+[M+H™] 366.1243, found 366.1237.

1-(4-methoxy-3-methylphenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3k)

gV

N

Yield (0.1 mmol scale, 23 mg, 69 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). *H NMR (400 MHz, CDCls)  8.34 (d, J = 4.8 Hz, 2H), 8.16
—8.10 (m, 3H), 7.50 — 7.45 (m, 3H), 7.38 (s, 1H), 7.17 (d, J = 8.0 Hz, 2H),
6.92 (d, J = 7.8 Hz, 2H), 6.84 (t, J = 4.8 Hz, 1H), 2.28 (s, 3H).3C NMR
(101 MHz, CDCl3) & 157.21, 156.83, 140.47, 137.97, 136.75, 135.33,
128.26, 128.15, 128.06, 127.00, 126.41, 126.28, 124.73, 121.88, 121.54,

119.69, 118.57, 116.38, 111.72, 20.67. HR-MS (ESI) m/z calcd for C23H1gN3+[M+H"] 336.1501,

found 336.1492.

1-(4-methoxy-3-methylphenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3I)

Yield (0.1 mmol scale, 23 mg, 69 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). 'H NMR 1H NMR (400 MHz, CDCI3) § 8.25 (d, J = 4.8 Hz,
2H), 8.04 (ddd, J = 14.4, 4.8, 3.8 Hz, 3H), 7.42 — 7.36 (m, 3H), 7.31 — 7.27
(m, 1H), 7.05 (d, J = 7.6 Hz, 1H), 6.96 (dd, J = 12.2, 4.4 Hz, 2H), 6.83 —
6.80 (m, 1H), 6.76 (t, J = 4.8 Hz, 1H), 2.07 (s, 3H). 3C NMR (101 MHz,
CDCI3) & 157.52 (s), 157.15 (s), 141.05 (s), 140.72 (s), 137.45 (s), 136.97
(s), 128.49 (s), 128.35 (s), 128.28 (s), 128.02 (s), 126.85 (s), 126.66 (S),

125.43 (s), 124.99 (s), 124.74 (s), 122.20 (s), 121.89 (s), 120.08 (s), 119.10 (s), 116.99 (s), 111.91
(s), 21.08 (s).HR-MS (ESI) m/z calcd for CasHigNs+[M+H*] 336.1501, found 336.1492.

1-(4-Methoxyphenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3m)

Yield (0.1 mmol scale, 30 mg, 85 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). *H NMR (400 MHz, Chloroform-d) 6 8.36 (d, J = 4.8 Hz,
2H), 8.14 (m, 2H), 8.09 (dd, J = 6.1, 2.8 Hz, 1H), 7.49 (m, 3H), 7.40(m,
1H), 7.18 (d, J = 8.8 Hz, 2H), 6.87 (t, J = 4.8 Hz, 1H), 6.65 (d, J = 8.8 Hz,
2H), 3.76 (s, 3H). *C NMR (101 MHz, Chloroform-d) & 158.26, 157.68,
157.32, 141.02, 137.23, 133.99, 128.68, 128.63, 128.24, 126.96, 126.78,

125.24, 122.40, 122.06, 120.18, 118.92, 117.01, 113.62, 112.25, 55.51. HR-MS (ESI) m/z calcd
for C23H1sN3O [M+H"] 352.1450, found 352.1442.
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1-(4-(Methylthio)phenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3n)

Yield (0.1 mmol scale, 30 mg, 82 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). 'H NMR (400 MHz, Chloroform-d) & 8.36 (d, J = 4.8 Hz,
2H), 8.18 — 8.01 (m, 3H), 7.50 — 7.40 (m, 3H), 7.36 (m,1H), 7.20 — 7.15 (m,
2H), 6.87 (t, J = 4.8 Hz, 1H), 6.68 — 6.61 (m, 2H), 3.76 (s, 3H). 3C NMR
sme | (101 MHz, Chloroform-d) & 158.26, 157.68, 157.32, 141.02, 137.23,
133.99, 128.68, 128.63, 128.24, 126.96, 126.78, 125.24, 122.40, 122.06,
120.18, 118.92, 117.02, 113.62, 112.24, 55.51. HR-MS (ESI) m/z calcd for C22H1sN4O2 [M+H"]
368.1221, found 368.1223.

1-(naphthalen-1-yl)-9-(pyrimidin-2-yl)-9H-carbazole (30)
Yield (0.1 mmol scale, 26 mg, 70 %); white solid (hexane/ethyl acetate =
Da¥. 9.1:1.0, V/V). 'H NMR (400 MHz, Chloroform-d) 6 8.22 (dd, ] = 7.6, 1.4
I O Hz, 1H), 8.20 — 8.15 (m, 1H), 7.95 — 7.88 (m, 1H), 7.84 (d, J = 4.8 Hz, 2H),
U Q 7.70 (dd, J = 13.7, 7.9 Hz, 2H), 7.62 (d, J = 8.0 Hz, 1H), 7.57 (dd, J = 7.4,
N 1.4 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.45 — 7.28 (m, 7H), 6.50 (t, J = 4.8
Hz, 1H). ¥C NMR (101 MHz, Chloroform-d) § 157.09, 156.39, 140.62,
139.26, 137.97, 133.45, 130.97, 129.94, 127.67, 127.12, 126.80, 126.65, 126.51, 126.37, 126.21,
126.13, 125.77, 125.43, 124.83, 121.86, 120.13, 119.63, 116.74, 111.98. HR-MS (ESI) m/z calcd
for Ca6H1sN3*[M+H*] 372.1501, found 372.1497.

1-(dibenzo[b,d]furan-3-yl)-9-(pyrimidin-2-yl)-9H-carbazole (3q)

Yield (0.1 mmol scale, 26 mg, 70 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V).'H NMR (400 MHz, CDClIs) 6 8.16 (dd, J = 9.4, 3.9 Hz, 4H),
8.08 (d, J =8.2 Hz, 1H), 7.85 (dd, J = 11.0, 4.6 Hz, 2H), 7.57 (dd, J = 12.4,
4.8 Hz, 2H), 7.50 — 7.44 (m, 3H), 7.42 — 7.38 (m, 2H), 7.32 (dd, J = 7.8, 4.7
Hz, 2H), 6.54 (t, J = 4.8 Hz, 1H). 13C NMR (101 MHz, CDCls) 6 157.5,
157.1, 156.4, 154.7, 140.8, 137.2, 136.0, 128.8, 128.0, 127.2, 127.0, 126.8,
126.7, 124.9, 123.9, 13.8, 122.8, 122.2, 121.9, 120.7, 120.1, 119.6, 119.1,
116.93, 111.9, 111.6, 111.0. HR-MS (ESI) m/z calcd for C2sH1sN3O*[M+H'] 412.1450, found
412.1453.

7-methyl-1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (4a)

Yield (0.1 mmol scale, 30 mg, 75 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). 'H NMR (400 MHz, CDCI3) & 8.36 — 8.35 (m, 1H), 8.33
(d, J = 4.8 Hz, 2H), 8.18 (dd, J = 8.1, 0.5 Hz, 1H), 8.13 (dd, J = 6.9, 2.1
Hz, 1H), 7.72 — 7.69 (m, 2H), 7.61 (dd, J = 8.1, 1.6 Hz, 1H), 7.49 — 7.44
(m, 4H), 7.38 — 7.34 (m, 1H), 7.29 (ddd, J = 5.6, 4.9, 2.9 Hz, 2H), 7.13 -
7.08 (m, 3H), 6.83 (t, J = 4.8 Hz, 1H).13C NMR (101 MHz, CDCI3) §
157.5, 157.3, 142.0, 141.4, 141.2, 140.2, 137.5, 128.7, 128.6, 128.4, 128.0, 127.6, 127.5, 127.1,
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126.6, 126.1, 124.3, 122.4, 121.6, 120.3, 119.2, 117.0, 110.8. HR-MS (ESI) m/z calcd for
Ca2sH20N3 [M+H"] 398.1657, found 398.1665.

7-(4-isopropylphenyl)-1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (4b)

Yield (0.1 mmol scale, 35 mg, 79 %); white solid (hexane/ethyl acetate
=9.1:1.0, V/V). 'H NMR (400 MHz, CDCI3) & 8.37 — 8.30 (m, 3H),
8.15 (ddd, J = 15.6, 7.4, 1.3 Hz, 2H), 7.66 — 7.59 (m, 3H), 7.49 (td, J =
7.1, 4.2 Hz, 2H), 7.36 — 7.28 (m, 4H), 7.14 — 7.05 (m, 3H), 6.82 (t, J =
4.8 Hz, 1H), 2.96 (dg, J = 13.8, 6.9 Hz, 1H), 1.31 (d, J = 6.9 Hz, 6H).13C
NMR (101 MHz, CDCI3) 6 157.5, 157.3, 147.9, 141.4, 141.3, 140.2, 139.6, 137.5, 128.9, 128.5,
128.4, 128.0, 127.5, 126.8, 126.7, 126.1, 124.1, 122.4, 121.6, 120.2, 119.2, 116.9, 110.7, 33.8,
24.1. HR-MS (ESI) m/z calcd for Ca1H26N3*[M+H"] 440.5700, found 440.5704.

1-phenyl-9-(pyrimidin-2-yl)-7-(p-tolyl)-9H-carbazole (4c)

Yield (0.1 mmol scale, 33 mg, 80 %); white solid (hexane/ethyl acetate
O O O =9.1:1.0, V/V). 1H NMR (400 MHz, CDCI3) § 8.35 — 8.31 (m, 3H),

N 8.17 — 8.11 (m, 2H), 7.62 — 7.58 (m, 3H), 7.50 — 7.45 (m, 2H), 7.32 —
U O 7.26 (m, 4H), 7.13 — 7.07 (m, 3H), 6.82 (t, J = 4.8 Hz, 1H), 2.41 (s,
~ 3H). 3C NMR (101 MHz, CDCls) § 157.5, 157.3, 141.4, 141.3, 140.2,
139.2, 137.5, 136.9, 129.4, 128.5, 128.4, 128.0, 127.5, 127.4, 126.7, 126.1, 124.1, 122.4, 121.5,
120.2,119.1, 117.0, 110.6, 21.1. HR-MS (ESI) m/z calcd for C2gH22Ns+[M+H+] 411.1735, found
412.1724.

7-(4-methoxyphenyl)-1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (4d)

= 9.1:1.0, V/V). H NMR (400 MHz, CDCI3) § 8.31 — 8.23 (m, 3H),
A 8 8.16 — 8.08 (M, 2H), 7.56 (dd, J = 8.0, 1.5 Hz, 1H), 7.49 — 7.42 (m, 3H),
I 7.35 - 7.27 (m, 3H), 7.12 — 6.97 (m, 5H), 6.76 (t, J = 4.8 Hz, 1H), 3.79
(s, 3H).3C NMR (101 MHz, CDCI3) & 157.5, 157.2, 156.7, 141.4,
141.0, 137.4, 131.6, 131.4, 128.5, 128.5, 128.0, 127.5, 126.8, 126.0, 124.0, 123.9, 122.3, 120.8,
119.3, 119.1, 116.8, 113.1, 111.4, 55.7. HR-MS (ESI) m/z calcd for CasHzoNsO*[M+H"]
428.1763, found 428.1751.

Yield (0.1 mmol scale, 30 mg, 71 %); white solid (hexane/ethyl acetate
OO

6-phenyl-5-(pyrimidin-2-yl)-5H-[1,3]dioxolo[4,5-b]carbazole (4e)
Yield (0.1 mmol scale, 30 mg, 75%); white solid (hexane/ethyl acetate =
. O Q 9.1:1.0, V/V). *H NMR (400 MHz, CDCI3) & 8.24 (t, J = 3.3 Hz, 3H), 8.00
/NL (dd,J=7.4,1.5Hz, 1H), 7.90 (d, J=8.3 Hz, 1H), 7.41 (ddd, J = 7.4, 6.3, 4.8
NZ"N Q Hz, 3H), 7.17 — 7.13 (m, 2H), 7.04 — 6.99 (m, 3H), 6.77 (t, J = 4.8 Hz,
1H)..13C NMR (101 MHz, CDCI3) § 157.3, 157.1, 141.4, 141.0, 137.0,
129.0, 128.6, 128.0, 127.5, 126.2, 126.1, 125.1, 124.0, 122.6, 121.2, 120.2, 119.1, 117.3, 115.4.
HR-MS (ESI) m/z calcd for C22H1sBrNs+[M+H+] 399.0460, found 400.0471
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7-chloro-1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (4f)

Yield (0.1 mmol scale, 25 mg, 71 %); white solid (hexane/ethyl acetate =
. O O 9.1:1.0, V/V). *H NMR (400 MHz, Chloroform-d) & 8.32 (d, J = 4.8 Hz,

N 2H), 8.15 (d, J = 1.8 Hz, 1H), 8.07 (dd, J = 7.2, 1.8 Hz, 1H), 8.03 (d, J =
NN Q 8.3 Hz, 1H), 7.53 — 7.43 (m, 2H), 7.34 (dd, J = 8.3, 1.9 Hz, 1H), 7.24 (dd,
I J=7.7,19 Hz, 2H), 7.14 — 7.05 (m, 3H), 6.86 (t, J = 4.8 Hz, 1H). 13C

NMR (101 MHz, Chloroform-d) 6 157.46, 157.22, 141.38, 141.15,
137.32, 132.50, 129.01, 128.72, 128.16, 127.63, 126.33, 126.21, 122.76, 122.56, 120.98, 119.25,
117.37, 112.67. HR-MS (ESI) m/z calcd for C22H1sCINs" [M+H"] 356.0955, found 356.0949.

7-methoxy-1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (49)

Yield (0.1 mmol scale, 31 mg, 80 %); white solid (hexane/ethyl acetate =
CFy O O 9.1:1.0, V/V). 'H NMR (400 MHz, CDCI3) & 8.33 (s, 1H), 8.22 (d, ] = 4.8

)N\ Hz, 2H), 8.13 — 8.02 (m, 2H), 7.53 (dd, J = 8.1, 0.7 Hz, 1H), 7.47 — 7.36
U Q (m, 2H), 7.17 — 7.11 (m, 2H), 7.04 — 6.96 (m, 3H), 6.75 (t, J = 4.8 Hz,
N 1H).23C NMR (101 MHz, CD2CI2) & 155.50 (s), 155.1, 138.9, 138.1,
136.0, 127.9, 126.8, 126.7, 126.4, 126.2, 125.8, 125.6, 124.4, 123.7, 120.8, 118.46, 117.8, 116.8
(d, J = 3.6 Hz), 115.5 (s), 107.8 (d, J = 4.2 Hz). HR-MS (ESI) m/z calcd for C2sHis FsN3* [M+H"]
390.1218, found 390.1204.

7-methyl-1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (4h)

Yield (0.1 mmol scale, 20 mg, 61 %); white solid (hexane/ethyl acetate =
O O 9.1:1.0, V/V). *H NMR (400 MHz, CDCI3) & 8.32 (d, J = 4.8 Hz, 2H),
8.06 (dd, J = 6.2, 2.7 Hz, 1H), 8.00 (d, J = 7.9 Hz, 1H), 7.95 — 7.90 (m,
P 1H), 7.46 — 7.41 (m, 2H), 7.27 (dd, J = 2.8, 0.9 Hz, 1H), 7.26 — 7.24 (m,
0 Q 1H), 7.19 (ddd, J = 7.9, 1.3, 0.5 Hz, 1H), 7.13 — 7.03 (m, 3H), 6.82 (t, J =
4.8 Hz, 1H), 2.52 (s, 3H).23C NMR (101 MHz, CDCI3) & 157.5, 157.2,
141.4,141.2, 136.98, 137.0, 128.9, 128.3, 128.1, 127.5, 126.9, 126.0, 123.3, 122.7, 122.2, 119.7,
118.9, 116.9, 112.2, 22.2. HR-MS (ESI) m/z calcd for C2HigsNs [M+H*] 336.1501, found
336.1504.

7-methoxy-1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (4i)

Yield (0.1 mmol scale, 25 mg, 72 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). *H NMR (400 MHz, CDCI3) & 8.29 (t, ] = 4.9 Hz, 2H), 8.08
—8.01 (m, 2H), 7.96 (dd, J = 7.3, 1.1 Hz, 1H), 7.39 — 7.31 (m, 2H), 7.27 (d,
J=1.6Hz, 1H), 7.25 (9, J = 2.0 Hz, 1H), 7.13 — 7.01 (m, 4H), 6.79 (t, J =
4.8 Hz, 1H), 3.87 (s, 3H). 13C NMR (101 MHz, CDCI3) § 157.4, 157.3,
156.2, 141.2, 139.0, 136.3, 130.0, 127.6, 126.2, 125.6, 125.0, 122.0, 120.9,
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119.9, 119.3, 117.0, 116.2, 111.8, 107.0, 56.8. HR-MS (ESI) m/z calcd for C23H1sN3O*[M+H"]
352.1450, found 352.1465.

6-phenyl-5-(pyrimidin-2-yl)-5H-[1,3]dioxolo[4,5-b]carbazole (4j)
o Yield (0.1 mmol scale, 27 mg, 75 %); white solid (hexane/ethyl acetate =
O O g 9.1:1.0, V/V). *H NMR (400 MHz, CDCI3) & 8.29 (d, ] = 4.8 Hz, 2H), 8.10
N (t, 3 =7.7 Hz, 2H), 7.46 — 7.41 (m, 1H), 7.34 (td, J = 7.4, 1.0 Hz, 1H), 7.24
N)\N O —7.19 (m, 2H), 7.11 — 6.99 (m, 4H), 6.80 (t, J = 4.8 Hz, 1H), 6.23 (d, J =
K 5.7 Hz, 2H).*C NMR (101 MHz, CDCI3) § 157.6, 157.2, 143.3, 141.5,
141.2,140.4,133.5,128.0, 127.6, 126.8, 125.82, 122.4, 122.3,122.1, 120.8,
116.8, 111.9, 111.3, 109.2, 102.0. HR-MS (ESI) m/z calcd for C23H16N302+[M+H+] 366.1243,
found 366.1237.

7-methoxy-1-phenyl-9-(pyrimidin-2-yl)-9H-carbazole (4k)

P Yield (0.1 mmol scale, 25 mg, 72 %); white solid (hexane/ethyl acetate = 9.1:1.0,

? V/V). *H NMR (400 MHz, CDCl3) & 8.44 (dd, J=7.6, 0.7 Hz, 1H), 8.33 (d, J =

O O 4.8 Hz, 2H), 8.08 (d, J = 8.1 Hz, 1H), 7.45-7.35 (m, 3H), 7.23 (dd, J = 8.0, 1.5

)N\ Hz, 2H), 7.11 - 7.02 (m, 3H), 6.94 (d, J = 8.3 Hz, 1H), 6.83 (t, J = 4.8 Hz, 1H),

N7 y 4.16 (s, 3H).3C NMR (101 MHz, CDCl3) & 157.49, 157.27, 155.55, 141.22,

N 140.04, 138.10, 129.23, 127.93, 127.54, 125.74, 125.55, 124.30, 123.19, 122.03,

121.27, 117.06, 115.62, 111.30, 103.45, 55.68. HR-MS (ESI) m/z calcd for C23H1sN3O*[M+H"]
352.1450, found 352.1449.

(2-methoxy-9-(pyrimidin-2-yl)-9H-carbazol-1-yl)(phenyl)methanone (4l)

Yield (0.1 mmol scale, 25 mg, 72 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). *H NMR (400 MHz, CDCls3) & 8.53 (d, J = 8.2 Hz, 1H), 8.16
(d, J =4.8 Hz, 2H), 8.12 (d, J = 8.6 Hz, 1H), 8.01 (d, J = 7.2 Hz, 1H), 7.97
—7.90 (m, 2H), 7.52 (ddd, J = 6.6, 3.8, 1.2 Hz, 1H), 7.42 (dt, J = 8.2, 4.5 Hz,
3H), 7.35 (td, J = 7.5, 0.9 Hz, 1H), 7.06 (d, J = 8.6 Hz, 1H), 6.88 (t, J = 4.8
Hz, 1H), 3.73 (s, 3H).13C NMR (101 MHz, CDCls) & 194.3, 157.2, 157.1,
157.0, 139.9, 139.3, 137.0, 131.8, 129.0, 127.9, 126.0, 125.2, 122.4, 121.6, 121.0, 118.8, 117.1,
115.8, 114.6, 107.1, 56.7. HR-MS (ESI) m/z calcd for C24H1sN3O2" [M+H*] 380.1399, found
380.13809.

(4-methoxy-9-(pyrimidin-2-yl)-9H-carbazol-1-yl)(phenyl)methanone (4m)

P Yield (0.1 mmol scale, 25 mg, 72 %); white solid (hexane/ethyl acetate =
g 9.1:1.0, V/V). 'H NMR (400 MHz, CDCI3) 5 8.45 (d, J = 4.8 Hz, 2H), 8.40
Dal. (dd, J = 14.5, 7.9 Hz, 2H), 7.80 — 7.69 (m, 2H), 7.55 (d, J = 8.4 Hz, 1H), 7.48
¥ _7.33 (m, 5H), 6.94 (t, J = 4.8 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 4.16 (s,
NN () 3H).2C NMR (101 MHz, CDCI3) 5 195.0, 158.5, 158.2, 157.7, 139.4,
N 138.3, 138.0, 132.1, 129.8, 129.7, 128.1, 126.2, 124.2, 123.0, 122.5, 119.7,
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1175, 115.5, 113.1, 102.5, 55.8. HR-MS (ESI) m/z calcd for C24H1sN302" [M+H*] 380.1399,

found 380.1401.

3-methyl-1,8-diphenyl-9-(pyrimidin-2-yl)-9H-carbazole (4n)

O

Yield (0.1 mmol scale, 34 mg, 84 %); white solid (hexane/ethyl acetate
=9.1:1.0, V/V). 'H NMR (400 MHz, Chloroform-d) 6 8.17 (dd, J = 7.7,
1.3 Hz, 1H), 8.02 — 7.94 (m, 1H), 7.76 (d, J = 4.8 Hz, 2H), 7.36 (t, J =
7.5Hz,1H), 7.29 (dd, J=7.3, 1.3 Hz, 1H), 7.15-7.12 (m, 1H), 6.94 (d,
J=2.1Hz, 10H), 6.51 (t, J = 4.9 Hz, 1H), 2.57 (s, 3H). 3C NMR (101

Oy O
g

MHz, Chloroform-d) & 157.66, 156.45, 140.54, 137.62, 135.78, 130.81,
130.09, 129.33, 128.44, 128.42, 127.67, 127.66, 126.92, 126.64, 125.71, 125.20, 124.95, 120.56,
119.42, 119.35, 118.01, 21.36. HR-MS (ESI) m/z calcd for C29H22N3" [M+H"] 412.1814, found
412.1819.

3,6-dimethoxy-1,8-diphenyl-9-(pyrimidin-2-yl)-9H-carbazole (40)

oo onte Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl acetate
O O =9.1:1.0, V/V). *H NMR (400 MHz, Chloroform-d) 5 8.02 (d, J = 8.5

N
O N)\N Q (m, 10H), 6.43 (t, J = 4.9 Hz, 1H), 3.75 (s, 6H). 3C NMR (101 MHz,
g Chloroform-d) 6 157.71, 156.75, 155.94, 139.77, 135.09, 130.47, 127.44,
125.81, 119.21, 118.92, 118.19, 115.34, 105.94, 56.97. HR-MS (ESI)

Hz, 2H), 7.74 (d, J = 4.9 Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H), 6.94 — 6.87
m/z calcd for C3oH24N302 [M+H™] 458.1869, found 458.1851.

3-methoxy-1,8-diphenyl-9-(pyrimidin-2-yl)-9H-carbazole (4p)

Yield (0.1 mmol scale, 36 mg, 78 %); white solid (hexane/ethyl acetate
=9.1:1.0, V/V). *H NMR & 8.20 — 8.06 (m, 2H), 7.76 (d, J = 4.8 Hz,
2H), 7.35 (t, J = 7.6 Hz, 1H), 7.22 (dd, J= 7.4, 1.2 Hz, 1H), 7.07 (d, J =
8.6 Hz, 1H), 6.99 — 6.90 (m, 10H), 6.48 (t, J = 4.8 Hz, 1H), 3.80 (s,
3H).:*C NMR (101 MHz, CDCls) 6 157.0, 156.1, 156.1, 139.8, 138.6,
137.5, 134.7, 129.8, 128.0, 128.0, 127.1, 127.0, 126.3, 125.4, 125.2,
124.5, 120.3, 119.4, 118.7, 118.1, 117.6, 114.6, 105.5, 56.4. HR-MS (ESI) m/z calcd for
CaoH24N302 [M+H*] 428.1763, found 428.1751.

2-chloro-1,8-diphenyl-9-(pyrimidin-2-yl)-9H-carbazole (4q)

Yield (0.1 mmol scale, 31 mg, 72 %); white solid (hexane/ethyl acetate =

O . O ¢ | 9.1:1.0, V/V). 'H NMR (400 MHz, Chloroform-d) & 8.16 (dd, J=7.8, 1.3
Slgls

K 8.3 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 7.28 (dd, J = 7.4, 1.3 Hz, 1H), 7.05

— 6.88 (m, 10H), 6.49 (t, J = 4.9 Hz, 1H). BC NMR (101 MHz,

Hz, 1H), 8.12 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 4.9 Hz, 2H), 7.47 (d, J =
Chloroform-d) § 157.36, 156.81, 139.79, 138.84, 138.23, 136.36, 132.46, 130.20, 129.70, 128.67,
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127.68, 127.62, 127.19, 126.68, 125.90, 125.04, 124.25, 123.65, 122.31, 121.14, 120.13, 119.32,
118.47. HR-MS (ESI) m/z calcd for C2sH19CINs* [M+H"] 432.1268, found 432.1256.

2-bromo-1,8-diphenyl-9-(pyrimidin-2-yl)-9H-carbazole (4r)
Yield (0.1 mmol scale, 40 mg, 86 %); white solid (hexane/ethyl acetate =
O O o | 9.1:1.0, V/V). H NMR (400 MHz, CDCls) 3 8.17 (dd, J = 7.8, 1.3 Hz,
N 1H), 8.06 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 4.9 Hz, 2H), 7.66 (d, J = 8.3 Hz,
O N)\N Q 1H), 7.38 (t, J = 7.6 Hz, 1H), 7.28 (dd, J = 7.4, 1.3 Hz, 1H), 7.04 — 6.89
< (m, 10H), 6.49 (t, J = 4.9 Hz, 1H). *C NMR (101 MHz, CDCl3) 6 157.3,
156.7, 139.6, 138.8, 138.1, 138.0, 130.1, 129.7, 128.6, 127.5, 127.5, 127.1, 126.7, 126.6, 125.8,
125.2, 124.1, 124.1, 123.1, 121.0, 120.4, 119.2, 118.4. HR-MS (ESI) m/z calcd for

CaoH22CIoNs' [M+H*] 494.1191, found 494.1183.

1,8-diphenyl-9-(pyrimidin-2-yl)-9H-carbazole (3s)

Yield (0.1 mmol scale, 32 mg, 80 %); white solid (hexane/ethyl acetate =

O O 9.1:1.0, V/V). *H NMR (400 MHz, Chloroform-d) & 8.21 (dd, J=7.7, 1.3
N Hz, 2H), 7.78 (d, J = 4.8 Hz, 2H), 7.38 (t, J = 7.5 Hz, 2H), 7.31 (dd, J =

O N)\N Q 7.4, 1.4 Hz, 2H), 7.01 - 6.92 (m, 10H), 6.52 (t, J = 4.9 Hz, 1H). 13C NMR
\) (101 MHz, Chloroform-d) & 156.33, 140.31, 137.23, 129.36, 128.31,

127.53,126.83,125.59, 124.84, 120.57, 119.28, 118.00. HR-MS (ESI) m/z

calcd for CogH2oN3 [M+H™] 398.1657, found 398.1652.

1,8-bis(4-fluorophenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3t)
Yield (0.1 mmol scale, 34 mg, 78 %); white solid (hexane/ethyl acetate
O O =9.1:1.0, V/V). IH NMR (400 MHz, Chloroform-d) & 8.23 — 8.15 (m,
N 2H), 7.90 (d, J = 4.8 Hz, 2H), 7.35 (d, J = 7.6 Hz, 2H), 7.25 (d, J = 5.7
O NN Q Hz, 2H), 6.89 (m, 4H), 6.72 — 6.58 (m, 5H). 3C NMR (101 MHz,
) W e Chloroform-d) & 162.47, 160.03, 157.86, 156.78, 137.60, 136.34,
136.31, 130.11, 130.03, 129.59, 125.86, 124.99, 120.86, 119.69,
118.31, 114.60, 114.39. HR-MS (ESI) m/z calcd for CagHisFaNa'[M+H*] 434.1469, found
434.1462.

1,8-bis(3-bromophenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3u)
Yield (0.1 mmol scale, 42 mg, 76 %); white solid (hexane/ethyl acetate
O O =9.1:1.0, V/V). 'H NMR (400 MHz, Chloroform-d) § 8.22 (dd, J =
i 7.7,1.2 Hz, 2H), 8.00 (d, J= 4.9 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.29
Br O U Q gr | (dd,J=7.4,1.2Hz, 2H), 7.14 (m, 3H), 7.06 — 6.81 (m, 5H), 6.68 (t, J
\ = 4.8 Hz, 1H). 3C NMR (101 MHz, Chloroform-d) & 157.52, 156.87,
142.25, 137.10, 131.80, 129.43, 129.38, 129.20, 127.34, 125.35,
124,93, 121.79, 120.90, 120.08, 119.07. HR-MS (ESI) m/z calcd for C2gH1sBroNz" [M+H"]
553.9867, found 553.9840.
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1,8-bis(4-(methylthio)phenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3v)
Yield (0.1 mmol scale, 43 mg, 88 %); white solid (hexane/ethyl acetate
O O =9.1:1.0, V/V). 'H NMR (400 MHz, Chloroform-d)  8.18 (d, J = 7.6
i Hz, 2H), 7.87 (d, J = 4.8 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.27 (d, J =
O N=N Q 7.3 Hz, 2H), 6.86 (d, J = 8.5 Hz, 4H), 6.61 (t, J = 4.8 Hz, 1H), 6.50 (d,
J = 8.5 Hz, 4H), 3.72 (s, 6H). 1*C NMR (101 MHz, Chloroform-d) §
157.95, 157.78, 156.48, 137.72, 132.96, 129.58, 129.52, 126.63, 124.99,
120.70, 119.21, 117.95, 113.25, 55.46. HR-MS (ESI) m/z calcd for CsoH24SoN3' [M+H"]
490.1412, found 490.1417.

1,8-bis(4-methoxyphenyl)-9-(pyrimidin-2-yl)-9H-carbazole (3w)

1 Yield (0.1 mmol scale, 38 mg, 83 %); white solid (hexane/ethyl acetate
= 9.1:1.0, V/V). 'H NMR (400 MHz, Chloroform-d) & 8.18 (dd, J =
7.7,1.3 Hz, 2H), 7.87 (d, J = 4.8 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.28
(dd, J=7.3, 1.3 Hz, 2H), 6.86 (d, J = 8.7 Hz, 4H), 6.61 (t, J = 4.8 Hz,
MeO OMe 1H), 6.54 — 6.47 (m, 4H), 3.72 (s, 6H). *C NMR (101 MHz,
" Chloroform-d) & 157.77, 157.60, 156.29, 137.54, 132.78, 129.40,
129.34, 126.45, 124.81, 120.52, 119.03, 117.77, 113.07, 55.28. HR-MS (ESI) m/z calcd for
C3oH24N302" [M+H"] 458.1869, found 458.1862.

Methyl 2-(6-chloro-9-(pyrimidin-2-yl)-9H-carbazol-2-yl)propanoate (5)
The title compound was prepared according to procedure 2.3, White
solid, Yield (2.0 mmol scale, 446 mg, 61 %); (hexane/ethyl acetate =
N 8.2:1.8, V/V).m.p: 148-152 °C. *H NMR (400 MHz, CDCls) 6 8.85 (d,
) J=4.8Hz, 3H),8.79 (d, J = 8.9 Hz, 1H), 7.99 (d, J = 2.1 Hz, 1H), 7.97
d (d, J = 8.0 Hz, 1H), 7.43 (dd, J = 9.0, 2.2 Hz, 1H), 7.35 (dd, J = 8.0, 1.3
Hz, 1H), 7.15 (t, J = 4.8 Hz, 1H), 3.97 (q, J = 7.1 Hz, 1H), 3.69 (s, 3H),
1.64 (d, J = 7.2 Hz, 3H). 13C NMR 13C NMR (101 MHz, CDCI3) & 175.2, 158.9, 157.9, 140.1,

139.8,137.7,127.8,126.9, 126.4, 123.9, 122.0, 119.8, 119.2, 117.6, 116.3, 115.8, 52.1, 46.2, 19.1.
HR-MS (ESI) m/z calcd for C2oH17NsO2*[M+H*] 366.1009, found 366.1017.

Caprofen derivatives (5a)

Yield (0.1 mmol scale, 33 mg, 72 %); white solid (hexane/ethyl acetate
=9.1:1.0, V/V). 'H NMR (400 MHz, CDCls) 6 8.31 (d, J = 4.8 Hz, 2H),
8.03 (dd, J=12.6, 10.5 Hz, 3H), 7.44 (d, J = 2.0 Hz, 1H), 7.33 (dd, J =
8.0, 1.1 Hz, 1H), 7.22 (dd, J = 6.5, 2.9 Hz, 2H), 7.12 — 7.06 (m, 3H),
6.84 (t, J = 4.8 Hz, 1H), 3.89 (q, J = 7.1 Hz, 1H), 3.65 (s, 3H), 1.58 (d,
J =7.1 Hz, 3H). 13C NMR (101 MHz, CDCI3) & 175.0, 157.3, 157.1,
1415, 140.2, 140.0, 135.7, 129.7, 128.2, 128.1, 127.8, 127.7, 127.4,126.6, 123.2, 121.8, 120.4,
118.7,117.2,111.5,52.1, 46.1, 19.0. HR-MS (ESI) m/z calcd for C26H21N302" [M+H™] 442.1322,
found 442.1334.
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1-methoxy-2-methyl-4-nitrobenzene (7)

Yield (0.1 mmol scale, 27 mg, 76 %); white solid (hexane/ethyl acetate = 9.1:1.0,
V/V). 'H NMR (400 MHz, CDCl3) 6 8.10 (dd, J = 9.0, 2.7 Hz, 1H), 8.03 (dd, J =

/© 2.8,0.7 Hz, 1H), 6.86 (d, J = 9.0 Hz, 1H), 3.94 (s, 3H), 2.27 (s, 3H).13C NMR (101
MHz, CDCI3) 6 162.8, 140.9, 127.8, 125.9, 123.6, 109.2, 55.9, 16.2. HR-MS (ESI)

m/z calcd for CeH1oNO3z [M+H™] 168.0661, found 168.0662.

4-methoxy-3-methylaniline (8)
Yield (0.1 mmol scale, 27 mg, 76 %); white solid (hexane/ethyl acetate = 9.1:1.0,

NH
* | V/V). TH NMR (400 MHz, CDCI3) & 6.64 (d, ] = 8.4 Hz, 1H), 6.49 (ddd, J = 8.4,
5.8, 1.5 Hz, 2H), 3.73 (s, 3H), 3.35 (s, 2H), 2.15 (s, 3H).3C NMR (101 MHz,
I CDCI3) § 150.7, 139.0, 127.2, 118.2, 112.7, 111.1, 55.5, 15.79. HR-MS (ESI) m/z
-~

calcd for CgH12NO*[M+H*] 138.0919, found 138.0910.

Hyellazole isomer (10)

Yield (0.1 mmol scale, 27 mg, 76 %); white solid (hexane/ethyl acetate =
O~ | 9.1:1.0, V/V). *H NMR (400 MHz, CDCI3) & 8.37 (d, J = 4.8 Hz, 2H),

7.38 (dd, J =8.7, 2.7 Hz, 1H), 7.31 - 7.24 (m, 1H), 7.16 (s, 1H), 6.82 (d,
N J =8.7 Hz, 1H), 6.65 (t, J = 4.8 Hz, 1H), 3.83 (s, 3H), 2.24 (s, 3H). 13C

H NMR (101 MHz, CDCl3z) 6 152.75, 140.04, 134.36, 126.72, 125.33,

123.88, 121.59, 120.06, 119.18, 112.62, 110.96, 101.25, 56.25, 17.61. HR-MS (ESI) m/z calcd
for CaH14NO*[M+H"] 212.1075, found 212.1075.

Hyellazole isomer (11)
Yield (0.1 mmol scale, 27 mg, 76 %); white solid (hexane/ethyl acetate =

O—
9.1:1.0, V/V). 'H NMR (400 MHz, CDCI3) 5 8.79 — 8.70 (m, 3H), 8.58 (s,
1H), 7.91 (dd, J = 7.7, 0.5 Hz, 1H), 7.40 — 7.35 (m, 2H), 7.28 — 7.23 (m, 1H),

N
A 6.97 (t, J = 4.8 Hz, 1H), 3.90 (s, 3H), 2.36 (s, 3H).3C NMR (101 MHz,
K CDCls) 5 159.16, 157.83, 154.15, 139.18, 133.39, 126.41, 126.10, 125.98,

124.26, 122.01, 118.99, 118.17, 116.42, 115.55, 100.07, 55.77, 17.54. HR-
MS (ESI) m/z calcd for C1sH1sN3O [M+H™] 290.1293, found 290.1295.

Hyellazole isomer (12)
o_ | Yield (0.1 mmol scale, 27 mg, 76 %); white solid (hexane/ethyl acetate =
O O 9.1:1.0, V/V). 'H NMR (400 MHz, CDCls) 6 8.22 (d, J = 4.8 Hz, 2H), 7.96
N (dd, J=6.5,2.4 Hz, 1H), 7.87 (d, J = 0.4 Hz, 1H), 7.43 (s, 1H), 7.36 (dd, J =
O N/*N 4.5, 2.7 Hz, 2H), 7.23 — 7.19 (m, 2H), 7.05 — 6.99 (m, 3H), 6.72 (t, J = 4.8
K Hz, 1H), 3.92 (s, 3H), 2.31 (s, 3H). **C NMR (101 MHz, CDCI3) & 157.53,
157.1, 154.1, 141.5, 137.0, 136.9, 135.1, 128.5, 127.9, 127.4, 127.2, 126.8,
126.0, 123.3, 122.0, 118.6, 116.6, 114.0, 100.6, 55.9, 17.4. HR-MS (ESI) m/z calcd for
C24H20N30*[M+H™] 366.1606, found 366.1603.
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Hyellazole derivative (13)

Yield (0.1 mmol scale, 36 mg, 82 %); white solid (hexane/ethyl acetate =
9.1:1.0, V/V). H NMR (400 MHz, CDCI3) § 8.05 (dd, J = 7.8, 1.2 Hz, 1H),
7.69 (d, J = 4.8 Hz, 2H), 7.57 (s, 1H), 7.25 (t, J = 7.5 Hz, 1H), 7.14 (dd, J =
7.3, 1.3 Hz, 1H), 6.92 — 6.84 (m, 8H), 6.79 (dt, J = 4.6, 3.5 Hz, 2H), 6.37 (t, J
= 4.8 Hz, 1H), 3.97 (s, 3H), 1.94 (s, 3H).23C NMR (101 MHz, CDCI3) &
157.9, 156.5, 153.0, 140.1, 138.3, 138.2, 133.4, 129.9, 128.7, 128.6, 127.6,
127.4,127.0,126.9, 125.9, 125.6, 125.6, 125.5, 122.4, 120.1, 118.7, 117.8, 100.1, 56.1, 13.9. HR-
MS (ESI) m/z calcd for C3oH24N3O" [M+H™] 442.1919, found 442.1927.

1-phenyl-9H-carbazole (14)
Yield (0.1 mmol scale, 18.72 mg, 78 %); white solid (hexane/ethyl acetate =

O 9.1:1.0, V/V). *H NMR (400 MHz, CDCI3) § 8.32 (s, 1H), 8.11 (ddd, J = 13.3,

\ 7.7,0.7 Hz, 2H), 7.71 (dt, J = 8.0, 1.6 Hz, 2H), 7.59 — 7.54 (m, 2H), 7.47 —

H 7.41 (m, 4H), 7.33 (t, J = 7.6 Hz, 1H), 7.28 — 7.23 (m, 1H).3C NMR (101

O MHz, CDCI3) & 139.5, 139.1, 137.3, 129.3, 128.4, 127.6, 126.0, 125.7, 125.0,

123.7, 123.5, 120.5, 119.9, 119.6, 119.5, 110.7.HR-MS (ESI) m/z calcd for
C1sH14aN*[M+H"] 244.1121, found 244.1117.

S31



6.0 'H and 3C NMR spectra

(4374
ET'L
YL
8€'L
8€'L
6£'L
6€°L
ov'L
ov'L
or'L
WL
WL
WL
WL
6v'L
0s'Z
05'L
15°L
£5°L
£5°L
vs'L
SS'L
95'L
79'L
£9'L
v9'L
59'L
e
e
e
6L
6L
608
608
018+
0181
1181
1181
zr'8
zr's
z1'8
T8~

Q.n.w\
v.n.w\
S8'8
98'8
L8°8
688
68'8
v1'6
16
v1'6
ST°6

GP-55-6.10.1.1r

!

400 MHz, CDCl,

=00'T
/66T
F€0'E
2960
o6t

586'T

o'e
=v6°0

45 40 35 3.0 25 20 15 1.0 05 00 -05 -1

5.0

55

6.0
f1 (ppm)

6.5

9.0 85 80 75 70

10.0 9.5

11.0 10.5

12.0 115

12.5

€0'STT
T0'9TT
vT'oTT
VS'6TT
99'611
¥8'1CT
8€'CCT

96'VCT
18'S¢T
6S'9CT

10°L2T
89'LTT -1
69'8CT \
8S'6€T
ww.amﬁv
L6'6ET
MN.N#H \

88"LST ~_
TT'6ST -~

GP-SS-6.11.1.1r

101 MHz, CDCl,

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

$32



wn
YT

33
96'9
169
£r'L
sTL
sTL
7L
e
ov's
6v'L
6v'L
152
152+
85°L
092
86°L
86'L u
00'8

98'C
88'C
68'C
16T

008 ~

L

L8
7we V.

vL'8
b8
SL'8
9L'8

206
206
206
206

GP-SS-25

400 MHz, CDCl,

|

=609

-3

-2

v —

88'€€ —

9L'9L

™ 80°LL
8T'LL
ov'LL

ZO'STT
10°9TT
N pe9TT
YS6TT
59611
© 81T
Lyt
[4: 3744

N G.mﬂ/
95°9ZT

98'9zT-;

> B26Et
me

€8°LYT —

10

06°LST ~_
TT'6ST

15 14 13 12 11
GP-SS-25

16

Lk

Z—=

Pz

1c 13C NMR
101 MHz, CDCl,4

-10

200 190 180 170 160 150 140 130 120 110 f %00 ) 90 80 70 60 50 40 30 20 10
ppm

210

S33



652
60°Z+
0T"Z+
€€
ve'L
'L
e
£v°L]
vS'L
vS'L
29'2
292+
v9°L
¥9'L
89°L
69°L-
oL

€8'8
¥8'8

88'8
88'8
06’8

¥1'6
¥1'6
ST'6
ST'6

GP-SS-26

400 MHz, CDCl,

=00'€

0'T

10T
Z101
w/g.ﬁ

10°€
\soz
00T
10T

“oo't

-4

f1 (ppm)

15 14 13 12 11 10

16

IT'1C —

L8'VIT
90°9TT
9Z'9TT
€S°6TT
S9'6TT
SLTITT
ov'zTT
8LVTT
Ne.mﬁ/
vS'9CT
9§°£TT X
o621
T8'9ET
IV'6€T
8S°6€T
TL6ET
00°0¥T

L6°LST ~_
8T'6ST

GP-SS-11.43.1.1r

101 MHz, CDCl;4

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

S34



58z
S0°Z+
L0°L
L0+
otT°L
L
6€"L
6v"L
6v°L
18°L
1S°L
zs'L
95°L
(s'L ,ﬁ
86°L

PRV

60'8
1’8 V

[4:%:]
€8'8

S8'8
L8'8
20’6
06

GP-§5-12.52.1.1r

101 MHz, CDCl;

6°0
6'T
+€6'T
6'T
6'0
FS6'T

1To'E
=€6'0

1.5 1.0 05 0.0

3.0 25 20

4.0 35

75 7.0 65 6.0 55 50 45
f1 (ppm)

8.0

9.0 85

12,5 115 10.5 9.5

13.5

T'ss —

oT'vitT
8SVIT
€0°'9TT
LT°9TT

6V°61T
99°6TT
98'1CT
ov'zzt /

SS'veT
99°STT V
8V°'9ZT
69'82T
98'VET
6S'6ET
89'6€T W
6L'6ET

€6°LST
L0'6ST W
NN.mmﬁ

GP-SM-09-122

400 MHz, CDCl,

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

S35



9YT'L
8STL
0LT'L
99€°L
69€°L
L8E°L
vov'L
90%°L
S8v'L
o6v°L
90S°L
0TS,
vis'L
LTISL
CESL
SESL
8€ES'L 1
€65
LSS'L
TT6°L
1€6°L
£20°8 1
8208
0€0°8 |
1€0°8
9108
LY0°8 F
6v0'8
0508/
758'8

€98'8

898’8

048’8

860°6

CO0T'6

GP-SS-1

400 MHz, CDCl,

1

Jo

T0'T
Jeo't
~€0'C
300°T
M/.no..n
-00°€
~00'T

f1 (ppm)

15 14 13 12 11 10

16

I

YYEOTT
905'9TT
ISY'6TT
TIS'6TT
LST'0TT
975021
8£9°72T
mnn.ﬁﬂ/
£50°STT
oTv'seT
£20°LTT
TET'6ET
0LL'6ET

T96°LST
848'8ST

GP-88-1-1

101 MHz, CDCl,

.
WA

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S36



TET'L
YT L
9ST"L |
0LTL |
TE'L |
ovE"L |
79¢°L
S9€°L |
L9€°L
£8¢°L |
¥8E'L
S8€°L |
Tov°L
YOv'L
105°Z |
¥0S°Z
615°L |
TTS L
925°L |
ovsL |
vYSL ]
¥56L 1
556
vL6°L |
SL6°L]
ST0'8
L1081
6108+
0208 |

se0's}

9€0°8
8€0°'8-
010'8/
6£8'8
818'8 -
158'8
698'8
1,88
€88
££6'8 ]

™

8€6'S
6’8
Tv6'8

GP-SS-2

400 MHz, CDCl;4

RT'T
260'T
+L0°T
oo
/90°E
200°T

u\mcn._"

-4

-2

-1

f1 (ppm)

15 14 13 12 11 10

16

C0€E9TT
VES'ITT
999°91T
ELV'6TT
LST°0CT
vT9°'ceT

069721
9SEVTT
850°'STT \

mhw.wN.n
mh._".Nm.n
S6E'6ET

GP-S§S-2-1

101 MHz, CDCl,

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S37



S0°Ly
90°L+
80"/
LrLd
67,
T
€€°L1
oL
8b°L
05°L
Ts°L
bS"LA

66°L
T0'8
(4}

v0'8

9L'8
L8
6L'8
18'8 \

117’6

GP-S5-4.10.1.1r

CF3

400 MHz, CDCl,

=00'T
T0'T
H/.no.N
=10C

=0'€E
=00'T

-3

-2

6
f1 (ppm)

15 14 13 12 11 10

16

96°ETT
00"HTT A
9" 9TT
S9°'9TT
66'8TT
€0°6TT
69°6TT
0T'0ZT o
Ter |
Ls€TT|
T9VTT Ak
8T'9TT
Y8 LTI
S.wﬁw
(4414

TY'8ET ~
0'0bT

66°LST ~_
68'8ST "

pdata/1

CF3

1h 3C NMR
101 MHz, CDCl,4

-10

200 190 180 170 160 150 140 130 120 11of1%oo )90 80 70 60 50 40 30 20 10
ppm

210

S38



666
66'9
10°L
10°L
T
zre
€T°L
TL
SEL
SEL
L€ L
LE°L 1
LA
£V'LA
Yy LA
Yy'LA

SP'LA
v6'L
96°L V

0s'8
om.wV.
18'8
18'8
8’8
v8'8
S8'8

GP-55-5.10.1.1r

400 MHz, CDCl,

=ITE

J10'T
=00'T
=10'T
Ap0'T

=00'T
=T0'€

1.5 1.0 05 0.0

2.0

2.5

95 9.0 85 80 75 70 65 60 55 50 45 40 3.5 3.0
f1 (ppm)

115 10.5

125

LLSS —

SY' 10T —
80°0TT
S6'STT
h.n.o.n.n/
€L°8TT
vS'6TT A
oo.cNﬁ\
8€'CTT
mm.mNﬂ\
16°'SCT
YT6ET ~_
6E0VT

S8°LST
6T°6ST A
8T'6ST

GP-55-5.11.1.1r

J
2 8 N
= &) T3

Z= wm p—
prd = =

-10

200 190 180 170 160 150 140 130 120 110f 1(.00 )90 80 70 60 50 40 30 20 10
1 (ppm

210

S39



Y
o
(N
T
Lo
Lo
LN
)
L
-
ok
0 . . [~ o
mw.w 00T S sgror 1
o = 8£/90T
. - 00T N m.n.wo.n/
.HM A = o1 99°0TT M S~
Nﬂ.n% = grr £8'STT S @] o
oy 0T | o LT'9TT ~ @)
i /g0 66'TZT o
MM.M: /0 o - 060 €Tzt S )
5 o ) _ 80 | o 86221, Z.
6v'L o 89'9CT = 9
o A . = N
152 = 09'SET~_ O T
€52 O 99'6€T N|A/ e
90°'8 1 = Z & LS 95'0bT — \ v M
808 - anlilicn v8zvr P4 - -
ov's | N|A = o
Q| —
ev's] \ \ 2 = Fa
z8's zZ - o T8LST~
£8'8 ] = 9T'65T
sg'g’ ~ ~
IRl
~m
IRl
<
el
- -
& Fo °
= E
I 0\
d -3 ¢
o [C)

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200




S6'€ —

S6'9
96'9
L6'9
869
90°L
L0°L
882
[4: ¥4
8’8
8’8 >
6L'8
08’8

GP-55-9.10.1.1r

O—

—0

400 MHz, CDCl;

20T
~00°'1

E86'T
10T

6V'9S —

€9°70T —

IS°0TT —
9S'9TT

wh.mﬁ.n”
6E'0CT —

ITTPT —

ov'ssT
80°65T >
98651/

GP-§5-9.11.1.1r

O—

—0

101 MHz, CDCl,

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

s41



GP-SM-10-105

Z "N

3a' '"H NMR
400 MHz, CDCl,4

0'T
L0'T
qu.m
210
€80T
H/aN.H
T'E
T
0T
0T

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
f1 (ppm)

12.0

1683
Le'0TT /
0z'9zT
9p'9TT /
zezn

3

£LS'8TT
¥9'82T

GP-SM-10-105

3a' 3C NMR
101 MHz, CDCl,4

-10

110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160 150 140 130 120

180 170

210 200 190

S42



6€L'9
TSL'94
v9L'9 1
S66'9 -
8669 -
T10°L]
620°L -
8€0°L -
EY0°L -
TS0°L -
98T"L 1
coTL 1
L0T°L
L9T°L

400 MHz, CDCl,

2.0 1.0 0.0 -1.0

3.0

-~
E
SoszerT,
S LS0°LTT]
= v6T°6TT |
I8T°0TT |
680°ZTT
00t'2ZT
00Z'STT |
T8T'92T
978'927 |
SS6'9TT
¥99°£TT

5.0

6.0

£0T'STT 4
656821 +
zerser/
EYTLET
096°0VT ~
VY THT

7.0

8.0

._"mm.hm.n >
8T9°LST

9.0

gp-sm-7-15m

10.0

101 MHz, CDCl,

|

|

|

130

80 70 60 50 40 30 20 10

f1 (ppm)

920

110

150

170

s43



GP-PM-453A

¥94°9 7
vLL9
6£L°9 7
98£'9
€649 1
0089 1
£08'9 1
S18°9
ST0°Z
020
s20°2
820°Z
LEO LA
vr0°L
0S0°Z
€10aD 09Z°L b
29g°2 ﬁ
08
e6e 2
E€SP°L |
9Sb°L A
99b°£
TLv'L —
06t°L \
6v'L
ST1'8
SET'8

NEaH/
?SN
mm;\

SLE°8
£8€°8

400 MHz, CDCl,

0°T
11
F8Le

0'T
0'€

Fesz
Fer

GP-PM-453A

[«
wn
<
e

wn

\n
[

£12010 091" 2L —

TSETIT
1€6°21T
6ET'ETT
/8Y'bTT

BOLYTT

F9T°L1T

Z6L76TT 1

"90z°02T §
€227
T2h'TTT
TIS'€TT W
980°S52T |
646'92T [
£50°zTT b
fxaaVaa B\

0£5'82T

S9E'62T

8bb'62T

616'9€T ~

SE6'0PT N\

TeLErT

108'€HT

=

S0S'/ST ~,.
00s'2517
9£5'T19T —
810491

101 MHz, CDCl,

i

|

l L I“

|
J

T
130

150

170

110

120

140

160

180

190

f1 (ppm)

S44



GP-PM-451A

=]
o
n
o
o
M=
T n
—_ Rl
N
- ey
n
ey
<
e
n
™
e
¥ epavosri—
£08'9
618'
1€8°9 L M
) -
)
296'9 o - °
s .,
~
586'9 €
o m A W E
681°L Fus =
voTL Z. < = 8beTIT
b # Z— N ° 898'911 /
el ] = anfian) [ MMN,MM
8SE°L \ \ - M 89'121
Lel 4 690'221
L zZ N o 1 991°€2T
PIvL A [[© .
€2 m 810'521 \*
£79CT
9hL W 001 wa,wwﬁ >
. - o
TED'L ot L= 0b6'921
vevLy Ftot 050°221
Thb L =60 2b0'82T
6bb°L Wmo: n 285°621
85b°L S i
v N 0S0°TET
s £09°TET
Jors 126'9€T
. o 195°041
rers [® €2TTHT
821’8 == Tsee
661’8 0
€ST'8 6’1 n .
5 mas
891’8
s/1'8
o
o
1n
"o
e
o
2
<
2
re< v
=
o
o o
L5 ©

Br
130 120 110
f1 (ppm)
s45

101 MHz, CDCl,

140

180 170 160 150

190

200



GP-SM-7-118

£68'97
606'9
1269
286'9
200
T20°Z
€020 092°¢
95€°L
65€°L
SLELA
128747
6L
96,
00
ebbL o
8t/
€52 o
15b°L
199
69
[\
SLb'L~
B:x
06°L
£60'8
860'8
T01'8
021°8 7
Te1'g
ez1'g
921'8 ]
9€T'8 |
6€1'8 ]
T51'8 ]
[ASE
vb1'8

pp—

W

f
[

mvﬁ.wp;
ﬂmm.wL
£0v'8

Br

400 MHz, CDCl,

T
9.0

T
9.5

CieE 715

f1 (ppm)

9ETTIT —
9EV'LTT

068'6TT
6202t V
LST°CeT
zerzer N.
Sbe'Ter \\‘
wueven
+6€°9CT
128921

886°9CT
184°8CT

T 6eT
29621
S88°0ET
PI6'9€T
+98°0pT

0cy'erT

645°LST —

Br

101 MHz, CDCl;4

T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

T
190

T
200

S46



GP-SM-7-156-B

€8S'T —

968'9
806'9
026'9 1
228724
6L£7L
6L
86€°L
200
PTbL
L1672
0zvL
SThL
82hL
ebbs
Lbb'L
€92
sovL o
690 ﬁ
1862 o

€82
982 A
mwv.fﬁ
0052~

«om.nx
208°L
ve1'8
921'8
s
Y18 7
sersff
1418
ss1'8
6518
0£1°8 ]
v1°8
8,18 ]
1618 ]
ove'g |
85£'8 1

400 MHz, CDCl,

TFe6z
6T

f1 (ppm)

GP-SM-7-156-B

€12ad 0974, —

YIL°60T
L6STIT /
YOP'LTT /
£20°6TT
£52°02T
wuyoet
sIsCeT
§s09°CeT
TP0°STT ~
€59°97T —
0ge LTt

omNNNﬁ
Nwm.mNﬁ
cov.wNﬁ
TEBTET \‘
€SL°9€T

988°0pT

SYS'OvT —

009°£5T —

101 MHz, CDCl,

|

i"nl‘l

|

|

T
100

1947




400 MHz, CDCl,

GP-SM-10-100

0'T
0's
00T
T10°€
00T

-2 -3 -4

-1

f1 (ppm)

15 14 13 12 11 10

16

SETH
9T'0TT
657021
vzen
15221 W
seget
5

wﬂ.NNﬁ
m.n.wN.— \“
SE'8TT

89'9€T —
8L°0VT —

L6'SPT —
£S'8YT —

YS'LST —

GP-SM-10-100

3£ 3¢ NMR NV O2
101 MHz, CDCl,

R

L)

A

Ll

VI

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

$48



400 MHz, CDCl,

£00'T
AET
hoo's

1oo°€
ro0'c

9.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

9TY'TIT
YT LTT |
020°02T |
yET'0CT
Y0E'ZTT
89Y°ZTT 1
¥06°2ZT
£6'2CT |
TES'YTT
695°VTT |
L10°STT
0£6°92T
YL0°£2T
STT'LTT )

T19°8¢CT \
vmw.wﬂﬁ\

\

£86'0€T
868°9€T \
888°0VT \
650°ZYT

wm.v.hm.n >
¢Ts'LST

GP-SM-7-109

101 MHz, CDCl,

10 0

90 80 70 60 50 40 30 20

110
f1 (ppm)

170 150 130

190

$49



GP-SM-VII-

oY
NA/NUM
J

400 MHz, CDCl;

- =C0'€E

JE0'T
Ig0'T
x4
ITT
o'z
~00°T
70T
200'C

-0.5

0.5

1.5

2.5

9.5 8.5 7.5 6.5 5.5 4.5 3.5
f1 (ppm)

10.5

Y8 LT —

886°TTT
£2€°LTT |
809°6TT |
09T°0ZT |
1671211
166°T2T
S6LYTT
9bT"9TT
T6€"9T |
898'9ZT
650°LTT ;
£85°£TT |
pST'8TT |
1€6'82T —
90 VET ~
TISVET /
Lz Len
80Z°0bT
6TOEVT
£2TLST -
T6T°LST

GP-SM-VII-117M

t

()

Cl

O

3h *C NMR
101 MHz, CDCl,4

N
N)\N
N

180 160 140 120 100 80 60 40 20
f1 (R)

200



6b0'T~
85077

400 MHz, CDCl,

|-

F86'C

Fooe

H/Nm.ﬁ
A
1k

16T
BT

Wo.o
6°T

7S8T

T
3.0

T
6.0

T T T
8.0 7.5 7.0

T
8.5

T
9.0

0.5

1.0

LLE0T —

T
2.0 1.5

2.5

0EY°'SS —

3.5

T
4.0

4.5
f1 (ppm)

5.0

TE6'0TT
h.nm..n.n.ng
STT'STT |
096977 ;
0£6'8TT
91T°0ZT
99/'T2T 1
vP8TTT |
¥86°VTT |
887'92T |
799921
905°£ZT
ewm.muﬂw

5.5

6.5

e

8SS'0ET
ST9'EET
8S6'9€T
TELLET
€LLOVT
690°LST \
EEV'LST
TSS'8ST /

9.5

T
10.0
GP-SM-7-126

T
0.5

70 60 50 40 30 20 10

90 80
f1 (ppm)
S51

110

101 MHz, CDCl;4
130

150

170




80'8

or's

'8
[4%:]
£T'8
w's
'8

GP-SM-10-96

400 MHz, CDCl,

=00'T
50T
=90'T

0'T
T0°E

Feoe

F00'C

-0.5 -1.5

0.5

1.5

2.5

3.5

€10ad 09T°LL —

4.5

f1 (ppm)

L¥6'00T

ﬂNo.woﬁ/
0S€'80T
ooz'ert
LT
8rT'6TT

z61°021
616121
680°7Z1
vog"TZT
151'521
5€8'021
056921
060'821 \
£05°821
1yseT—
ev12e17
69606 —
TP~
S8b"LbT ~

6.5

7.5

8.5

L6€7LST~.
12841~

11.5 10.5 9.5

GP-SM-7-139

ool

e

101 MHz, CDCl,

80 70 60 50 40 30 20 10 O -10

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

§52



87T —

£€8'9
¥8'9
58’9
169
£6'9
9T°L
8T'L
8€°L
SV'L
'L
'L
8v'L
8v'L
6v'L
0S'L
ot's
iT's
[4%]
€1°8
€18
ST'8
£€'8
ve's

GP-SM-81-149-P

400 MHz, CDCl,

M\OQ.A
00T
=00
=60'T

Jé.n.n

=60E
=00'C

- -3 -4

-1

f1 (ppm)

15 14 13 12 11 10

16

£9°0T —

(75334
8E'9TT
LS'8TT
69'6TT
vSITT
88'TZT
£LvTT
82'921T
97T
00'22T
90'8ZT
ST'8ZT W
97'821T
EE'SET_
SL'OET —
L6'LET
wovt

08'9ST ~_
TTLST

GP-SM-81-149-P

101 MHz, CDCl,

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

S53



400 MHz, CDCl,

=00’€

-0.5

6.5 5.5 4.5 3.5 2.5 1.5 0.5
f1 (ppm)

7.5

8.5

9L0'1C —

606°TTT
£66'0TT |
TOT'6TT
780°0ZT
888°TZT
96T°ZZT 1
LELVTTA
66T 1
6Zt'STT
799'921
858'92T ||
€20'82T |
¥8T'8TT

==

SSE'8TT T
Ee.wﬂ\
0L6'9€T -7
LYY LET

NNn.oﬁ\
90" THT

6VT LST
L1SLST/

GP-SSM-2

101 MHz, CDCl,

160 140 120 100 80 60 40 20
f1 (ppm)
S54

180

200



GP-SM-7-160

995°T —

L5076 —

£59'9
599'9 H/
658'9
1£8'9
€889~
LTI~
S6T'L—7

€0a> 09z /f
ThE'L
£veL
65€°L ]
8/£°L]
08€Z
Tev'L ] f
oL -
Lyb'L ]
5208
2808
060°8 -}
£60°8 ]
607°8 ]
6218
ze1'g ]
0s€'8 |
z0£'8

400 MHz, CDCl,

= F66'T
- =00'T
=r E00'C

—AS0T
2t g0

== E96'0
6°T

HJHImmA

f1 (ppm)

805'SS —

GP-SM-7-160

YAzaran:

ch.m:/
ST0°LTT /
616'8TT /
8LT°0CT

790zt M
€0b°CCT —
SYT'STT —

SLL°9TT
£56'9CT
L£T°8CT
£29'821
6£9'8CT
686°EET
0€T'LET
810 THT

TeeLST
8L9°LST W
T9T'8ST

3m 13C NMRO
101 MHz, CDCl,4

(UL

i.llh

J

50

T
90

T
100

f1 855

110

150

210




GP-SM-7-140

120 110
f1 (ppm)
S56

130

140

150

wn
Fo
;
<
=
10
o
3 e
M-
1N
025 T— R -
<
— e
wn
Fai 80555 —
<
Il
0
|l
1508 — |L =00¢
<
<
1
<
~
S E
r [=%
cn "8
p— -
@] =
L n fazaany
(@) w MNN.M: _en
T0°LTT
© o 616'81T / @)
T L2 6£1°021
N © 90221 / /A
€699 an) sopeer / O
8v9'9 M n svTser / I’
659°9 L Fo suesr N
599°9 o J E 956'921 e
8589~ S 962871
0c8'9 ped =t 00T o reser \ M
€889 FR 089871
€002 0922\ ==zt sa5ect m
THELN — 3ot 167281 et
£hEL xﬁ == Ffo0e n 610 THT
65€°L 7 Fre
w
198,
-
298
. o
8LEL LS
0
osez e == [0
(= .
A —— T 86T n st
Lot°L ] Fo ussi
s20'8 292851
280°8
060'8 u o
1608 o
6018
6e1°8 Q
TET'8 Lw
0s€'8 Q a
29e'8
]
o
— o
<
I
1 I
o =
- ¢
[:9
[0}

170 160

180

190




GP-SM-VII-153

€D 092'2
YOE'L
bzeL
65€°L
29€'L
99€°L
08 |
78€°L
S8e°L
06+°
605°L
125
€19°2 W
YE9'L

400 MHz, CDCl,

2.0 1.5 1.0 0.5 0.0

2.5

<
=

n
Ll

f1 (ppm)

GP-SM-VII-153

€100 09T°LL —

186°T11
Th49T1
£69°6T1
0€T°02T 4
£98'12T
EE8'52T
925521
122°621
521921 o
902'921
126°921
805921 -]
819'921 7
1647921 -|
Ter et
19T
9€6°621
0£6°0€T
9T
996°2€T
s9z6€T
8190pT /

I R B L

P6E9ST ~
260° 51~

101 MHz, CDCl,

L

|
J

—
=
——

J

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)

S57



L
zELA
€€
ve's
6€'L
e
e
Sb'L o
Sb'L
Sb'L
LyL A
8b'L
6L
6v'L
s§'L
¢s'¢
65'L
65
€82
v8's
582
£8'L
£0'8
608
stg
s1'8 |

=T T

-g |
s
1

GP-SM-10-106

400 MHz, CDCl,

Tz
260
200°€

Tz
ooz
2001

6'€

-2

-1

f1 (ppm)

11 10

12

.E.:.
cw.ﬂﬂMA
88'TTT
£6'97T
ST'6TT
09°6TT
Tr°02T
oz 0zt
z6'12T
zezer o
64221
98'€2T o
£6°€TT o
£6'VTT |
TL'9TT |
9£°92T
66'92T
6T'LTT
L6z -f
8L'82T

T0'9ET —
6T'LET
8L0VT —

=

T

YLYST
TH9ST -\
60°LST —F
05°LST

GP-SM-10-106

101 MHz, CDCl,

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

$58



1.0 0.0

2.0

3.0

4.0

CDCl,
5.0
f1 (ppm)

6.0

400 MHz,

7.0

8.0

CHEOMOBID
QeeQaeroaQQ
MANNSTSANM-

9.0

10.5

12.0

0Z8'0TT
866'9TT
TIT'6TT
8£7°0TT |
8€9°TTT -
LTveen
TOEVTT
880°9ZT
119°9CT ;
90T"£ZT 4
1€S°LTT
0g9 2T}
700°8ZT \f
£T9'8TT |
TIL'8TT—
8Ev'0eT/
YOS'LET
8TT'OVT
0ST'IVT

mwm.#ﬁN

oevt

GP-SM-08-12!

4a 3C NMR
101 MHz, CDCl4

80 70 60 50 40 30 20 10

90
f1 (ppm)

170 160 150 140 130 120 110 100

$59



)
@

22
N

—

o
©

R
N

N
)
2 O
IN
o

400 MHz, CDCl;4

h

=009

HO'T

1.0 0.0

2.0

3.0

4.0

e
T

9.0 8.0 7.0 6.0

10.0

690°'vC —

6E8°EE —

Lo
W

E

£ 889011,
S ES6'9TT+
= TOT'6TT |
% 120211

101 MHz, CDCl,4

J

W

N

VTR

TR

170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10

80

f1 (ppm)

S60



8085
289
1589
SLOL
8L0°L
880° |
£60°L
£60°L
01",
80T'Z

CDCl,

B

400 MHz

=00'T
J00'E
S0
/00T
=20'E

=0T
=00°€

0.5

1.5

2.5

3.5

5.5

6.5

7.5

8.5

9.5

f1 (ppm)

LTTTCT—

0T9°0TT
£S6°9TT |
TST'6TT |
6T2°0CT |
$0S°TZT -
00t'22T -
060"¥2T
69092
689921
esy Lz
6ES'LTT [
686°LTT |
6St'8CT !
625'8TT -
ey 62T/

==

GP-SM-2Me-Carh:

101 MHz, CDCl;4

|

30 20 10

40

60 50

70

80

130 110 90
f1 (ppm)
S61

150

170



N
N

2QQQQQQQ
N

400 MHz, CDCl,

=10°€

=00°T

+00'C
+00°€

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
f1 (ppm)

9.0

10.0

€0L°SS —

6LETTT
CST'ETT
vT8'9TT

0ST'6TT|
60E"6TT
618°0CT
6TETTT
€96°€TT
8€0"PTT
LE0'OTT |
vs8'ozT |
0bS'LTT |
696°LZT |
L9V'8TT
91S'8TT -t
99€E"IET 7
L6S'TET
OV LET /.
886'0VT
L9E'TVT
899'98T
68T'LST 7
LYS'LST

GP-SM-08-122

4d 3C NMR
101 MHz, CDCl,

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S62



400 MHz, CDCl,

2.5 1.5 0.5 -0.5

3.5

n
<

pm)

o
~

n¥
n

8.5 7.5 6.5

9.5

11.0

SOP'STT
SST'LITA
THT'6TT
LET'OTT
VLT TTT
YE9TTT |
Y20"HTT |
TYT'STT
€£0°92T
£02°92T -

S

¥66"0VT
SSYTHT -

790°LST
62ELST

GP-SM-8-102

101 MHz, CDCl,

100

160 150 140 130 120 110 90 80 70 60 50 40 30 20
f1 (ppm)

170

S63



GP-PM-458-A

€85 T —

9v8'9 7
858'9 7
089 1
S80°L 1
060°Z 1
60°L
€0T°L
S0T°Z
STTLA
67T,
5T
v L
6v7°L
097
€100D 092°Z
9ZE'L
0£€
9bEL
1S€°L Y
oL
TorL A
641
€81°L A\
88v°L ~t
205,
90S°L \
910'8
9€0'8 V
0908
$90'8
8£0'8
780'8
[22%:]
8pT'8
€1€8
Sze'8

N
|

N
PN
NS

4f 'H NMR

N

o

400 MHz, CDCl,

———

001
¥66'
88T
=80T
61T

60

01
g0
A6t

1.0

1.5

3.0

5.0

f1 (ppm)

6.5

9.5

€002 09T°LL —

£99'T1T

mmmNA~/
8bT'6TT
£L6°0CT
owm.NNﬁ/
[37Ar441 H/

[Ata:Ias
62E°9CT

829'(T1 F
[A 141
8T4'8CT
£10'62T

€0S°2ET \

STeTLET
6V THT
8E'THT

TCTLST ~
Ssy'LST

GP-PM-458-A

]

@)
& ]
Z= W@ ]
= - ]
=4 VARSI —
P4 «© S |
— 3
<+ = ]
= —

O

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

f1 (ppm)

S64



GP-SM-08-92

400 MHz, CDCl,

/00°T

16'C
00z
£60°C
00T
00T
00T

66"

0.5

2.0

3.5

5.0

6.5
f1 (ppm)

8.0

115 9.5

135

¥28'£0T
£98'L0T
0ZS'STT |
¥8L'9TT |
028'97TT
YES'LTT |
LSY'STT
0£8°02T {
EEL'ETT
£6EHTT |
€£S'STT
v28'STT
89T°9Z1 -
L6€9TT A
STL'9ZT
6£8'97T

916°LTT

€00°9€T N

e

0ET'8ET
8C6'8ET
0L0°SST -~
Y0S'SST

GP-SM-08-92

101 MHz, CDCl,

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S65



iy

686
(44X}
ves'9
SL0°L
6L0°L
¥80°L |
£60°Z 1
960°Z |
860°Z |
08T'L{
Z8T°L
66T"L
00Z°Z -
T0T'L
LvTL
1STL
YST'LA
VA-TAVAN
09Z°L
voTL
99z I
L
6TvL]
8EvL |
svbL |
veeL
976°L

CE'8
o

O

N N
N)\N
<

4h, 4h' '"H NMR
400 MHz, CDCl,4

=T10'€

0°T

sz
—

T0'T
0°C

= £86°0
A&m.o
ﬁo.ﬂ

6°T

6.5 5.0 3.5 2.0 0.5 -1.0
f1 (ppm)

8.0

9.5

115

0ST'CT—

£6T°2TT,
098'9TT |
958'8TT |
OvL'6TT |
TTTTLT
TEL'2TT |
LEEETT
866°STT
£26'9T
905°£2T
096°£ZT
£80°8TT
162'82T 7
696'9€T
866'9ET

LST'THT

8SETVT

L L

()

MNN.hm.n >
€1S°LST

GP-SM-08-101

()
O

N
N)\N
N

4h, 4h' 3C NMR
101 MHz, CDCl,4

+

()
O

N
N)\N
N

()

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S66



TL8°€
0849
C6L9
089
900°L
vTo'L
T€0°L
8€0°L
oL
90",
0S0°L
9S0°L
6S0°L
0£0°L

-
o

22QeQ
N

400 MHz, CDCl,

=00°€

0T
o'y
o't
60
0z
JEO'T

A€0'T

3.5 2.5 15 0.5

5.5 4.5

f1 (ppm)

6.5

8.5 7.5

11.0 9.5

12,5

06£'9S —

£00°£0T
88L°TTT
YYT'OTT |
£86°97TT ;
£ZE'6TT
168°61T
ST6°0ZT
LL6°TTT
ST0°STT
vY9°'STT

(B e e

SLT'OTT

0LS'LT1/}
LZ0°0ET
68C°9ET 7/
1S0°6€T
0SZT'THT
9LTOST
YEELST
60b°LST

GP-SM-08-86

101 MHz, CDCl,

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S67



GP-SM-7-27

400 MHz, CDCl;4

=00°T
£0°T
566°T
1T

por

=96'T
=66'T

3.5 2.5 1.5 0.5 -0.5

5.5 4.5
f1 (ppm)

8.5 7.5 6.5

9.5

11.0

o

PEO-58E
LEGTTT
0LL°9TT !
TIT'Zet
6TETZT /
918'sZT
96L°92T
SLSLTT
g00'szt/

PILObT
OSTIVE
€£2S'TYT \

6SCT'EVT

YITLST~
785°LST/

GP-SM-7-27

101 MHz, CDCl;4

30 20 10

40

130 110 90 80 70 60 50
f1 (ppm)

150

170

S68



88—
£6'9
s6'9
90°z
90°,
80°,
L
£eL
ve'L
szL

e
€V'L
€V'L

L0'8
608 >
(4%}

€€'8
€v'8
i44:1
Ssv's
Sstv's

GP-SM-09-1II-1

400 MHz, CDCl,

=T0'€

/o0
200'T
2€0'E
10T

T'E
~00'T
50T
=001

-4

-3

f1 (ppm)

15 14 13 12 11 10

16

89'SS —

230
90°LTT /
£0°Z2T
6T'€CT
o£'vzT
S§'STT
voszt
vs'LzT
671 >
crezt

OT'8ET~_
$0'ObT —
TIWT

SS'SST
LT LST W
6Y°LST

GP-SM-09-1II-1

S69

T
100
f1 (ppm)

110

120

4k 3C NMR
101 MHz, CDCl,4

130

140

160 150

170

T T T T
190 180

210 200




hnuw 1

GP-55-2-46

400 MHz, CDCl,

=10'€

0'T
0°T
T0°'T

0°€E
=10°'T
¢10'C

10T
0T
H.o.N

0°T

f1 (ppm)

15 14 13 12 11 10

16

0£°9S —

88691
oTLTT
£2'8TT %
65 TTT~
ov'TeT
86'STT
£6'221 \
z0'62T
£8'TET
ze6eT
06'6ET

mm.wm.—
o.n.hm.n Wr
vYT°LST

N

b

<

a

-
I

GP-SM-10-24

101 MHz, CDCl,

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

S70



o8
98'9
v6'9
969
€€°L
SEL
LEL
8€L
Sv'L
L
vS'L
9§,
€LL
VL W.
SLL
LE'8
6€'8
s
£v'8
vv's
sv's

GP-SM-08-212-1

400 MHz, CDCl,

=T0'€

-3 -

-2

f1 (ppm)

15 14 13 12 11 10

16

18'SS —

EFERE—

IS°LTT
(34441
00°€TT
STV
9T°9ZT
S0°8TT
oL6TT /
T8'6CT k.
80°ZET N

mo.wM~
0E'8ET W
v¥'6ET

€L°LST
0Z°8ST W
hv.wmﬂ

o
o
<
o
-
I

GP-SM-08-212-18

101 MHz, CDCl,

-10

90 80 70 60 50 40 30 20 10

110 100
f1 (ppm)

150 140 130 120

160

180 170

210 200 190

S71



GP-PM-14

wUs'c—

9619
wom.ww
02’9
8€6'9
mvm.wV
TETL
VMEV

£€120D 0922 7
scze
8.z
ver [
167°L ]
8€€°L |
£5€°L
ore'L

SSL°L

29L

766°L

66, ]

SST'8

851'8

bL18

T

400 MHz, CDCl,

——— 00’

—=e ET'T

= S0T
—. o't

8T'T

|- cer

6T'C
——F 80T
=7 80'T

f1 (ppm)

GP-PM-14

9sE' T —

€002 09T°LL —

£00°8TT
TSE'BTT
TZr'61T
885°02T
8¥6'vCT
961°S2T
90£'S2T
99Tt
£26'9CT
8+6°9CT
659°LTT
699°LTT “
0zy'8eT
EbP'8CT
EEE'6CT
¥60°0€T
S08'0€T
¥8L'SET
029°LET
TS opT
8b¥'9ST ~
799451

101 MHz, CDCl,

-10

110

150

210

f1 (ppm)

§72



GP-PM-465A

8vL'E—

8149
TEP9
EbP'9
6489
889
888'9
168'9
568'9
£06'9
076'9
+16°9
£26'9
1€6°'9
T00°Z
oL
€100 09T
8ELL
0SL°L
600'8
TE0'8

O—

—0

400 MHz, CDCl,

=009

=901

H\mw.oﬁ

= €6'T

= 16T
= 68T

f1 (ppm)

GP-PM-465A

£96'9S —

€DaD 09T°LL —

T¥6'S0T —

6E€°STT
£8T°8TT ”
26811 7
802611

608'S21 \
ovvz1
£4b°0€T

580°5ET —
89/°6€T ~_

€V6'SST
0S£79ST —
PILLST ’

101 MHz, CDCl,

50

110

150

210

f1 (ppm)

S73



66L'€ —
0Lp'9
Z8v'9 |
v61°9 |
0169 {
¥16'0 |
02691
226'91
1€6'9
0169 |
9969 -
0569 -
§56'9
096'9 -
8969 /
€L6'9
902
980°
otz
€12, ]
8z L
TET L]
0Lz
1€€°L]
0s€'Z
69¢°, ]
oS/t
89/,
¥01°8
L0T'S
€218
9zT'8
SET'S
091’8

e

GP-SM-09-14

400 MHz, CDCl,

= T0'§

00T
/00°01
= 00T
2001
1 oot
= 00'¢
v 66T

15

3.5 2.5

4.5

125 11.0

14.0

8TV'9S —

886301
c9TocT /
08T'STT /
L9€E'STT /
T€0°LCT >
660°LCT
v66°LTT
6S0°8CT
8C8'6CT
S90'9ST \

00T'9ST 7
€S0°LST

GP-SM-09-14

101 MHz, CDCl;4

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S74



GP-PM-13

867°S —

£8b'9
mm?mWY
£0S'9
£26'9
mNm.oV

886'9
00,
800,
9922 7
0LT'L ]
s8eL
880, -
29€°L
18€°2
00v°2 |
09" ]
84"
6LL°L ]
6L
1178
zerg
0s1°8 |
€518
691°8 |
2rg?

e

Cl

400 MHz, CDCl,

001

Fuse
560
2901
601
261
81
60
60

T
4.5
f1 (ppm)

[ €oao 09122 —

99+'81T
LIE'6TT
9zT'0zT
9ET'TZT
e
059°€2T
8T vt
Tv0°'seT
968'STT W
649921 —~
ve1'LTT y:
Tz9Tt
089°L2T
vL9'8CT
v0L'6CT
Y0T'0ET
€9P°CET
85E°9ET
9zZ'8€T
T8'8ET
S8L°6ET
£18'95T ~
2og7LS1"

Cl

101 MHz, CDCl,

l

!

li

T
140

|

T
120 110

T
130

T T T T
180 170 160 150

T
190

f1 (ppm)

S75



YLy 9
9819
8619
1689
9689
1069
£06°9
<169
ST16°9
126’9
ST6'9
6769
LE6™9
069
€V6'9

Br

400 MHz, CDCl,

0.0

3.0 1.5

4.5

7.5

9.0

11.0

13.0

omm.w.n.:
MMN.m.n.:
.vom.cﬂ.:

W Ty

ZZ0'TeE
S80'ECT |
£90'b2T |
ETT'v2T
€81'SZT
98£'STT
9T9'97T -
LTL°92T |
8£0°L211
6LV LTT
vTS'LTT )w
£65°8ZT }
STL'6TT L
ozT0eT /.

TY0'8ET
EST'8ET N

L8L'BET
C8S'6ET
OvL'9ST ~
TIELST

GP-SM-08-102

101 MHz, CDCl,

A

AW

=
3
3

i

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S76



20

30

40

50

60

70

L
re
<
=]
L
o
<
e
n
855'T — -
<
ey
L
ey
<
Il
€000 £89'9L
L
[ ™ €100D 81€LL

<
[

-

£
n

r«&

-~ bl
QO o

DMmA w [ $00'8TT /

- L6t

ol z=\ 2 feorr L

n 58421
9969 | =z \ N [ 065°STT /
seo] V= rsa
96'9 1 z »n M < MNMMM T
896'9 o o .

. = 19€°621
MM.WU = €ETLET —
586'0 < | 90€°06T —

€002 09Z°L —=F00T ©
092° 4
S6¢°L
86T°L Tee6 LS
£1€°2 ~ SEE'OST ~=
PASAR _ . S6T°LST
YIE'L ~ = mm,ﬁ
€8€°L \ e L
T0b'L
69L'L~ _ .
180L~ - 16T
<
L61'8 re
00z'8
—— 3
SN.m\ o8
612’8 n
[T oo
o
o
o
wn
no 7
Fa o
£
9
a
o

gp-sm-7-15d

80

90

100
f1 (ppm)
S77

110

I

|

|

130

|
Jd
140

101 MHz, CDCl,

150

160

190 180 170

200

210




GP-SM-7-56

YLST—

1299
€99
6599
5999
0499
5.8'9
088'9
8889
9689
069
606'9
SHTLN_
8ST'L
€100 09T N
EPEL
9€E°L
£68°L ~
S06°L M

400 MHz, CDCl,

1.0

1.5

2.5

3.5

7.0

8.5

f1 (ppm)

GP-SM-7-56

€10ad 09T 4L —

€6EPTT
Y09 PTT
°TE8IT
069°6TT /
T98°0CT /
986'+CT
098°S¢T /
885°6CT
6C0°0€T
80T'0€T V.
TTE9ET v

EPEIET
Y09°LET \

TBLOST ~L
SS8'LST —
1€0°09T -
bz

101 MHz, CDCl,

30

50

110

210

f1 (ppm)

S78



£9'9
89'9
69'9
98'9
£8'9
68'9
16'9
26'9
£6'9
£6'9
¥6'9
¥6'9
969
86'9
002 {
10°
202
£0°Z 1
$0°Z 1
§0°L
8T'L A
8T'L
[
0€°L
161§
6€L %
we/

66'L
00's >

L7141
T8
£T'8
€78

GP-SM-10-10

400 MHz, CDCl,

T0'T
Zoo's
ez
z€0T
A\eor
00T
00T

-2

10

11

12

13

14

15

16

f1 (ppm)

GP-PM-480

mno.o: /
mno.cwﬁ
€06°0CT V
LT
0€6'v2T —7
0sg'set *
SpeLTT

861°6¢1
z8€°6e1
0gb621 \

L6LTET
660°LET \\‘
izarags

S98'9ST ~.
S1§°45T

Br

Br

101 MHz, CDCl,

20

50

110

210

f1 (ppm)

$79



GP-SM-7-147

LILE—

68v°9
0759 /
8659

019'9
w99 7
6v8'9 7
048°9 7/
€002 092°L N\

99T°L
¥8T'L %
obEL
6SE°L
8LEL
898°L
088°L \

uUuvs -7
T6T°8 \

400 MHz, CDCl,

Feeo

Rooy
Aot
STy
81T
Bv0z

Feoz

1 (ppm)

GP-SM-7-147

65°SS —

€002 09T°LL —

TSTETT ~—
TS6°LTT

STT'6TT M
+0£°02T —
€66'HCT ~
S€9°9CT —
615°6CT

€85°6CT W
b96°CET

8TLLET —

S/p'9ST N
6LL°LST
0S6°LST V.

N
N)\N

<

—S 3yBCNMR S—

101 MHz, CDCl;4

H u\n Hn\

— 77— ——T——T—
200 190 180 170 160 150 140 130 120 110

210

1 (ppm)

S80



GP-SM-7-188

8TL'€ —

S6C°S —

68v°9
S6v°9
9059
1199
6659
1199
€299
0589
U89
€10aD 09T°L
S9T°L
89C°L
€8T°L
98C°L
WeL
09€°L
6LE°L
698°L
188°L
18
bLT'8
06T°8
€6T°8

e N A==

400 MHz, CDCl;4

LLT°SS —

€100D ¢89°9L \
€100 000°2L w
€100D 81€°4LL

1 (ppm)

GP-SM-7-188

690°€TT —

89L°LTT ~
€€0'6TT —_
zesoer
TI8'veT ~
YSb 9T —
Leg62t

Toveer
€80°2ET —

LESLET —

E6T79ST ~\
665°LST ~-
89L°LST M

N
|

N
N

NS

—0 3wBCcNMR O—

101 MHz, CDCl,

180 170 160 150 140 130 120 110

190

f1 (ppm)

s81



LYS'T~
S95' T/

SS0°L
£90°L |
6£0°L+
Y8TL
1STL
SST'L
LT
SLT'LA
8zeL|
vee's|
0SE'L 5

o554/
wmw.hv
868°L

€06°L

91L'8
6SL’8
0LL°8

v69'8
\|

GP-SM-05-110

400 MHz, CDCl,

1.0

95 9.0 85 80 75 70 65 60 55 50 45 4.0 35 3.0 25 20 1.5
f1 (ppm)

9S0°6T —

S8T'9Y —
L0T°CS —

TIS'STT
EVTOTT
¥09°LTT
6ST'61T
LTS6TT
L96°TTT
8S8'€ETT /
YTyoTT |
ST6'9ZT -\
seg'cet/
8VLLET
TZ8'6ET
SL0°0bT

TY6'LST
€16'8ST

SLT'SLT —

GP-SM-05-110

101 MHz, CDCl,

60 40 20

80

i

$82

160 140 120 100
f1 (ppm)

180

200




TLS' T~
8851/

GP-SM-08-11

400 MHz, CDCl,

=00°€

=00'€
=T10'T

0T
ol
500
200°T
oo

100°E
00T

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

10.5 9.0

12.0

8T0°6T —

S90'9Y —
LET'CS —

S6°'TTT -
YT LTT A
£99°8TT -
STY'0TT -
vLLteT
STT'ETT -
009°9CT 1
YOV LTT -
TTLLTT
SE8'LTT ,W
160°8TT
9/1'8TT -,
vzrezt/
TTLSET
666°6ET
8zT'obT
I8H IHT
€90°LST S
6TE°LST

Pv0'SLT —

GP-SM-08-11

101 MHz, CDCl,

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S83



-GG-2- - [a]
GP-55-2-147-1 1938338388%%

—3.94

_0O

7 'TH NMR
400 MHz, CDCl,

e

L

2,27

0.90,
0.96

© - 0.87°

'y
@
~N
T

7 6 4

f1 (ppm)

GP-SS-2-147-1.53.1.1r

162.78
—140.91
_127.77
—125.88
~-123.56

109.16

NO,

_0O

7 3C NMR
101 MHz, CDCl,

1

—55.94
16.23

T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

S84



GP-55-148-1 B3RERITLLE R 8 9
SEBC23STIS R 3
B aE
NH»>
/O
8 'H NMR
400 MHz, CDCl;4
|
|
Ll
a4 h th &
88 K S
- N m N [y}
T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 7 6 3 2 1 0 -1 2 -3 -4
f1 (ppm)
GP-55-148-1.43.1.1r 2 Y 2 3R=3 © @
o o N 0 - \n N
n (9] o~ oo n n
- - - oo n -
NI
NH»>
/O
8 13C NMR
101 MHz, CDCl;
I
| |
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

S85



400 MHz, CDCl,

GP-SM-08-89

[
%660
20€'T

0T

-3 -

-2

f1 (ppm)

15 14 13 12 11 10

16

T19°LT —

ST'95 —

ST'TOT —

96'0TT ~
79'7TT—
ST'6TT

90°0ZT ~\
65'TZT —
88'€TT -
£€'STT \
(T4

9E'VET —

v0'ovT —

SL'TST—

GP-SH-1-A

-10

60 50 40 30 20 10

70

80

130 120 110 100 90
f1 (ppm)
S86

101 MHz, CDCl;4

140

150

160

210 200 190 180 170




9€'C —

865
R.L
669 1
JAVE
9T°L
LT LA
9€°L |
8€°L
8€°L
06, 1
062
6L
T6°L

86'8~_
18
s
98
9,8
8.8

GP-SM-Ag

400 MHz, CDCl,

-—<0'€

=00'T
=10'T
zoz

=€0°'T

-<0'T
RE€0'E

-2 -3

-1

f1 (ppm)

15 14 13 12 11 10

16

YS'LT —

LLSS —

-10

™

10

60 50 40 30 20

70

£0°00T —

SS'STT
TY'oTT /
L1811

66'8TT V
10221~
9T~
86'SZT

0T°9zT N
SRR

8T'6ET —

ST'PST —
€8°LST ~_
9T'65T —

GP-SM-09-141

80

90

S87

100
f1 (ppm)

110

11 3C NMR
101 MHz, CDCl,4

140 130 120

200 190 180 170 160 150

210




0TET—

Te6'e—
0TL'9-
TTL9
veL'9
6869
2669
6669
100°Z
900°Z -
TT0°Z
9T0'Z -
0z0°Z
oL
z£0°2
v€0°2
6€0°L
9%0°Z |
661", ]
v0T'L ]
60Z°L
vve'L |
ose’/ ]
09g°Z
zocz ]
szv'L
998"/ |
£98°¢ |
(v6°L |
€56°L |
€96°L |
696°L |
STZ'8 |
Lees!

GP-SM-08-131

400 MHz, CDCl,

-T10°€

-00°€

%ﬁ
ot
o0t

300°T

looz

-1

SOV°LT —

898°SS —

NE

R i
mnm”mﬂ/
(79 mﬂ/

w.no.NN.n
o .nom.MN.n%
v66°STT
o LT N

10

(41 4A"
0S6°LCT
S8V TVT —

11

6L0°VST
EVT'LST~
1€5°LST/

15 14 13 12

GP-SM-08-131

16

101 MHz, CDCl,

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S88



9€6'T —

1865
mnmi

S8€'9 {
69£°9 1
18279
68£9 |
€6£9
£V8°9
589 §
£58'9
198'9
998'9 |
S£8'9
8489
888'9 -]
€689 /
1069/
9069/
€ET'L ]
6vT1'L
zSTLA
£8T°L
seT L]
vSTL
st
€89°L
569°L |
£V0°8 |
$10'8
290'8
$o0's/

L .

e ——

400 MHz, CDCl,4

=00°€

=00'€

=00'T

00T
“oo's
200°T
101
~10°T
1oz
+00°T

0.0

898'€ET —

1.0

2.0

6£0°9S —

3.0

b

e
<
~

£
2 S50 —
TeeL 8TT
6vT°'0CT

mmm.mN.n
h.nm.mN.n
v6E°LTT \

€79°LTT
S9S°8¢T &

6.0

999°8CT
T16°6CT

7.0

866°CST ~_
8€S'9ST
¢16°LST

8.0

9.0

10.0
GP-SM-08-190

101 MHz, CDCl,

160 140 120

180

80 60 40 20

100
f1 (ppm)

200

S89



8€T'L
LyT'L
0ST'L
99C°L
04T°L
8LT°L
9TEL
SEE'L
YSE"L
9TV L
8TV 'L

8TV'L
0EV'L

ZT

14 '"H NMR
400 MHz, CDCl,4

e
ey
o

0°T

10

11

12

f1 (ppm)

689°0TT —

Y0S'6TT

995°6TT

26'61T -
L8Y"0TT
SSS'ETT
TOL €ETT
1S0°STT
LSLSTT
SL6°STT
LLS°LTT
r{ &4 %
987°62CT
997" LET
8L0°6ET -

S mpumiER

SLY6ET

GP-SM-08-88

ZT

14 3C NMR
101 MHz, CDCl,4

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

S90



