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(1) General procedure:

Unless otherwise noted, the reactions were performed in oven-dried glassware
under nitrogen atmosphere with freshly distilled solvents. Tetrahydrofuran (THF) and
hexane were dried with sodium, benzophenone and distilled before use.
Dichloromethane (DCM), ether and 1,2-dichloroethane (DCE) were dried over CaH»
and distilled before use. Reagents from commercial sources were used without
purifications. 'H NMR and '3C NMR spectra were recorded on a Bruker 400 MHz,
500 MHz, 600 MHz or Varian 500 MHz, spectrometers using chloroform-d (CDCls)
as the internal standards. For HRMS, the data of the choro- and bromo-containing

compounds are referred to CI-35 and Br-79, which are the first peaks of their isotopes.

(2) Representative synthetic procedures:

(A) Preparation of (3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1a)
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Compound 1s was prepared from 3-phenylpropiolaldehyde according to a
literature procedure.s!!

To a dried flask was added Cul (0.3 g, 1.6 mmol), paraformaldehyde (0.76 g,
25.6 mmol) and 1,4-dioxane (10 mL). The resulting mixture was stirred at room
temperature before subsequent addition of iPro,NH (2.3 g, 22.4 mmol), 1s (2.5 g, 16
mmol) and 1,4-dioxane (5 mL). The mixture was stirred at 110 °C without protection
of an inert atmosphere. After 5 h, the crude reaction mixture was cooled to room
temperature, filtered through a celite bed (EtO), and concentrated in vacuo. The
residue was purified by column chromatography (SiO;, eluent: EtOAc/hexane) to
afford 1-phenylhexa-4,5-dien-1-yn-3-ol (2s) as brown oil (1.9 g, 11.2 mmol, 72%).

The compound 2s (1.9 g, 11.2 mmol) was added to a stirred solution of NaH



(0.54 g, 13.4 mmol) in THF (30 mL) at 0 °C, and the resulting mixture was stirred at 0
°C for 30 min. Mel (3.1 g, 22.4 mmol) was added, and the resulting mixture was
stirred at rt for 2 h. The reaction was quenched with water and extracted with Et;0O.
The organic layer was washed with water and brine, dried over MgSO4, and
concentrated. The residue was purified by silica gel chromatography (SiO», eluent:
EtOAc/hexane) to afford (3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1a) as brown
oil (1.3 g, 7.1mmol, 63%).

1b-1j were synthesized by similar procedure using the corresponding aldehydes..

(B) Preparation of (3-methoxy-4-methylhexa-4,5-dien-1-yn-1-yl)benzene (1k)
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Compound 3s was prepared from 3-phenylpropiolaldehyde according to a
literature procedure.*?!

The compound 3s (2 g, 10.8mmol) was added to a stirred solution of NaH (0.52
g, 13.0 mmol) in THF (30 mL) at 0 °C, and the resulting mixture was stirred at 0 °C
for 30 min. Mel (3.0 g, 21.6 mmol) was added, and the resulting mixture was stirred
at rt for 2 h. The reaction was quenched with water and extracted with Et2O. The
organic layer was washed with water and brine, dried over MgSO4, and concentrated.
The residue was purified by silica gel chromatography (SiO2, eluent: EtOAc/hexane)
to afford (3-methoxy-4-methylhexa-4,5-dien-1-yn-1-yl)benzene (1k) as yellow oil
(1.6 g, 8.1 mmol, 75%).

(C)Preparation of ethyl S-methoxy-7-phenylhepta-2,3-dien-6-ynoate (1a”)
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Compound 1s was prepared from 3-phenylpropiolaldehyde according to a
literature procedure.'*!!

To the mixture of the corresponding propargylic alcohol 1s (30 mmol, 1.0 equiv.)
and Cul (1.5 mmol, 0.05 equiv.) in acetonitrile (30 mL) was added ethyl diazoacetate
(30 mmol, 1.0 equiv.). The reaction mixture was stirred at room temperature for 5 h.
The mixture was filtered, washed with DCM and the solvent was evaporated under
reduced pressure. For the mixture (10 mmol, 1.0 equiv.) was dissolved in DCM (30
mL). EtzN (12 mmol, 1.2 equiv.) was added slowly. After the reaction mixture was
stirred for 1 h at room temperature, the mixture was evaporated under reduced
pressure. The residue was directly subjected to silica gel column chromatography
(SiO, eluent: EtOAc/hexane) to give the product 4s in 80% yield.[s]

To a vigorously stirred mixture of 4s (30 mg, 0.11 mmol) and fluoroboric acid
(50% wiv in Et20, 0.22 mmol) in DCM (4 mL) was added dropwise of TMSCHN:
(2.0 M in hexane, 0.11 mmol) at 0 °C. The yellow color of TMSCHN: disappeared
immediately accompany with the evolution of nitrogen. The stirring was continued at
0 °C and a further portions of TMSCHN_ (0.22mmol) was added dropwise within 10
minutes. The mixture returned to room temperature and stirred for 5 h, the reaction
mixture was then poured into saturated NaCl (5 mL), extracted with DCM (5 mL x3),
washed with saturated brines, dried over anhydrous MgSQOs, and concentrated in
vacuo to yield a yellow liquid. The brown liquid was purified by chromatography on
silica gel column (SiOa, eluent: EtOAc/hexane) to afford yellow liquid in 60% yield
(1a%).5s4

1b’-1k’> were synthesized by similar procedure using the corresponding

aldehydes..

(D) Preparation of (3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (13C-1a)
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Phenylacetylene (1 g, 9.8mmol) was dissolved into dry THF (10 mL) and the
solution was cooled to -78 °C. To this solution, #-butyllithium (4.7 mL, 11.8mmol, 2.5
M in hexane) was added. After being stirred for 30 minutes at -78 °C, DMF (1.4g,
19.6 mmol) (90% dimethylformamide : 10% dimethylformamide-(carbonyl-13C))
was added. The reaction mixture was stirred at room temperature for 2h and then the
reaction was quenched by saturated KH2POsq) and extracted three times with ether.
The combined organic layer was dried over MgSO4 and the solvent was removed
under a reduced pressure. The residue was purified by column chromatography (SiO»,
eluent: EtOAc/hexane) to afford the desired 3-phenylpropiolaldehyde (13C-5s) as
yellow liquid (1.2 g, 9.3 mmol, 95%).

(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (13C-1a) was synthesized by

similar procedure (A).

(E) Preparation of benzisoxazoles (2a-21, 2b’-2g’)
Benzisoxazoles (2a-21, 2b’-2g’) were prepared according to literature

procedure.[s31656]
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(3) Standard procedures for catalytic operations:

(A) Preparation of
1-(2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde (3a)

(]
/ IPrAUCI (15 mol %)
Z N ©f\/o AgCO,CF (50 mol %)
N

DCE, 70 °C, 30 h

(4.0 equiv.)
1a 2a 3a

A suspension of chloro[1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene]gold(I)
(25.4 mg, 0.041mmol) and silver trifluoroacetate (30.2 mg, 0.137 mmol) in dry DCE
(1 mL) was fitted with N> balloon, and the mixture was stirred for 10 min. To the
solution was added a DCE (1 mL) solution of
(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1la) (50 mg, 0.273 mmol) and
benzisoxazole (2a) (129 mg, 1.09 mmol) at room temperature. The resulting solution
was placed in an oil bath at 70 °C, and the mixture was stirred for 30 h. The solution
was filtered over a short celite bed and evaporated under reduced pressure. The
residues were purified by column chromatography (Si0O;, eluent: EtOAc/hexane) to
afford the desired 1-(2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde
(3a) as yellow solid (51 mg, 0.177 mmol, 65%).

(B) Preparation of ethyl 2-formyl-1-phenylpyrrolo[1,2-a]Jquinoline-4-carboxylate
(3a)

15 mol % O
o j) _ IPrAUCI/AgNTY, DBU O
.%W/ + 0 - . — N/
Z 7 5 N : " L/
DCE 70 °C 43 h 3 min o
(4.0 equiv.) O\ (0]

1a' (dr = 1:1) 2a 5a

A suspension of (chloro[1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene]gold(l)
(18.2 mg, 0.029 mmol) and silver bis(trifluoromethanesulfonyl)imide (11.4 mg, 0.029
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mmol) in dry DCE (1 mL) was fitted with N2 balloon, and the mixture was stirred for
10 min. To the solution was added to a DCE (1 mL) solution of ethyl
5-methoxy-7-phenylhepta-2,3-dien-6-ynoate (50 mg, 0.195 mmol) and benzisoxazole
(2a) (93.0 mg, 0.781 mmol) at room temperature. The resulting solution was placed in
an oil bath at 70 °C, and the mixture was stirred for 43 h. Then cool the mixture to
room temperature. Add DBU(1,8-Diazabicyclo(5.4.0)undec-7-ene) (29.7 mg, 0.195
mmol) to the mixture. It was stirred for 3 min. The solution was filtered over a short
celite bed, and evaporated under reduced pressure. The residues were purified by
column chromatography (SiO», eluent: EtOAc/hexane) to afford the desired ethyl
2-formyl-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate (5a) as yellow solid (67 mg,
0.099 mmol, 51%).

(4) Spectral data for compounds:

(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1a):

~o

=

4
=

1a

Brown oil; *H NMR (400 MHz, CDCls): § 7.46-7.43 (m, 2H), 7.31-7.28 (m, 3H), 5.36
(9, J = 6.6 Hz, 1H), 4.95 (dd, J = 6.6, 1.9 Hz, 2H), 4.79 (dt, J = 7.0, 2.0 Hz, 1H), 3.45
(s, 3H); 3C NMR (100 MHz, CDCls): § 209.0, 131.8, 128.5, 128.2, 122.4, 90.3, 86.7,
86.0, 77.7, 69.7, 55.5; EI-MS calcd. for C13H12O[M™]: 184.0888; found: 184.0874.

1-chloro-4-(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1b):

Cl

Yellow oil; 'H NMR (400 MHz, CDCl3): & 7.36 (dt, J = 8.9, 2.3 Hz, 2H), 7.26 (dt, J =
9.0, 2.3 Hz, 2H), 5.33 (q, J = 6.6 Hz, 1H), 4.94 (dd, J = 6.6, 2.1 Hz, 2H), 4.76 (dt, J =

7



7.1, 2.0 Hz, 1H), 3.43 (s, 3H); *C NMR (100 MHz, CDCls): § 209.0, 134.6, 133.0,
128.6, 120.9, 90.2, 87.0, 85.5, 77.8, 69.6, 55.6; EI-MS calcd. for C13H11>>CIO[M*]:
218.0498; found: 218.0495.

1-bromo-4-(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1c¢):

Br

Brown oil; '"H NMR (400 MHz, CDCls): § 7.42 (dt, J= 8.5, 1.9 Hz, 2H), 7.29 (dt, J =
8.8, 2.1 Hz, 2H), 5.33 (q, /= 6.7 Hz, 1H), 4.95-4.93 (m, 2H), 4.76 (dt, J= 7.0, 1.9 Hz,
1H), 3.43 (s, 3H); *CNMR (100 MHz, CDCls): § 209.0, 133.2, 131.5, 122.8, 121.4,
90.2, 87.3, 85.6, 77.8, 69.7, 55.6; ESI-MS calcd. for C13H12””BrO[M+H]: 263.0072;
found: 263.0056.

1-methoxy-4-(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1d):

1
\O d

Yellow oil; '"H NMR (400 MHz, CDCls): § 7.38 (dt, J = 9.6, 2.7 Hz, 2H), 6.81 (dt, J =
9.6,2.7 Hz, 2H), 5.34 (q, /= 6.7 Hz, 1H), 4.95-4.92 (m, 2H), 4.76 (dt,J= 7.1, 1.9 Hz,
1H), 3.79 (s, 3H), 3.43 (s, 3H); *C NMR (100 MHz, CDCl3): § 209.0, 159.8, 133.3,
114.5, 113.9, 90.5, 86.6, 84.6, 77.6, 69.8, 55.5, 55.3; ESI-MS calcd. for
Ci14H14NaO2[M+Na]: 237.0891; found: 237.0882.

1-(3-methoxyhexa-4,5-dien-1-yn-1-yl)-4-methylbenzene (1e):

Yellow oil; 'H NMR (400 MHz, CDCly): & 7.43-7.32 (m, 2H), 7.10-7.08 (m, 2H),
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5.35 (q, J = 6.5 Hz, 1H), 4.95-4.93 (m, 2H), 4.77 (dt, J = 7.0, 1.9 Hz, 1H), 3.44 (s,
3H), 2.33 (s, 3H); '*C NMR (100 MHz, CDCls): § 209.0, 138.7, 131.7, 129.0, 119.3,
90.5, 86.8, 85.3, 77.6, 69.8, 55.5, 21.5; EI-MS calcd. for Ci14Hi4O[M™]: 198.1045;
found: 198.1040.

1-(tert-butyl)-4-(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1f):

O/

&

7
=

1f

Yellow oil; '"H NMR (400 MHz, CDCls): § 7.39-7.36 (m, 2H), 7.33-7.30 (m, 2H),
5.35(q,J=6.6 Hz, 1H), 4.94 (dd, J = 6.6, 2.0 Hz, 2H), 4.78 (dt, J= 7.0, 1.9 Hz, 1H),
3.44 (s, 3H), 1.29 (s, 9H); '3C NMR (100 MHz, CDCls): § 209.0, 151.8, 131.5, 125.2,
119.4,90.5, 86.8, 85.3, 77.6, 69.7, 55.5, 34.8, 31.1; ESI-MS calcd. for C17H21O[M+H]:
241.1592; found: 241.1593.

4-methoxy-7-methylocta-1,2-dien-5-yne (1g):

Yellow oil; "H NMR (400 MHz, CDCls): § 5.23 (q, J = 6.7Hz, 1H), 4.89-4.87 (m, 2H),
4.52 (dq, J=17.0, 1.9 Hz, 1H), 3.35 (s, 3H), 2.62-2.55 (m, 1H), 1.15 (d, J = 6.8 Hz,
6H); 3C NMR (100 MHz, CDCls): & 208.9, 93.1, 90.8, 77.3, 76.2, 69.4, 55.2, 22.9,
20.5; FI-MS calcd. for C1oH140[M]: 150.1045; found: 150.1042.

(3-methoxyhexa-4,5-dien-1-yn-1-yl)cyclopropane (1h):

O/

=
1h

Yellow oil; '"H NMR (400 MHz, CDCls): 8 5.21 (q, J = 6.7 Hz, 1H), 4.88-4.86 (m,
2H), 4.49 (dq, J = 5.5, 1.9 Hz, 1H), 3.33 (s, 3H), 1.28-1.23 (m, 1H), 0.78-0.74 (m,
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2H), 0.70-0.66 (m, 2H); *C NMR (100 MHz, CDCls): 6 208.8, 90.7, 77.3, 72.2, 69.5,
55.3, 8.3, -0.6 (one quarternary carbon is merged with others); FI-MS calcd. for
C1oH120[M"]: 148.0888; found: 148.0886.

4-methoxydeca-1,2-dien-5-yne (1i):

Yellow oil; '"H NMR (400 MHz, CDCls): § 5.23 (q, J= 6.7 Hz, 1H), 4.88 (dd, J= 6.5,
1.8 Hz, 2H), 4.54-4.50 (m, 1H), 3.35 (s, 3H), 2.22 (td, J = 6.9, 1.9 Hz, 2H), 1.52-1.35
(m, 4H), 0.88 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl3): & 208.8, 90.8, 87.6,
69.5, 55.3,30.6, 21.9, 21.6, 18.4, 13.5 (one quarternary carbon is merged with others);
FI-MS calcd. for C11Hi6O[M']: 164.1201; found: 164.1198.

2-(3-methoxyhexa-4,5-dien-1-yn-1-yl)thiophene (1j):

Yellow oil; '"H NMR (400 MHz, CDCls): § 7.24 (dd, J = 5.1, 1.1 Hz, 1H), 7.22-7.21
(m, 1H), 6.95 (dd, J = 5.1, 3.6 Hz, 1H), 5.34 (q, J = 6.8 Hz, 1H), 4.95 (dd, J= 6.5,
2.0 Hz, 2H), 4.78 (dt, J = 7.0, 1.9 Hz, 1H), 3.43 (s, 3H); *C NMR (100 MHz, CDCl;3):
3 209.0, 132.5, 127.4, 126.9, 122.2, 90.1, 89.9, 79.9, 77.8, 69.9, 55.6; FI-MS calcd.
for C11H10OS[M™]: 190.0452; found: 190.1350.

(3-methoxy-4-methylhexa-4,5-dien-1-yn-1-yl)benzene (1k):

oZ
=
1k

Yellow oil; *H NMR (400 MHz, CDCls): § 7.45-7.43 (m, 2H), 7.31-7.28 (m, 3H),
4.83-4.81 (m, 2H), 4.71 (t, J = 1.2 Hz, 1H), 3.41 (d, J = 1.2 Hz, 3H), 1.82 (t, J = 3.2

10



Hz, 3H); 3C NMR (100 MHz, CDCls): § 207.2, 131.8, 128.4, 128.2, 122.5, 97.3, 86.6,
85.8, 76.0, 73.4, 55.6, 13.9; FI-MS calcd. for C14aH14O[M*]: 198.1039; found:
198.1034.

ethyl 5-methoxy-7-phenylhepta-2,3-dien-6-ynoate (12’):

O
7

1a' (dr=1:1)

Yellow liquid; *H NMR (400 MHz, CDCls): § 7.43-7.41 (m, 2H), 7.32-7.28 (m, 3H),
5.83-5.77 (m, 2H), 4.94 (dd, J = 6.2, 2.5 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.46 (s,
3H), 1.25 (t, J = 7.1 Hz, 3H); ©*C NMR (100 MHz, CDCls): § 212.6, 212.5, 165.0,
131.8, 128.7, 128.3, 122.1, 95.3, 95.1, 91.0, 90.7, 87.3, 87.1, 85.0, 84.7, 68.8, 68.1,
61.1, 55.7, 55.1, 14.2; ESI-MS calcd. for CieHisNaOs[M+Na]: 279.0997; found:
279.0999.

ethyl 5-methoxy-7-(4-methoxyphenyl)hepta-2,3-dien-6-ynoate (1b’):

[ 1b" (dr = 1:1)

Yellow liquid; *H NMR (400 MHz, CDCls): § 7.45 (d, J = 8.9 Hz, 2H), 6.81 (d, J =
8.9 Hz, 2H), 5.83-5.76 (m, 2H), 4.92 (dd, J = 6.2, 2.5 Hz, 1H), 4.19 (g, J = 7.0 Hz,
2H), 3.79 (s, 3H), 3.45 (s, 3H), 1.25 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz, CDCl3):
§ 212.6, 212.5,165.1, 165.0, 159.9, 133.3, 113.9, 95.5, 95.3, 91.0, 90.6, 87.3, 87.1,
85.0, 83.4, 68.9, 68.3, 61.1, 55.6, 55.3, 55.1, 14.2; ESI-MS calcd. for C17H1004[M+H]:
287.1283; found: 287.1281.

ethyl 5-methoxy-7-(p-tolyl)hepta-2,3-dien-6-ynoate (1c’):

11



1c' (dr=1:1)

Yellow liquid; *H NMR (400 MHz, CDCls): § 7.31 (d, J = 7.9 Hz, 2H), 7.09 (d, J =
7.9 Hz, 2H), 5.83-5.75 (m, 2H), 4.93 (dd, J = 6.0, 2.4 Hz, 1H), 4.19 (q, J = 7.1 Hz,
2H), 3.46 (s, 3H), 2.33 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCl5):
0 212.6, 212.4, 165.0, 164.9, 138.8, 131.7, 129.0, 119.0, 95.3, 95.2, 90.9, 90.6, 87.4,
84.3, 84.0, 68.8, 68.1, 61.0, 555, 54.9, 214, 14.1; ESI-MS calcd. for
C17H1sNaO3[M+Na]: 293.1154; found: 293.1151.

ethyl 7-(4-chlorophenyl)-5-methoxyhepta-2,3-dien-6-ynoate (1d°):

o
o/ o\/
Q/v ~y
Cl

1d' (dr = 1:1)

Yellow liquid; *H NMR (500 MHz, CDCls): & 7.33 (d, J = 8.4 Hz, 2H), 7.26 (d, J =
8.4 Hz, 2H), 5.81-5.74 (m, 2H), 4.91 (dd, J = 6.2, 2.1 Hz, 1H), 4.19 (g, J = 7.2 Hz,
2H), 3.45 (s, 3H), 1.24 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls): & 212.6,
212.5, 165.0, 164.9, 134.8, 133.0, 128.7, 120.5, 95.2, 95.0, 91.1, 90.8, 86.2, 86.0, 85.9,
85.8, 68.8, 68.2, 61.2, 55.8, 55.2, 14.2; ESI-MS calcd. for CisH16®CIOs[M+H]:
291.0788; found: 291.0783.

ethyl 5-methoxy-7-(3-methoxyphenyl)hepta-2,3-dien-6-ynoate (1e’):

o
o/ O\/
Pl

1e' (dr=1:1)

Yellow liquid; *H NMR (600 MHz, CDCls): § 7.19 (td, J = 8.0, 1.6 Hz, 1H), 7.01 (dq,
J=8.0, 1.1 Hz, 1H), 6.95-6.94 (m, 1H), 6.87-6.85 (m, 1H), 5.83-5.75 (m, 2H), 4.93

(dd, J= 6.3, 2.3 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H), 3.76 (s, 3H), 3.45 (s, 3H), 1.25 (t, J
12



= 7.2 Hz, 3H); C NMR (150 MHz, CDCl3): § 212.6, 212.5, 165.0, 164.9, 159.2,
129.3, 124.3, 124.2, 123.1, 123.0, 116.6, 116.5, 1154, 115.3, 95.2, 95.1, 91.0, 90.7,
87.2,87.0, 84.8, 84.5, 68.8, 68.1, 61.1, 61.0, 55.7, 55.2, 55.1, 14.1; ESI-MS calcd. for
C17H104[M+H]: 287.1283; found: 287.1279.

ethyl 7-(3-chlorophenyl)-5-methoxyhepta-2,3-dien-6-ynoate (1f’):

o
./ O\/
=z 7 /Mg/

1f (dr = 1:1)

Cl

Yellow liquid; *H NMR (400 MHz, CDCls): § 7.41-7.40 (m, 1H), 7.30-7.28 (m, 2H),
7.23-7.20 (m, 1H), 5.84-5.74 (m, 2H), 4.92 (dd, J = 6.0, 2.3 Hz, 1H), 4.19 (g, J = 7.0
Hz, 2H), 3.45 (s, 3H), 1.26 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz, CDCls): § 212.7,
212.5, 165.0, 164.9, 134.2, 131.7, 129.9, 129.5, 129.0, 123.8, 95.1, 94.9, 91.2, 90.8,
86.3, 86.0, 859, 68.7, 68.1, 61.2, 558, 552, 14.2; ESI-MS calcd. for
C16H16*°ClO3[M+H]: 291.0788; found: 291.0786.

ethyl 5-methoxy-7-(2-methoxyphenyl)hepta-2,3-dien-6-ynoate (1g’):

/‘ymﬂ/o\/

1g' (dr = 1:1)

Yellow liquid; *H NMR (500 MHz, CDCls): & 7.38 (d, J = 7.5 Hz, 1H), 7.28 (t, J=
7.9 Hz, 1H), 6.89-6.84 (m, 2H), 5.81-5.78 (m, 2H), 5.06-4.93 (m, 1H), 4.18 (g, J = 7.0
Hz, 2H), 3.84 (s, 3H), 3.47 (s, 3H), 1.24 (t, J = 7.0 Hz, 3H); 3C NMR (100 MHz,
CDCls): 6 212.7, 212.6, 165.2, 165.0, 160.2, 133.8, 130.2, 120.3, 111.3,110.6, 95.3,
95.2, 91.0, 90.6, 89.0, 88.6, 83.8, 83.5, 69.0, 68.3, 61.1, 55.7, 55.6, 54.9, 14.2;
ESI-MS calcd. for C17H1904[M+H]: 287.1283; found: 287.1257.

ethyl 7-(2-chlorophenyl)-5-methoxyhepta-2,3-dien-6-ynoate (1h’):

13



o
Y o~
cl .
=z 7 /ng

1h' (dr = 1:1)

Yellow liquid; *H NMR (400 MHz, CDCls): & 7.45 (dd, J = 7.5, 1.8 Hz, 1H), 7.38-
7.36 (m, 1H), 7.27-7.17 (m, 2H), 5.84-5.78 (m, 2H), 5.03 (dd, J = 5.9, 2.4 Hz, 1H),
4.18 (g, J = 7.0 Hz, 2H), 3.49 (s, 3H), 1.25 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz,
CDCls): § 212.6, 165.1, 165.0, 136.1, 133.6, 129.7, 129.3, 126.4, 122.1, 95.0, 91.3,
91.0, 90.1, 89.8, 84.0, 83.9, 68.7, 68.1, 61.1, 55.6, 54.9, 14.2; ESI-MS calcd. for
Ci16H16%5Cl0s[M+H]: 291.0788; found: 291.0792.

ethyl 5S-methoxy-7-(thiophen-2-yl)hepta-2,3-dien-6-ynoate (1i’):

O/
./ o~
7Y
\_s

10" (dr = 1:1)

Yellow liquid; *H NMR (400 MHz, CDCls): § 7.26-7.20 (m, 2H), 6.96-6.94 (m, 1H),
5.83-5.74 (m, 2H), 4.93 (dd, J = 6.2, 2.3 Hz, 1H), 4.22-4.16 (m, 2H), 3.45 (s, 3H),
1.25 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls): § 212.6, 212.4, 165.0, 132.7,
127.7, 126.9, 121.9, 95.0, 94.9, 91.1, 90.8, 88.9, 88.7, 80.6, 68.9, 68.3, 61.1, 55.7,
55.2, 14.2; ESI-MS calcd. for C14H14NaO3S[M+Na]: 285.0561; found: 285.0549.

ethyl 7-cyclopropyl-5-methoxyhepta-2,3-dien-6-ynoate (1j’):

O/
¥ o~
/.
/\/ T
)

1j" (dr=1:1

Yellow liquid; *H NMR (500 MHz, CDCls): 5.74-5.60 (m, 2H), 4.68-4.56 (m, 1H),
4.19-4.14 (m, 2H), 3.34 (s, 3H), 1.26-1.22 (m, 4H), 0.75-0.73 (m, 2H), 0.66-0.64 (m,
2H); 3C NMR (150 MHz, CDCls): § 212.4, 212.2, 165.0, 164.9, 95.6, 95.3, 91.4, 91.2,
90.6, 90.2, 71.3, 71.0, 68.5, 67.8, 60.9, 60.8, 55.3, 54.7, 47.9, 33.8, 27.2, 22.6, 21.1,
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14.1, 10.7, 8.3, 8.2, -0.7; ESI-MS calcd. for C13HisNaO3[M+Na]: 243.0992; found:
243.0999.

ethyl 5-methoxyundeca-2,3-dien-6-ynoate (1k’):

O/
& o~
\/\/\‘% /L»L(n)/
)

1K' (dr = 1:1

Yellow liquid; *H NMR (400 MHz, CDCls): 5.74-5.61 (m, 2H), 4.73-4.60 (m, 1H),
4.19-4.12 (m, 2H), 3.34 (s, 3H), 2.19 (t, J = 6.8 Hz, 2H), 1.48-1.41 (m, 2H), 1.39-1.32
(m, 2H), 1.23 (t, J = 7.1 Hz, 3H), 0.85 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz,
CDCls): § 212.4, 212.3, 165.1, 165.0, 95.6, 95.5, 90.8, 90.3, 88.3, 88.1, 76.1, 75.7,
68.5, 67.8, 60.9, 55.3, 54.7, 30.4, 21.8, 18.3, 14.1, 13.5; ESI-MS calcd. for
C14H2103[M+H]: 237.1491; found: 237.1498.

1-(2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde (3a):

Yellow solid; mp: 184.1-185.9 °C; 1H NMR (600 MHz, CDCl3): 6 9.63 (s, 1H), 9.51
(s, 1H), 7.86 (dd, J= 7.8, 1.3 Hz, 1H), 7.65 (td, J= 7.7, 1.5 Hz, 1H), 7.50 (t, J=7.6 Hz,
1H), 7.31 (d, J/=7.9 Hz, 1H), 7.23-7.18 (m, 3H), 7.09-7.08 (m, 2H), 6.65 (s, 1H), 2.05
(s, 3H); *C NMR (150 MHz, CDCls): & 188.5, 186.8, 144.5, 139.4, 134.7, 133.1,
132.9, 130.8, 130.0, 129.6, 128.9, 128.7, 128.3, 123.9, 106.1, 12.9 (one quarternary
carbon is merged with others); ESI-MS calcd. for Ci9Hi1sNNaO>[M+Na]: 312.1000;
found: 312.0992.

2-(4-chlorophenyl)-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde
(3b):

15



Yellow oil; 'H NMR (400 MHz, CDCls): § 9.60 (s, 1H), 9.49 (s, 1H), 7.87 (dd, J = 7.6,
1.5 Hz, 1H), 7.66 (td, J = 7.7, 1.7 Hz, 1H), 7.55-7.50 (m, 1H), 7.30 (dd, J = 7.8, 1.0
Hz, 1H), 7.18-7.15 (m, 2H), 7.03-7.00 (m, 2H), 6.63 (s, 1H), 2.02 (d, J = 1.0 Hz, 3H);
13C NMR (100 MHz, CDCls): § 188.3, 186.2, 142.6, 138.9, 135.0, 134.8, 133.3, 132.8,
131.9, 130.0, 129.7, 129.3, 128.6, 127.4, 124.0, 106.3, 12.8; ESI-MS calcd. for
C1oH15CINO,[M+H]: 324.0791; found: 324.0781.

2-(4-bromophenyl)-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde
3c):

Yellow oil; 'H NMR (400 MHz, CDCl3): § 9.62 (s, 1H), 9.50 (s, 1H), 7.89 (dd, J = 7.6,
1.5 Hz, 1H), 7.68-7.65 (m, 1H), 7.56-7.52 (m, 1H), 7.35-7.32 (m, 2H), 7.30 (d, /= 7.8
Hz, 1H), 7.00-6.94 (m, 2H), 6.64 (s, 1H), 2.04 (s, 3H); 1*C NMR (100 MHz, CDCI3):
o 188.3, 186.2, 142.7, 138.9, 134.8, 133.4, 132.9, 132.1, 131.6, 130.0, 129.8, 129.4,
127.9, 124.1, 123.3, 106.5, 12.8; ESI-MS calcd. for CioHis"*BrNO,[M+H]: 368.0286;
found: 368.0279.

1-(2-formylphenyl)-2-(4-methoxyphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde
3d):
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Yellow oil; 'H NMR (400 MHz, CDCls): 6 9.60 (s, 1H), 9.47 (s, 1H), 7.85 (d, J= 7.6
Hz, 1H), 7.65 (td, J = 7.6, 1.5 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 7.31 (d, J = 7.9Hz,
1H), 7.01-6.97 (m, 2H), 6.72-6.68 (m, 2H), 6.61 (s, 1H), 3.70 (d, J = 0.9 Hz, 3H),
2.03 (d, J= 0.7 Hz, 3H); *C NMR (100 MHz, CDCls): § 188.5, 186.7, 159.8, 144.6,
139.5, 134.6, 132.9, 132.8, 132.0, 130.0, 129.5, 128.8, 123.6, 120.9, 113.8, 105.9,
55.1, 12.8; ESI-MS calcd. for C20Hi1sNO3;[M+H]: 320.1287; found: 320.1280.

1-(2-formylphenyl)-5-methyl-2-(p-tolyl)-1H-pyrrole-3-carbaldehyde (3e):

Yellow solid; mp: 180.8-183.3 °C; 'H NMR (400 MHz, CDCls): § 9.61 (s, 1H), 9.49
(d, J= 0.6 Hz, 1H), 7.86 (dd, J = 7.8, 1.5 Hz, 1H), 7.65 (td, J = 7.7, 1.7 Hz, 1H),
7.52-7.48 (m, 1H), 7.31 (dd, J = 7.8 ,1.0 Hz, 1H), 7.00-6.95 (m, 4H), 6.63 (s, 1H),
2.24 (s, 3H), 2.04 (d, J = 0.8 Hz, 3H); *C NMR (100 MHz, CDCl;): & 188.5, 186.8,
144.8, 139.6, 138.8, 134.6, 132.9, 130.6, 130.0, 129.5, 129.1, 128.7, 125.8, 123.7,
106.0, 21.2, 12.8 (one C-H carbon is merged with others); ESI-MS calcd. for
C20H1sNO2[M+H]: 304.1338; found: 304.1336.

2-(4-(tert-butyl)phenyl)-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde
(3h):
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Yellow oil; '"H NMR (400 MHz, CDCls): § 9.62 (s, 1H), 9.49 (d, J= 0.6 Hz, 1H), 7.87
(dd, /=17.8, 1.5 Hz, 1H), 7.65 (td, J= 7.6, 1.6 Hz, 1H), 7.52-7.50 (m, 1H), 7.31 (dd,
J=1.9, 1.0 Hz, 1H), 7.21-7.18 (m, 2H), 7.01-7.00 (m, 2H), 6.63 (d, J = 0.7 Hz, 1H),
2.02 (d, J = 1.0 Hz, 3H), 1.21 (s, 9H); '*C NMR (100 MHz, CDCls): § 188.5, 186.9,
151.8, 144.8, 139.6, 134.6, 133.0, 132.9, 130.4, 130.0, 129.5, 128.7, 125.7, 125.2,
123.8, 106.0, 34.6, 31.0, 12.8; ESI-MS calcd. for C23H24NO2[M+H]: 346.1807; found:
346.1803.

1-(2-formylphenyl)-2-isopropyl-5-methyl-1H-pyrrole-3-carbaldehyde (3g):

39

Yellow oil; 'TH NMR (400 MHz, CDCls): § 10.08 (s, 1H), 9.44 (s, 1H), 8.07 (dd, J =
3.9, 1.6 Hz, 1H), 7.77 (td, J = 7.7, 1.6 Hz, 1H), 7.66 (t, J= 7.6 Hz, 1H), 7.30 (d, J =
7.8 Hz, 1H), 6.48 (s, 1H), 2.81-2.74 (m, 1H), 1.86 (s, 3H), 1.25 (q, J = 3.7 Hz, 4H);
3C NMR (100 MHz, CDCls): § 188.7, 185.3, 149.0, 140.0, 135.1, 133.5, 130.8, 130.1,
129.6, 128.8, 122.0, 107.6, 27.4, 23.4, 233, 12.6; ESI-MS calcd. for
CisHisNO2[M+H]: 256.1338; found: 256.1334.

2-cyclopropyl-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde (3h):

Yellow oil; 'H NMR (400 MHz, CDCl3): § 10.09 (s, 1H), 9.52 (d, J = 0.7 Hz, 1H),
18



8.06 (dd, J=17.8, 1.5 Hz, 1H), 7.76 (td, J = 7.6, 1.6 Hz, 1H), 7.66-7.62 (m, 1H), 7.33
(dd, /=178, 1.0 Hz, 1H), 6.43 (d, /= 1.0 Hz, 1H), 1.93 (d, /= 0.9 Hz, 3H), 1.58-1.51
(m, 1H), 0.75-0.70 (m, 1H), 0.68-0.62 (m, 1H), 0.58-0.53 (m, 2H); '3*C NMR (100
MHz, CDCl3): 6 189.0, 185.6, 144.2, 140.3, 135.0, 133.2, 131.6, 129.7, 129.5, 128.8,
123.7, 105.6, 12.6, 7.2, 6.8, 6.7; ESI-MS calcd. for CisHisNO2[M+H]: 254.1181;
found: 254.1186.

2-butyl-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde (3i):

3i
Yellow oil; 'TH NMR (400 MHz, CDCls): § 9.88 (s, 1H), 9.43 (s, 1H), 8.08 (dd, J =
7.8 ,1.2 Hz, 1H), 7.78 (td, /= 7.7, 1.7 Hz, 1H), 7.66 (t, J=7.8 Hz, 1H), 7.33 (dd, J =
7.8, 0.6 Hz, 1H), 6.44 (s, 1H), 2.76-2.68 (m, 1H), 2.56-2.49 (m, 1H), 1.91 (s, 3H),
1.31-1.23 (m, 2H), 1.19-1.12 (m, 2H), 0.70 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDCls): o 188.8, 185.3, 144.1, 139.3, 135.1, 133.3, 131.6, 130.0, 129.6, 128.8, 122.3,
106.6, 32.7, 24.7, 22.2, 13.5, 12.6; ESI-MS calcd. for C17H20NO2[M+H]: 270.1494;
found: 270.1491.

1-(2-formylphenyl)-5-methyl-2-(thiophen-2-yl)-1H-pyrrole-3-carbaldehyde (3j):

Brown solid; mp: 141.8-144.8° C; 'H NMR (400 MHz, CDCl;3): § 9.79 (s, 1H), 9.52 (s,
1H), 7.94 (d, J= 7.8 Hz, 1H), 7.71-7.67 (m, 1H), 7.58 (t, J= 7.5 Hz, 1H), 7.35 (d, J =
7.8 Hz, 1H), 7.26-7.24 (m, 1H), 6.91-6.87 (m, 2H), 6.64 (s, 1H), 2.03 (s, 3H); 1*C
NMR (100 MHz, CDCl3): & 188.3, 186.4, 139.2, 136.7, 134.8, 133.9, 133.4, 130.6,
130.1, 130.0, 129.2, 128.9, 128.7, 127.1, 124.9, 106.5, 12.9; ESI-MS calcd. for
C17H13NNaO,S [M+Na]: 318.0565; found: 318.0560.
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1-(4-chloro-2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde
3b’):

Cl

3b’
Yellow oil; "TH NMR (400 MHz, CDCls): § 9.62 (s, 1H), 9.43 (s, 1H), 7.81 (d, J=2.5
Hz, 1H), 7.60 (dd, J = 8.4, 2.5 Hz, 1H), 7.28-7.21 (m, 4H), 7.09-7.06 (m, 2H), 6.65 (d,
J = 0.8 Hz, 1H), 2.05 (d, J = 0.8 Hz, 3H); '3*C NMR (100 MHz, CDCl;): & 187.1,
186.6, 144.5, 137.8, 136.0, 134.6, 133.9, 133.1, 131.3, 130.8, 129.0, 128.7, 128.6,
124.1, 106.4, 12.9 (one C-H carbon is merged with others); ESI-MS calcd. for
C19H 5> CINO2[M+H]: 324.0791; found: 324.0780.

1-(4-bromo-2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde
(3¢’):

Br

3c'

Yellow oil; '"H NMR (400 MHz, CDCl3): § 9.62 (s, 1H), 9.43 (s, 1H), 7.97 (d, J=2.3
Hz, 1H), 7.75 (dd, J = 8.4, 2.4 Hz, 1H), 7.28-7.22 (m, 3H), 7.20 (d, J = 8.4 Hz, 1H),
7.09-7.06 (m, 2H), 6.65 (s, 1H), 2.05 (d, J = 1.1Hz, 3H); *C NMR (150 MHz,
CDCl3): § 187.0, 186.6, 144.4, 138.2, 137.5, 134.0, 133.0, 131.7, 131.5, 130.8, 129.0,
128.6, 128.5, 124.1, 123.8, 106.4, 12.9; ESI-MS calcd. for C1oH14”’BrNNaO,[M+Na]:
390.0106; found: 390.0094.

1-(2-formyl-4-methylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde
3d’):
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Yellow oil; 'TH NMR (400 MHz, CDCls): § 9.62 (s, 1H), 9.48 (d, J= 0.6 Hz, 1H), 7.65
(s, 1H), 7.45-7.42 (m, 1H), 7.24-7.18 (m, 4H), 7.10-7.08 (m, 2H), 6.64 (s, 1H), 2.40 (s,
3H), 2.03 (s, 3H); '*C NMR (100 MHz, CDCls): § 188.7, 186.7, 144.6, 139.9, 136.9,
135.4,133.2, 132.5, 130.8, 129.8, 129.1, 129.0, 128.6, 128.3, 123.8, 105.9, 21.1, 12.8;
ESI-MS calcd. for C20HisNO2[M+H]: 304.1338; found: 304.1346.

1-(2-formyl-4-methoxyphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde
(3e’):

\
0]
N =0
o M )
3e'

Yellow solid; mp: 139.3-140.9°C; 'H NMR (400 MHz, CDCls): § 9.62 (s, 1H), 9.43 (s,
1H), 7.30 (d, J = 3.0 Hz, 1H), 7.24-7.19 (m, 4H), 7.16-7.13 (m, 1H), 7.10-7.08 (m,
2H), 6.63 (d, J = 0.7 Hz, 1H), 3.83 (s, 3H), 2.04 (d, J = 0.9 Hz, 3H); '3C NMR (100
MHz, CDCL): § 188.4, 186.7, 159.9, 144.8, 133.7, 133.5, 132.4, 131.1, 130.8, 129.0,
128.7, 1284, 1238, 121.7, 111.2, 105.9, 55.8, 12.8; ESI-MS caled. for
C20H1sNO3[M+H]: 320.1287; found: 320.1279.

3-formyl-4-(3-formyl-5-methyl-2-phenyl-1H-pyrrol-1-yl)phenyl acetate (3f):

OAc

o M
3f

Yellow oil; 'H NMR (400 MHz, CDCl3): & 9.63 (s, 1H), 9.45 (s, 1H), 7.58 (d, J = 2.7
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Hz, 1H), 7.41 (dd, J = 8.5, 2.7 Hz, 1H), 7.33 (d, J = 8.5 Hz, 1H), 7.25-7.20 (m, 3H),
7.09-7.07 (m, 2H), 6.65 (s, 1H), 2.30 (s, 3H), 2.07 (d, J = 1.0 Hz, 3H); 3C NMR (100
MHz, CDCL): § 187.4, 186.7, 168.5, 151.1, 144.6, 136.6, 133.9, 133.2, 131.1, 130.8,
128.9, 128.7, 128.5, 127.8, 124.0, 121.5, 106.3, 21.0, 12.9; ESI-MS calcd. for
C21H17NNaO4[M+Na]: 370.1055; found: 370.1047.

1-(5-chloro-2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde
(3g"):

Cl

Yellow oil; 'H NMR (400 MHz, CDCls): § 9.62 (s, 1H), 9.42 (d, J = 0.7Hz, 1H), 7.80
(d, J = 8.4 Hz, 1H), 7.49-7.46 (m, 1H), 7.35 (d, J = 2.0 Hz, 1H), 7.28-7.22 (m, 3H),
7.11-7.08 (m, 2H), 6.65 (d, J = 0.8 Hz, 1H), 2.08 (d, J = 0.8 Hz, 3H); '*C NMR (100
MHz, CDCl3): 6 187.2, 186.6, 144.4, 140.9, 140.4, 133.0, 131.4, 130.7, 130.1, 129.9,
129.0, 128.6, 128.5, 124.1, 106.5, 12.9 (one C-H carbon is merged with others);
ESI-MS calcd. for C1oH;s>>CINO,[M+H]: 324.0791; found: 324.0761.

1-(5-bromo-2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde
3h’):

Br,

3h'

Yellow solid;mp: 165.2-167.1°C; '"H NMR (400 MHz, CDCls): § 9.63 (s, 1H), 9.43 (s,
1H), 7.71 (d, J = 8.3 Hz, 1H), 7.65-7.63 (m, 1H), 7.52 (d, J = 1.8Hz, 1H), 7.28-7.23
(m, 3H), 7.09 (dd, J = 7.6, 1.5 Hz, 2H), 6.65 (s, 1H), 2.08 (d, J = 1.0 Hz, 3H); 13C
NMR (100 MHz, CDCls): 6 187.4, 186.6, 144.4, 140.3, 133.1, 133.0, 131.8, 130.8,
129.9, 129.2, 129.0, 128.6, 128.5, 124.1, 106.5, 12.9 (one quarternary carbon is

merged with others); ESI-MS calcd. for Ci19H14”’BrNNaO2[M+Na]: 390.0106; found:
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390.0099.

1-(2-formyl-5-methylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde
@3i’):

3i'

Yellow solid; mp: 161.3-163.7 °C; 'H NMR (400 MHz, CDCls): § 9.62 (s, 1H), 9.45
(d, J=0.6 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.30-7.28 (m, 1H), 7.24-7.18 (m, 3H),
7.10-7.08 (m, 3H), 6.63 (d, J= 1.1 Hz, 1H), 2.42 (s, 3H), 2.04 (d, J = 0.8 Hz, 3H); 1*C
NMR (100 MHz, CDCls): 6 188.3, 186.8, 146.2, 144.5, 139.4, 133.1, 130.7, 130.6,
130.4, 130.3, 128.9, 128.8, 128.7, 128.3, 123.8, 106.0, 21.7, 12.9; ESI-MS calcd. for
C20H1sNO2[M+H]: 304.1338; found: 304.1338.

1-(2-formyl-5-methoxyphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde
@3p):

Yellow solid; mp: 164.3-166.1 °C; 'H NMR (400 MHz, CDCls): § 9.61 (s, 1H), 9.38
(d, /= 0.6 Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.27-7.20 (m, 3H), 7.14-7.11 (m, 2H),
6.99-6.96 (m, 1H), 6.74 (d, /= 2.5 Hz, 1H), 6.63 (s, 1H), 3.83 (s, 3H), 2.06 (d, /= 0.8
Hz, 3H); *C NMR (100 MHz, CDCls): & 187.3, 186.7, 164.4, 144.4, 141.3, 133.0,
130.8, 128.9, 128.7, 128.3, 126.4, 123.8, 115.4, 115.0, 106.0, 56.0, 12.8 (one
quarternary carbon is merged with others); ESI-MS calcd. for CyoHisNO3;[M+H]:
320.1287; found: 320.1274.

1-(6-formylbenzo[d][1,3]dioxol-5-yl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldeh
yde (3k’):
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3K’
Yellow solid; mp: 187.6-188.4 °C; 'H NMR (400 MHz, CDCls): § 9.61 (s, 1H), 9.25
(d, J= 0.5 Hz, 1H), 7.28-7.24 (m, 4H), 7.15-7.12 (m, 2H), 6.7 (d, J = 0.5 Hz, 1H),
6.62 (s, 1H), 6.11 (s, 2H), 2.07 (s, 3H); 1*C NMR (100 MHz, CDCls): § 186.9, 186.7,
152.9, 148.8, 144.7, 136.3, 133.4, 130.7, 128.9, 128.8, 128.5, 128.3, 123.9, 109.7,
106.4, 106.0, 103.0, 12.8; ESI-MS calcd. for C20HisNO4[M+H]: 334.1079; found:
334.1076.

1-(2-acetylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde (31°):

o M
3r

Yellow solid; mp: 133.5-134.9 °C; 'H NMR (400 MHz, CDCl5): § 9.61 (s, 1H), 7.60-
7.53 (m, 2H), 7.43 (dd, J=17.5, 1.2 Hz, 1H), 7.29 (dd, J = 7.8, 1.1 Hz, 1H), 7.23-7.17
(m, 3H), 7.06-7.03 (m, 2H), 6.64 (d, /= 0.9 Hz, 1H), 2.07 (d, /= 0.8 Hz, 3H), 2.00 (s,
3H); *C NMR (100 MHz, CDCls): § 198.2, 186.8, 143.3, 137.8, 135.3, 132.3, 130.8,
130.3, 129.6, 129.1, 128.9, 128.5, 128.2, 124.0, 106.1, 28.2, 12.9 (one quarternary
carbon is merged with others); ESI-MS calcd. for C20H1sNO»: 304.1338[M+H]; found:
304.1331.

(R)-5-hydroxy-1-phenyl-4,5-dihydropyrrolo[1,2-a]quinoline-2-carbaldehyde (4a):

a R,

|
Ox / 4a

White semi-solid; "H NMR (400 MHz, CDCl;): § 9.55 (s, 1H), 7.53-7.51 (m, 1H),
7.47-7.41 (m, 3H), 7.39-7.37 (m, 2H), 7.14 (dt, J= 7.5, 0.9Hz, 1H), 6.98 (dt.J=17.8 ,
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1.5 Hz, 1H), 6.65 (s, 1H), 6.57 (d, J = 8.2 Hz, 1H), 4.98 (s, 1H), 3.18-3.01 (m, 2H),
2.25 (s, 1H); 3C NMR (150 MHz, CDCls): 6 186.8, 134.1, 132.6, 130.6, 130.3, 129.3,
129.2, 128.8, 128.2, 126.9, 125.7, 120.7, 105.5, 66.6, 32.4 (two quarternary carbons
are merged with others); ESI-MS calcd. for Ci9HisNNaO>[M+Na].: 312.0995; found:
312.1000.

(5R)-ethyl 2-formyl-5-hydroxy-1-phenyl-4,5-dihydropyrrolo[1,2-aJquinoline-4-
carboxylate (4b):

White semi-solid; "H NMR (600 MHz, CDCls)(major isomer): § 9.59 (s, 1H), 7.55 (d,
J =175 Hz, 1H), 7.48-7.40 (m, 5H), 7.19-7.14 (m, 1H), 7.00-6.96 (m, 1H), 6.80 (s,
1H), 6.55-6.53 (m, 1H), 5.16-5.15(m, 1H), 4.19-4.15 (m, 2H), 4.09 (d, J = 3.3 Hz,
1H), 3.86 (d, J = 1.3Hz, 1H), 1.16 (t, J = 7.1Hz, 3H);'H NMR (600 MHz,
CDClz)(minor isomer, major peaks): 6 9.58 (s, 1H), 7.67 (d, J=7.6Hz, 1H), 6.72 (d, J
= 1.4 Hz, 1H), 5.26 (d, J=7.7 Hz, 1H), 4.35-4.32 (m, 2H), 3.85-3.84 (m, 1H), 1.34 (t,
J =17.2Hz, 3H); 13C NMR (150 MHz, CDCls) (major isomer): § 186.7, 170.8, 140.3,
133.9, 130.7, 129.8, 129,3, 128.8, 127.2, 125.9, 125.1, 120.7, 106.9, 67.8, 62.0, 45.9,
14.0;'3C NMR (150 MHz, CDCl3) (minor isomer, major peaks): § 186.6, 170.2, 140.5,
133.3, 130.6, 129.4, 128.9, 126.1, 125.9, 105.7, 67.6, 62.1, 49.1, 14.2; ESI-MS calcd.
for C22H20NO4 [M+H]: 362.1392; found: 362.1367.

ethyl 2-formyl-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate (5a):

&
|N//§

O

c\) 52 ©

Yellow solid; mp: 139.7-141.4 C; *H NMR (400 MHz, CDCls): § 9.67 (s, 1H), 7.93
(s, 1H), 7.74 (s, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.60-7.49 (m, 5H), 7.30-7.26 (m, 1H),
7.16-7.15 (m, 2H), 4.47 (q, J = 7.1 Hz, 2H), 1.47 (t, J = 7.1 Hz, 3H); *C NMR (100
MHz, CDCl»): 6 187.9, 164.8, 137.1, 135.4, 131.6, 130.8, 130.6, 129.6, 129.1, 128.0,

127.4, 125.0, 124.4, 121.7, 117.9, 103.3, 61.5, 14.4 (one C-H carbon and one
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quarternary carbon are merged with others); ESI-MS calcd. for C22H17NNaO3:[M+Na]:
366.1106; found: 366.1083.

ethyl 2-formyl-1-(4-methoxyphenyl)pyrrolo[1,2-a]quinoline-4-carboxylate (5b):

ey O
<HON

(0]

W
& sp O

Yellow solid; mp: 175.7-176.9 <C; *H NMR (400 MHz, CDCls): § 9.67 (s, 1H), 7.90
(s, 1H), 7.72 (s, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.41-7.39 (m, 2H), 7.30-7.26 (m, 2H),
7.20-7.15 (m, 1H), 7.08-7.05 (m, 2H), 4.47 (q, J = 7.1 Hz, 2H), 3.92 (s, 3H), 1.47 (t, J
= 7.1 Hz, 3H); *C NMR (100 MHz, CDCls): & 188.0, 164.8, 160.6, 137.3, 135.6,
132.1, 130.6, 129.6, 129.5, 127.9, 127.5, 124.9, 124.5, 123.5, 121.7, 117.9, 114.6
103.2, 61.5, 55.4, 14.4; ESI-MS calcd. for CasH20NOs[M+H]: 374.1392; found:
374.1400.

ethyl 2-formyl-1-(p-tolyl)pyrrolo[1,2-a]quinoline-4-carboxylate (5¢):

Yellow solid; mp: 113.4-115.6 C; *H NMR (400 MHz, CD,Cl): § 9.66 (s, 1H), 7.95
(s, 1H), 7.73 (dd, J = 7.6, 1.1 Hz, 1H), 7.68 (s, 1H), 7.42-7.38 (m, 4H), 7.34-7.20 (m,
3H), 4.47 (q, J = 7.1 Hz, 2H), 2.51 (s, 3H), 1.48 (t, J = 7.1 Hz, 3H); *C NMR (100
MHz, CDCIs): 6 188.0, 164.8, 139.7, 137.5, 135.5, 130.7, 130.5, 129.8, 129.6, 129.5,
128.5, 127.9, 127.4, 124.9, 124.4, 121.7, 118.0, 103.2, 61.5, 21.5, 14.4; ESI-MS calcd.
for C23H20NO3[M+H]: 358.1443; found: 358.1438.

ethyl 1-(4-chlorophenyl)-2-formylpyrrolo[1,2-a]Jquinoline-4-carboxylate (5d):
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Yellow solid; mp: 145.3-147.1C;'H NMR (400 MHz, (CD3)2CO): § 9.69 (s, 1H),
8.05 (s, 1H), 7.94 (dd, J = 7.7, 1.7 Hz, 1H), 7.70-7.69 (m, 5H), 7.45-7.34 (m, 2H),
7.28-7.26 (m, 1H), 4.46 (q, J = 7.1 Hz, 2H), 1.45 (t, J = 7.1 Hz, 3H); 3C NMR (150
MHz, (CD3).CO): 6 187.0, 164.8, 136.1, 135.9, 135.8, 133.4, 131.8, 131.3, 130.8,
130.4, 130.1, 128.6, 128.3, 126.1, 125.2, 121.9, 1185, 103.8, 61.9, 14.5; ESI-MS
calcd. for Co2H173°CINOs[M+H]: 378.0897; found: 378.0896.

ethyl 2-formyl-1-(3-methoxyphenyl)pyrrolo[1,2-a]quinoline-4-carboxylate (Se):

- X

\
O5e0

)

O

Yellow solid; mp: 148.7-149.4 C; *H NMR (400 MHz, CDCls): § 9.70 (s, 1H), 7.93
(s, 1H), 7.74 (s, 1H), 7.70 (dd, J = 7.4, 1.1 Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.31-7.27
(m, 1H), 7.23-7.19 (m, 2H), 7.12-7.07 (m, 2H), 7.02-7.01 (m, 1H), 4.48 (g, J = 7.0 Hz,
2H), 3.82 (s, 3H), 1.47 (t, J = 7.0 Hz, 3H); 3C NMR (150 MHz, CDCls): & 187.9,
164.8, 160.0, 136.9, 135.4, 132.8, 130.6, 130.2, 129.7, 129.5, 128.0, 127.3, 125.0,
124.4, 123.2, 121.7, 118.0, 116.1, 115.5, 103.2, 61.5, 55.4, 14.4; ESI-MS calcd. for
C23H20NO4[M+H]: 374.1392; found: 374.1392.

ethyl 1-(3-chlorophenyl)-2-formylpyrrolo[1,2-a]Jquinoline-4-carboxylate (5f):

Yellow solid; mp: 146.2-148.4 C; *H NMR (600 MHz,CDCls): § 9.70 (s, 1H), 7.95 (s,
1H), 7.7 (s, 1H), 7.71 (dd, J = 7.8, 1.2 Hz, 1H), 7.57-7.55 (m, 1H), 7.52-7.48 (m, 2H),
7.41-7.39 (m, 1H), 7.32 (td, J = 8.4, 1.2 Hz, 1H), 7.24-7.21 (m, 1H), 7.17 (d, J = 8.4
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Hz, 1H), 4.48 (q, J = 7.2 Hz, 2H), 1.47 (t, J = 7.2 Hz, 3H); 3C NMR (150 MHz,
CDCIs): 6 187.4, 164.7, 135.2, 134.8, 133.5, 130.8, 130.7, 130.4, 129.9, 129.0, 128.2,
127.6, 125.2, 1245, 121.7, 117.8, 103.8, 61.6, 14.4(two C-H carbons and one
quarternary carbon are merged with others); ESI-MS calcd. for C22H17°CINOs[M+H]:
378.0897; found: 378.0899.

ethyl 2-formyl-1-(2-methoxyphenyl)pyrrolo[1,2-a]quinoline-4-carboxylate (5g):

A4

6 59 O

Yellow solid; mp: 185.1-187.4 <C;*H NMR (400 MHz, CDCls): & 9.65 (s, 1H), 7.93 (s,
1H), 7.76 (s, 1H), 7.68 (dd, J = 7.8, 1.5Hz, 1H), 7.59-7.54 (m, 1H), 7.42 (dd, J= 7.4,
1.8 Hz, 1H), 7.32-7.26 (m, 2H), 7.20-7.12 (m, 2H), 7.03 (d, J= 8.4 Hz, 1H), 4.47 (q, J
= 7.1 Hz, 2H), 3.57 (s, 3H), 1.47 (t, J = 7.1 Hz, 3H); *C NMR (100 MHz, CDCl3): &
188.1, 164.9, 158.3, 136.1, 134.1, 132.7, 131.6, 130.3, 129.7, 129.6, 127.9, 127.0,
124.8, 124.1, 121.7, 120.9, 120.5, 116.8, 111.2, 103.2, 61.5, 55.4, 14.4; ESI-MS calcd.
for C23H20NOs[M+H]: 374.1392; found: 374.1396.

ethyl 1-(2-chlorophenyl)-2-formylpyrrolo[1,2-a]quinoline-4-carboxylate (Sh):

(3
lN//>

O

\
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Yellow solid; mp: 150.2-152.3 C; *H NMR (400 MHz, CDCls): § 9.64 (s, 1H), 7.97
(s, 1H), 7.80 (s, 1H), 7.73-7.72 (m, 1H), 7.61-7.46 (m, 4H), 7.34-7.19 (m, 2H), 7.11
(d, J = 8.6 Hz, 1H), 4.48 (q, J = 7.0 Hz, 2H), 1.48 (t, J = 7.0 Hz, 3H); 13C NMR (100
MHz,CDClz): 6 187.2, 164.8, 135.9, 135.6, 133.1, 131.4, 131.3, 130.7, 130.3, 129.9,
128.1, 127.4, 127.2, 125.2, 124.2, 121.6, 116.4, 103.7, 61.6, 14.4 (one C-H carbon
and one quarternary carbon are merged with others); ESI-MS calcd. for
C22H17%°CINOs[M+H]: 378.0897; found: 378.0897.

ethyl 2-formyl-1-(thiophen-2-yl)pyrrolo[1,2-a]quinoline-4-carboxylate (5i):
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Yellow solid; mp: 143.2-145.1 C; *H NMR (400 MHz, CDCls): § 9.79 (s, 1H), 7.97
(s, 1H), 7.76 (s, 1H), 7.72-7.71 (m, 1H), 7.66 (dt, J = 5.0, 0.9 Hz, 1H), 7.35-7.24 (m,
5H), 4.48 (g, J = 7.0 Hz, 2H), 1.47 (t, J = 7.0 Hz, 3H); *C NMR (150 MHz, CDCl5):
6 187.6, 164.7, 135.5, 131.6, 130.7, 130.5, 130.1, 129.7, 129.3, 128.5, 128.2, 127.8,
125.2, 124.4, 121.5, 117.6, 103.5, 61.6, 14.4 (one quarternary carbon is merged with
others); ESI-MS calcd. for C20H1sNO3S[M+H]: 350.0851; found: 350.0847.

ethyl 1-cyclopropyl-2-formylpyrrolo[1,2-a]quinoline-4-carboxylate (5j):

)
o 8 O
Yellow solid; mp: 142.2-144.8 <C; *H NMR (600 MHz,CDCls): & 10.49 (s, 1H), 8.86
(d, J = 8.6 Hz, 1H), 7.84 (s, 1H), 7.70 (dd, J = 7.8, 1.3 Hz, 1H), 7.57-7.54 (m, 2H),
7.40 (td, J = 7.5, 0.8 Hz,1H), 4.43 (q, J = 7.1 Hz, 2H), 2.46-2.41 (m, 1H), 1.43 (t, J =
7.1 Hz, 3H), 1.38-1.35 (m, 2H), 0.85-0.83 (m, 2H); *C NMR (150 MHz,CDCls): §
187.8, 164.8, 138.3, 135.9, 130.2, 129.3, 128.7, 127.4, 125.0, 124.7, 121.6, 118.6,
103.8, 61.4, 14.3, 10.8, 9.8 (one quarternary carbon is merged with others); ESI-MS

calcd. for C19H1sNOz[M+H]: 308.1281; found: 308.1280.

ethyl 1-butyl-2-formylpyrrolo[1,2-a]Jquinoline-4-carboxylate (5k):

5l

\
o 5k O

Yellow solid; mp: 76.3-77.6 <C; *H NMR (600 MHz, CDCls): § 10.20 (s, 1H), 8.16 (d,
J=8.7Hz, 1H), 7.82 (s, 1H), 7.73 (dd, J = 7.8, 1.6 Hz, 1H), 7.64 (s, 1H), 7.60-7.57 (m,
1H), 7.42-7.40 (m, 1H), 4.44 (q, J = 7.2 Hz, 2H), 3.67-3.64 (m, 2H), 1.83-1.78 (m,
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2H), 1.55-1.49 (m, 2H), 1.45 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 7.4 Hz, 3H); *C NMR
(150 MHz, CDCls): & 187.7, 164.8, 137.3, 136.1, 130.8, 129.9, 129.1, 126.8, 125.4,
125.1,124.9, 121.7, 117.2, 106.3, 61.4, 30.8, 27.2, 22.4, 14.4, 13.8; ESI-MS calcd. for
Ca0H2oNOs[M+H]: 324.1600; found: 324.1598.

ethyl 7-chloro-2-formyl-1-phenylpyrrolo[1,2-a]Jquinoline-4-carboxylate(5b’):

&
A

|
o b ©

Yellow solid; mp: 169.2-170.1 C; *H NMR (600 MHz, CDCls): § 9.67 (s, 1H), 7.82
(s, 1H), 7.76 (s, 1H), 7.66 (d, J = 2.2 Hz, 1H), 7.59-7.54 (m, 3H), 7.49-7.48 (m, 2H),
7.11-7.07 (m, 2H), 4.48 (q, J = 7.2 Hz, 2H), 1.47 (t, J = 7.2 Hz, 3H); *C NMR (150
MHz, CDCls): 6 187.7, 164.4, 137.2, 133.8, 131.2, 130.7, 130.5, 129.9, 129.5, 129.4,
129.4, 129.3, 127.5, 126.5, 125.9, 123.0, 119.2, 104.0, 61.7, 14.4; ESI-MS calcd. for
C22H17°CINOs[M+H]: 378.0897; found: 378.0894

ethyl
2-formyl-7-((methoxycarbonyl)oxy)-1-phenylpyrrolo[1,2-a]quinoline-4-carboxyla
te(5¢’):

P

(\) 50 O

Yellow semi-solid; *H NMR (600 MHz, CDCls): § 9.67 (s, 1H), 7.87 (s, 1H), 7.76 (s,
1H), 7.58-7.49 (m, 6H), 7.17 (d, J = 9.4 Hz, 1H), 6.98 (dd, J = 9.4, 2.7 Hz, 1H), 4.48
(9, J = 7.1 Hz, 2H), 3.89 (s, 3H), 1.47 (t, J = 7.1 Hz, 3H); 3C NMR (150 MHz,
CDCls): 6 187.7, 164.5, 154.0, 147.5, 137.2, 133.2, 131.3, 130.8, 129.8, 129.4, 129.3,
127.4, 127.0, 125.6, 122.8, 122.5, 121.7, 119.1, 103.8, 61.7, 55.7, 14.4 (two C-H
carbons are merged with others); ESI-MS calcd. for CosH20NOs[M+H]: 418.1291;
found: 418.1280
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ethyl 8-chloro-2-formyl-1-phenylpyrrolo[1,2-a]Jquinoline-4-carboxylate(5d°):
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Yellow solid; mp: 158.1-159.8 C; *H NMR (600 MHz, CDCls): § 9.70 (s, 1H), 7.88
(s, 1H), 7.75 (s, 1H), 7.64-7.57 (m, 4H), 7.51-7.49 (m, 2H), 7.25 (dd, J = 8.7, 1.9 Hz,
1H), 7.07 (d, J = 1.3Hz, 2H), 4.48 (q, J = 7.2 Hz, 2H), 1.47 (t, J = 7.2 Hz, 3H); 3C
NMR (150 MHz, CDClz): 6 187.7, 164.6, 137.3, 135.9, 135.3, 131.4, 130.9, 130.7,
130.1, 129.6, 129.4, 127.6, 127.0, 125.4, 122.9, 121.9, 118.3, 103.7, 61.7, 14.4;
ESI-MS calcd. for C2H17°°CINOs[M+H]: 378.0897; found: 378.0899

ethyl 2-formyl-8-methyl-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate(5e):
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Yellow semi-solid; *H NMR (600 MHz, CDCls): § 9.70 (s, 1H), 7.90 (s, 1H), 7.72 (s,
1H), 7.57-7.53 (m, 4H), 7.50-7.48 (m, 2H), 7.10-7.09 (m, 1H), 6.88 (s, 1H), 4.47 (g, J
= 7.1 Hz, 2H), 2.08 (s, 3H) 1.46 (t, J = 7.1 Hz, 3H); *C NMR (150 MHz, CDCls): &
187.9, 164.9, 140.3, 137.0, 135.4, 131.8, 130.8, 130.3, 129.8, 129.3, 129.0, 128.1,
127.2, 126.1, 122.0, 120.7, 118.6, 103.0, 61.4, 22.0, 14.4; ESI-MS calcd. for
CasH20NO3[M+H]: 358.1443; found: 358.1443

ethyl
2-formyl-7,8-dimethoxy-1-phenylpyrrolo[1,2-a]Jquinoline-4-carboxylate(5f”):
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Yellow solid; mp: 133.5-134.6 <C; *H NMR (600 MHz, CDCls3): § 9.69 (s, 1H), 7.90
(s, 1H), 7.58-7.53 (m, 5H), 7.05 (s, 1H), 6.82 (s, 1H) 4.46 (q, J = 7.2 Hz, 2H), 3.90 (s,
3H), 3.26 (s, 3H), 1.46 (t, J = 7.2 Hz, 3H); 3C NMR (150 MHz, CDCls): & 187.8,
165.0, 150.6, 146.7, 135.2, 132.2, 131.7, 130.5, 129.6, 129.5, 129.0, 127.8, 127.2,
119.4, 117.7, 1105, 102.4, 101.4, 61.3, 56.0, 55.1, 14.4; ESI-MS calcd. for
C24H22NOs[M+H]: 404.1498; found: 404.1498

ethyl
2-formyl-1-phenyl-[1,3]dioxolo[4,5-g]pyrrolo[1,2-a]quinoline-4-carboxylate(5g°):
0o
ar
64
§ s 0

Yellow solid; mp: 235.1-236.2 CC; *H NMR (600 MHz, CDCls): § 9.66 (s, 1H), 7.82
(s, 1H), 7.69 (s, 1H), 7.57-7.53 (m, 3H), 7.48-7.46 (m, 2H), 7.03 (s, 1H), 6.59 (d, J =
0.4 Hz, 1H), 5.95 (s, 2H), 4.46 (g, J = 7.2 Hz, 2H), 1.46 (t, J = 7.2 Hz, 3H); *C NMR
(150 MHz, CDCls): 6 188.0, 165.0, 149.4, 145.2, 135.8, 131.6, 131.5, 130.9, 129.7,
129.1, 127.9, 127.3, 119.5, 119.3, 107.8, 102.3, 102.1, 99.0, 61.4, 14.4 (one
quarternary carbon is merged with others); ESI-MS calcd. for Cz3Hi1sNOs[M+H]:
388.1185; found: 388.1185

(5) X-ray crystallographic structure and data for compound 3a, 4a
and Sa:
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Table S1.Crystal data and structure refinement for 170932LT_OM.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
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170932LT_Om
C19 H15 N 02
289.32

100(2) K
0.71073 A
Monoclinic

P 21/c
a=8.3810(3) A
b = 13.1650(5) A
¢ =13.3041(5) A
1454.26(9) A3

4

1.321 Mg/m?
0.086 mm-!

608

0.15 x 0.12 x 0.02 mm3
2.186 to 26.397°.

o= 90°,
B=97.823(2)°.
v =90°.



Index ranges

-10<=h<=9, -13<=k<=16, -16<=I<=16

Reflections collected 13024
Independent reflections 2987 [R(int) = 0.0305]
Completeness to theta = 25.242° 100.0 %

Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

Semi-empirical from equivalents
0.9485 and 0.8947

Full-matrix least-squares on F2
2987 /0/204

1.038

R1 =0.0399, wR2 = 0.0957

R1 =0.0507, wR2 = 0.1031

n/a

0.251 and -0.249 e.A -3

Table S2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A 2x
109)
for 170932LT_OM. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
O(1) 5624(1) 8226(1) -64(1) 32(1)
N(1) 1212(1) 7546(1) 1513(1) 20(1)
C() 4077(2) 4133(1) 2328(1) 31(2)
C(2) 3920(2) 4892(1) 3025(1) 26(1)
C@3) 3423(2) 5855(1) 2695(1) 23(1)
C(4) 3095(2) 6067(1) 1661(1) 20(1)
C(5) 2603(2) 7095(1) 1302(1) 19(1)
C(6) 31(2) 7081(1) 2052(1) 20(1)
C(7) -930(2) 6307(1) 1595(1) 25(1)
C(8) -2107(2) 5885(1) 2101(1) 29(1)
C(9) -2341(2) 6238(1) 3050(1) 28(1)
C(10) 3744(2) 4334(1) 1302(1) 35(1)
C(11) 3266(2) 5299(1) 966(1) 29(1)
C(12) 1061(2) 8515(1) 1076(1) 21(1)
C(13) 2370(2) 8670(1) 597(1) 22(1)
C(14) 3359(2) 7784(1) 730(1) 21(1)
C(15) 4922(2) 7628(1) 424(1) 24(1)
C(16) -377(2) 9161(1) 1165(1) 26(1)
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C(17) -1388(2) 7006(1) 3505(1) 27(1)
C(18) -174(2) 7436(1) 3016(1) 23(1)
C(19) 851(2) 8230(1) 3533(1) 34(1)
0(2) 530(2) 8722(1) 4250(1) 38(1)
0(2) 2215(6) 8447(4) 3433(4) 38(1)
Table S3.  Bond lengths [A] and angles [] for 170932LT_OM.

0(1)-C(15) 1.2215(17)

N(1)-C(5) 1.3704(17)

N(1)-C(12) 1.4013(17)

N(1)-C(6) 1.4356(17)

C(1)-C(10) 1.380(2)

C(1)-C(2) 1.382(2)

C(1)-H() 0.9500

C(2)-C(3) 1.387(2)

C(2)-H(12) 0.9500

C(3)-C(4) 1.3933(19)

C(3)-H(13) 0.9500

C(4)-C(11) 1.391(2)

C(4)-C(5) 1.4752(19)

C(5)-C(14) 1.3907(19)

C(6)-C(7) 1.387(2)

C(6)-C(18) 1.3976(19)

C(7)-C(8) 1.385(2)

C(7)-H(1) 0.9500

C(8)-C(9) 1.384(2)

C(8)-H(10) 0.9500

C(9)-C(17) 1.376(2)

C(9)-H(2) 0.9500

C(10)-C(11) 1.389(2)

C(10)-H(15) 0.9500

C(11)-H(14) 0.9500

C(12)-C(13) 1.3563(19)

C(12)-C(16) 1.4930(19)

C(13)-C(14) 1.4271(19)

C(13)-H(4) 0.9500
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C(14)-C(15)
C(15)-H(3)
C(16)-H(5)
C(16)-H(6)
C(16)-H(7)
C(17)-C(18)
C(17)-H(9)
C(18)-C(19)
C(19)-0(2)
C(19)-0(2)
C(19)-H(8)
C(19)-H(8))

C(5)-N(1)-C(12)
C(5)-N(1)-C(6)
C(12)-N(1)-C(6)
C(10)-C(1)-C(2)
C(10)-C(1)-H(1)
C(2)-C(1)-H(1)
C(1)-C(2)-C(3)
C(1)-C(2)-H(12)
C(3)-C(2)-H(12)
C(2)-C(3)-C(4)
C(2)-C(3)-H(13)
C(4)-C(3)-H(13)
C(11)-C(4)-C(3)
C(11)-C(4)-C(5)
C(3)-C(4)-C(5)
N(1)-C(5)-C(14)
N(1)-C(5)-C(4)
C(14)-C(5)-C(4)
C(7)-C(6)-C(18)
C(7)-C(6)-N(1)
C(18)-C(6)-N(1)
C(8)-C(7)-C(6)
C(8)-C(7)-H(11)
C(6)-C(7)-H(11)
C(9)-C(8)-C(7)

1.4388(19)
0.9500
0.9800
0.9800
0.9800
1.399(2)
0.9500
1.465(2)
1.203(5)
1.212(2)
0.9569
0.9597

109.90(11)
125.56(11)
124.45(11)
120.04(14)
120.0
120.0
119.99(14)
120.0
120.0
120.42(13)
119.8
119.8
119.13(13)
120.03(13)
120.83(12)
107.04(12)
122.62(12)
130.34(12)
120.74(13)
119.53(12)
119.70(12)
119.41(14)
1203
1203
120.54(14)
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C(9)-C(8)-H(10)
C(7)-C(8)-H(10)
C(17)-C(9)-C(8)
C(17)-C(9)-H(2)
C(8)-C(9)-H(2)
C(1)-C(10)-C(11)
C(1)-C(10)-H(15)
C(11)-C(10)-H(15)
C(10)-C(11)-C(4)
C(10)-C(11)-H(14)
C(4)-C(11)-H(14)
C(13)-C(12)-N(1)
C(13)-C(12)-C(16)
N(1)-C(12)-C(16)
C(12)-C(13)-C(14)
C(12)-C(13)-H(4)
C(14)-C(13)-H(4)
C(5)-C(14)-C(13)
C(5)-C(14)-C(15)
C(13)-C(14)-C(15)
0(1)-C(15)-C(14)
0(1)-C(15)-H(3)
C(14)-C(15)-H(3)
C(12)-C(16)-H(5)
C(12)-C(16)-H(6)
H(5)-C(16)-H(6)
C(12)-C(16)-H(7)
H(5)-C(16)-H(7)
H(6)-C(16)-H(7)
C(9)-C(17)-C(18)
C(9)-C(17)-H(9)
C(18)-C(17)-H(9)
C(6)-C(18)-C(17)
C(6)-C(18)-C(19)
C(17)-C(18)-C(19)
0(2))-C(19)-C(18)
0(2)-C(19)-C(18)
0(2)-C(19)-H(8)

119.7
119.7
120.10(13)
119.9
119.9
120.30(15)
119.9
119.9
120.12(14)
119.9
119.9
107.35(12)
131.70(13)
120.93(12)
108.20(12)
125.9
125.9
107.49(12)
124.17(13)
128.14(13)
125.56(14)
117.2
117.2
109.5
109.5
109.5
109.5
109.5
109.5
120.55(14)
119.7
119.7
118.64(13)
122.15(13)
119.21(13)
128.5(3)
124.89(15)
1171
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C(18)-C(19)-H(8) 118.0
0(2)-C(19)-H(8) 113.0
C(18)-C(19)-H(8) 118.4

Symmetry transformations used to generate equivalent atoms:

Table S4.  Anisotropic displacement parameters (A 2x 103) for 170932LT_OM. The anisotropic

displacement factor exponent takes the form: -2x2[ hZa*2Ull + ... +2hka*b*U12]

Ull U22 U33 U23 U13 U12
0(1) 28(1) 38(1) 33(1) 2(1) 14(1) -3(1)
N(1) 18(1) 20(1) 22(1) 0(1) 6(1) 0(1)
c(1) 27(1) 22(1) 43(1) 5(1) 4(1) 4(1)
c(2) 21(1) 29(1) 29(1) 7(1) 4(1) -1(1)
c(@3) 20(1) 24(1) 25(1) 0(1) 6(1) 0(1)
C(4) 15(1) 21(1) 24(1) -1(1) 5(1) -1(1)
Cc(5) 16(1) 22(1) 19(1) -3(1) 4(1) 0(1)
Cc(6) 16(1) 21(1) 24(1) 4(1) 5(1) 2(1)
c(7) 22(1) 24(1) 29(1) 0(1) 3(1) 1(1)
C(8) 20(1) 25(1) 42(1) 3(1) 2(1) -4(1)
C(9) 19(1) 28(1) 40(1) 12(1) 9(1) 1(1)
C(10) 39(1) 26(1) 39(1) -8(1) 5(1) 7(1)
C(11) 31(1) 30(1) 27(1) -3(1) 5(1) 6(1)
C(12) 21(1) 20(1) 23(1) 1(1) 4(1) -1(1)
C(13) 20(1) 22(1) 23(1) 2(1) 4(1) -1(1)
C(14) 19(1) 23(1) 20(1) -1(1) 3(1) -1(1)
C(15) 22(1) 28(1) 22(1) -2(1) 6(1) 0(1)
C(16) 22(1) 25(1) 32(1) 4(1) 8(1) 3(1)
c(17) 25(1) 30(1) 27(1) 6(1) 8(1) 7(1)
C(18) 21(1) 25(1) 24(1) 2(1) 5(1) 2(1)
C(19) 30(1) 38(1) 34(1) 7(2) 7(1) -3(1)
0(2) 45(1) 41(1) 26(1) -8(1) 2(1) -1(1)
0(2) 45(1) 41(1) 26(1) -8(1) 2(1) -1(1)

Table S5.  Hydrogen coordinates ( x 104) and isotropic  displacement parameters (A 2x 103)
for 170932LT_OM.
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X y z U(eq)
H(1) 4414 3473 2554 37
H(12) 4153 4755 3731 32
H(13) 3305 6373 3176 27
H(11) -782 6068 940 30
H(10) -2760 5349 1795 35
H(2) -3161 5950 3388 34
H(15) 3842 3809 825 42
H(14) 3055 5436 259 35
H(4) 2590 9264 236 26
H(3) 5452 7006 617 29
H(5) -260 9816 832 39
H(6) -468 9273 1883 39
H(7) -1349 8818 837 39
H(9) -1556 7245 4156 32
H(8) 1850 8377 3290 45
H(8) 441 8622 4050 45

CCDC 1863729
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Table S6.Crystal data and structure refinement for d19507a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.15°

Absorption correction

d19507a

C19 H15 N O2
289.32

200(2) K
0.71073 A
Monoclinic

P 21/c
a=10.2847(12) A
b = 16.3302(19) A
¢ =9.0650(9) A
1413.0(3) A3

4

1.360 Mg/m?
0.088 mm-!

608

J'“‘-O
- 02
.5;::; ) i y

5 i

o= 90°,
p=111.856(3)°.
v =90°.

0.15x 0.14 x 0.03 mm3

2.47 to 25.15°.

-12<=h<=12, -19<=k<=19, -10<=I<=10

14688

2503 [R(int) = 0.0704]

98.7 %

multi-scan
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Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

0.9974 and 0.9869

Full-matrix least-squares on F2
2503/0/ 200

1.080

R1=0.0679, wR2 = 0.1451
R1=0.1011, wR2 = 0.1621

Extinction coefficient 0.026(3)

Largest diff. peak and hole 0.960 and -0.226 e.A -3
Table S7.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A 2x 103)

for d19507a. U(eq) is defined as one third of the trace of the orthogonalized Ui tensor.

X y z U(eq)
C@1) 8755(4) 4058(2) 1398(4) 37(2)
C(2) 7532(3) 3970(2) 1788(4) 32(1)
C@3) 7553(3) 3793(2) 3295(4) 30(1)
C(4) 8782(3) 3586(2) 4727(3) 29(1)
C(5) 9468(3) 2855(2) 4755(4) 36(1)
C(6) 10620(4) 2626(2) 6069(4) 41(1)
C@) 11087(4) 3127(2) 7380(4) 41(1)
C(8) 10421(4) 3856(2) 7369(4) 49(1)
C(9) 9274(4) 4090(2) 6043(4) 43(1)
C(10) 5588(3) 3676(2) 4380(3) 29(1)
C(11) 6299(4) 3234(2) 5757(4) 35(1)
C(12) 5684(4) 3115(2) 6856(4) 38(1)
C(13) 4358(4) 3405(2) 6580(4) 41(1)
C(14) 3634(4) 3825(2) 5188(4) 42(1)
C(15) 4233(3) 3971(2) 4076(4) 32(1)
C(16) 3466(3) 4444(2) 2563(4) 40(1)
C(17) 3772(3) 4025(2) 1219(4) 35(1)
C(18) 5302(3) 4004(2) 1628(3) 31(1)
C(19) 6110(3) 4100(2) 761(4) 33(1)
N(1) 6176(3) 3825(2) 3196(3) 29(1)
0(1) 8745(3) 4281(2) 106(3) 49(1)
0(2) 2031(3) 4472(2) 2269(3) 56(1)
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Table S8.Bond lengths [A] and angles [°] for d19507a.

C(1)-0(1) 1.222(4)
C(1)-C(2) 1.435(5)
C(1)-H(1) 0.9500
C(2)-C(3) 1.388(4)
C(2)-C(19) 1.427(4)
C(3)-N(1) 1.386(4)
C(3)-C(4) 1.475(4)
C(4)-C(9) 1.380(4)
C(4)-C(5) 1.383(4)
C(5)-C(6) 1.383(5)
C(5)-H(5) 0.9500
C(6)-C(7) 1.374(5)
C(6)-H(6) 0.9500
C(7)-C(8) 1.372(5)
C(7)-H(7) 0.9500
C(8)-C(9) 1.388(5)
C(8)-H(8) 0.9500
C(9)-H(9) 0.9500
C(10)-C(11) 1.391(4)
C(10)-C(15) 1.402(4)
C(10)-N(1) 1.436(4)
C(11)-C(12) 1.378(4)
C(11)-H(11) 0.9500
C(12)-C(13) 1.375(5)
C(12)-H(12) 0.9500
C(13)-C(14) 1.384(5)
C(13)-H(13) 0.9500
C(14)-C(15) 1.384(5)
C(14)-H(14) 0.9500
C(15)-C(16) 1.514(4)
C(16)-0(2) 1.399(4)
C(16)-C(17) 1.529(5)
C(16)-H(16) 1.0000
C(17)-C(18) 1.476(4)
C(17)-H(17A) 0.9900
C(17)-H(17B) 0.9900
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C(18)-C(19)
C(18)-N(1)

C(19)-H(19)
0(2)-H(1A)

0(1)-C(1)-C(2)
O(1)-C(1)-H(1)
C(2)-C(1)-H()
C(3)-C(2)-C(19)
C(3)-C(2)-C(1)
C(19)-C(2)-C(1)
N(1)-C(3)-C(2)
N(1)-C(3)-C(4)
C(2)-C(3)-C(4)
C(9)-C(4)-C(5)
C(9)-C(4)-C(3)
C(5)-C(4)-C(3)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(7)-C(8)-C(9)
C(7)-C(8)-H(8)
C(9)-C(8)-H(8)
C(4)-C(9)-C(8)
C(4)-C(9)-H(9)
C(8)-C(9)-H(9)
C(11)-C(10)-C(15)
C(11)-C(10)-N(1)
C(15)-C(10)-N(1)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)

1.349(4)
1.401(4)
0.9500
1.0707

124.8(3)
117.6
117.6
108.0(3)
124.7(3)
127.1(3)
106.7(3)
125.9(3)
127.4(3)
118.6(3)
122.9(3)
118.6(3)
121.1(3)
119.4
119.4
119.7(3)
120.1
120.1
119.8(3)
120.1
120.1
120.4(3)
119.8
119.8
120.3(3)
119.8
119.8
120.5(3)
122.1(3)
117.4(3)
119.5(3)
1203
1203
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C(13)-C(12)-C(11) 120.7(3)

C(13)-C(12)-H(12) 119.6
C(11)-C(12)-H(12) 119.6
C(12)-C(13)-C(14) 119.8(3)
C(12)-C(13)-H(13) 120.1
C(14)-C(13)-H(13) 120.1
C(15)-C(14)-C(13) 121.0(3)
C(15)-C(14)-H(14) 119.5
C(13)-C(14)-H(14) 119.5
C(14)-C(15)-C(10) 118.5(3)
C(14)-C(15)-C(16) 121.7(3)
C(10)-C(15)-C(16) 119.9(3)
0(2)-C(16)-C(15) 110.3(3)
0(2)-C(16)-C(17) 112.2(3)
C(15)-C(16)-C(17) 107.5(3)
0(2)-C(16)-H(16) 108.9
C(15)-C(16)-H(16) 108.9
C(17)-C(16)-H(16) 108.9
C(18)-C(17)-C(16) 109.1(3)
C(18)-C(17)-H(17A) 109.9
C(16)-C(17)-H(17A) 109.9
C(18)-C(17)-H(17B) 109.9
C(16)-C(17)-H(17B) 109.9
H(17A)-C(17)-H(17B) 108.3
C(19)-C(18)-N(1) 108.2(3)
C(19)-C(18)-C(17) 132.9(3)
N(1)-C(18)-C(17) 118.8(3)
C(18)-C(19)-C(2) 107.9(3)
C(18)-C(19)-H(19) 126.1
C(2)-C(19)-H(19) 126.1
C(3)-N(1)-C(18) 109.2(2)
C(3)-N(1)-C(10) 130.5(2)
C(18)-N(1)-C(10) 120.3(3)
C(16)-0(2)-H(1A) 109.6

Symmetry transformations used to generate equivalent atoms:
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Table S9.

displacement factor exponent takes the form: -2r?[ h2a*2U + ... + 2 h k a* b* U12]

Anisotropic displacement parameters (A 2x 103)for d19507a.  The anisotropic

Ull U22 U33 U23 U13 U12
c(1) 41(2) 37(2) 37(2) 4(1) 19(2) 4(2)
C(2) 33(2) 33(2) 29(2) 1(1) 10(1) 2(1)
c@) 30(2) 29(2) 31(2) -1(1) 11(1) 2(1)
C(4) 29(2) 32(2) 25(2) 2(1) 10(1) 0(1)
C(5) 35(2) 40(2) 31(2) -6(1) 11(2) 3(2)
C(6) 35(2) 47(2) 42(2) 5(2) 14(2) 11(2)
c(7) 34(2) 57(2) 29(2) 9(2) 7(2) -2(2)
C(8) 52(2) 51(2) 33(2) -6(2) 3(2) -6(2)
C(9) 48(2) 36(2) 38(2) 5(2) 102) 3(2)
C(10) 30(2) 31(2) 25(2) 0(1) 11(1) 0(1)
C(11) 35(2) 38(2) 30(2) 8(1) 11(1) 8(2)
C(12) 44(2) 40(2) 32(2) 10(1) 15(2) 3(2)
C(13) 41(2) 51(2) 35(2) 3(2) 17(2) -5(2)
C(14) 34(2) 55(2) 36(2) 2(2) 13(2) 2(2)
C(15) 30(2) 38(2) 27(2) 1(1) 9(1) 3(1)
C(16) 24(2) 62(2) 31(2) 6(2) 7(1) 6(2)
c(17) 32(2) 44(2) 24(2) 4(1) 5(1) 1(2)
C(18) 30(2) 35(2) 26(2) 2(1) 7(1) 2(1)
C(19) 38(2) 37(2) 24(2) 3(1) 12(1) 3(2)
N(1) 30(2) 32(1) 23(1) 3(1) 9(1) 1(1)
0(1) 54(2) 60(2) 42(2) 15(1) 27(1) 8(1)
0(2) 40(2) 73(2) 53(2) 13(1) 16(1) 9(1)

Table S10. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A 2x 103)

for d19507a.

y z U(eq)
H(1) 9637 3935 2202 44
H(5) 9142 2504 3855 43
H(6) 11087 2124 6066 50
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H(7)
H(8)
H(9)
H(11)
H(12)
H(13)
H(14)
H(16)
H(17A)
H(17B)
H(19)
H(LA)

11869
10747
8826
7201
6182
3941
2712
3839
3394
3314
5790
1550

2969
4203
4599
3015
2831
3317
4015
5016
3460
4329
4230
4948

8293
8274
6041
5938
7815
7342
4994
2689
1068

214
-338
1431

49
58
51
42
46
50
50
48
42
42
40
59

5a

CCDC 1863730

Table S11.Crystal data and structure refinement for d20154b.

Identification code d20154b
Empirical formula C22H17 N O3
Formula weight 343.37
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Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.01°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

200(2) K

0.71073 A

Monoclinic

P 21/c

a=7.161(2) A a=90.00(3)°.
b =13.323(3) A B=95.42(3)°.
¢ =35.586(7) A y = 90.00(3)°.
3379.7(14) A3

8

1.350 Mg/m?3

0.090 mm-?

1440

0.68 x 0.07 x 0.02 mm3

2.30 to 25.01°.

-8<=h<=8, -15<=k<=14, -42<=I<=41

31920

5915 [R(int) = 0.0802]

99.2 %

multi-scan

0.9982 and 0.9413

Full-matrix least-squares on F2
5915/0/471

1.032

R1=0.0501, wR2 = 0.1086

R1 =0.1005, wR2 = 0.1362

0.179 and -0.247 e.A 3

Table S12. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A 2x 103)

for d20154b.  U(eq) is defined as one third of the trace of the orthogonalized U'i tensor.

X y z U(eq)
C(1) 2025(4) 1545(2) 6838(1) 42(1)
C(2) 1955(3) 2490(2) 6635(1) 34(1)
C@3) 1878(3) 3428(2) 6800(1) 32(1)
C(4) 1871(4) 3648(2) 7210(1) 35(1)
C(5) 3526(4) 3644(2) 7445(1) 45(1)
C(6) 3482(5) 3839(2) 7827(1) 55(1)
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c(7)
Cc(8)

C(9)

C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
Cc(41)
C(42)
C(43)
C(44)

1811(5)
162(5)
191(4)

1678(3)

1884(3)

1773(4)

1470(4)

1296(4)

1413(3)

1335(3)

1552(3)

1567(3)

1513(4)

1552(4)

1737(3)

1880(3)

6854(4)

6756(3)

6794(3)

6956(3)

5458(4)

5629(4)

7289(4)

8796(4)

8646(4)

6588(3)

6457(3)

6338(4)

6330(3)

6451(3)

6570(3)

6588(3)

6576(3)

6498(3)

6620(4)

6853(4)

6630(3)

6652(3)

4037(2)
4034(2)
3834(2)
5198(2)
5739(2)
6773(2)
7298(2)
6777(2)
5726(2)
5196(2)
4193(2)
3728(2)
2230(2)
1120(2)
3611(2)
2608(2)
1634(2)
2195(2)
1762(2)
681(2)
34(2)
-982(2)

-1371(2)

-736(2)

280(2)
2507(2)
1610(2)
1644(2)
2543(2)
3427(2)
3430(2)
4361(2)
4385(2)
5398(2)
6310(2)
6078(2)
3464(2)
3245(2)
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7974(1)
7743(1)
7362(1)
6530(1)
6868(1)
6866(1)
6529(1)
6195(1)
6186(1)
5833(1)
5817(1)
5436(1)
5078(1)
5154(1)
6162(1)
6238(1)
6892(1)
6540(1)
6187(1)
6102(1)
6133(1)
6062(1)
5957(1)
5932(1)
6006(1)
5524(1)
5317(1)
4927(1)
4736(1)
4936(1)
5331(1)
5535(1)
5914(1)
6093(1)
6669(1)
7083(1)
6125(1)
6500(1)

52(1)
52(1)
44(1)
30(1)
35(1)
40(1)
41(1)
39(1)
32(1)
33(1)
30(1)
33(1)
39(1)
50(1)
30(1)
31(1)
45(1)
32(1)
30(1)
30(1)
39(1)
48(1)
45(1)
42(1)
37(1)
28(1)
33(1)
38(1)
37(1)
34(1)
29(1)
31(1)
28(1)
33(1)
41(1)
53(1)
28(1)
31(1)



N(1)
N(2)
0(1)
0(2)
0(3)
O(4)
0(5)
0(6)

1752(3)
6705(3)
2135(3)
1669(3)
1459(2)
6824(3)
6283(3)
6702(2)

4135(1)
2537(1)

723(1)
4208(1)
2728(1)
2021(1)
6170(1)
5358(1)

6512(1)
5926(1)
6693(1)
5152(1)
5440(1)
7203(1)
5919(1)
6471(1)

30(1)
28(1)
51(1)
50(1)
38(1)
55(1)
52(1)
38(1)

Table S13.Bond lengths [A] and angles [°] for d20154b.

C(1)-0(1)
C(1)-C(2)
C(1)-H(1)
C(2)-C(3)
C(2)-C(22)
C(3)-N(1)
C(3)-C(4)
C(4)-C(5)
C(4)-C(9)
C(5)-C(6)
C(5)-H(5)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(8)-H(8)
C(9)-H(9)
C(10)-C(11)
C(10)-C(15)
C(10)-N(1)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)

1.216(3)
1.450(3)
0.9500
1.384(3)
1.416(3)
1.388(3)
1.489(3)
1.384(4)
1.387(3)
1.387(3)
0.9500
1.376(4)
0.9500
1.375(4)
0.9500
1.383(3)
0.9500
0.9500
1.397(3)
1.410(3)
1.419(3)
1.380(3)
0.9500
1.388(3)
0.9500
1.371(3)
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C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(16)-C(17)
C(16)-H(16)
C(17)-C(21)
C(17)-C(18)
C(18)-0(2)
C(18)-0(3)
C(19)-0(3)
C(19)-C(20)
C(19)-H(19A)
C(19)-H(19B)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(21)-C(22)
C(21)-N(1)
C(22)-H(22)
C(23)-0(4)
C(23)-C(24)
C(23)-H(23)
C(24)-C(25)
C(24)-C(44)
C(25)-N(2)
C(25)-C(26)
C(26)-C(27)
C(26)-C(31)
C(27)-C(28)
C(27)-H(27)
C(28)-C(29)
C(28)-H(28)
C(29)-C(30)
C(29)-H(29)
C(30)-C(31)
C(30)-H(30)
C(31)-H(31)

0.9500
1.402(3)
0.9500
1.437(3)
1.347(3)
0.9500
1.446(3)
1.494(3)
1.203(3)
1.335(3)
1.453(3)
1.503(3)
0.9900
0.9900
0.9800
0.9800
0.9800
1.366(3)
1.428(3)
0.9500
1.222(3)
1.455(3)
0.9500
1.386(3)
1.406(3)
1.386(3)
1.478(3)
1.388(3)
1.394(3)
1.385(3)
0.9500
1.381(4)
0.9500
1.381(4)
0.9500
1.386(3)
0.9500
0.9500
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C(32)-C(33)
C(32)-C(37)
C(32)-N(2)
C(33)-C(34)
C(33)-H(33)
C(34)-C(35)
C(34)-H(34)
C(35)-C(36)
C(35)-H(35)
C(36)-C(37)
C(36)-H(36)
C(37)-C(38)
C(38)-C(39)
C(38)-H(38)
C(39)-C(43)
C(39)-C(40)
C(40)-0(5)
C(40)-0(6)
C(41)-0(6)
C(41)-C(42)
C(41)-H(41A)
C(41)-H(41B)
C(42)-H(42A)
C(42)-H(42B)
C(42)-H(42C)
C(43)-C(44)
C(43)-N(2)
C(44)-H(44)

0(1)-C(1)-C(2)
O(1)-C(1)-H(2)
C(2)-C(1)-H(1)
C(3)-C(2)-C(22)
C(3)-C(2)-C(1)
C(22)-C(2)-C(1)
C(2)-C(3)-N(1)
C(2)-C(3)-C(4)
N(1)-C(3)-C(4)

1.401(3)
1.408(3)
1.425(3)
1.383(3)
0.9500
1.377(3)
0.9500
1.375(3)
0.9500
1.400(3)
0.9500
1.436(3)
1.351(3)
0.9500
1.438(3)
1.495(3)
1.203(3)
1.338(3)
1.456(3)
1.499(3)
0.9900
0.9900
0.9800
0.9800
0.9800
1.365(3)
1.426(3)
0.9500

124.9(2)
117.6
117.6
108.9(2)
125.0(2)
126.1(2)
107.58(19)
126.7(2)
125.7(2)



C(5)-C(4)-C(9)
C(5)-C(4)-C(3)
C(9)-C(4)-C(3)
C(4)-C(5)-C(6)
C(4)-C(5)-H(B)
C(6)-C(5)-H()
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(8)-C(7)-C(6)
C(8)-C(7)-H()
C(6)-C(7)-H()
C(7)-C(8)-C(9)
C(7)-C(8)-H(8)
C(9)-C(8)-H(8)
C(8)-C(9)-C(4)
C(8)-C(9)-H(9)
C(4)-C(9)-H(9)
C(11)-C(10)-C(15)
C(11)-C(10)-N(1)
C(15)-C(10)-N(1)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(14)-C(15)-C(10)
C(14)-C(15)-C(16)
C(10)-C(15)-C(16)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)

119.4(2)
120.6(2)
120.0(2)
119.6(3)
120.2
120.2
120.7(3)
1196
1196
120.0(3)
120.0
120.0
119.8(3)
120.1
120.1
120.6(3)
119.7
119.7
118.9(2)
123.5(2)
117.5(2)
120.7(2)
119.7
119.7
120.7(2)
1196
1196
119.2(2)
120.4
120.4
121.7(2)
119.2
119.2
118.8(2)
120.9(2)
120.3(2)
122.0(2)
119.0
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C(15)-C(16)-H(16)
C(16)-C(17)-C(21)
C(16)-C(17)-C(18)
C(21)-C(17)-C(18)
0(2)-C(18)-0(3)
0(2)-C(18)-C(17)
0(3)-C(18)-C(17)
0(3)-C(19)-C(20)
0(3)-C(19)-H(19A)
C(20)-C(19)-H(19A)
0(3)-C(19)-H(19B)
C(20)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(19)-C(20)-H(20A)
C(19)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
C(19)-C(20)-H(20C)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)
C(22)-C(21)-N(1)
C(22)-C(21)-C(17)
N(1)-C(21)-C(17)
C(21)-C(22)-C(2)
C(21)-C(22)-H(22)
C(2)-C(22)-H(22)
0(4)-C(23)-C(24)
0(4)-C(23)-H(23)
C(24)-C(23)-H(23)
C(25)-C(24)-C(44)
C(25)-C(24)-C(23)
C(44)-C(24)-C(23)
N(2)-C(25)-C(24)
N(2)-C(25)-C(26)
C(24)-C(25)-C(26)
C(27)-C(26)-C(31)
C(27)-C(26)-C(25)
C(31)-C(26)-C(25)
C(28)-C(27)-C(26)

119.0
119.8(2)
117.4(2)
122.8(2)
123.2(2)
123.3(2)
113.5(2)
106.90(19)
1103
110.3
110.3
110.3
108.6
109.5
109.5
109.5
109.5
109.5
109.5
108.10(19)
133.8(2)
118.1(2)
107.5(2)
126.2
126.2
124.0(2)
118.0
118.0
109.2(2)
124.3(2)
126.5(2)
107.01(19)
126.12(19)
126.8(2)
118.5(2)
120.8(2)
120.6(2)
120.6(3)

53



C(28)-C(27)-H(27)
C(26)-C(27)-H(27)
C(29)-C(28)-C(27)
C(29)-C(28)-H(28)
C(27)-C(28)-H(28)
C(30)-C(29)-C(28)
C(30)-C(29)-H(29)
C(28)-C(29)-H(29)
C(29)-C(30)-C(31)
C(29)-C(30)-H(30)
C(31)-C(30)-H(30)
C(30)-C(31)-C(26)
C(30)-C(31)-H(31)
C(26)-C(31)-H(31)
C(33)-C(32)-C(37)
C(33)-C(32)-N(2)

C(37)-C(32)-N(2)

C(34)-C(33)-C(32)
C(34)-C(33)-H(33)
C(32)-C(33)-H(33)
C(35)-C(34)-C(33)
C(35)-C(34)-H(34)
C(33)-C(34)-H(34)
C(36)-C(35)-C(34)
C(36)-C(35)-H(35)
C(34)-C(35)-H(35)
C(35)-C(36)-C(37)
C(35)-C(36)-H(36)
C(37)-C(36)-H(36)
C(36)-C(37)-C(32)
C(36)-C(37)-C(38)
C(32)-C(37)-C(38)
C(39)-C(38)-C(37)
C(39)-C(38)-H(38)
C(37)-C(38)-H(38)
C(38)-C(39)-C(43)
C(38)-C(39)-C(40)
C(43)-C(39)-C(40)

119.7
119.7
120.7(3)
119.7
119.7
119.0(2)
1205
1205
120.8(3)
1196
1196
120.3(2)
119.8
119.8
119.40(19)
123.1(2)
117.49(19)
119.6(2)
120.2
120.2
121.5(2)
119.3
119.3
119.4(2)
1203
1203
121.2(2)
119.4
119.4
119.0(2)
120.4(2)
120.61(19)
121.6(2)
119.2
119.2
120.0(2)
116.9(2)
123.17(19)
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0(5)-C(40)-0(6) 123.2(2)

0(5)-C(40)-C(39) 124.0(2)
0(6)-C(40)-C(39) 112.8(2)
0(6)-C(41)-C(42) 106.9(2)
0(6)-C(41)-H(41A) 1103
C(42)-C(41)-H(41A) 1103
0(6)-C(41)-H(41B) 1103
C(42)-C(41)-H(41B) 1103
H(41A)-C(41)-H(41B) 108.6
C(41)-C(42)-H(42A) 109.5
C(41)-C(42)-H(42B) 109.5
H(42A)-C(42)-H(42B) 109.5
C(41)-C(42)-H(42C) 109.5
H(42A)-C(42)-H(42C) 109.5
H(42B)-C(42)-H(42C) 109.5
C(44)-C(43)-N(2) 107.61(19)
C(44)-C(43)-C(39) 133.7(2)
N(2)-C(43)-C(39) 118.69(18)
C(43)-C(44)-C(24) 107.9(2)
C(43)-C(44)-H(44) 126.1
C(24)-C(44)-H(44) 126.1
C(3)-N(1)-C(10) 130.17(18)
C(3)-N(1)-C(21) 107.87(19)
C(10)-N(1)-C(21) 121.96(18)
C(25)-N(2)-C(32) 130.14(18)
C(25)-N(2)-C(43) 108.34(17)
C(32)-N(2)-C(43) 121.42(18)
C(18)-0(3)-C(19) 116.03(18)
C(40)-0(6)-C(41) 116.53(18)

Symmetry transformations used to generate equivalent atoms:

Table S14.  Anisotropic displacement parameters (A 2x 103)for d20154b.  The anisotropic

displacement factor exponent takes the form: -2n2[ hZa*2Ul + .. + 2 h k a* b* U12]

yr U2 us3s3 uz y y12

c(1) 60(2) 35(2) 31(1) 1(1) 7(1) 1(1)
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C(2)

C@3)

C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

C(10)
Cc(11)
C(12)
C(13)
C(14)
C(15)
C(16)
Cc(17)
C(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)

40(2)
38(2)
51(2)
59(2)
82(3)
97(3)
76(2)
55(2)
28(1)
42(2)
49(2)
52(2)
48(2)
33(2)
36(2)
29(2)
31(2)
45(2)
58(2)
28(2)
39(2)
68(2)
42(2)
33(2)
42(2)
47(2)
68(2)
78(2)
58(2)
46(2)
27(1)
41(2)
47(2)
41(2)
36(2)
28(1)
33(2)
27(1)

33(2)
31(2)
26(2)
38(2)
43(2)
31(2)
42(2)
44(2)
29(2)
32(2)
36(2)
27(2)
34(2)
31(2)
35(2)
32(2)
36(2)
43(2)
46(2)
35(2)
26(2)
31(2)
24(2)
27(2)
21(1)
33(2)
33(2)
21(2)
28(2)
27(2)
29(2)
26(1)
33(2)
42(2)
35(2)
30(2)
25(1)
23(1)

30(1)
28(1)
28(1)
35(1)
35(2)
30(1)
40(2)
34(1)
34(1)
32(1)
36(1)
45(2)
36(1)
32(1)
30(1)
28(1)
33(1)
30(1)
45(2)
28(1)
28(1)
34(2)
29(1)
31(1)
25(1)
37(1)
42(2)
36(1)
39(1)
37(1)
26(1)
31(1)
32(1)
27(1)
32(1)
29(1)
35(1)
34(1)
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5(1)
4(1)
2(1)

-1(1)
-2(1)
-2(1)
-4(1)
-1(1)

1(2)
1(1)

-3(1)

0(1)
6(1)
2(1)
6(1)
2(1)
2(1)

-8(1)
-10(1)
-1(1)

0(1)
2(1)
2(1)
2(1)
2(1)

-3(1)
-6(1)
-1(1)
-1(1)

0(1)

-1(1)

0(1)

-6(1)
-1(1)

5(1)
2(1)
5(1)
3(1)

4(1)
2(1)
6(1)
-2(1)

-13(2)

10(2)
24(2)
8(1)
7(1)
4(1)
8(1)
12(1)
11(2)
9(1)
6(1)
5(1)
6(1)
5(1)
10(1)
4(1)
4(1)
0(1)
0(1)
0(1)
-2(1)
5(1)
3(1)
-3(1)
3(1)
0(1)
1(1)
0(1)
2(1)
4(1)
5(1)
3(1)
3(1)
2(1)

-3(1)
0(1)
-3(1)
5(1)
2(2)

-11(2)
-12(2)

-7(1)
2(1)
1(1)
2(1)
7(1)
8(1)
2(1)
2(1)
-1(1)
-1(1)
-2(1)
-9(1)
-5(1)
-2(1)
2(1)
1(1)
1(1)
-1(1)
-5(1)

-16(1)

-1(1)
12(1)
0(1)
1(2)
3(1)
4(1)
1(2)
-1(1)
-1(1)
-1(1)
0(1)



C(40)
C(41)
C(42)
C(43)
C(44)
N(1)
N(2)
O(1)
0(2)
0(3)
0(4)
0()
0(6)

34(2)
52(2)
72(2)
29(1)
38(2)
36(1)
34(1)
80(2)
78(2)
53(1)
91(2)
88(2)
55(1)

28(2)
24(2)
41(2)
22(1)
25(2)
29(1)
20(1)
31(1)
43(1)
35(1)
45(1)
22(1)
24(1)

36(1)
45(2)
44(2)
32(1)
29(1)
25(1)
28(1)
44(1)
31(1)
27(1)
30(1)
45(1)
35(1)

2(1)

-7(1)
-9(1)
-1(1)
-3(1)
-2(1)

0(1)
2(1)
6(1)

-4(1)
“1(1)

3(1)

-3(1)

2(1)
6(1)
0(2)
1(1)
0(1)
4(1)
2(1)
11(1)
13(1)
7(1)
2(1)
-4(1)
5(1)

-2(1)
4(1)
7(2)
0(1)
2(1)
-2(1)
1(1)
-1(1)
-2(1)
-4(1)
4(1)
3(1)
3(1)

Table S15. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A 2x 103)

for d20154b.
X y z U(eq)

H(1) 1981 1570 7104 50
H(5) 4685 3508 7345 54
H(6) 4616 3836 7988 65
H(7) 1798 4175 8236 63
H(8) -993 4169 7844 62
H(9) -952 3824 7203 53
H(11) 2103 5392 7101 42
H(12) 1906 7130 7098 48
H(13) 1384 8009 6529 49
H(14) 1091 7136 5964 46
H(16) 1124 5563 5604 40
H(19A) 2645 2436 4958 47
H(19B) 391 2409 4907 47
H(20A) 1646 756 4917 75
H(20B) 398 922 5262 75
H(20C) 2638 958 5332 75
H(22) 1921 2085 6058 37
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EULEBOG sqpgad 0
o 6333€
SOLVENT CDC13
HIZ 170

1.4817820 =ec

s 2050

jic) ZZ_ 000 usec
IE .00 usec
IE 00.0 K
i Z_ 00000000 =ec
dll 0. 03000000 zec
DELTR 1_BS555558 sec

o

== CHANKEL fl —===—==
lac
G570 usec

-0.50 dB
100.6288 660 MAc

= (HARNHEL f£2Z

CEIERE[2 waltslg

HUC2 1H L [ .|‘_
i kil - " iy Frroey P iy " i Lt i o g " r
o Y ¥ ¥ i Wil ¥ ¥ L et b Wby

EL1Z 15.10 d&

EL13 1810 48

SEQ2 400.1516010 ME=

FZ - Processing parameters

81 32768

SE 100.6178025 Mis

WDW EM

88B o

LB 2.00 Hs

(=] 0

EC 1.00

| i T
e i il

| | T | T |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Current Data Parameters

HAME eCT-055-C-1

EXFHO 1

PR.OCHO 1

F2 - RAcguisition Parameters
te_ 20180525

Time 17.40

INSTEOM spect

FROBHD 5 mm DOL 13C-1

PULPEOS =gpgll

o ES52E

SOLVENT CDC13

HS

nE

SWH

FIDRES l J ll

2 A i " i " a

oo L iy " niad ¥ W Yr

oW

DE E.00 uwsec

TE 200.0 K

ol 2.00000000 sec

dll 0.02000000 sec

DELT2 1_BS555558 =mec

TDO 1

======== CHANNEL fl ======

HOC1 13c

Pl 5.70 usec

FL1 -0.50 48

SFOL 100. EZEBEE0 MHs

= (CHRHNEL £2

CELEREZ waltsld

HOCZ 1H

BCED2 50 .00 usec

i L vl S L L " L L gt i

AT e S s Yl e U T L r

PL13 18.10 48

SEOZ 400. 1516010 MAs

FZ - Processing parametsrs

&I 32768

8F 100.E177558 MAs

WDW EM

338 o

1B 3.00 Hs

(=] o

EC 1.00

T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
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Current Data Farameters

HEAME liculB0BZ24_001

EXFND 2

FROONO 1

F2 - Aoguisition Farameters

Dave 20150824

Time 10.45 h

INSTRIM spECt

FROBHD Z115470 0234

FULEROG T=gpg20

D 327€E8

SOLVENT COC1a

H3 256

D3 o

~T3E H= ™

FIDRES 1.003BEE Hz

aQ 0.458072€ =ec

RG& 18101

oW 15200 usec

DE E.50 usec .

IE 201.2 K o]

Dl 200000000 se=c .f\'.'l/ﬂ—,._‘/

D1l 0.02000000 ==c e =

DO 1 == Q

SFO1 125.7804220 MH=

HOC1 1ac

Pl 10.00 usec

PLW1 80.00000000 W e’ (dr= 11}

3EC2 500.1€2000€ MH=

HUC2 1H

CEDERG[2 bi waltzES 256

BCPI2 - BU.00 usec

FEW ST w T

PLW1z2 0_40E35000 W T

PLW13 0_204201555 W

F2 - Frocessing parameters

31 A2TER

3F 125.7€523420 MH=

WDwW EM

358 o

LE 2.00 Hs

GEB o

j=ay 1.00

I | .
I I I I T I T T I T I T I T T I T T T I T |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Current Data Parameters
HAME ECT-078-0-1 ~
EXEHD 1 Q
EROCHO 1 .&"LT',«D-\_\H,/
FZ - hoquisition Parameters -_,/'/ = a
Date_ Z01B0ELS
Time £.15
INSTRIM spect
PROBED 5 mm DOL 13C-1 Cl 1d* .
PULEROG zgpgll (dr=1:1)
ID 85526
SOLVENT coela
HE 255
08 0 J L IJ
SWE 22727.272 Hs
M vy sl oty e . P My e Wit
L . il secC
2E 2050 [
oW 22,000 uzec
DE 6.00 usec
IE 00.0 K
ol 2. 00000000 sec
411 0. 03000000 ec
DELTA 1.BSEEEEEE ==c
IDO 1
HUC1
El £.70 umec
FLL -0.50 4%
5EO1 1006288 660 Mils

======== CHRNKEL £2
CEDEREZ walt

A ] | o .n..IJ TR WP R 1y I " - AT T N O pppary

HOC2
EEDE W e A PRy A I " A
b2} A i | L il sl L Ll e phden e L § o La T Ll i )
FL12 15.10 48
PL13 18. dB
SFO2 4001516010 MAs
FZ - Processing parameters
31 22768
SF 100 _E178004 MAs
AIW EM
358 o
LE 3.00 Hs
=B ]
BC 1.00

| | | | | | | | | | | | | | | | | | | | | 1
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HEME &CT-118

EXPHOQ 2

EBOCHO 1

FZ - Boguisition Parameters

Date_ 20180725

Time €.43

IHITRIM spmct

EBOBHD 5 mm QHE 1H/1

ETLEROE sgpg

I 327 ER

SCOLVENT D13

§s 235 .
T - t
SWH 45045.047

FIDEES 1.37466E He

BQ 0.3637748 =ec

BE 4056

oW 11 100 usec

DE €.50 usec

IE 258 B K

D1 3.50000000 sec .4"“1]/0‘\,-"
dll 0.03000000 ==c =
DELTR2 240000010 =ec /E) 0
WCBEST sec

WOWERK 0.01500000 =sec

1e' (dr=1:1}

1 4.80 usec

EFLl 0 dB

SFO1 150.4552037 MAs

======— CELYNEL £I = , 1
- el waltolto

HOCZ 1H

ECPDZ 5Z2.00 usec

PL2 120.00 48

FL1Z 5.50 dB

EL13 5.00 4B

IE02 558.3025515 Mis

E2 - Processing paramsters

51 36

8F 150 4426649 Mz

WIW EM

338 0

LE 3.00 Hs

] o

EC 1.00

I L] Il . m
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Data Farameters
&CT-111-C

= CHRNKEL £1 ==

O
T

Cl

lac
5.70 c i
-350 4B I (dr=1:1)
100 . 6ZBB 660 MHs

" e “‘ Lmale gl )y L ey "
" ¥ L]

Lo Auviaho i o Bl ™
- iy b P Y g bk b - e iy - oy

PL12 18.10 4B

FEO2 400 1516010 MHs

FZ - Frocessing parameters

31 32768

SE 100 . €178000 MEz

WDW EM

538 0

LB 3.00

ZB 0

BC 1.00
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92



o b [ TR T e L N
3 C- o
W oo

'\." "\3

R
Do

(=)
© o

W i

L

W/ VY

L4713

19" {dr=1:1)

1A

e i
w0

wioooa ool

L_L_Q_JLA

10 9

8 7

=] o
oo S
== (%]

6

~
-
-

5

)
=
=

93

4 3

= =
= = =
(oI I L T O ]

2 1

ppm



= ] = uy M [an] LTV o

i [~ — — [ — - — W LD O =]

o — o o ™ L I U Uy A O u
. . - - . .. W ] Y —

o1 ] TRty =] ] — o e -

— — LT} ™M ™M ™ O [ [ WD 0D~ uun =

1l — D ED [ [ [ W MWD M0 0 0w —

1
— 1&e0.

Ly

Y W VY

Current Data Parameters
HREME GCT-0%5-C
EKXPHO 1
EROCHD 1

FZ - Acguisition Parameters

Date_ Z01B070%
Iime 21.11
INSTROM spect
PRCBHD § mm DUL 13C-1
PULPEOG =gpgdl
I ESE1E

s

19" (dr=1:1)

ECEDZ 50 .00 usec
PLZ -Z.40 dB
EL1Z 15.10 4B
EL12 18.10 4B
3FOZ 400.1516010 MHs
FZ - Processing parameters
51 32768

g 100. 6178015

W EM

3

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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4.871
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Current Data Parameters
=

HEM ECT-08 8-C
EXF! 1
PBOCHD 1
FZ - Roguisition Parameters
Date_ 20180704

DE 6.00 u o
TE 0k
- O

D1 2. .%.“/ ~
111 0
DELTA 1.BEGES Z 0
D0 =

_ s
3 . W (dr=11)

FL13
SE02 300 .

FZ - Frocessing

SF 100.

parameters
32768

6178021 MHs
EM

"
=

2]
"

EELEE

,_
=)
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Current Data Parameters

HAME BCT-143-C
EXEHO 1
PROCHO 1
FI - Acquisition Parameters
e 201 BOEZE
Time 13.36€
INSTRIM spEct
PROBHD 5 mm DOL 13C-1
PULEROG sgpgal
ID 5536
SOLVENT 1.
iy iy
nE 0
WH 22727_272 He
FIDBES 0.346751
[} 1.44108420
BE 2050
i) 22000 usec
DE E.00 usec
IE 0.0 K
D0l 200000000 zec
dll 0020 D mec
DELT2 1. L
D0 1
CHRNNEL £l —=—
1ac

E.70 umec

-0 50 4B
100.62BB6E0 Mis

= = CHANMEL £2 ——=—=

CPDERGZ waltslE

ROC2 1H

PBCEDZ S0.00 msec

FL2 -2.40 4B
1 il
Id T OLEU I aly

SEO2 400.1516010 MEs

Fl - Processi rameters

5L i Pa:!z'.‘f!

gF 100.€17E05] MHs

WOW EM

5B

LB 3.

=B

BC 1.

e -
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137.78
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133.94
133.05
131.34
130.76
128.97
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Current Data Parameters
NAME 2007215
EXPNO 2
PROCHO 1

F2 - uisition Parameters
Dn-hq 20171215

Tirme X

INSTRUM spect
PROBHD 5 mm DUL 13C=1
FULPROG =

D 65536
SOLVENT CoeI3
N 312

77.32
77.00
76.68

—12.85

Ds a

SWH 22727.573 Wz N - |
ey -3 O SNIT T T e e i — T

AD 1.4418420 soc

RG 2050

oW 22000 usec

DE 6,00 usec

TE 300.0 K

Di 2.00000000 sec

1 G OE000000 sac
DELTA 1.8999998 Soc
DO 1

=====oee CHANNEL 11 ========
13C

" -

SFO2  400.1516010 MHz

F2 = Processing parameters

s 32768
8F 1006178014 MHz
wWowW

SSB 20 e

LB 3.00 Hz

GB

I

I

T T I I T I T I | I I T

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

124

T
90

T
80

20

ppm



Z59'8
¥o0'L
680°L
PLO'L
0B0'L
EBO'L
SB0°L
a80'L
98T'L
a0z'L
a1zl

ppm

—_—

N vz

125

S



S V

190 180 170 160 150 140 130 120 110 100 80 B0 70 60 S50 40 30

126



el WD B W G D D D F D ) F e D e [
o D W T IO T T D O D D D0 W e @
R e e e e e e e e - = =" ] 5]
LY PP B P R P P P P P P P P e P P P WD ]

Carrans
RAHE

ey
LR =t

2.034
—_—1.5T70

28 sisl== (8 ~
e clelvlell & “

127

318 py -



PROCHO 1

Fi - .ﬂ""l'\-.!-ll'.lol'u ?-\l!ﬂl’"‘(.‘l'.(‘
Date_ 201 o

wy - -k - a
I PRI S - w
e i e T A =
9 W Y O Y Y 00 00 00 Y uy .
TOANAGANN NN o -
ol e et e e el ol e el e e el e -4 4

S V22—

2.828

0. 50 d
100, 628B660 M

mmmmmmem CHAN
CPOPROZ

2 - PEOCOSSLING PATASGLOE
1 32

100.817 :Ell.\-!
A i ok kg

mwm
=

—

| | | |
Lﬁlﬂ"L_.; L . " J |

e b ik

21IJ 200 190 180 1?0 160

i S

v [T —— = e e

1501401301201101009080?05050403020

128

ppm



o o MEOEMOANTONNOMDIEUSNWYWHO® - w
- N ORI N A A A A DN THNOOOWO®WMmN ™ Dl
w - PN NNNNNNN At OO0 O0OWY o oo
o0 o Lol e o o el e ol o o o o o o T ] ™ o~ o
Currant tets
A
Oy 2
3e'
Lol ™
s ]
in 0,95 ax
» »
” 1.0
& l J

-

129

N

341



59,93

wom
"o w
r~r~ o
~ -

@ ™
w0 -
~ w
w o~
i -

- X \
- e el Z P |
Nohiens s v Pt ———-—
_— -
0 d
100.6288660 M
CHAMNEL 2
wal
u
3
d
d
M |
’ !
‘
o ‘ |
~ | adl 4 " /5 v Masaloanh A b
W YAMA WAV Lt Y v o

| 1
210 200 190 1

T 1 T

80 170 160 150

T T T

40 130 120 110 100 90

130

ppm



909° T —

B9D°E
Nru.wv

LET T —

05373
(3108
Lo L
LED*L
60" L
GLE L
EET'L
LEE L
hE'L
LIE L
GEE"L
SEE°L
20F°L
BLS L
SB5°L

W=

BELE PErEELETE

BETEL

ppm

- 9
uand

f,

131



4 00 w i ~ oo =3 L]

- w0 - o =11 ot o
.. . ' LE-1"] =] -

B o w . .
= w = o ™
=1 ] -

- R £

F2 - Acquisition
20

— LL Jewvn . e

2,00000000
. 03000000

400,15

F2 = PEOCOSSing DATAMALOE
s8I 32

8F
WO
L |
L " P | l Ll -y N~
s ey s : . s Pty - v . e

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

132



BEL"T

08" T

L0z
oEQ"Z

Current

Saba Farameters

H

e
E

;
i

[

Frocenalag pareneians

¥z

9,

133



o W _— TJ el aohcain o
L L | [
" = I _L e o B | s AN o | I
T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm

134



EGE T —

T80°2
mma.wuuVl

5979
T80 L
9807 L
o1 L
E0T°L
gL L
EIT"L
BEZ L
oz L
TETL
95T L
T92°L
S92°L
SLZ7L
BIS"L
PISTL
8I9°L
0ESL
££97L
FE9°L
059" L
TH9°L
L
FOLTL
PIL"L
LIV E—
LTI —

S\

J

Ppm

T
2
3

|

135




12.892

H
P
000000
29999998
"
» ubia phck
—— CHAD —
CPOPROZ
u
d
d
4
400.1516010 ¥
4 A TR oy W—
e i - i

T T T
210 200 1920 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

N b

136



70z
1-¢.NV1

9T T

ppm

ha

™ —paw
ZosE
—
—iYE

g

-

]

i

137



e - " N
ey TJ--“ ot \ A N s M AN ;l i
T T | T T 1 1 I 1
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 20 ppm

138



31—

%0°2
PI0"T

BIRE —

28076
-mm.bl.“l.rk.
E19°6 —

ppm

ety

/
|

8

&

L

139



\\i/

ol

210 200 190 180 170 160

140



| L |
IIB ; é _ 7 EI I5 é ppm
g e 838y & 8

141



\\| .~/

MWW/ IV

Aol - A ol b adho d 4o b Aok ) o
o Vs pe o o N A s
N 52
:
AR A " Al TP | e adi Al e e 4 prace A N WG PIEPYs Y
e : i - . N——r o e
;
|
WMMW
..... : : [ .

210 200 190 180

170 160 150

; .
140 130 120 110 100 90 80

142



GEE" T =

80z
oLoTE w

-

L

&

Ay

e RS By e e

s B M I o e e ML B

143



T T

I I 1 1 ) 1 i I i
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm

144



oo
oo
EEE

" m o o
T

o

o
ool oaC

- -
n oo
won n
wow

877

O

S

aH

4a

145



aqr L I o T ™ L PO el o O | L]

™ Ul om0 ey ) O T Dl ey o D m uy o
[x] IR I I B s B I T uy = o T o
- .. - - w o
[} b A s T TS VS O B L S T e } i PR . .
o [ I T o I o I o I o N | = - - A W o
i Tl Tl T S S Sl e -t - - w 3
Current Data FParameters
HRME &CT-120
EXPR 2z
FROCHO 1
Barametars
180816
12 .32
spect
/1
g
32768
CDC13
Ml L " L - FYEPI N I ~ . btk P .
e L i d " J La el e d e iy 1l ¥ 4 i L ¥ —
7
E
B
€
4
L by TRTRETT ] F— . f itk e " Ly
iy o i ., . . w r

Lk e h Y o il ! e U I- | e dh‘J, "l Sl Ly e b b e U pary
e L M AR A e .. i aia i T

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

146



-

oo el

R

CuEEent Data Fagamat
MAME CoT-144

Bannan

gl:m..-n -
MOWRE 0. 0150000 5 H
(HANMEL 1 |
] o a ¥ o
F1 10.00 = d
b dr(1.61)

0.62
2
3

=10 N I S == Do
== =(NIN= N 2L = e e Bt | e
—|= S| |l ||| S| S| —|n| ||

o A m o M



]
-

o

WEEOLED R MR

Y

14.211

by o n

" - o o e il ol v gurieasri
EALAEAR A A EENRERRRR ML RERELRLR] DL AL EELRELR NARLMREARN DA R AL AR LA HELRELAN MR
80 70 60 50 40 30 20 ppm

190 180

170

160 150

140 130

120

110 100

148

90



Wl ud Do o
Do
]

8 7
= — | e |un| S o~
= ] ] ] B =
- Ll [=11=11"21L ol o (o]

149

311



= [t ™ O D )

T e - o an
- 3y Ry /] I C
. . e e ow e - i oy
= [t B s 1) I i C- ] . . !
w o) o R ] =] r- ap
' e e R e e e - - - - -
Current Data Parameters
HAME SCT-040-C
EXFHO 1
FROCHO 1
FZ - Roguisition Parameters
Date_ 20180508
Time 21.13
INSTRUM spact
FROBE 5 mm DOL 13C-1
FULERCE o 30
I E5536
SOLVENT CDC13 J
o ~ 1e e 2 4 . o ™ . el el v
1) L T L ad ad mal b
SWH 22727.273
FITRES 0.336751
20 1.4418420
B= 2050
oW 22000 usec
I .00 usec
300.0 K
ol Z.00000000 sec
dll 0. 03000000 s=c
DELTR 1. BGEGEEEE msec
TDO 1
= (HANNEL f1 ==
HOCL 1ac
PL 5.70 usec
FL1l -0.50 dB
JEol 100. 6288660 MHs
= [HANNEL f£2 =
CEDEREZ waltslE
B k; s L A
g 1. T R
PLZ -2.40 dB
EL1Z 15.10 48
FL13 1810 dB
002 400. 1516010 MHs
F2 - Processing parameters
8T 768
3F 100 €17802]1 MHs
WD EM
338 o
1B 3.00 Hs
(=] o
EC J 1.00 IJ |
N LI . o S
T T —
T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 7O 60 50 40 30 20 ppm

150



- P T R
r- [ ] e
w o

[l o

Currant Data Params
HAME CoT-

EXPNO
PROCHO 1

FIDRES
L1s]

Rz
o
DE
TR

4.4%%
4.481
4.4832
4.44

ol
™

o

[ R — —_—

[

.51%

1.44¢8

| A

= — [ (oS
= (=12 (=== B =T 1=
- Ll [=T{=1E Ik Ll ko

151

h_

3.19



o o[- N S R e En R R R i
1 P ] [ 7 0 VU N C0 OO A ] O On [ 0 u o W
o owrouy L T I TR TR i T S s ST T e T i T | (=11 ™ -
. . . P L . - =X [}
o =] [ W 6] 0 N N [ [ o o o [ o o - - ol
oo W LR BRI IR A I A A B I A T B e B — u e
— — A A~ AAAAAA A o ] —
Curzrent Data Parameters
HAME ECT-057-C-2
EXFHO 1
EROCHO 1
E2 - Acquisition Parametears
Date_ O1B0EDL
Time L - 5:4
IHSTRUM spect
EROBHD 5 mm DOL 13C-1
ETLEROE sgpgl
ID 655336
SOLVENT CDC13 ‘
En 2500 .,
DE 0
SWH 23727.272 Hs
FIDBES 0.34€751 Hs
[1+] 1.4318420 sec
BE 2050
oW 2Z.000 usec
DE 6.00 usec
IE 300.0 K
Dl 200000000 sec
il1 0 02000000 sec O
DELTR 1 _BEEGGEEE mec
IDO 1 M y) >
| 4 .
EFl .70 usec
L1 -0.50 a8 sb O
SFOL 100 E2BBEE0 MHs
CHRNNEL £2 =
waltslE
15 .
50.00 usec
-Z.40 4B
15.10 4B
18310 4B
400.1516010 MHs

FZ - Processing parameters
768

=P 100.€172006 M=
ADW =T
558 0

LE 2.00 Ho
5 0

EC 1.00 l I

i

[

190 180 170

160

150 140 130 120 110

100

152

90

80

70

60

50

40

30

20

™
ppm



- [l e e RN TR IR B R Tl i IR E N o Lo g Qs i) L R AT — — R -
1] R R Ry e O o o R IO g IXETES B LR — ATy -
“w [ ol e e i e e s B R R R N s R ] Lar s By o) = = =TT u [ i s o
Ty r-r-r- - 0= 0= 0= 0= 0= 0= 0= 0= 0= 0= 0= 0= 0= 0= 0= [GET T T = ¢ osp e ol -
THSTRIM
PROEHD
FUILEROG
™
SOLVENT
N3
i
2w
FIIRES
R
R
R
oE
T=E
m
e ] 1 M y/ »
1H | & 0
10,00 usas
a0 @ | 5 O
10 Mz 0
0
0.00 Re
a
1.00
I I I [ I
10 9 7 5 2 ppm
= W[ | el |es =] = T3]
= [=1=100 Gl Gl - o~ ~
— — | || = | ™~ L] &~

153



= o O W 0 — R O U ) ] ] i
™ — DI M o - — i o ™l ™
] o [ =F WD 0 0 U s o O Rl = e o o e}
o - - Uy O N On OO0 - [ = — [ - - -
oo w oo e M L I I T I I I I, IR — — -
— — A AAAAAAAAAAA A~ — ] 1 —

Current Data Parameters

HAME ECT-06E-C

EXFHD 1

FROCHD 1

FZ - BRoguisition Parameters

Tate_ Z01B0606

Time 2z.14

INSTROM spect

EROEHD 5 mm DOL 13C-1

EULPRO! sgpgdl

] 63336

SOLVEN chCla

HS 1€2 | 1

Z5. g L Py [ L. i,

v Ly . oy e v i L

SWH 22727.273

FIDRES 0.246761

»Q 1_4418420

Bz 2050

W Z2.000 usec

I 6.00 usec

TE 200.0 K

Il 2.00000000 =ec

dll 0. 03000000 sec O

DELTR 1. 35555558 sec

o 1 N l’{ §

T |

WUCL 13 0

EL 5.70 usec

EL1 -1.50 dB (% e O

SEQL 100 . E2BEEE0 MEz
2= CHANNEL f£I ========

CPDPBG 3 waltslf

b . P o - 1 L A

Y e P ok L o oy ! ks . r tbin

FLZ -Z.40 dB

FL1Z 15.10 4B

FL13 18_10 4B

SEOZ 400.1516010 MEs

F2 - Processing parameters

8I 32768

8F MHs

100.€178023
EM

Hs

190

180 170

160 150 140

130

120 110

100 9 80 70 60 50 40 30 20

ppm
154



] =Rt RNl s R e IR W T e — e — e T
il LR A N RS e Ry R R R LT s e ] o C- U o R R T ]
w DR R i e S L N R ] B it 3D e a0 mp o

L ol L T R e ]

oy w - - C- -0 - 0= 0- 0= 0- 0= 0= 0 0= 0= 0= 0 0= 0 0= 0

Qurrent Data Parame a
MRME CCT-0R0-H
1

1

Cl

16384
aF 4041500061 MAz

a
B 0.00 Hx

a
P 1.040

T I I I I T I I I
10 9 8 7 6 5 4 3 2
& '&?.E.Kr% S8 g g
= === [N 3] L]



ul — ] W 0 S N 00 00— O 00 WD 00 O —
[} ™ [-- 09 [ W O M- - ['s i T B w 1 0 U ™1
) o [ s S I W B o B s R [ W e Yo ] Lre] ] N -
- - o €0 LD =
o - = kuu’:u’lm—lﬂ-—--—--—- 0O ) — e . = e .
= o o O 00T 0T 0 00 r] ] ] ] — T — o N =
[} — — —|—|-—|-—|—|—|—| —l-—|—|-—|-—| W w1 e el —
crent Pata Parameters
4ME eCT-080-C
EROD 2z
QCHO 1
- Bogpisition Paramesters
Ee 20180621
ne 11.25%
STRUM spect
DJBHD 5 mm QWP 1H/
LEROE e
3276
LVENT COCL
i, A L
0
H 45045.047 Hs
DBES 1 374666 Hs
0.3637748 ==c
4056
11.100 usec
€.50 usec
258 .2 K
3 50000000 sec
1 003000000 3ec
LT2 1.20000010 sec cl O
BREST 0 sec
WEE 0.01500000 3ec O
=| CHANNEL £1 = N
lac |
4. B0 usec I, o
1 0 4B
o1 150.4552037 MEs | Ed O
8]
=| CHAHNEL f2 =
waltclg
1
G o
s
2 1Z0.00 4B
1z 5.50 48
132 5.00 4B
2z SEE_202G615 MAs
- Professing parameters
ES53E
1504425430 MiAs
W EM
B o
3.00 Hs
o
1.0 L’
| | I ,Jl.

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

156

90

|
80

70

60

50

e
40

30

20



I e e e s R R = e i L BT W = @ oo
s R T I = e o e B I =T I R N S =W -
T R e R i B I e T T R e I e I === == ] W o
m T T

Cur pent Data Pag e
HRME o

T-121-8
1
1

A00. 1500173
EM

a
0.00 Hz

1.00

1

o

562

. 489

a7
1.454

8 7
("] =1--] =
] Ga&RRERS =
= [=1{=1[=0L Lol Ll Ll k ("]

157

2.99



@ W) M U ©y el u) o

o o D om0 ) A o - o
1 ) (11 (TR I e T ] a - il
- = = = = o - uy o m
- W (USSR - - -
o] W O MY ) Y O f e T 1 — uy @
| - | e B B B B B e B I I | o u -l
v o A . iyt oo e
v 285 =
v, 9.09 on
50,45 T
AR
walt
L L k " i, A L & " it R PR TERTINT R " Frpraey|
i " el " i Ty Lanh L el " " ¥ L Ly
50,4 42ESY1
wom ™
1a
v
L] t
=
»
»
]
- I_I
. - - WO N | RIS omnd o i St L
adi e NP L

” T . u L WP— w L 4 \

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

158



9N -

oo e oA
[ T 3

e

w0

r

-
-
£

xl

"
r- -
R R AT R

L R
Wy w e

- O m i

R
S A I )

oy A
oo r- e
W

o

W

159



3] o (en] ™ 1

(a4 [eal r - ™ o L LS m

] w r- o @ - Do el

- - . . o O w o

- o ) e ™ - - -

ol w .'I J .'I J .'I J fI I I‘I fI I fI I = [l = -a

e e ’ = ’ - - - - ] e

et
4 o agiy \_"—.
" » i

I T I LA T I | T T
100 90 80 70 60 S50 40 30 20 ppm

T I
190 180 170 160 150 140 130 120 110

160



L e R e B ]
= C= oo ox WD LD LD op oo
[ERCRU R R R RG]

-3
1.485
1.487
1.44%

=
Tl

(HANNEL 11

161



wy =] [ 0 e ] M el e e
(8] “w L IR IR 1 LA 0 B e i w [} o
o 1 — - u M + [-- o0 e — s iy -
- - S - = ™
- o I S I W e s0S TO l  J (I  w W s L C ARSI - e . - -
W u O 0T 0T O ] ] el ] 6] 6] ] ] — [~ [ '@ — u =+
— — A A A A A A A A A A~ - - - o u —
Current Data Parameters
HRAME eCT-103-C
EXFHO 1
EROCHD 1
FZ - Acgpisition Parameters
Date_ 20180718
Time 20.05
INSTRM spect
PROBHD 5 mm DUL 13C-1
FULERO: sgpgal
P A Ryt ig i oy WS ~ g . " A -~ . .
"SOLVENT cDCld
K3 174
s o
SWH 232727.273 Hs
FIDRES 0.34€751 He
.14) 1.4318420 smec
B 2050
W Z2.000 usec
IE €.00 usec
IE I00.0 K
o1 200000000 =sec
dll 0.03000000 sec
DELT2 1.8 5558 sec
100 1
= CHANNEL f1
lac
5.70 usec
-0.50 4B
100 _EZBEBEE0 Mis
CHRMNEL £2 ==
CPDEBGZ waltslE
e " PRTT T A Ll o ek h St I i it b |
PCELZ il 4 i i ! r o T " ’
PLZ -Z.40 4B
FL1Z 15.10 48
FL12 18.10 48
SFO2 400 _.1516010 Mix
'3 - Proceasing parametess
S1 33768
3F 100 _ 6178025 Mix
WDW EM
88B o
1B 3.00 Hs
L] 0
1.00

190

180 170

160

150

140

130

120 110

100

90

80 70 60 50

40

30 20

ppm
162



o

—

="% &

(& ]

M

]

P
SN
‘ij'\lr

[t]
=
-

|

o
8
oo
S|
f—'d

163



- l RN RSN ] - 0 oo
(] u — o~ - - 0 D 0D WO WD) 0D ) ™1 —
1 - O T ) —H W ) o
- w o e — 0 [ [ U e o Ao . -
W 0T e o s R R R I ] — =
— — A A A A A~ w —
Current Data Farameters
A ME &CT-115-C
EXFHO 1
PR.OCHO 1
FZ - Rcquisition Parameters
Date 20180726
Time 5.0
INSTEUM spect
FROBHD =m DOL 13C-1
=gpgdl J
ES51E
i . P T r s an e, ah P e
gt e ! - e L w T ey " A ! "
HS 222
g 0
5H 22727.273 Hs
FIDRES 0.346751 Hz
aQ 1.4310420 mec
B Z050
D& 2Z2.000 usec
IE €.00 usec
TE 0.0 K
o1 Z_ 00000000 =ec
dll 0. 03000000 3ec
DELTR 1_BS555558 sec
el 1
======== CHANNEL f] ========
HOCL lac
Fl 5.70 usec
FL1 -0.50 4B
SFOL 100 _EZBEEED Mis
======== [HANNEL £2 ========
waltold
PP TR A T A, " A T R I Rt bt e
L ¥ AR TR oy W ety 4 T Laa]

PCED2 50 .00 usec
FL2 -2.40 4B
FL1Z 15.10 48
FL13 18.10 4B
SFo2 4001516010 Mis
FZ - Processing parameters
51 227T6ER
8F 100 .E178017 MAs
WOW EM
S5B 0
LB 2.00 Hs
=] o
BC 1.00

m L e Lt
A oy T

L il hpintadipd j lNjlhwLﬁJuuﬁwmmedﬁmuunmmmmuJ
Uil bl L e e e uble i

190 180 170

160 150 140 130 120 110 100 90

164

B0 70 60 50 40 30 20

ppm



- Ty oo LD o
3RS LS S ) LY
[ERnErETRr R

[T e s ]

l
=TT

HeA A A A A

N

LA DL LA L L DL L L LA LA B L B L B B B
10 9 8 7 6 5 4 3 2 1 ppm
3 fszggt: g 5
= ===1=10 o~ ]

165



— el S I T R B T EI R ww i oy B s (T 5 BT}
=) o i SR A== =] 7 -
W U W0 0 T [ ] U 0] O P 0 D o o
. . L T T R T R R T . ul o™
- - W — T T T O N W= - M . !
0 o Ry EE e RO RS e W I B e W o I ] — -
— — AAAAAAAAAAAA A — o —
Current Data Parameters
HRME GCT-0%E-C-1
EXFHD 2
EBOCHD 1
EZ - Roguisition Farameters
Date_ 20180716
Time 11.47
INSTROM spect
FROEHD 5 =m QNF 1H/1
EULEBOG =gpg
T, 32768 1
et [
HIZ 10z
s o
SWH 45045.047 Ho
FIDIBES 1.37466E Hs
] 0.3637748 sec
405E
11.100 usec
E.50 usec
2555 K
2. 50000000 =ec
0.03000000 sec
2.20000010 ==c
0 sec
0.01500000 =sec
CHANNEL £l
1ac
3_80 usec
0 4B
150.4552027 MHs
t CHANNEL £2
waltslE
1H
52.00 usec N
| -
FL12 5.50 4B
EL13 5.00 4B
SEQZ 558 .2025515 MAs
FZ - Processing parameters
51 €553€
SE 150.4426580 MAs
WDW EM
S5E o
1B 2.00 Hs
(=] o
EC 1.00
VU IR L A
t W

190

180

170

160 150

140

130

120

110 100 90 80 70 60 S50 40 30 20

ppm

166



o
@
-
o
-

Dat &

L 291198
1. FITaeEE

O AN L

5. 1
SUE_ZAYLEVE MEn

mmmieey param b rn
68

N F01 e
ma

R S ]

- W D
@ 6 [ [ WD 0

WOE- PO [0 0861 O
N R i
WD T T 003

o O a a S S S o S

o m oo oo
ER iR WD T T 61 o
@ T T T

TTT T €1 €2 ¢ ¢4 €2 62 0 6d

\'4

W - W

348
654

e oo
© oo oo o
coocooo

0.

10

= =
o~ =
- -

Ll b B=]
NS|=
|| =

167

2
1.14



@ S s
iy I = - = o W
- W e W - = o w0
. s 4 s o4 - - - - [ W= o ] ©) [ D
- -+ @A T 00 [ e 0 o - - - - B
o] =] 0 00 e 0 e 0D e 0 e = [ [ W — -
— — e [ e [ e e R [ — (S w —

- |

1%0 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 ppm

168



&5

e R R R RN - oo R R e L R R R R N -
=1 e S Ry R R N o2 ©3 010 N T Ol o O W T O T
. 0N w0 n

PR R R o R ] W o

R v

N%

AT T d

NS NN

—
o
@ -
©
=l
®
0
s
@

1 ppm

(. ]|
™~ o [lewd e

[ w bl ==l lsl w =zl
= === E ~ b ™
- == = = | | ™~ Le

169



[} o -

" - I o - o
o m e~ ™ © o -
- - - e . e - kT - =
- P T P e " L e
w (RIS e W I s ot [ [ — = 1 =+
- nongonanasd o P R
H ‘ |
M f }
4 o
| sk O
— . -~ || L,
R e oy " " "

prwom—, g NI TSI,

190 180 170 160 150 140 130 120 110 100 90 80 70 €0 S50 40 30 20 ppm

170



“t o R - = WA =]

I U oo - - ; oo w - @ oW
w W DD - [T i o o I O o o
o R o

Current T

HAME

EXTHO

FROCHD

F2 — Roguisition Paramsters

Dt 20180810

i £.12

5
w
[+=]
~
(=7}
on
I
o ]
]
-
3
E

= (] | 3=} [=2] ] [=x]
= === M= - =
= = || o~ [at]

171



o] ] T s I e Ly o
= Lt [l e i B s e o ] r-
r- @ e I i A T A o I B ™
C- o | B B (LTINS IS P ) -
m o R I I I - 0 —
— 1 e e e e e B e B e B I B I C- £ r- o
Curzent Data Parameters
HEME &CT-127
EXFRO 2
PROCHO 1
FZ - Bcquisition Parameters
Dats_ 20180810
Time E.40
INZTRIM spect
PROBHD 5 mm QNP 1H/L
PUL PROS z3pq
biv i) 32768
SOLVENT CDCL2 N .
o w " -y T " ey
hoc] o
SN 45045 047 Hs
FIDBES 1.27466E He
R 0.3637748 sec
BE 056
I 11100 usec
IE 6.50 usec
TE J00.0 K
ol 2. 50000000 =ec
dll 0. 03000000 sec
DELTA 3. 40000010 mec
MCREST e
MCWEE 0. 01500000 =ec
===———= CHANNEL fl =—==—==
HOC1 lac
El 4.80 usec
FL1 o 48
P01 150 4582037 MHz
m===———o FHMMEL £2 ====——==
CEDEREZ
NOC 2 |
PLZ
PL12
PL13
SFD2
FZ - Processing parameters
ot 65536
8F 150 .442 6587 MHA=
WD EM
S5B o
LB 3.00 Hs
2] o
BC 100
R L J J
TTTTT T T T T T T T T T T T T T T T T T T | T
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HRAME ECT-128-1
EXFHOQ 2
FROCHD 1

FZ - Roguisition Parameters
Date_ 20180815
Time 1616
INSTRTM spect
PRCBHD 5 =m QNF 1H/1
PULE RO =gpg

y] 32768
SQLVEN CDC13

5 200 |
it 0 i
E 45045. 047
FITIRES 1.37466E

R 0.3637748 sec
BE 405E

oW 11100 usec
IE €.50 usec
T 00.2

ol 3. 50000000 sec
dll 0. 02000000 s=c
LIELTRA 2. 40000010 sec
MCBEST 0 =sec

MCWRE 0. 01500000 sec

— CHARNHEL £1

1ac

4. 80 usec

48
150.45520327 MHs

5.50
.00
SFO2 558 .2025515 MHs
FZ - Processi Tameters
=51 i PiESS:IE
SF 150.4426583 MHs
WDW EM
28B o
LB 3.00 Hs
(2] o
BT 1.00
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Current Data Farameters
HEME

eCT-123
EXFNO 2
EROCHD 1
FZ - Rocquisition Parameters
Date_ 2010806
Time 11.0€
IKSTRIM spEct
PRCBHD 5 mm QNF 1H/L
EULE! sgpg
I 32768
SOLW D13
H3 220

Fn " L - m ., "

ad 4 J oy " el \r
SWH 45045.047 Hs
FIDRES 1.37466E He
2] 0.3637748 sec
BE 4056
DW 11.100 usec
DE 6.50 usec
IE 300 .E K
ol 2. 500000 s=c
dll 0. 03000000 =ec
DELTR 2. 30000010 sec
YCBEST 0 sec
HOWRE 0. 01500000 sec

CHANNEL £1
HUCL lac
Pl 4. 80 usec
FLL 0 4B
FEOL 150 . 4552037 MHs
CHANNEL £2
CEDPRE] waltzlE
b: . " |. 4l s
o o vy A el el e oo ety Y ot

FL2Z 120.00 4B
PL1Z 5.50 dB
PL12 .00 48
FEo2 568 2025615 M=
FZ - Processing parameters
31 E553E
SF 150 . 4426603 MHs
WIW EM
558 o
LB 2.00 Hs
B o
BC 1.00
" - NI e gl e TRt s Al e i sttt
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Current Data Farameters
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HEME &CT-125

EXPHO k3

FROCHD 1

FZ - Rcquisition Parameters

Date 20180805

Time lo.0

INSTR =pect

PROBHD 5 mm QHF 1H/1

FULER o

biv i) dZTEER

.ﬁh’- FOC13 .

L Lhk:

nE 0

SWH 45045.047 B

FIDRES 1.373EEE

R 0.3E37748 smec

BE ]

oW 11.100 usec

IE €.50 usec

T 0.2 K

ol 3. 50000000 3ec

dll 0.03000000 =sec

DELTR 3.40000010 3ec

MCREST 0 sec

MCWEE 0.01500000 3ec

===—==== CHANNEL fl ====

HOCL

Fl 4.80 usec

FL1 0 dB

SFOL 150 .4552037 M=

====—==l= CEANNEL £2 Ss=om====

CEDEREY waltslE

NOCZ )i ]
b -4 RN

FLZ 120.00 48

PL1Z 5.50 4B

FL11 .00 4B

SFOZ 558 3025515 MAs

FZ - Processing pacameters

e E5536

i3 150.43426602 Mix

WDW EM

B5B o

LB 2.00 Ho

(=) o

B 1.00
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Curnent Data Parameters
MNAME 20180329
EXPNO 10
PROCNO 1
F2 - Acquishtion Parameters
Date 20180329
Time 23.05
INSTRUM
PROBHD 5 mm DUL 138=1
PULPROG
TD
SOLVENT coCIz
NS 9495
DS a
SWH 273
FIDRES  0.346791 Hz
AT 4418420 soc
RG 2050
ow 27 000 usac
DE 5,00 usec
TE 300.0 K
Di 20000000 sec ;
DELTa 3 B2999998 sec N =0
1 H ‘f'
=== CHANNEL f1 ======== 134 4
1 870 usee o) 13
L1 -0.50 dB C-3a
SFO1 1006288560 MHz
———————- CHANNEL 12 z=====c=
CPOPRGZ  waltz1b
NUC2 iH
PCPD2 90,00 uses
PL12 15.10 B
PL13 18,10 dB
SFOZ  400.1516010 MHz
Sf—?«mug ramaters
SF 1005177980 MHz
WDW EM
s8B ]
LB 500 He
re 100 M
| N | )\
1 | I | ] ] I I | ] I I ] I T I I ] | I | ] ]
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 ppm
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