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1. MATERIALS AND METHODS

All air- and moisture-insensitive reactions were carried out under ambient atmosphere and monitored by thin
layer chromatography (TLC). Concentration under reduced pressure was performed by rotary evaporation at 35-
45 °C at an appropriate pressure. Purified compounds were further dried under high vacuum. Yields refer to
purified and spectroscopically pure compounds, unless otherwise stated. Mass spectra and High-Resolution Mass
spectral (HRMS) data was carried out using an Agilent6890N GC (JEOL JMS-700) TOF instrument, and
electronic ionization (El), Chemical ionization (Cl), and FAB as ion source at National Taiwan Normal
University, Taipei City, Taiwan. Melting points were determined on an EZ-Melt (Automated melting point

apparatus).

Solvents
Bottle grade DMA, PEG-400, CAN, Toluene, MeOH, DMSO were purchased from Alfa acer. Anhydrous DCM

was obtained from Phoenix Solvent Drying Systems. All deuterated solvents were purchased from Sigma-Aldrich.

Chromatography

Thin layer chromatography (TLC) was performed using Merck TLC aluminum sheets (silica gel 60 F254) and
visualized by fluorescence quenching under UV light. Flash column chromatography was performed using silica
gel (40-63 pm particle size) purchased from Merck.

Photochemistry

All reactions with blue light were carried out using 1 x 40 W Kessil Blue LED (Kessil AL60WE Controllable
LED Agquarium Light) lamp purchased from Amazon (Taiwan) with an output centered at a wavelength of

approximately Amax = 462 nm. The reaction vials were cooled with a fan while being irradiated under blue light.
See the following links for more details.
https://www.kessil.com/aquarium/saltwater A160.php

https://www.kessil.com/support/downloadfiles/aquarium/A160WE_UserManual.pdf

Spectroscopy and Instruments

'H, ¥C, and DEPT NMR spectra were recorded on a 400 MHz Varian Unity Plus or Varian Mercury plus
spectrometer or JEOL ECS-400. The chemical shift (3) values are reported in ppm, and the coupling constants (J)
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are given in Hz. For *H NMR: CDCls, § 7.26; CD3sCN, & 1.96; CD,Cly, § 5.32; (CD3).S0, & 2.50; For *°C NMR:
CDCls, § 77.16; 1.32; CD,Cly, § 53.84; (CD3)-SO, & 39.52.! The abbreviations used are as follows: s = singlet, d
= doublet, t = triplet, q = quartet, dd = doublet of doublet, ddd = doublet of doublet of doublet, dt = doublet of

triplets, td = triplet of doublet, m = multiplet, br = broad; coupling constants in Hz; integration.

Starting materials

All substrates were used as received from commercial suppliers, or prepared according to published procedures,
respectively, unless otherwise stated. Nickel, Copper, Iron, Ir (I1I) catalysts, were purchased from Alfa Aesar,
and stored in an under vacuum/dark hood cabinet. Aldehydes, Alkenes, N-substituted amines were purchased
from Sigma-Aldrich, Acros, TCI, or Alfa Aesar.
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2. EXPERIMENTAL DATA

General procedure and reaction condition optimization for cascade cyclopropanation

a) General procedure for cyclopropanation

I[dF(CF3)ppyl(dtbbpy)PFg

(1 mol%), @
>
DMSO 3.0 mL, blue LED, r.t.

R1

A clean vial (5 mL) equipped with a magnetic stir bar were added to 1 (0.2 mmol), (Ir[dF(CF3)ppy]2(dtbpy))PFs
(1 mol%) and DMSO (3.0 mL) at room temperature, and then placed at a distance of approx. 3 cm from a 40 W
blue LED lamp, and the solution was stirred at room temperature under visible-light irradiation for 4-7 h. The
progress of the reaction was monitored by thin layer chromatography. When the reaction was complete, water
was added to quench the reaction mixture, followed by extraction with ethyl acetate (3x10 mL). Finally, the
combined organic layer was dried over NaxSOs, filtered, and the solvent was removed under reduced pressure.
The residue was purified by column chromatography on silica gel eluting with Hex/EA = 97:3 to afford the

cyclopropanation product 2 derivatives.

Before reaction la After reaction

Figure S1: Reaction setup

b) General procedure for gram scale synthesis of 2a.
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Ph

Ir[dF (CF 3)ppyla(dtbbpy)PFg Q
H (1 mol%), @\/f Ph
> </ —
NP DMSO 30.0 mL, blue LED, rt. “

o
1a, 1.112 gm 2a, 812 mg, 73% yield

A clean vial (5 mL) equipped with a magnetic stir bar were added to la (3.587 mmol),
(Ir[dF(CF3)ppy]2(dtbpy))PFs (1 mol%) and DMSO (30.0 mL) at room temperature, and then placed at a distance
of approx. 3 cm from a 40 W blue LED lamp, and the solution was stirred at room temperature under visible-light
irradiation for 10 h. The progress of the reaction was monitored by thin layer chromatography. When the reaction
was complete, cold water was added to quench the reaction mixture, followed by extraction with ethyl acetate
(10x12 mL). Finally, the combined organic layer was dried over Na,SQg, filtered, and the solvent was removed
under reduced pressure. The residue was purified by column chromatography on silica gel eluting with Hex/EA
= 97:3 to afford the cyclopropanation product 2a derivative in 73% (812 mg) yield.

Compound la Reaction mixture Reaction mixture under Side view

blue LED irradiation

Figure S2. Representation of the reaction setup

¢) Substrates synthesis and cyclization reactions

1. General Procedure for the Synthesis of analogous (1).!
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| o AcOH (20 mol%), toluene

piperidine (50 mol%, rt
@ * R1ﬂ\/x >
/0 X

= -H, -CN, -Me, -COOEt

S1 S2 R! = Ar, Alkyl 1

A reaction tube was charged with (E)-1-Formyl-2-(2-aryl-(alkene) alkenyl) benzene (S1) (1.0 equiv), S2
derivatives (1.2 equiv), acetic acid (20 mol%) and piperidine (20 mol%), in 3.0 mL of toluene. The reaction
suspension was stirred at room temperature and progress of reaction was monitored by TLC. Upon completion
water was added to quench the reaction mixture and then extracted with the ethyl acetate (3 x 20 mL). Finally
combined organic layer was dried over sodium sulphate, filtered and concentrated in vacuum. The residue was

purified by column chromatography on silica gel to afford the corresponding 1 derivative.
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3. CONTROL STUDIES

a. Stern-Volmer Quenching Studies

Further insights into the reaction mechanism were gained by examining the controlling features of visible light-
mediated cyclopropanation and dearomatization. Initially, a Stern-Volmer analysis was performed? (Figure S3),
and the photosensitizer Ir[dF(CF3)ppy]2(bpy)PFes was quenched efficiently with the addition of compound 1g”
(C) or 1qg (D), whereas compound 1q’ (B) devoid of olefin moiety showed no quenching even at an extremely
high concentration (500 pL).

—e—B
C
D s CN
- Ph
15
L_é 1q' 0 1qll
10
CN
yooolsex - D= Pz Ph
10 15 0 1 0
[alkenes] pM q

Figure S3: Stern-Volmer quenching study of [Ir(dF(CF3)ppy)2(dtbbpy)]PFe. The data were fitted through linear
regression: 1g° (B) (y = 1.1384x + 1; R? = 0.8511); 1q” (C) (y = 0.4604x + 1; R? = 0.9248); 1qg (D) (y = 00186x
+1; R? = 0.8759); blue oval = (1g° (B); orange oval = 1g” (C); Gray oval = 1q (D).
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b. Fluorescence Quenching Study

A solution of Ir[dF(CF3)ppy]2(dtbbpy)PFs in acetonitrile at 25 °C was excited at 320 nm and the intensity of
emission spectrum was measured at 480 nm (emission maximum). The fluorescence quenching experiments
demonstrated that substrates 1a efficiently quenches the excited state of the Ir photocatalyst under the standard

reaction conditions respectively. (Figure S4).

700000

— ffithout 12

1a (0.001 mM)
1a (0.002 mM)
1a (0.003 mM)
1a (0.004 mM)
400000 - 1a (0.005 mM)
——1a (0.006 mM)

600000 -

500000 +

300000 -

Intensity

200000

100000 4

T T T T T 1
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Figure S4. Fluorescence quenching of Ir[dF(CFs3)ppy]z(dtbbpy)PFs (0.05 mM) with 1a in acetonitrile.

c. Light On-Off Experiment (Scheme S1)

Ph
| Ir[dF (CF3)ppyl,(dtbbpy)PFg 0
H (1 mol%), Ph
_A_ _Ph > Z
DMSO, blue LED, r.t. oR H
(o) light on/off
2a

1a

A light on/off experiment was performed separately by using the model reaction of la irradiated under the
standard catalytic system respectively. The reaction proceeded over a period of time under alternating cycles of
irradiation and darkness (0-200 minutes for product 2a), and the progress was monitored by TLC analysis. As

shown in Figure S5, cyclization product 2a was only formed under irradiation with blue LEDs (Scheme S1).
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Figure S5. Visible-light Irradiation ON/OFF Experiments for product 2a.

d. Control Reactions

Ph
Ph
N Ir[dF(CF3)ppylo(dtbbpy)PFg o )
(1 mol%), \ a
A~ ~__Ph > CN
DMSO 3.0 mL, blue LED, rt. W=
o Ph

6a Expected but no reaction

5a, 0.2 mmol ) )
starting material was recovered
Ir{dF(CF3)ppyl,(dtobpy)PFg Q
©\/\H/Ph + Z>ph (1 mol%), PhOijPh @%Ph
- b)
(o] DMSO 3.0 mL, blue LED, r.t. Phi Ph H
7a, 0.2 mmol 8a, 2.0 equiv 9a 2a

Expected but no reaction
starting material was recovered

Reaction was carried out according to general procedure a on 0.2 mmol scale. No formation of cyclopropanation

fused product 6a or 9a or 2a were observed, and only unreacted starting materials were isolated from the reaction

mixture.

S10



4, SPECTRAL CHARACTERIZATION

(E)-1-phenyl-3-(2-((E)-styryl)phenyl)prop-2-en-1-one (1a): Yield: 91 % (282 mg), pale yellow solid, m.p. 71-

73 °C. Purification by flash column chromatography on silica gel (eluent:

| o EtOAc/Petroleum ether = 0.5/9.5). *H NMR (400 MHz, CDCls) § 8.25 (d, J = 15.5 Hz,
1H), 8.06-7.99 (m, 2H), 7.70-7.65 (m, 1H), 7.62 (d, J = 7.6 Hz, 1H), 7.58-7.43 (m, 7H),
N PP 7.41-7.25 (m, 5H), 6.99 (d, J = 16.1 Hz, 1H); 13C NMR (101 MHz, CDCl3) & 190.10,
§ 1a 0 J

142.43,137.99, 136.93, 133.29, 132.78, 132.59, 130.19, 128.66, 128.56, 128.46, 128.02,
127.67, 127.39, 126.93, 126.72, 125.48, 124.21: HRMS (EI): m/z calcd. for [M]*
[C2sH1sNO]* 310.1358, found 310.1360.

(E)-2-(4-fluorobenzoyl)-3-(2-((E)-styryl)phenyl)acrylonitrile (1j): Yield: 83 % (293 mg) yellow solid, m.p.

98-100 °C. Purification by flash column chromatography on silica gel (eluent:

| o F EtOAc/Petroleum ether = 0.5/9.5). 'H NMR (400 MHz, CDCl3) 6 8.48 (d, J = 2.1
‘ CN ‘ Hz, 1H), 8.18 (t, J = 5.4 Hz, 1H), 7.94 (s, 1H), 7.64 (dd, J = 10.6, 7.6 Hz, 1H), 7.55
= (dd, J = 14.5, 6.8 Hz, 1H), 7.47 (s, 2H), 7.43 (dd, J = 12.9, 5.3 Hz, 1H), 7.41-7.36

1j °

(m, 2H), 7.31 (d, J = 5.9 Hz, 1H), 7.29-7.21 (m, 1H), 7.12 (d, J = 8.3 Hz, 2H), 6.91
(dd, J = 15.9, 2.2 Hz, 1H); 3C NMR (101 MHz, CDCls) § 187.17, 167.10, 164.56
(d, Jr = 254.6 Hz), 156.04, 154.59, 139.75, 136.40, 135.51, 132.68, 132.09, 132.00 (d, Jr = 9.2 Hz), 129.87,
128.95, 128.85, 128.69 (d, Jr = 16 Hz), 127.96, 127.72 (d, Jr = 24 Hz), 126.84, 124.70, 116.57, 116.07, 115.85
(d, Jr = 22 Hz), 111.74; HRMS (EI): m/z calcd. for [M]* [C24H16FNO]* 353.1216, found 353.1214.

(E)-2-(furan-2-carbonyl)-3-(2-((E)-styryl)phenylacrylonitrile (1I): Yield: 88 % (286 mg), yellow solid, m.p.

125-127 °C. Purification by flash column chromatography on silica gel (eluent:

4 Ph N\
| EtOAc/Petroleum ether = 0.5/9.5). *H NMR (400 MHz, CDCls) 6 8.82 (s, 1H), 8.15
CN | \| (d,J=7.8Hz 1H), 7.75 (d, J = 3.7 Hz, 1H), 7.70-7.62 (m, 2H), 7.53 (dd, J = 14.2,
=
o 7.4 Hz, 3H), 7.47-7.29 (m, 5H), 6.92 (d, J = 16.0 Hz, 1H), 6.62 (dd, J = 3.6, 1.6 Hz,
1M1 o

1H); 3C NMR (101 MHz, CDCls) § 173.04, 154.90, 150.70, 150.63, 148.02, 139.76,
136.50, 135.44, 132.53, 130.03, 129.02, 128.78, 128.55, 127.79, 127.68, 126.89, 124.81, 121.46, 116.78, 114.35,
112.81, 109.97, 109.92; HRMS (EI): m/z calcd. For [M]* [C22H1sNO,]* 325.1103, found 325.1103.

(E)-2-benzoyl-3-(2-vinylphenyl)acrylonitrile (10) : Yield: 70 % (181 mg), pale yellow solid, m.p. 100-102 °C.

( ‘ ) Purification by flash column chromatography on silica gel (eluent: EtOAc/Petroleum
CN ether = 0.5/9.5). TH NMR (400 MHz, CDCls) & 8.42 (s, 1H), 8.21-8.15 (m, 1H),
_J_ pn| 7.937.89(m, 2H), 7.67-7.61 (m, 1H), 7.57-7.49 (m, 4H), 7.44 (ddd, ] = 8.4,6.2, 2.4

& 10 O J

Hz, 1H), 6.90 (dd, J = 17.2, 11.0 Hz, 1H), 5.68-5.44 (m, 2H) ppm; 3C NMR (101
MHz, CDCl3) & 188.66, 154.44, 139.95, 135.72, 133.56, 133.50, 132.55, 129.29,
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128.71,128.67,128.18, 127.59, 120.64, 116.54, 112.21; HRMS (EI): m/z calcd. for [M]" [C1sH13NO]" 259.0997,
found 259.0996.

(E)-2-benzoyl-3-(1-((E)-styryl)naphthalen-2-yl)acrylonitrile (1q): Yield: 85 % (327 mg), yellow solid, m.p.

112-114 °C. Purification by flash column chromatography on silica gel (eluent:
EtOAc/Petroleum ether = 0.3/9.7). *H NMR (400 MHz, CDCls) & 8.52 (s, 1H), 8.33 (d,
J=8.8 Hz, 1H), 8.21-8.13 (m, 1H), 7.95-7.88 (m, 2H), 7.80-7.74 (m, 2H), 7.71-7.53 (m,
5H), 7.48-7.38 (m, 4H), 7.24-7.16 (m, 2H), 6.69 (d, J = 16.1 Hz, 1H); 13C NMR (101
MHz, CDCl3) 6 189.86, 156.27, 141.32, 140.52, 136.20, 135.82, 134.83, 132.85, 131.75,
129.02, 128.96, 128.59, 128.52, 128.47, 128.36, 127.89, 127.20, 126.96, 125.88, 124.68, 123.55, 116.70, 111.76;
HRMS (El): m/z calcd. for [M]" [C2sH19NO]* 385.1467, found 385.1470.

(E)-2-benzoyl-3-(2-((E)-4-methoxystyryl)phenyl)acrylonitrile (1r): Yield: 92 % (336 mg) yellow solid, m.p.

122-124 °C; Purification by flash column chromatography on silica gel (eluent:
EtOAc/Petroleum ether = 0.7/9.3). 'H NMR (400 MHz, CDCls) & 8.47 (s, 1H), 8.19
(d, J=7.8 Hz, 1H), 7.95-7.87 (m, 2H), 7.61 (ddd, J = 7.0, 5.1, 4.0 Hz, 2H), 7.56-7.41
(m, 6H), 7.11 (d, J = 16.0 Hz, 1H), 6.94-6.83 (m, 3H), 3.86 (d, J = 7.9 Hz, 3H); 13C
NMR (101 MHz, CDCls3) 3 189.06, 160.05, 154.74, 140.05, 135.85, 134.99, 133.35,
132.55, 129.73, 129.48, 129.31, 129.26, 128.97, 128.66, 128.22, 127.56, 127.46,
122.50, 116.53, 114.25, 112.05, 77.31, 76.99, 76.68, 55.37; HRMS (El): m/z calcd. for [M]* [C2sH19NO2]*
365.1416, found 365.1414.

(E)-2-benzoyl-3-(2-((E)-4-chlorostyryl)phenyl)acrylonitrile (1t): Yield: 86 % (317 mg), yellow solid, m.p.

131-133 °C. Purification by flash column chromatography on silica gel (eluent:
EtOAc/Petroleum ether = 0.5/9.5). 'H NMR (400 MHz, CDCls) & 8.46 (s, 1H), 8.19
(d, J = 7.7 Hz, 1H), 7.95-7.88 (m, 2H), 7.68-7.60 (m, 2H), 7.55 (td, J = 7.7, 1.1 Hz,
1H), 7.51-7.45 (m, 3H), 7.43-7.38 (m, 2H), 7.37-7.33 (M, 2H), 7.26-7.20 (m, 1H), 6.87
(d, J=16.0 Hz, 1H); *C NMR (101 MHz, CDCls) & 188.77, 154.32, 139.20, 135.74,
134.96, 134.30, 133.87, 133.49, 132.60, 130.02, 129.47, 129.27, 129.01, 128.68,
128.17, 128.01, 127.61, 125.30, 116.44, 112.41; HRMS (EIl): m/z calcd. for [M]" [C22H16CINO]* 369.0920,
found 369.0918.
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(E)-2-benzoyl-3-(2-((E)-2-(naphthalen-2-yl)vinyl)phenyl)acrylonitrile (1f) : Yield: 90 % (346.5 mg), yellow

OO solid, m.p. 138-139 °C. Purification by flash column chromatography on silica gel (eluent:
EtOAc/Petroleum ether = 0.3/9.7). *H NMR (400 MHz, CDCls) : & 8.47 (s, 1H), 8.19 (dd,

O ™ J=17.9, 1.2 Hz, 1H), 7.93-7.76 (m, 5H), 7.70-7.60 (m, 2H), 7.597.38 (m, 8H), 7.31 (d, J =
=

I 15.9 Hz, 1H), 7.04 (d, J = 16.0 Hz, 1H) ppm; 3°C NMR (101 MHz, CDCl3)8 189.02,

v 154.42, 139.53, 135.74, 135.21, 133.84, 133.45, 133.33, 132.56, 129.86, 129.22, 128.95,

128.63, 128.47, 128.10, 127.91, 127.69, 127.52, 127.49, 126.54, 126.43, 124.78, 123.20, 116.41, 112.29; HRMS
(EN): m/z calcd. for [M]" [C2sH1sNO]* 385.1467, found 385.1469.

(E)-2-benzoyl-3-(2-((E)-2-cyclopropylvinyl)phenyl)acrylonitrile (1x): Yield: 62 % (185.4 mg), pale yellow
solid, m.p. 88-89 °C. Purification by flash column chromatography on silica gel (eluent:
EtOAc/Petroleum ether = 0.2/9.8). 'H NMR (400 MHz, CDCls) : § 8.43 (s, 1H), 8.15
(ddd,J=7.9,1.4, 0.7 Hz, 1H), 7.95-7.88 (m, 2H), 7.68-7.59 (m, 1H), 7.57-7.50 (m, 2H),
7.49-7.44 (m, 1H), 7.44-7.40 (m, 1H), 7.35 (td, J = 7.5, 6.9, 1.8 Hz, 1H), 6.61 (d, J = 15.5
o Hz, 1H), 5.48 (dd, J = 15.5, 9.2 Hz, 1H), 1.65-1.52 (m, 1H), 0.93-0.80 (m, 2H), 0.56-0.47
1x ] (m, 2H) ppm; 3C NMR (101 MHz, CDClg): & 188.90, 155.06, 142.81, 140.25, 135.89,

133.36, 132.49, 129.25, 129.06, 128.71, 128.62, 127.32, 126.98, 123.62, 116.70, 111.39, 15.22, 7.82; HRMS
(ESI): m/z calcd. for [M+H]* [C21H1sNO]* 300.1388, found 300.1390.

N

CN
= Ph

(E)-1-(pyridin-3-yl)-3-(2-((E)-styryl)phenyl)prop-2-en-1-one (1y): Yield: 75 % (286.5 mg), light yellow solid,
- N~ m.p. 125-130 °C. Purification by flash column chromatography on silica gel
(eluent: EtOAc/Petroleum ether = 1/9). *H NMR (400 MHz, CDCl3) & 9.30-9.21
(m, 1H), 8.80 (dd, J = 4.8, 1.7 Hz, 1H), 8.39-8.24 (m, 2H), 7.68 (dd, J = 23.1, 7.7
Hz, 2H), 7.58-7.27 (m, 10H), 7.01 (d, J = 16.1 Hz, 1H); *C NMR (101 MHz,
| 1y 0O | CDCls) 6 188.68, 153.19, 149.76, 143.60, 138.39, 136.86, 135.84, 133.36, 133.07,
132.83,130.68, 128.73, 128.17, 127.78, 127.39, 127.15, 126.77, 125.27, 123.61, 123.22; HRMS (EI): m/z calcd.
for [M]* [C22H17NO]J" 311.3840, found 311.3838.

1-phenyl-2-((E)-2-((E)-styryl)benzylidene)pentane-1,3-dione (12): Yield: 75 % (286.5 mg), light yellow solid,

- on ~  m.p. 125-130 °C. Purification by flash column chromatography on silica gel (eluent:
| EtOAc/Petroleum ether = 1/9). 1H NMR (400 MHz, CDCls) & 8.36 (s, 1H), 7.91-7.83

COOEt (m, 2H), 7.60-7.46 (m, 4H), 7.44-7.29 (m, 6H), 7.26-7.17 (m, 2H), 7.06-6.95 (m, 2H),

% Ph 4.25 (g, J = 7.1 Hz, 2H), 1.19 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCls) &

1z 0O 194.76, 164.84, 141.80, 137.42, 136.99, 136.45, 133.57, 133.20, 132.82, 131.58,

(. J

129.96, 129.32, 129.04, 128.76, 128.58, 128.18, 127.45, 126.84, 126.46, 125.48, 61.57, 14.01; HRMS (EI): m/z
calcd. for [M]* [C26H2202]" 366.1620, found 366.1617.
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Synthesis of 3-oxo-3-phenyl-2-(2-vinylbenzyl)propanenitrile (1q’): To a stirred solution of
| cyanoacetophenone (0.4 mmol, 1.2 equiv.) in

| NaH (1.2 equiv), o
©i . NC\).J\ THE ary ;_g“r'r‘]’L> CN n THF (2 mL, dry) was added NaH (60% in mineral
Br Ph I oil). The mixture was stirred for 20 min at 0 °C.

19" mixture of isomers  1-(bromomethyl)-2- vinylbenzene (0.5 mmol) in
THF (dry) was added and the reaction mixture was stirred for another 8 h. Upon completion, the reaction was
quenched with aqueous NH4Cl and extracted with ethyl acetate three times. The organics were combined, dried
over anhydrous Na>SOa, concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel with a gradient eluent of petroleum ether/ethyl acetate to affording the final product
(1q°) (38% yield). *H NMR (597 MHz, CDCl3) 6 7.58 (d, J = 7.6 Hz, 1H), 7.54-7.36 (m, 3H), 7.33 (ddt, J = 15.0,
8.5, 4.3 Hz, 2H), 7.27-7.19 (m, 3H), 7.01 (dt, J = 11.0, 7.3 Hz, 1H), 6.97 (d, J = 11.0 Hz, 1H), 5.72 (dd, J = 17.3,
1.1 Hz, 1H), 5.60-5.53 (m, 1H), 5.38 (dd, J = 11.0, 1.1 Hz, 1H), 5.31 (dd, J = 10.9, 1.3 Hz, 1H), 5.04 (s, 1H), 4.94
(s, 1H), 3.62 (d, J = 14.1 Hz, 1H), 3.39 (d, J = 14.1 Hz, 1H); ¥*C NMR (150 MHz, CDCls) 6 197.37, 138.27,
136.63, 134.53, 133.45, 132.77, 132.22, 131.92, 131.18, 131.11, 129.57, 129.20, 128.68, 128.52, 128.09, 127.90,
127.88, 126.74, 126.64, 126.25, 120.91, 117.34, 117.09, 72.72, 72.08, 55.04, 39.95, 29.68; Yield: 92 % (181.4
mg), colorless liquid; HRMS (EI): m/z calcd. for [M]* [C1sH1sNO]* 261.1154, found 261.1156.

(E)-2-benzoyl-3-(2-ethylphenyl)acrylonitrile (1q°’): A reaction tube was charged with 2-ethylbenzaldehyde

(1.0 equiv), benzoyacetonitrile (1.5 equiv), AcOH (20 mol%) and piperidine (20 mol%)
O CN O in 5.0 mL of toluene. The reaction suspension was stirred at room temperature, and the

progress of the reaction was monitored by TLC. Upon completion, water was added to

quench the reaction mixture, which was then extracted with ethyl acetate (3x15 mL).

Finally, the combined organic layer was dried over sodium sulfate, filtered, and
concentrated under vacuum. The residue was purified by column chromatography on silica gel to afford the 1q”’.
'H NMR (400 MHz, CDCls) 6 8.39 (d, J = 6.6 Hz, 1H), 8.22 (d, J = 7.5 Hz, 1H), 7.91 (dd, J = 5.2, 3.3 Hz, 2H),
7.68-7.60 (m, 1H), 7.57-7.43 (m, 3H), 7.39-7.30 (m, 2H), 2.73 (g, J = 7.6 Hz, 2H), 1.25-1.15 (m, 3H); 13C NMR
(101 MHz, CDCls) 6 188.90, 153.91, 145.79, 135.74, 133.41, 132.92, 130.09, 129.40, 129.22, 128.68, 128.61,
126.67, 116.63, 111.79, 26.64, 15.81; Yield: 95 %, pale yellow solid, m.p. 134-136 °C; HRMS (EIl): m/z calcd.
for [M]" [C1sH1sNO]* 261.1154, found 261.1155.

S14



(E)-2-benzoyl-3-(3-((E)-styryl)thiophen-2-yl)acrylonitrile (1aa): Yield: 75 % (286.5 mg), light yellow solid,

- on ~  m.p. 125-130 °C. Purification by flash column chromatography on silica gel
| (eluent: EtOAc/Petroleum ether = 1/9). 'H NMR (400 MHz, CDCls) § 8.70 (s,

/7 CN 1H), 7.93 (d, J = 7.4 Hz, 2H), 7.75 (d, J = 5.1 Hz, 1H), 7.67-7.28 (m, 9H), 7.16 (d,

S Z J=16.0 Hz, 1H); 3C NMR (101 MHz, CDCl3) 5 188.32, 149.37, 144.99, 136.38,

L laa Q J 136.03, 134.96, 134.48, 133.09, 131.54, 129.03, 129.00, 128.88, 128.50, 127.02,

126.27, 118.97, 117.97, 104.58, 24.60; HRMS (El): m/z calcd. for [M]* [Co2H1sNOS]* 341.4280, found
341.4277.

1,2-diphenyl-1a,2,3,7b-tetrahydro-1H-1,3-epoxycyclopropa[a]naphthalene (2a)

Yield: 91% (56.42 mg), white solid, m.p. 87-89 °C. Purification by flash column chromatography on silica gel
(eluent: EtOAc/Petroleum ether = 0.2/9.8). *H NMR (400 MHz, CDCls) 6 7.44 (ddd, J = 4.1, 3.3, 1.6 Hz, 2H),
7.41-7.35 (m, 2H), 7.34-7.26 (m, 2H), 7.18 (td, J = 7.5, 1.3 Hz, 1H), 7.08-6.96 (m, 4H), 6.95-6.91 (m, 2H), 6.85-
6.81 (m, 1H), 5.31 (d, J = 6.1 Hz, 1H), 3.93 (dd, J = 6.1, 2.8 Hz, 1H), 2.90 (d, J = 7.9 Hz, 1H), 2.57 (ddd, J = 7.9,
2.8,0.6 Hz, 1H); 1*C NMR (101 MHz, CDCls) 6 137.91, 136.50, 133.02, 131.97, 128.36, 127.88, 127.80, 127.68,
126.93, 126.37, 125.88, 125.04, 124.93, 124.24, 110.46, 79.01, 65.53, 43.31, 27.67, 25.30; HRMS (EI): m/z
calc’d for [M]"[C23H180]* 310.1358, found, 310.1360.

2-phenyl-1-(p-tolyl)-1a,2,3,7b-tetrahydro-1H-1,3-epoxycyclopropa[a]naphthalene (2b)
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Yield: 93% (60.26 mg), Off-white solid, m.p. 98-100 °C. Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 0.2/9.8). 'H NMR (400 MHz, CDCls) § 7.32 (ddd, J = 6.0, 3.8, 1.2 Hz,
3H), 7.21-7.14 (m, 3H), 7.08-6.95 (m, 4H), 6.94-6.90 (m, 2H), 6.84-6.79 (m, 1H), 5.29 (d, J = 6.1 Hz, 1H), 3.92
(dd, J=6.1, 2.7 Hz, 1H), 2.85 (d, J = 7.8 Hz, 1H), 2.52 (ddd, J = 7.8, 2.8, 0.6 Hz, 1H), 2.36 (s, 3H); 3C NMR
(101 MHz, CDCl3) 6 136.69, 136.59, 134.72, 133.15, 131.98, 129.04, 127.85, 127.80, 127.63, 126.33, 125.84,
125.05, 124.94, 124.22, 78.99, 65.49, 43.31, 27.32, 25.06, 21.12; HRMS (EIl): m/z calc’d for [M]" [C2sH200]"
324.1514, found, 324.1452.

1,2-diphenyl-1,2,3,7b-tetrahydro-1laH-1,3-epoxycyclopropa[a]naphthalene-la-carbonitrile (2c)

~
~
~
~
~
~

Ph ‘CN
2C

Yield: 87% (58.29 mg), light-brown solid, m.p.= 150-152 °C; Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 0.6/9.4). *H NMR (400 MHz, CDCl3) § 7.70-7.63 (m, 2H), 7.51-7.38
(m, 4H), 7.29 (td, J = 7.6, 1.2 Hz, 1H), 7.13-7.06 (m, 4H), 6.92-6.81 (m, 3H), 5.42-5.35 (m, 1H), 4.23 (dd, J =
6.1, 0.6 Hz, 1H), 3.59 (s, 1H); 1*C NMR (101 MHz, CDCls) & 132.62, 132.26, 131.51, 129.36, 128.94, 128.72,
128.66, 128.37, 127.45, 127.34, 127.00, 126.46, 126.35, 124.70, 118.50, 79.12, 69.46, 46.92, 31.03, 24.01;
HRMS (El): m/z calc’d for [M]* [C24H17NO]* 335.1310; found, 335.1307.

1,2-diphenyl-1,2,3,8b-tetrahydro-1laH-1,3-epoxycyclopropal5,6]naphtho[2,3-d][1,3]dioxole-1a-
carbonitrile (2d)

Yield: 91% (68.9 mq), light-brown solid, m.p.= 195-197 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/9). 'H NMR (400 MHz, CDCl3) § 7.69-7.59 (m, 2H), 7.45 (dt, J =
15.8, 7.1 Hz, 3H), 7.20-7.08 (m, 3H), 6.97-6.87 (m, 3H), 6.36 (s, 1H), 5.88 (g, J = 1.5 Hz, 2H), 5.27 (d, J = 6.1
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Hz, 1H), 4.16 (d, J = 5.7 Hz, 1H), 3.49 (s, 1H); *C NMR (101 MHz, CDCls) § 147.71, 146.78, 132.67, 132.26,
128.90, 128.71, 128.50, 127.51, 127.39, 126.29, 125.32, 122.79, 118.55, 107.15, 106.14, 101.04, 78.84, 68.83,
46.89, 31.22, 23.67; HRMS (E1): m/z calc’d for [M]* [C2sH17NOs]* 379.1208, found, 379.1206.

5-methoxy-1,2-diphenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropa[a]naphthalene-la-carbonitrile (2e)

Yield: 85% (62.5 mg), Off-white-brown solid, m.p.= 154-156 °C. Purification by flash column chromatography
on silica gel (eluent: EtOAc/Petroleum ether = 0.6/9.4). *H NMR (400 MHz, CDCls) § 7.69-7.63 (m, 2H), 7.50-
7.39 (m, 3H), 7.14-7.07 (m, 3H), 7.01 (d, J = 2.4 Hz, 1H), 6.92-6.86 (m, 2H), 6.76 (d, J = 8.2 Hz, 1H), 6.62 (dd,
J=8.2,2.5Hz, 1H), 5.33 (d, J = 6.0 Hz, 1H), 4.19 (d, J = 6.0 Hz, 1H), 3.78 (s, 3H), 3.53 (s, 1H); 13C NMR (101
MHz, CDCls) 6 159.85, 132.86, 132.33, 130.64, 128.90, 128.70, 128.40, 127.48, 127.29, 126.33, 125.87, 124.05,
118.53,112.33, 112.09, 78.73, 69.25, 55.31, 47.29, 31.33, 24.20; HRMS (EI): m/z calc’d for [M]* [C2sH19NO2]*
365.1416, found, 365.1415.

6-fluoro-1,2-diphenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropa[a]naphthalene-1a-carbonitrile (2f)

Yield: 88% (62.13 mg), brown solid, m.p.= 187-189 °C. Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 0.5/9.5). *H NMR (400 MHz, CDCls3) § 7.71-7.61 (m, 2H), 7.51 — 7.41 (m,
3H), 7.25-7.06 (m, 4H), 6.95-6.74 (m, 4H), 5.38 (d, J = 6.1 Hz, 1H), 4.24 (d, J = 6.1 Hz, 1H), 3.57 (d, J = 12.4
Hz, 1H); 13C NMR (101 MHz, CDCls) § 163.85, 161.39 (d, Je = 246 Hz), 132.39, 131.85, 131.45, 131.36 (d, Jr
=9 Hz),129.12, 129.06, 128.79, 128.54, 127.59, 127.49, 127.36, 127.33, 126.46, 126.38, 126.32, 118.10, 115.81,
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115.52 (d, JF = 29 Hz), 114.07, 113.85, 113.62 (t, JF = 23 Hz), 112.54, 112.25(d, Jr = 29 Hz), 78.53, 69.35, 46.94,
46.70, 30.91, 30.88, 30.37, 24.09; HRMS (EIl): m/z calc’d for [M]" [C24H16FNO]" 353.1216, found, 353.1215.

6-chloro-1,2-diphenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropa[a]naphthalene-1a-carbonitrile (29)

Yield: 79% (58.3 mg), brown solid, m.p. = 124-126 °C; Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 0.5/9.5). *H NMR (400 MHz, CDCls) & 7.68-7.61 (m, 2H), 7.52-7.38 (m,
4H), 7.30-7.26 (m, 1H), 7.13 (dd, J = 5.1, 1.9 Hz, 3H), 6.94-6.76 (m, 3H), 5.35 (d, J = 5.9 Hz, 1H), 4.23 (d, J =
6.1 Hz, 1H), 3.55 (d, J = 10.9 Hz, 1H); 3C NMR (150 MHz, CDCl3) § 133.05, 133.02, 132.08, 131.85, 129.17,
129.11, 128.81, 128.80, 128.63, 127.94, 127.73, 127.67, 127.56, 127.37, 127.34, 127.18, 126.59, 126.44, 126.35,
126.01, 125.05, 118.06, 78.51, 69.52, 46.80, 46.70, 30.60, 30.50, 24.04; HRMS (El): m/z calc’d for [M]*
[C24H16CINO]" 369.0920, found, 369.0921.

1-(3-methoxyphenyl)-2-phenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropafa]naphthalene-1la-
carbonitrile (2h)

Yield: 90% (65.7 mg), white solid, m.p.= 158-160 °C; Purification by flash column chromatography on silica gel
(eluent: EtOAc/Petroleum ether = 0.6/9.4). *H NMR (400 MHz, CDCls) 6 7.47 (d, J = 7.6 Hz, 1H), 7.39 (t, J =
8.2 Hz, 1H), 7.29 (td, J = 7.6, 1.2 Hz, 1H), 7.25-7.19 (m, 2H), 7.10 (ddd, J = 7.1, 6.3, 1.5 Hz, 4H), 6.95 (ddd, J =
8.3, 2.4, 1.1 Hz, 1H), 6.91-6.81 (m, 3H), 5.38 (d, J = 6.1 Hz, 1H), 4.22 (d, J = 5.7 Hz, 1H), 3.86 (s, 3H), 3.57 (s,
1H); 13C NMR (101 MHz, CDCl3) & 159.84, 133.81, 132.59, 131.49, 129.80, 129.34, 128.68, 128.38, 127.45,
127.35,127.02,126.48, 124.71, 118.45, 118.28, 114.74, 111.95, 110.46, 79.12, 69.37, 55.36, 46.89, 31.24, 24.17,;
HRMS (EI): m/z calc’d for [M]* [C2sH19NO2]* 365.1416, found, 365.1412.
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2-phenyl-1-(p-tolyl)-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropa[a]naphthalene-1la-carbonitrile (2i)

Yield: 89% (62.12 mg), brown solid, m.p. = 146-148 °C; Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 0.4/9.6). *H NMR (400 MHz, CDCls3) & 7.59-7.51 (m, 2H), 7.47 (d, J=7.5
Hz, 1H), 7.32-7.26 (m, 3H), 7.13-7.04 (m, 4H), 6.92-6.85 (m, 2H), 6.83 (d, J = 7.4 Hz, 1H), 5.36 (d, J = 6.1 Hz,
1H), 4.22 (d, J = 6.1 Hz, 1H), 3.56 (s, 1H), 2.39 (s, 3H); 13C NMR (101 MHz, CDCls) 6 138.95, 132.74, 131.56,
129.47, 129.43, 129.12, 128.62, 128.35, 127.45, 127.30, 126.93, 126.50, 126.43, 124.69, 118.68, 79.12, 69.56,
46.91, 30.81, 23.80, 21.26; HRMS (EI): (m/z) calc’d for [M]" [C2sH1sNO]* 349.1467, found, 349.1465.

1-(4-fluorophenyl)-2-phenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropal[a]naphthalene-1a-carbonitrile
()

Yield: 83%, (58.6 mg), light-brown solid, m.p.= 141-142 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 0.4/9.6). *H NMR (400 MHz, CDCls) § 7.68-7.61 (m, 2H), 7.50-7.45
(m, 1H), 7.30 (td, J = 7.6, 1.2 Hz, 1H), 7.21-7.06 (m, 6H), 6.91-6.81 (m, 3H), 5.37 (dd, J = 6.1, 0.4 Hz, 1H), 4.23
(dd, J =6.1, 0.7 Hz, 1H), 3.55 (s, 1H); 13C NMR (101 MHz, CDCls) & 164.32, 161.85 (d, Jr = 247 Hz), 132.48,
131.42 (d, Jr = 106 Hz), 129.16, 128.73, 128.63, 128.54, 128.41 (t, Jr = 9 Hz), 128.08 (d, Jr = 3 Hz), 127.41,
127.11 (d, JF =30 Hz), 126.47, 124.74, 118.45, 115.95, 115.73 (d, Jr = 22 Hz),, 79.19, 69.11, 46.86, 30.83, 23.82;
HRMS (El): m/z calc’d for [M]* [C24H16FNO]" 353.1216, found, 353.1218.

1-(4-chlorophenyl)-2-phenyl-1,2,3,7b-tetrahydro-1laH-1,3-epoxycyclopropa[a]naphthalene-la-carbonitrile
(2k)
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Yield: 78% (57.56 mg), Off-white solid, m.p.= 212-214 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 0.4/9.6). *H NMR (400 MHz, CDCls) § 7.65-7.57 (m, 2H), 7.52-7.42
(m, 3H), 7.32-7.27 (m, 1H), 7.14-7.07 (m, 4H), 6.90-6.82 (m, 3H), 5.38 (d, J = 6.1 Hz, 1H), 4.21 (d, J = 5.6 Hz,
1H), 3.56 (s, 1H); *C NMR (101 MHz, CDCls3) § 134.95, 132.39, 131.39, 130.93, 129.43, 129.06, 128.97, 128.77,
128.42,127.67,127.43, 127.41, 127.17, 126.49, 124.75, 118.27, 79.19, 68.98, 46.85, 31.04, 24.15; HRMS (EI):
m/z calc’d for [M]" [C24H16CINO]* 369.0920; found, 369.0922.

1-(furan-2-yl)-2-phenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropa[a]naphthalene-1a-carbonitrile (2I)

Yield: 77%, (50.1 mg), White solid, m.p. = 105-107 °C. Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 0.4/9.6). *H NMR (400 MHz, CDCl3) § 7.57-7.54 (m, 1H), 7.52 (d, J = 7.2
Hz, 1H), 7.47-7.39 (m, 5H), 7.36 (ddd, J = 7.5, 5.0, 1.4 Hz, 2H), 7.24 (d, J = 7.2 Hz, 1H), 6.80-6.70 (m, 1H), 6.49
(dd, J = 3.3, 1.9 Hz, 1H), 5.15 (s, 1H), 3.65 (s, 1H), 2.94 (s, 1H): 13C NMR (101 MHz, CDCl3) § 145.50, 144.01,
136.82, 135.69, 129.14, 129.07, 128.18, 127.82, 127.71, 127.52, 127.32, 122.74, 117.83, 110.94, 110.73, 82.44,
64.99, 48.64, 32.43, 24.63; HRMS (EI): m/z calc’d for [M]" [C22H1sNO2]* 325.1103, found, 325.1105.

2-phenyl-1-(thiophen-2-yl)-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropa[a]naphthalene-1la-carbonitrile
(2m)
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Yield: 83% (56.61 mg), Light-brown solid, m.p.= 144-146 °C; Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 0.4/9.8). *H NMR (400 MHz, CDCls) § 7.53-7.45 (m, 2H), 7.44-7.37
(m, 7H), 7.37-7.26 (m, 5H), 7.13-7.06 (m, 6H), 6.90-6.79 (m, 3H), 5.36 (d, J = 6.1 Hz, 1H), 5.21 (s, 1H), 4.25 (d,
J =6.1 Hz, 1H), 3.57 (d, J = 4.8 Hz, 2H), 2.97 (s, 1H); 3C NMR (101 MHz, CDCls) § 136.81, 135.63, 134.94,
134.53,132.41, 131.31, 129.14, 129.05, 128.90, 128.76, 128.40, 128.17, 127.84, 127.44, 127.40, 127.34, 127.30,
127.20, 127.17, 126.86, 126.78, 126.52, 125.86, 125.83, 124.82, 122.74, 118.28, 117.85, 82.52, 79.42, 67.38,
67.03, 48.85, 46.56, 34.73, 32.05, 26.95, 24.84; HRMS (EI): m/z calc’d for [M]" [C22H1sNOS]* 341.0874, found,
341.0872.

1-(tert-butyl)-2-phenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropala]naphthalene-1a-carbonitrile (2n)

Yield: 65% (40.95 mg), White solid, m.p.= 90-92 °C. Purification by flash column chromatography on silica gel
(eluent: EtOAc/Petroleum ether = 0.2/9.8). *H NMR (400 MHz, CDCls) § 7.44-7.37 (m, 1H), 7.27-7.23 (m, 1H),
7.09-7.00 (m, 4H), 6.82-6.71 (m, 3H), 5.15 (dd, J = 6.2, 0.5 Hz, 1H), 4.00 (dd, J = 6.2, 0.6 Hz, 1H), 3.25 (s, 1H),
1.26 (s, 9H); 13C NMR (101 MHz, CDCls) & 132.86, 131.83, 130.36, 128.34, 128.22, 127.43, 127.15, 126.55,
126.08, 124.50, 119.75, 78.23, 75.07, 47.49, 32.34, 27.61, 26.74, 18.88; HRMS (EIl): m/z calc’d for [M]*
[C21H22NO]* 315.1623, found, 315.1623.

1-phenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropa[a]naphthalene-1a-carbonitrile (20)
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Yield: 76% (39.37 mg), brown solid, m.p.= 88-90 °C; Purification by flash column chromatography on silica gel
(eluent: EtOAc/Petroleum ether = 0.2/9.8). *H NMR (400 MHz, CDCls) § 7.63-7.56 (m, 2H), 7.48-7.36 (m, 5H),
7.33 (td, J =7.4, 1.5 Hz, 1H), 7.25-7.21 (m, 1H), 5.34 (d, J = 6.1 Hz, 1H), 3.41 (s, 1H), 2.64 (ddd, J = 11.8, 6.0,
0.8 Hz, 1H), 1.73 (d, J = 11.8 Hz, 1H); *C NMR (101 MHz, CDCls) & 134.98, 132.22, 128.77, 128.73, 128.65,
128.16, 127.25, 127.00, 126.29, 122.57, 118.95, 75.09, 68.87, 31.70, 31.06, 19.26; HRMS (EIl): m/z calc’d for
[M]" [C18H13NO] 259.0997, found, 259.0998.

6-fluoro-1-phenyl-1,2,3,7b-tetrahydro-1laH-1,3-epoxycyclopropafa]naphthalene-1la-carbonitrile (2p)

Yield: 71% (39.33 mg), brown solid, m.p.= 114-146 °C. Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 0.4/9.6). *H NMR (400 MHz, CDCls) & 7.62-7.55 (m, 2H), 7.44 (dddd, J
=8.6, 7.0, 4.6, 2.3 Hz, 3H), 7.19 (ddd, J = 11.1, 8.4, 3.9 Hz, 2H), 7.01 (ddd, J = 9.1, 8.3, 2.5 Hz, 1H), 5.34 (d, J
= 6.0 Hz, 1H), 3.38 (s, 1H), 2.65 (ddd, J = 11.8, 6.0, 0.7 Hz, 1H), 1.72 (d, J = 11.8 Hz, 1H); 1*C NMR (101 MHz,
CDCl3) 6 164.01, 161.56 (d, Jr = 245 Hz), 131.80, 130.89 (d, Jr = 3 Hz), 130.32, 130.24 (d, JF = 8 Hz), 128.95,
128.73, 126.33, 124.38, 124.30 (d, JF = 8 Hz), 118.56, 114.58, 114.35 (d, Jr = 22 Hz), 113.96, 113.75(d, JFr = 21
Hz), 74.48, 68.75, 31.84, 30.97, 30.95, 19.42; HRMS (EI): m/z calc’d for [M]" [C1sH12FNO]" 277.0903, found,
277.0901.

1,9-diphenyl-1,1a,8,9-tetrahydro-9aH-1,8-epoxycyclopropala]phenanthrene-9a-carbonitrile (2q)
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Yield: 72% (55.44 mg), Light-brown solid, m.p.= 110-112 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 0.3/9.7). *H NMR (597 MHz, CDCls) § 8.04 (d, J = 7.8 Hz, 1H),
7.96-7.90 (m, 2H), 7.75-7.70 (m, 2H), 7.61-7.56 (m, 2H), 7.54-7.47 (m, 3H), 7.46-7.34 (m, 6H), 6.06 (s, 1H),
3.72 (s, 1H), 2.99 (s, 1H); 3C NMR (150 MHz, CDCl3) § 137.18, 132.54, 132.01, 131.56, 129.21, 128.93, 128.86,
128.82, 128.12, 127.88, 127.24, 127.07, 126.05, 126.01, 125.81, 125.15, 121.46, 118.17, 77.77, 69.50, 48.75,
34.51, 26.42; HRMS (El): m/z calc’d for [M]* [C2sH10NO]* 385.1467, found, 385.1465.

2-(4-methoxyphenyl)-1-phenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropala]naphthalene-1a-
carbonitrile (2r)
o

g
: “CN

—0 2r

Yield: 91% (66.43 mg), Off-white solid, m.p.= 158-160 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 0.6/9.4). *H NMR (400 MHz, CDCl3) § 7.71-7.61 (m, 2H), 7.53-7.37
(m, 4H), 7.31 (td, J = 7.6, 1.2 Hz, 1H), 7.13 (td, J = 7.5, 1.0 Hz, 1H), 6.87 (d, J = 7.4 Hz, 1H), 6.77 (d, J = 8.6
Hz, 2H), 6.66-6.59 (m, 2H), 5.33 (d, J = 6.1 Hz, 1H), 4.16 (d, J = 6.1 Hz, 1H), 3.68 (s, 3H), 3.56 (s, 1H); 3C
NMR (101 MHz, CDCl3) & 158.69, 132.34, 131.65, 129.47, 128.89, 128.71, 128.62, 128.59, 127.05, 126.42,
126.33, 124.84, 124.47, 118.56, 113.82, 79.09, 69.33, 55.08, 46.27, 31.00, 24.41; HRMS (EI): m/z calc’d for
[M]" [C25H19NO2]" 365.1416, found, 365.1414.

1-phenyl-2-(p-tolyl)-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropa[a]naphthalene-la-carbonitrile (2s)

Y

Me 25
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Yield: 87% (60.73), White solid, m.p. = 154-156 °C. Purification by flash column chromatography on silica gel
(eluent: EtOAc/Petroleum ether = 0.4/9.6). *H NMR (400 MHz, CDCls) § 7.69-7.62 (m, 2H), 7.51-7.44 (m, 3H),
7.42 (dd, J = 4.9, 3.6 Hz, 1H), 7.30 (td, J = 7.6, 1.2 Hz, 1H), 7.12 (td, J = 7.5, 1.1 Hz, 1H), 6.88 (dd, J = 12.4, 7.7
Hz, 3H), 6.75 (d, J = 8.1 Hz, 2H), 5.35 (d, J = 6.1 Hz, 1H), 4.18 (d, J = 6.1 Hz, 1H), 3.56 (s, 1H), 2.19 (s, 3H);
13C NMR (101 MHz, CDCl3) 6 136.98, 132.35, 131.63, 129.47, 129.44, 129.08, 128.89, 128.70, 128.61, 127.36,
126.98, 126.43, 126.34, 124.79, 118.55, 79.09, 69.33, 46.63, 31.01, 24.23, 20.96; HRMS (EI): m/z calc’d for
[M]* [C2sH200]" 324.1514, found, 324.1516.

2-(4-chlorophenyl)-1-phenyl-1,2,3,7b-tetrahydro-1laH-1,3-epoxycyclopropa[a]naphthalene-la-carbonitrile
(21)

Yield: 76% (58.6 mg), Off-white solid, m.p.= 175-177 °C. Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 0.5/9.5). 'H NMR (400 MHz, CDCls) 6 7.70-7.62 (m, 2H), 7.54-7.38 (m,
4H), 7.32 (td, J = 7.6, 1.2 Hz, 1H), 7.14 (td, J = 7.5, 1.1 Hz, 1H), 7.10-7.02 (m, 2H), 6.83 (dd, J = 18.4, 7.9 Hz,
3H), 5.36 (d, J = 6.1 Hz, 1H), 4.18 (d, J = 6.1 Hz, 1H), 3.58 (s, 1H); 3C NMR (101 MHz, CDCls) & 133.29,
132.02, 131.26, 131.20, 129.20, 129.04, 128.89, 128.81, 128.76, 128.63, 127.24, 126.52, 126.35, 124.78, 118.23,
78.90, 69.53, 46.42, 30.98, 24.02; HRMS (EIl): m/z calc’d for [M]* [C22H16CINO]* 369.0920, found, 369.0921.

2-(4-bromophenyl)-1-phenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropala]naphthalene-1a-
carbonitrile (2u)

(o)

Yy

N CN

Br 2u

Yield: 79% (56.1), Off-white solid, m.p.= 116-118 °C. Purification by flash column chromatography on silica gel
(eluent: EtOAc/Petroleum ether = 0.4/9.6). *H NMR (400 MHz, CDCls3) § 7.69-7.61 (m, 2H), 7.53-7.39 (m, 4H),
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7.32 (d, J = 1.2 Hz, 1H), 7.25-7.19 (m, 2H), 7.18-7.11 (m, 1H), 6.86 (d, J = 7.4 Hz, 1H), 6.78-6.72 (m, 2H), 5.36
(d, J = 6.1 Hz, 1H), 4.17 (d, J = 6.1 Hz, 1H), 3.58 (s, 1H); 13C NMR (101 MHz, CDCls) § 132.00, 131.79, 131.58,
131.17, 129.15, 129.05, 128.91, 128.76, 127.27, 126.51, 126.35, 124.79, 121.43, 118.21, 109.89, 78.83, 69.29,
46.49, 30.98, 23.98; HRMS (E1): m/z calc’d for [M]* [C24H1sCINO]* 413.0415, found, 413.0415.

2-(naphthalen-2-yl)-1-phenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropala]naphthalene-1a-
carbonitrile (2v)

Yield: 88% (67.76), Off-white solid, m.p.= 110-112 °C. Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 0.3/9.7). 'H NMR (400 MHz, CDCls) & 7.69 (ddd, J = 7.4, 4.8, 3.2 Hz,
3H), 7.65-7.57 (m, 2H), 7.49 (ddd, J = 8.2, 3.5, 1.9 Hz, 3H), 7.46-7.33 (m, 4H), 7.28-7.24 (m, 1H), 7.06-6.95 (m,
2H), 6.81 (d, J = 7.4 Hz, 1H), 5.48 (d, J = 6.1 Hz, 1H), 4.38 (d, J = 6.1 Hz, 1H), 3.67 (s, 1H); 1*C NMR (101
MHz, CDCl3) 6 133.07, 132.44, 132.26, 131.46, 130.21, 129.39, 128.98, 128.75, 128.73, 128.14, 127.66, 127.46,
127.10, 126.62, 126.45, 126.39, 126.12, 125.92, 125.24, 124.74, 118.54, 79.13, 69.55, 47.12, 31.14, 24.18;
HRMS (EI): m/z calc’d for [M]* [C2sH19NO]* 385.1467, found, 385.1465.

la-methyl-1,2-diphenyl-1a,2,3,7b-tetrahydro-1H-1,3-epoxycyclopropa[a]naphthalene (2w)

Yield: 80% (51.84), White solid, m.p.= 111-113 °C. Purification by flash column chromatography on silica gel
(eluent: EtOAc/Petroleum ether = 0.2/9.8). *H NMR (400 MHz, CDCls) § 7.58 (dd, J = 8.3, 1.3 Hz, 2H), 7.41
(ddd, J=6.2, 3.9, 3.4 Hz, 3H), 7.33 (d, J = 7.4 Hz, 1H), 7.22 (d, J = 1.3 Hz, 1H), 7.08-7.02 (m, 3H), 6.98 (d, J =
1.2 Hz, 1H), 6.80 (dd, J = 7.4, 2.3 Hz, 3H), 5.19 (d, J = 6.1 Hz, 1H), 3.65 (d, J = 6.1 Hz, 1H), 2.80 (s, 1H), 1.25
(s, 3H); 1*C NMR (101 MHz, CDCls) § 135.65, 135.22, 134.37, 131.76, 128.41, 128.24, 127.90, 127.68, 127.64,
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126.40, 125.63, 124.94, 124.35, 79.30, 69.06, 49.23, 29.69, 29.29, 13.78; HRMS (El): m/z calc’d for [M]*
[C24H200]" 324.1514, found, 324.1515.

2-cyclopropyl-1-phenyl-1,2,3,7b-tetrahydro-1aH-1,3-epoxycyclopropa[a]naphthalene-1la-carbonitrile (2x)

Yield: 82% (49 mg), White solid, m.p.= 150-152 °C. Purification by flash column chromatography on silica gel
(eluent: EtOAc/Petroleum ether = 0.2/9.8). *H NMR (400 MHz, CDCls) § 7.56 (d, J = 7.2 Hz, 2H), 7.47-7.33 (m,
6H), 7.28 (d, J = 7.0 Hz, 1H), 5.16 (d, J = 5.9 Hz, 1H), 3.37 (s, 1H), 2.09 (dd, J = 10.1, 5.9 Hz, 1H), 0.51-0.43
(m, 2H), 0.35-0.28 (m, 1H), 0.15 (ddd, J = 11.3, 9.3, 4.9 Hz, 1H), 0.29 (tdd, J = 7.8, 6.6, 4.0 Hz, 1H); 23C NMR
(101 MHz, CDCl3) & 132.84, 132.48, 129.26, 128.66, 128.59, 126.90, 126.88, 126.13, 124.39, 118.88, 77.80,
69.59, 47.87, 30.72, 24.09, 6.58, 3.63, 2.34; HRMS (EI): m/z calc’d for [M]* [C21H17NO]* 299.1310, found,
299.1310.

3-(2-phenyl-1a,2,3,7b-tetrahydro-1H-1,3-epoxycyclopropa[a]naphthalen-1-yl)pyridine (2y)

Yield: 88% (53.49 mg), White solid, m.p.= 138-140 °C. Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 1.2/8.8). 'H NMR (400 MHz, CDCls) § 8.67 (s, 1H), 8.53 (d, J = 3.6 Hz,
1H), 7.83 - 7.69 (m, 1H), 7.37-7.17 (m, 3H), 7.11-6.97 (m, 4H), 6.96-6.89 (m, 2H), 6.84 (d, J = 7.3 Hz, 1H), 5.32
(d, J = 6.1 Hz, 1H), 3.94 (dd, J = 6.0, 2.7 Hz, 1H), 2.93 (d, J = 7.9 Hz, 1H), 2.61 (dd, J = 7.9, 2.7 Hz, 1H); 13C
NMR (101 MHz, CDCls) 6 148.13, 146.41, 135.98, 133.90, 132.74, 132.36, 131.80, 127.92, 127.85, 127.72,
126.49, 125.94, 125.34, 124.28, 123.08, 78.91, 63.70, 43.31, 27.40, 25.20; HRMS (EIl): m/z calc’d for [M]*
[C22H17NO]* 311.1310, found, 311.1312.

2,4-diphenyl-3a,5a,6,7,8,9-hexahydroindeno[7a,1-b]furan-3-carbonitrile (2ab)
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—
CN
Ph
2ab

Yield: 94% (63.7 mg), White solid, m.p. = 144-146 °C. Purification by flash column chromatography on silica
gel (eluent: EtOAc/Petroleum ether = 0.5/9.5). 'H NMR (597 MHz, CDCls) § 8.04-7.92 (m, 2H), 7.50-7.40 (m,
3H), 7.34 (ddd, J = 7.8, 4.5, 1.7 Hz, 2H), 7.27-7.22 (m, 3H), 5.57 (t, J = 2.1 Hz, 1H), 4.10 (dd, J = 5.4, 2.3 Hz,
1H), 3.31(d, J =2.3 Hz, 1H), 2.65-2.52 (m, 1H), 2.41-2.30 (m, 1H), 2.24 (d, J = 13.8 Hz, 1H), 2.05-1.90 (m, 2H),
1.82 (dd, J = 10.6, 3.2 Hz, 1H), 1.60 (td, J = 13.6, 4.2 Hz, 1H), 1.53-1.45 (m, 1H); **C NMR (150 MHz, CDCls)
0 164.48, 143.97, 143.60, 131.15, 128.83, 128.59, 128.55, 127.22, 127.13, 126.84, 126.71, 118.17, 100.96, 84.01,
60.59, 57.53, 38.05, 26.92, 26.34, 22.39; HRMS (El): m/z calc’d for [M]" [C24H2:NO]* 339.1623, found,
339.1621.

phenyl(3-phenyl-4-(2,4,6-trimethoxyphenyl)-1,2,3,4-tetrahydronaphthalen-2-yl)methanone (3a)

H
@@ucwh
% Ph
= H
MeO OMe
OMe 3a

To a 25 mL Schlenk tube with a magnetic bar were added 2a (1.0 eq, 0.1 mmol), 1,3,5-trimethoxy benzene (1.5
equiv) the corresponding solvent 1,2-DCE (2.0 mL) and TfOH (0.3 equiv) at r.t. The reaction mixture was stirred
at room temperature. After the reaction was finished (5h), the reaction mixture was concentrated in vacuo. The
crude product was purified by column chromatography (silica gel, EtOAc/petroleum ether = 1:5) to afford 3a as
off-white solid (89%, 42.5 mg), m.p.= 182-184 °C. 'H NMR (400 MHz, CDCls) 5 7.84 (dt, J = 8.5, 1.7 Hz, 2H),
7.76 (dd, J = 8.4, 1.3 Hz, 1H), 7.66 (dd, J = 8.4, 7.1 Hz, 1H), 7.61 (s, 1H), 7.57-7.50 (m, 2H), 7.48-7.41 (m, 3H),
7.40-7.29 (m, 3H), 7.20 (ddt, J = 8.1, 6.2, 1.8 Hz, 3H), 7.17-7.10 (m, 1H), 7.09-7.03 (m, 2H), 4.75 (d, J = 3.5 Hz,
2H), 4.39 (ddd, J = 14.9, 9.3, 5.5 Hz, 1H), 4.01 (dd, J = 8.3, 3.5 Hz, 1H), 3.39 (ddt, J = 21.0, 9.4, 7.0 Hz, 1H),
3.11 (dg, J =9.2, 7.0 Hz, 1H), 0.95 (t, J = 7.0 Hz, 3H); *C NMR (101 MHz, CDCls) & 202.89, 159.58, 159.11,
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143.20, 141.18, 137.36, 134.93, 132.65, 128.37, 128.12, 128.06, 127.63, 127.31, 126.00, 125.64, 124.71, 113.71,
92.09, 90.58, 55.73, 55.07, 47.76, 47.50, 42.21, 35.36; HRMS (EI): m/z calc’d for [M]* [C30H26N203]* 478.2144,
found, 478.2131.

(4-bromo-1-ethoxy-3-phenyl-1,2,3,4-tetrahydronaphthalen-2-yl)(phenyl)methanone (4a)

OEt
COPh
Ph

Br

4a

To a 25 mL Schlenk tube with a magnetic bar were added 2a (1.0 eg, 0.1 mmol), the corresponding solvent ethanol
(2.0 mL) and NBS (1.0 equiv) at r.t. The reaction mixture was stirred at room temperature under dark. After the
reaction was finished (10h), the reaction mixture was concentrated in vacuo. The crude product was purified by
column chromatography (silica gel, EtOAc/petroleum ether = 1:3) to afford 4a (d.r. = 5:1) as light-purple solid
(91%, 39.5 mg), m.p.= 180-182 °C. *H NMR (400 MHz, CDCls) § 7.86 — 7.82 (m, 2H), 7.58 — 7.50 (m, 2H),
7.48-7.43 (m, 3H), 7.39-7.35 (m, 1H), 7.34-7.29 (m, 1H), 7.23-7.17 (m, 2H), 7.14 (ddd, J = 7.2, 3.7, 1.4 Hz, 1H),
7.08-7.04 (m, 2H), 4.79-4.71 (m, 2H), 4.42 (dd, J = 8.3, 3.7 Hz, 1H), 4.01 (dd, J = 8.3, 3.5 Hz, 1H), 3.74 (d, J =
10.0 Hz, 1H), 3.41-3.33 (m, 1H), 3.11 (dg, J = 9.2, 7.0 Hz, 1H), 0.96 (t, J = 7.0 Hz, 3H); *C NMR (101 MHz,
CDCl3) & 197.41, 144.46, 139.81, 137.04, 135.22, 132.84, 132.67, 129.74, 129.06, 128.67, 128.65, 128.47,
128.28, 128.23, 128.14, 127.95, 127.70, 127.55, 127.44, 127.24, 126.87, 126.50, 125.81, 79.60, 74.71, 72.97,
66.62, 64.56, 55.29, 54.27,52.11, 45.80, 15.35, 14.73; HRMS (EI): m/z calc’d for [M]* [C2sH23BrO2] " 434.0881,
found, 434.0883.

S28



5. REFERENCE

1. B. S. Gore, C.-H. Chiang, C. C. Lee, Y.-L. Shih, J.-J. Wang, Org. Lett. 2020, 22, 7848-7852.

2. M. R. Becker, A. D. Richardson and C. S. Schindler, Nat Commun., 2019, 10, 5095.

S29



00°0—

UT—

NWMJ
10721
LTLA
bELA
GE/
SE/
L€
a
SbA
9L
A
L
8b/
6vL
152
€57
€5
YA
st

10°8
10°8
0’8
0’8
€0'8
€0'8
$0°8
€8
LC'8

U0376-1
TPG-476

CDClz

Solvent

Ph

Ph

1a

Spectrometer Frequency 400.28

s —— 10T

STZ

//

| _

86T
]

ot = T 007 |

H\No.m I

10°T
£h01 |

05 00 05
S30

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0



jYa 74t
8v°'SCT

[7A°14"
€6'9¢T
6E°/CT
£9°(CT %

08¢t

9p'8¢CT
95°8¢T
99°8¢T

6T°0ET
6S°CET
8/°CET
6C°EET
€6'9€T
66'LET
Pt

0T°06T—

U0376-2
TPG-476

CDCl;
Spectrometer Frequency 100.66

Solvent

Ph

Ph

1a

WJL;

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S31

110



CDClz

Spectrometer Frequency 400.28

Solvent

9689~
SE6'9~_
€L
PETL
SSTZ
SECL
SLTL
SeeL
6£€L
e
weL
89¢€
[YAYA
a8¢cL
L8€°L
POv' L~
80v°L
'L
LEVL
Oby'L
9sH*L
6St°L
LYL

08v°L
L6V,
1082

past

=

ze5
€S
1551
G557/
Em.ﬁ
€151

€697
9L
€997
1997
8v67

| S S —

bS67
296
9967/
06
8.6/
€862
918
6,18
G6T i
6618

08b'8—

WS.H

—S6'T

—P0°T

M/woé

[eod
—90'T
10T

M\HO.H

o1

oot

6.9

84 83 82 81 80 79 78 77 76 75 74 73 72 71 70
f1 (ppm)

8.5

—

40 35 30 25 20 15 1.0 05 0.0
S32

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0



PLOTTT~
¢S8'STT
CLOOTT ~

6o5:931
¢¢w.mmﬂ/
YAVXAN /
/[S6°LCT ~
989°8¢CT — -
¢mw.wmﬁ\
[¥6°8CT
698°6¢CT
866°TET
060°CET
$89°CET

STS'GET
L '6ET

T6S9PST ~—
p09ST —

Solvent

Spectrometer Frequency 100.66

YL TIT—

C¢S8'STT~_
¢L09TT—
695°9TT~"

00£¥CT—

PP8°9CT ~_
JAVAA4:

£S6°/CT V
989°8¢T ~
$S8'8¢T —7
/[y6'8CT /
698'62T "

866°TET ~_
060°2ET~"
¥89°7ET"

STIS'GET—
66E9ET —

WL '6ET —

mwbwwu -

|

120 118 116 114 112

122

124

138 136 134 132 130 128 126
f1 (ppm)

140

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S33

110



00'0—

29'9-
799
€991
€99+
069
69
SCLA
6CLA
1L
€€/
9€°L
8€/

88—

u0013-4
LW-ds-2

CDCh

Solvent

Spectrometer Frequency 400.28

r

/

S WU

00T

=101

w\mm.m I

FS0°€

007 |

A00T

660 |

660 [

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0 -0.5 -1.5
f1 (ppm) S34

10.5 9.5

11.5



08PT —
€9°04T

0£°0ST W.
06vST—

PO'ELT—

U0013-5
LW-ds-2

CDCl3
Spectrometer Frequency 100.66

Solvent

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S35

210



T6t°S
p6v'S
615°S
T¢s'S

0/S5°S
€/9°S
€19°9
919°G

098'9
8889\
$06'9-7

b7
B&W
8ShL
0TS, —f
6157,
€25,
€57
€€
8ESY
9L
0552
€29,
59,
0992
6687
£067-
916
026°C
€267 |
L9781
/181
/8181
6818
918"

CDClz

Solvent

CN

Ph

10

Spectrometer Frequency 400.40

0989~ _
www.ow
$06'9
Hmm.o\
LY,
€L
€evL
8¢ebL
'L
[4 44
85b°L
0052
€08,
015%

615
mmm.m/r
05/ ~E

€€SL—TF
8€5°L
WS,
0852

029,
€297
929
££9°7
977
b9
15977
0997
663
€062
8062

9167
0261

o

£z6”
1918
ARE
/878
631°8-
9TH'8

T-660 |

%QO.H

-90¢

J o670 |

7.0

7.2

7.4

77 7.6
f1 (ppm)

JU/

7.9

8.1

8.3

Wvo.m

oot

- 8T'T
€Ty
B
=90'C
660

060

40 35 30 25 20 15 1.0 05 0.0
S36

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0



sozzii’
665°9TT—
T¥90CT

€65/
SL1°8CT /
1£9'8¢T W
[4VA: 14"

68C°6CT
6bS"CET \
96v"EET
C9S°EET

an.mMﬁ\
SP6°6ET

6EP ST —

199'88T —

CDCl;
Spectrometer Frequency 100.69

Solvent

Ph

CN

10

90¢°CTT—

6€S9TT—

T9'0CT—

€65°LCT~
SLT8CT~
1/9'8CT

122 120 118 116 114 112

124

z18e1
682621

6vSCET —
96V°EET
Nom.mmﬁv

8TL'SET—

SP6'6ET —

S U%Ww

138 136 134 132 130 128 | 126
f1/(ppm)

140

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S37

)0



000-—

09'T—

CDCl3

Spectrometer Frequency 400.40

Solvent

I

Ll

E Y0y
8T°S

— 00z [

=0t
Y0'T

Feot1 |

Mg H/No.N ‘

05 00 05
S38

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0



£9°9L
am.mnw
1€LL

L TIT—

6%'9T1
89'4CT
ww.mﬁ/
96'9¢T /
0TLzT X
68LeT-F
9¢°8¢T
L8l
25821
65°8¢CT
96°8¢T
20°6¢T
G8°2€T
0T'9€T
ETHT

LC9ST—

98°68T —

M0036-2
LW-ds-5

CDCl5
Spectrometer Frequency 100.69

Solvent

Ph

W hrm L

m WV‘

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S39

110



00'0—

Ph

CN

=
1r
i

8§'T— fm—

=00¢

&

™M

N
LS

byl = T-/6'C

e
MKmm.m
86T
Bggt
EC6°0
H\vm.o

s
Jff//f/

CDCh

Spectrometer Frequency 400.40

Solvent

M0027-16
LW-ds-4

S40

f1 (ppm)

12 11 10

13




LE°6S—

16821~
9z'6CT
1€°621

€L°6CT
SS7CET
SE'EET
66°PET
G8°GET
S0°0vT

PLYST—

S0°09T—

90°68T —

M0027-17
LW-ds-4

CDCl3
Spectrometer Frequency 100.69

Solvent

CN

Ph

1r

W@JMWW

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S41

110



-0.5

0.0
S42

0.5

1.0

2.0 1.5

2.5

6.8
3.0

76 75 74 73 72 71 70 69

f1 (ppm)

6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

7.7
6.5

7.8

7.0

r ~
000-—
85T —
58'9— 00T
68'9—
0TL—
YT~ 4/ WNN.H
V4
9/ -\ ze1
ObL~_ .
oﬁw / W% z
W,
Sh/ / wmw.m
L
L / Tuo.ﬁ
8/
057 )
cc/ / %vm T
¥
79t
) v9L
mwwv 597
¢mx/ 06,
; 06
A A . T gg
s 61 [
ey 6L
062 |
267\
wH.wv L
e o mwkﬂ J Wmm.o
Q-
w8— o RIS s
o W 3
=

Spectrometer Frequency 400.40

Solvent

M0024-7
LW-ds-3

7.5

8.0

8.5

9.0

9.5

10.0




L7881 —

M0024-8
LW-ds-3

CDChs

Solvent

Spectrometer Frequency 400.40

i

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S43

110



4 N
=
(a8

\ >

1

\ /
©
o N
O o
n o
O <
>
[S)
C
o
3
o
b}
p
-
—
)
el
13}
€
£ 8
29
S a
oY)

00°T

—86'0

—¥9Y

—10°S

72 71 70

7.3

7.4

7.5

7.6

7.7

7.8
f1 (ppm)

8.0 79

8.1

8.B

8.4

8.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
S44

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0



[(8C°CTT

80%'oFt
€8LvCT
TeP'9CT
6£5°9¢CT
6yt
81§/t
989°/CT
p16°/lT
860°8¢CT
0/¥°8CT
£79'8CT
056°8¢T
Tceect
G8S7CET
EECTELT

LTP'PST

6T0°68T

W

CDCh

Spectrometer Frequency 100.66

Solvent

Ph

CN

1v

S0 €ECT—

8LVl —

TEH'97T ~_
6£5°9T—
62T

8TS LTI\
989°/2T—
V16721~
860871

0Lb8TT \
[29'8T1

056°8¢T
Tceect
§98°6CT

GSSCET—
EEETEET ~

Wb EET-"
9€8°€ET

80C°GET—
eV 'SET—

9¢S'6ET—

123

124

130 129 128 127 126 125

131

f1 (ppm)

132

139 138 137 136 135 134 133

140

LU

P Y

o
"

"

u

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S45

)0



5660

£05°0

7150

815°0

£25°0

bES'0

H8°0

758°0

£58°0

198°0

698°0

1/8°0

£/8°0

1480

688°0

955°T

/55T
99517
8951
9/§°T
8/5'T-
885°T
6657
809'T -
0191+
21974
mH@.HA
1€9'7

755
SIS
06b°S |
£16°6
6591
££9'91
GNMNQ
HMMNQ
MVMNQ
LYEL
€957
£9€°L
SThL
6ThL
bEVL
65bL
b
Lo
19
bOb /A
180/
beb L
s
157
6157
€52
€5
9€57,
6v5L
755,
bSSL
[197
129,
¥297
b£97
6692
b9/
5597/
8597
199/
10672
€06
906'L
z16L
0262
6L
26,
(261
6618
ovT'8
18-
R
85T'8
0978
791°8 4
b9T'8
bEb'g-

I

N N S EhEnEhEEREhEnEhERELES

CDClz

Solvent

Spectrometer Frequency 400.28

CN

Ph

1x

— ©
MmN
N
NN

—

€vEL
LVEL
€97/
L9€L
STy
6T,
vEDL
6EbL
b/
Ll
92
bovL
8L
v8bL
7167
S1§7
615
0£5°/
€657/
965/
65,
7552
PSS,
L1977
129
v29°L
bE9L
69/
9L
5597
85971
19977
1062
momxg
906'Z

2167
026
76,
¢meg
[T6L

651'8-
ovT'8-
w18
bhT'8-
8578
ooﬁ.wg
21
b9T'8

vev'g~"

T

—¥6°0

80T
Tt

—S§0°¢C

—90°T

L6'T

7.9 7.8 7.7 7.6 7.5 7.4
f1 (ppm)

8.0

S

8.1

8.2

8.3

8.4

IR

-S0¢

E1T¢

1071

ot

o001

7.5

40 35 30 25 20 15 1.0 05 0.0
S46

4.5

5.0
f1 (ppm)

5.5

6.5 6.0

7.0

9.5 9.0 8.5 8.0

10.0



SI8L—

TSt —

S/99L
Nmm.wmw
0T€LL

C6ETIT—

0L 91T —
peo'ect

€86'9¢T
NNmNNH/r
SIER 4N

90L'8CT
mmo.mmﬁ\
I 6CT
T6b CET
09€°¢eT
068°SET
PSCOPT
€181

==

$90°GST —

668881 —

CDCl;
Spectrometer Frequency 100.66

Solvent

Ph

CN

o€t —

€86'9¢T —
e —

§29'8¢T

90,8CT—
980621 —

T '6CT

T6b"CET—

125

127

129

131

133

09€°€ET —

068°GET —

pSCOPT —

ww N |

€I —

141 139 137 135
f1 (ppm)

143

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) sS47

110



00°0-

(444

8¢'8
6C'8
6C'8
0€'8—r
Hm.w\
1€'8

vE'8

6/'8
mn.wW
08'8
Hw.w‘\v

CDClz

Solvent

Spectrometer Frequency 400

/

woo.ﬁ

—¥6°6

=

7.0

7.2

7.4

7.6

9.0

9.2

oot

w_\m.m

Fsoz|

Fest1|
960 [

560

7.0

40 35 30 25 20 15 1.0 05 0.0
S48

5.0 4.5
f1 (ppm)

5.5

6.0

6.5

10.0 9.5 9.0 8.5 8.0 7.5

10.5



CDCl

Spectrometer Frequency 100

wwu.ﬂwwwmwwwmw%mwwwwmwmwwmmmw

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S49

110



000-—

€Ty
STH-\
9Cy-T

CDClz
Spectrometer Frequency 400

Solvent

Ph

COEt

Ph

1z

L6'9—
10—
€L

6T,
vm.m%
[4 YA

mm.m/
om.m/

ovL—TF
OEN
WL
6v°L
'L \
vSL
S5
(S
(S

§8¢
mwN%

(8L

9€'8—

J
— —— [00C |
o
00T <
i
N
T L N
80z N
-~ | ™
~N
Stes[ ooz
mN 180T
S T16%
\/_b/ M\Ho.v
—10p| ™
Lo — 98T
N~
£
o
NS ‘
S = =460
Y
| oo
~
Wow.ﬁ o
S
L <
00}
-
00}
L N
o0}
L ™M
[e0]
F6°0
A
o]

| .

62|

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm) S50

1.0



T0vT—

/(ST9—

8v°'GCT
9p"9CT
$89¢CT
Skt
81°8¢T
85°8¢CT
9/°8CT
P0°6CT —
6T \
96°6CT \
8S'TET
8'CET
0C'€eT
LS'EET
Sb'OET
66°9€T
rLET
08°THT

P8HOT —

9L V6T —

CDClz
Spectrometer Frequency 100

Solvent

Ph

COEt

Ph

1z

)

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm) S51

230



000—

CDCl;
Spectrometer Frequency 400

Solvent

0£8—

-~

-

i
S
00T |
|~
N
| o™
N
| <
N
26| o
- N
| ©
N
S
N
€60 [
|
~
(o) e
T NE
| Q.
—w1 oS
\&ﬁ_/
L
[e0]
(@]
\& /
L ™M j
[00)
L
[o0]
L
| N !
[o0]
| ©
[o0]
. ~N
060 o
@Q
[e0]

J

40 35 30 25 20 15 1.0 05 00
S52

5.0 4.5

5.5
f1 (ppm)

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.0



8501 —

88T —

CDCk

Solvent

Spectrometer Frequency 100

L6LTT—
L6°8TT—

(TITTI~_
0TI~
05°82T
88'87T
oo.mﬁW
€0°62T

PSTET—

60°€ET—
8V bET
96'ET
€0°9€T

8E0ET

66 vbT—

LE6YT—

o ML

120

125

e

140 135 130
f1 (ppm)

145

150

T it B

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S53

110



oo.o-v

CDClz
Spectrometer Frequency 400.28

Solvent

CN

Al

F00€

FS80°C -

90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5 -1.5
f1 (ppm) S54

10.5 9.5

11.5



18'ST—

¥9'9¢—

6L TTT—
€9°9TT—
£9°9CT

Ho.wNH/
89°8¢CT /
CC6CT~~

ov6eT/
60°0€T

C6°CET \
Tyeet \
PLSET

6L'SPT—

16°€ST—

06'88T —

U0362-4
TPG-463

CDCl5
Spectrometer Frequency 100.66

Solvent

CN

WWMWWWWMM

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S55

110



00°0-

PS'T—

I
SS°C
98¢
98¢
/LS°C
/LS'C
85°C
85°C
68'C~_
167

6e
6
€6°€
¥6°€

0€°G~_

69

0

CDChs

Solvent

Spectrometer Frequency 400.40

—66'T

%oo.ﬂ i

—¥0C|

—SO0Pr

—S0T|

—y0Cr

—€07¢

.

705 700 6.95 690 685 6.80

7.10

/

740 735 730 725 720 715

7.45

fl (Tm)

i

/01

901

901

7071 |

-0.5

05 0.0
S56

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



05—
[9(C—

Teeh—

€9°'99—

9 0TT—

A
€621
10'SZT
88'sZT
L£'9TT %
€6'92T ¢
892z1

08°/¢T
88°/¢CT

9£"8¢CT \
L6°TET
CO'EET

0S°9€T
T16°ZET

Solvent CDCl5
Spectrometer Frequency 100.69

M0257-14
TPG-363

YTy —

€6'PCT ~_
Y0'STT—

g5zt
(£°97T—
€6'921

89°LCT~_
08T
88'/CT /
9e'8TT "

L6°TET—

C0EET—

-

bl

9 128 127 126 125 124
wL——‘h‘—wJ

b

32 131 130  ]12¢
f1 (ppm)
v

136 135 134 133 1

137

138

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S57

110



00°0-

bt

18°¢

18°¢
[4°)4

€8¢
€97C

88T~
987"

16°¢
T6'€
(X3
€6'¢

CDCl;

Spectrometer Frequency 400.40

Solvent

86'0

—96'T |

—€6°€E

S6°Cr

P6°Ct

| | | |
695 690 6.85 6.80

|
7.00
/

|

5/

)

b

T T T T T
7.30 7.25 7.20 7.15 7.10

|
7.35

f1 (ppr

=66'C

0T

1071

107

00T |

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm) S58

1.5



aTe—
90°5¢~_
LT~

Teeh—

6v°G9—

65'9€T

69'9€T
o}
o
O
=
[
=
o
(9]

M0254-5
TPG-357

Spectrometer Frequency 400.40

) N Al FWRUNT? Y T

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S59

110



00°0-

PST—

65°€—

wy
(444

€y

CDCl

Spectrometer Frequency 400.40

Solvent

069

L0
mox/
wox/
60°L—~C
(VA
(] ¥4

NEN

as

e
RN/
RNW

J_/_/

SO

|

L L
LN
-
¥6T| O
— —_—
LN
- o
(o]
o)
- O™~ —_——
N
€8'e |
LN
L
N
" nE
To)
e N &
8-
o —
Ho.._nlff
/
/.fn.i_ M
- 0
I
o)
%ﬁm.mﬁ
N
LN
- LN
N
-5
- O
%Nm:ﬁ._/

00T

/60

£86°0

H/vm.m

Boege

=101 [

M\Hm.m

H\nm.ﬂ

05 00 -05
S60

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



10bC—

€0°TE—

69—

969 —
£9°9L
mm.wnW
€L
[4N 74

M0272-5
TPG-367

0S'8TT—

0L¥CT—

SE9CT~
99T
00°Z¢T~
PELTT~
Sy

LE°8TT~_
99'82T ~_
[A:14
v68z1-
oc'671 "

e

. Ed
— E3
— 1
(e))
— 3
— 3
o 3
(q\] 2
— 1
L “v
o E 4
— E
o
3 o~ .
2 —] —
[ j— {
P -
k N 3
W :
(@]
—
N
— ~ W
m. E
© 3
~Z 3
— E
— Y =
5w
N 3
—= [ S ¥
=
E S
B 3
S i
3 3
(@)]
N 4
— AV
o
3 3
— E
4
. 3
o™ 3
—
3
o
o™
—
™
™M
—

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm) S61

230



oo— |
-
\,
6v'E— —  =00T
aTy—" —_— 07T |
(e0]
o
99— J — WNQ.O‘ <

)
9C's | n
wN.mW S . P
67°S

| ©
[8'S © I
88'S - . N .
%.mw S — 70T
88'S o _
9c'9— —o — E76'0
06'9 O
16'9 069
269 Hm.m/ MM < |
26'9~-L T69— 2o -~ 06T
£6'9 69T f %omm _ ] =
¥69 €69 \ S E = 96t
[ WA 69 S w L
€1 ~ Mj :

L 9T
b1 AV 1ﬂ_ . Woo.
STZ MEW | - ] 2|
mH.m vHNﬁ 9%°C| 3
ON.N ST/ ~
Su.h; - % ST/ -~
mv.nL m M oz
A EE 4
9L - )

Qi © N
. (O]
ol 2w .
. o sL T SN
€977 i N\ N
. bt
€97 - S e
co/ I o¢NW 9%'c
v9°2 g & -
Sl L & eve +
9t 2 8 25y
v O
£ 8w [obe
n oo IS oo
S m@ I
N - LN
2 w A= ™~
o
=

05 00 -05
S62

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0

1.5



[9°€C—

«wre—

680 —

PO 10T —

PT'90T ~_
ST/0T—

SS'8TT
6/°CCT

it

6£°LCT

CDCl;
Spectrometer Frequency 100.69

Solvent

M0267-11
TPG-370

1901 —

STL0T—

SS'8TT—

64T —

zesTT—
62°92T~_

-

106

NI O

6£°LCT
18°/¢T %

05°8¢T
T4°8CT %

06°8¢T ~=

(e
o
i
o
L
i
~
i
i
<
i
i
£
E —
= 0 =
3 —
i
o
1)
i
£
a
=
S
—
o~
~
i
<
~N
i
(o)
~N
3
*r8
~N
L}
—
o
%)
L |
o
2]
L |

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S63

110



00'0—

99 T—

€5°€—

8L¢—

8TV~
azd

€S~
pes—"
099
199
799
€99
S/'9
L9

889
689

M0257-7
TPG-361

CDCl,
Spectrometer Frequency 400.28

Solvent

SC¢L—

WL
(444 /
1344 /
EVL~%
ShL H
VA A

VA A \v
6vL
6vL
¥9'L
&
Pyzea

)

A S

—00°T

—S§0°¢C

90€ L

6.6

6.7

6.8

6.9

7.0

7.1
f1 (ppm)

/

/ Mu

7.3

7.4

7.5

7.6

7.7

660

ET10°€ [

EI0°T |

€071 |

F00T

=660 -

£ §0°¢
= 00T

-eo¢

90¢

=10 |

05 00 -05
S64

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



M0257-8 8 S RESRILINBERRS 0 o
TPG-361 % R ELEERREERERE o 2
e LY ~
Spectrometer Frequency 100.66
MO2S78 % 8RS g2 8/ h 8 7
TPAB6R 8 N¥¥ ®’y 849 & =
| AR .

ol |

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
133 132 131 130 129 128 127 126 125 124 123 122/|/121 120 119 118
f1 (ppm)

R © —
a0 N 13}
$S A 7o)
NN O wn

—47.29

—31.33

—24.20

WMWWMMWWWWWWWMWW

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

70 60




00°0-

PS'T—

SSTE~_
65°€~"

€~
el

CDCl

Spectrometer Frequency 400.40

Solvent

6,9
089
189
189

8'9~-

68'9
om.wN

169

01
e
L
NE/
AV
MEV
vir
6TL~
61L—
12L-T
wL
9L

e

z0e|

6T

—9LEL

) jf 70 68 68
) |

—68'E[

i

/

_—

7.2
f1 (ppm
17

7.3

7.4

7.5

7.6

7.7

€0t

00T

ot

05 00 -05
S66

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



SE'69—

199,
66°9L -\
€20
€58/

ST
PSCIT
[ARANE
mw.mﬂ/w

L0PTT~&
[ 1%
18'STT
0T'8TT
[43°T4"
8€°9¢CT W
9p"9CT
eeLa
9€'/lT
6v°LCT
6S°/CT
pS'8¢T
6/°8CT
90°6¢T
[4N-14t
9E'TET
SK'IET
S8'TET
6E°CET
6E 19T —
S8'€9T—

CDClz
Spectrometer Frequency 100.69

Solvent

M0282-5
TPG-379

SCUT—~
PSCIT—

COETT~

G8ETT—
L0PTIT—"

¢S'STT—
I8°GTT—

0T'8TT—

a0z
i

6v°LCT V

bS'8ZT~
6,821~
90'621 7
rezt/

mm.HMHV
m.ﬁ.ﬁ T
.ﬁ_.ﬂmw\
6K
S &
pagy

——

o

(i

Ay
W

113

115

117

119

[ — MWWWLWJLJW

LA

s

b

129 127 125 123 121
f1 (ppm)

131

133

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S67

110



000-—

PS'T—

PSE~_
(5€

£TH~_
e ad

M0282-1-1
TPG-378

CDClz

Solvent

Spectrometer Frequency 400.40

€0'€

—Ee8C T

6.8/

J 6.9

7.0

7.1

7.2J

PEE—— 00T

—= £/60

——=—= 860

(ppm)

0S¢

MB28 251813

TRe378

f

wmo.ﬂr

€Ler

S8°T |

7.4

7.5

7.6

73 |
M
“ae

05 00 -05
S68

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



Y0be— ;
0S0E~_
09°0£~"
0L
08'9h "
75'69—
8L'9L
66°Q/
0L
15°8L
: ]
90°8TT— )
(@)}
L}
L |
o
(o]
L}
i
(@]
i
(o]
S
90°8TT—
s0'seT .
10°921 N
Se'9zT
x&ﬁW S - =
65'92T S
81Tt
bELTT "
LE1TT S0'SeT— S
95Tt 10921 €
/9°/CT §E9CT oq
€L121 b9zT % i
b6'£TT | 66°9ZT~" o
£9°871 | 812t N
08'821 - YELZTA- —= [ =
18'821 LT~
11621 omxﬁ\ X
LT'6CT oL —
S8'TET €Lt
80°ZET | 6LTT \ = Q
20°€ET A €981 —
S0'€ET- 08'8c1
o 188 R
8 m 1T°6¢T -
g 7 e _
i
(a0]
o 2
c
S sgTer— o
o sozer— —
i
T CEET~_ @
@ S0EET —
§ e
2 P N <
Nw© g @ M
aAaN=2 o NO
oMo a 24
NV w» = -
e a
s F

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S69

110



00'0-— _
r ~
]
95'T—
>y
[5€— — S
s8'€ @ I
o8t — =76
T2h~ e 960
sy mw.o/ © i
58'9 -,
189 _ ©
%.o% —167| © I
88'9~ -
88'9- o
L O
689 1 3
. ¥6'9 - I - I
LE5~ P69 I — To00T
f&'3 569 60 @
58'9 56'9°F I
/89 96'9 1 o L
£8'9 969 - Q
88'9 £6'9 ~
88'9 469 I
68'9 80 - L3 I
569 wox/ N
969 mox% i
/69 (1) AN —egel S 1
169 otz ~_ 16¢
807" 0Tz f o MH\S.O
80 4% \ - nE H\wm.m
60 492 === — Yoot
o1 544 o = oo
o1, 2L _ o T A0
o1 NNN/ - J
4 ¥4 TANS 967 | -
[4¥A €CL-T
N
1544 €L 1 L N
1544 9L . N
L] o LULT " "
R BN —80T| Q
]2 S e - 2
82 e - ~
€L .
9L T 1€Y 10 I
(T T 1L M
Vede o> L1 |
Y Q g [ .
62L] L oeeL 607 o I
6211 i (VAN N
1€ 2 -
€L g
T g B "
. E -
G2 2 5 o E
n_V.v (S} @ o ‘NO H L
Wy 5 & e
M o n YNO ES o
& 2a L d
mmu = - ~
=

-0.5

05 0.0
S70

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0

).5



(TvC—

vCTE—

680 —

9€'6G —

Solvent
Spectrometer Frequency 100.69

M0269-2
TPG-371

90TT—

S6°'TIT—

PLYIT—

8C'8TT~_
SH8IT—"

TLvCT—

8v'9CT ~
c0LCT~
SELA—F
m¢NNH\
8€'8CT—
89'8¢T~"
be6CcT—
08'6CT—

6y TET—
6ot —
o %

g

110

115

MW i WWWWWW o

120

125

130

f1 (ppm)

IR /N N —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S71

110



00'0—

SS'T—

6E£C—

9§'€—

1Th~_
YA

9€'S~_
Vixed
Nw.oy
vm@J
£8°9
£8°9
/894
8879
889
6879
90,
L0°L
80L
80,
60Z
602
0T,
(1] W4
1L
1L
9L

——

M0252-15

CDCl3
Spectrometer Frequency 400.40

Solvent

10¢€

00T

660 |

860

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm) S72

1.5



M0252-16 & THLRARW Noon 8 = = 29
TPG-355 Solvent CDCh B RERRSSS SRSS g s S gs
Spectrometer Frequency 100.69 | === S | | ||
M0£52-16 <R TINCHIIARIX 3 3
TPE355 5 08 RAXIZNNSRS & 2
\ \ \ NN \ \
- T
\, /
T T T T T — 1 T T T T i
139 137 135 133 131 129 127 125 123 121 119
f1 (ppm)

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
'110 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm) S73



00'0—

SS9 T—

SSE—

wy
wy

€y

9e°S
LE°§

869

mw.w#
G8'9
G8'9
§8'99
98'9
989
£8°9
/89

ww.oM

889
88'9
689

689
80
60
60,
60
0T,
01
[AY4
[AY4
PTL
IAVE
JAVA
612
9z,

LUl

CDClz

9t/
9%/

@
<
M~
-
Solvent

Spectrometer Frequency 400.40

o
™
™~
L
L

9L
9]

v

)

86'C|

[4:3]

%HO.H
wwm.o

%Hm.ﬁ -

R
)

— —— I-00T

— —— T-00T}
@«
O
SN
O

— —_— F1071
o
~
i
N

— 86
~N

I_/\W//, m WNw.m

S — 1071

s =860

L et

™~ L
<«
N
n
~N
O
~
N
N

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm) S74

1.5



|€C—

€8°0€—

989 —

€LSTT~
S6'STT~"_
SperT—"
PLYTT
Lb"9TT
e
/et
80°8¢T
Tb'82T
bS'8eT
€9°82T
€£°8T1
91°6¢T
WIET
8b°ZET

S8 T9T—
CEPOT—

CDCl,
Spectrometer Frequency 100.69

Solvent

M0254-2
TPG-356

ELGTT~
S6°STT—

SP8IT—

116

MWMW»MWW SR WV N SOOI

130 128 126 124 122 120 118
f1 (ppm)

132

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm) S75

230



88°0—

9T —

SS9’ T—

LTC—
6E£C—

68'C~—
96'¢C—

9§ €—

CNNNNN

LIREDED AL

N

CDCl

Spectrometer Frequency 400.40

Solvent

—v6°T

—167¢C

6.8

6.9

7.0

7.1

7.2
f1 (ppm)

7.3

7.4

7.5

7.6

—

=0T

EE0°T L

=00'T

H/no.m

€0

/660 |

16°C

m\vm.ﬁ

0.5

05 0.0
S76

1.0

1.5

2.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

1.5



STvC—

PO'TE—

89—

S6'VET

Solvent CDCls
Spectrometer Frequency 100.69

M0254-8
TPG-358

LT8TT—

SLYCT—

65921~
LTLTT

A

eprz1->
(9771~
TWseT~
L0821~
16821 —
90621~
epeet

€6'0ET—
6E° TET—

6ECET—

.69

M02§4k83
\

TP

119 118

120

122 121

123

%

e

12

125

126

WWMWWMW%MWWWWWWLWN

129 128

130

131

134 133 132

135

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S77

110



000-—

9S'T—

P6'C—

S9't—

ST'S—

CDClz

Spectrometer Frequency 400.40

Solvent

8b'9
@@W
6v'9-7
6v'9

L0L—

j/// s~

Fsor

B
=
001
2 660
%a.o "
O
©
© =660
™~
O
16°0F
o)
(Vo]
o — E160
E ]
— 1670
Q)
o
NI B 10T
=~ 66'T
e — mu WWNG.V
— — 660
< 780
(V]
~
WS.H-
™M
M )
%mﬁ-
-
NS
X
N
M i

-0.5

05 0.0
S78

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



9ve—

&rce—
P98y —

669 —

£9°9L
am.mnw
1€LL
b8 —

EL0TT~_

B0

[4vA4t
[Ayaas
|YA4)

;LT
81'8¢T
£L0°6CT W
PI6CT
69°GET ~
78'9ET

T0PPT ~—
0S°SPT—

CDCl;
Spectrometer Frequency 100.69

Solvent

M0269-11
TPG-374

€L0TT~L
¥6'0TT~"

€811 —

b —

e
st /
2L V
78T N
8r'az1 -
£0°62T \

PT6CT

69°GET—
8'9ET—

112

116

120

WWW ——

124

128
f1 (ppm)

I I

140

144

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S79

110



00°0—

SS'T—

L6'C—

Vi
85'€~"

YT~
sty

.

CDCl

Spectrometer Frequency 400.40

Solvent

=011

-00¢

860}

80T L

860

05 00 -05
S80

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



P8'vC—
S6'9C—
S0CE—
ELPE—

959 —
88—

CDClz

Solvent

M0269-8
TPG-373

Spectrometer Frequency 100.69

MMWM»WW WWWW

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S81

110



00°0- —
R
S§'T— —
STE— 4 — E/60 |
66°€
66°C .
00°b ~ —— 1660
10
b1’ €09 N
4% mm.o/m © o cg
) — 1560
mH.m /9~ L
MMMQ SL9~ L
€£91 S£9 8T
SL'9 L9 N
59 LL'9
509 LL9
1291 8,9
1291 829 o
8£'9 8L'9 2
8L9 8.9
o] 6L°9
8/'9 .
. 649 S N 9/’
6,9 . T < ]
69 USN =027
€0 02— wel T . ) 90
€0, v0'L T a
V0L w0, a
b0, S0z =
S0z 0% N
S0 =02
7
907/ =)
i S5 €L ~
€L NEETYAN L
ST g Ly 0t
YealR L Ll
17 s 6EL
] 2 oz
65, = .
obL g
.EVN_ 2 2 W <
; g5 B %0 N
LA = O 1
g W o a &m@\
B G a a
<2 = I
o
i =

4.0

-0.5

05 0.0
S82

2.0 1.5 1.0

2.5

3.0

3.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

1.5



M0269-14 EBRHNQRRERR QEARGS 2 SEx 8
TPG-375 Solvent CDCly BHENSNNS8Y 3 SRR 5 SESEC
Spectrometer Frequency 100.69 e =\ N
M0268-14 & & sy QN8 ? i
TPG-3¥5 & 8 8% H"RSS & 3
| | N AN |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
133 132 131 130 129 128 127 126 125 124 | 123 122 121 120 119
f1 (ppm)

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

f1 (ppm)

S83



00°0-

98 T~
LT~
YT

¢
9'C
€9°C
$9°¢C
59°C
59°¢
99°¢
£9°C

we—

CDCl3

Spectrometer Frequency 400.40

Solvent

[44aNg
wwlL—
YL~
voL-T

9L

—66f]

86'T

—00° T

T T T T
7.35 7.30 7.25 7.20

|
7.40

f/z (ppm)

T T T
7.55 7.50 7.45

|
7.60

=80T

ES0°T

€01

20T |

=00T |

00°T
66t

861

05 00 -05
S84

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



O NNMUOLOINOOMNL
MO257-11  sopent CDCls e el i in g R358 & R8 N
TPG362 100,65 O d8EINNINT N T A 9
pectrometer Frequency . e\ o NP \/ |
M0287-11 K RR82 K8& 3 &
TPGE362 & 8888 KANE 8 2
\ NS AN

WWWMMWWWW

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
135 134 133 132 131 130 129 128 127 126 125 |124 123 122 121 120 119
f1 (ppm)

'110 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm) sS85



00°0—

98 T~
LT~
vLT-

€9°C
€9°C
$9°¢C
¥9°¢C
99°¢
99°¢
£9°C
£9°C

8 E—

€€~

10
102

™
h\
’\\g

CDCl3

Spectrometer Frequency 400.40

Solvent

669
mm.o/
102
10~y
10L-7
0L

£6'0|

00°¢

ve'T|

—6C|

725 720 715 710 7.05 7.00 6.95

7.30
f1 (ppm)

.

—

~—

760 755 750 745 740 735

7.65

/0T

E=S0°T

00T

10T

05 00 -05
S86

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



eT—

S6°0€
mm.omw
¥8°1€

SLETT
96°€TT W
SEPIT—T
8SpTT
95811~
0E'peT
8ETT—
€€'9¢T W
££8e1
S6'821 \
b2°0€T
ZE°0€T
68°0€T
08°T€T

9§ 19T —
1091 —

CDCl3
Spectrometer Frequency 100.69

Solvent

M0262-5
TPG-365

SLETT~C
96°ETT—
SEYIT—
8SHIT—"

9S'8TT—

0EPCT~_
8EHeT

€€°9CT—

€L°8CT ~
S6'8¢T—

JP 0 L

5 123 121 119 117 115
f1 (ppm)

9 127 12

12

131

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S87

110



00°0—

PST—

66'C—

wue—

S

YA

J

7.4

7.5

7.6

CDClz
Spectrometer Frequency 597.23

Solvent

—/

—96'T

—SO°T |

i (j

7.7
f1 (ppm)

8

7.

7.9

8.0

=0T

=00T

E=S0°T

3.0

05 00 -05
S88

1.5 1.0

2.0

2.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

10.0

1.5



Ww9T—
1Spe—
SL8—
0S'69—
819/
66'9/
0zLL
Y
| @
LT8TT— —
I o
(V]
i
L1811
9'TCT 9 TeT— F o
T4 N
18°SCT -
10°92T
50921
L0221 -
x.&/ N
88T\ -
[4R: 145> ST'STT~_
78'8C1 18'SeT |
98'8¢T S.oﬁV M 9
£6'8CT 50971~ —
12621 BNNH/ .
9S°TET A A4 BN £
10°ceT 88/Z1 W s
bSZET S St
8T/ET 78'921 -
ow.wﬁW w
£6'82T I
TT°6TT o
o 2
o
2 2
QO
> 95'TET— o
< 102ET— ™
S PSTET—
o
v
[T
9 5
Q i
1S
2 8
-
23
o Q O
" un ?.I_J
s
[N [e )N
TN (e 0]
o <4 9
) S F
o QA
S

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S89

110



00°0—

SS9 T—

9§°€—
89°¢—

ST'H—~
[Ty

L

6.6

s

/

w)

CDClz

Spectrometer Frequency 400.40

Solvent

DA

%ww.ﬁ

%Hm.ﬁ
wmm.o

T\md I

—86°0

6.7

|
6.8

6.9

7.0

7.1

7.2
f1 (ppm)

7.3

7.4

—68°€E [

7.5

7.6

—96'T |

7.7

00T

<Al

860 |

960 |

05 00 -05
S90

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0

1.5



-
O —
AN
> N
Tw've-
‘y
V4
00'TE- ::
[T~
mo.mm‘/
£€°69—
(99
mm.EW
€L ya
60'6Z
Q€T —
8 EIT—
R . 95'8TT—
R LA
mm.oﬁW
w7
sozeT
65°8CT
79'8TT
14821
68'8CT
Ly'6CT
S9'TET
pETET
Ly bTT—
P8pTT—
69'85T —
5 8 €€'9¢T
O o =
8 S ozt
- soeT—
(&}
o
El mm.wﬁ/
Q . N
L 79'821 Y
C 14821
9 68'8CT
m Q.mﬁ\
2 £
-]
n un %%%m\\
O
e —
=z F

M0267-8
TPG-369

114

116

118

[ O

120

122

124

126

128

130

132

f1 (ppm)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S91

110



00'0—

89’ T—

6T'¢C—

95 €—

JARZNG
8Ty

CDCl3
Spectrometer Frequency 400

Solvent

2s

Me

vLO9—
99—

S8'9~_
(89~
88'9—"
069~

e

—€0°g

_/

—S6°T

e
\ g

)

7.3

6.7

6.8

7.1 7.0 6.9

f1 (ppm)

7.6 7.5 7.4

7.7

n

L

=00°¢ |

901

207 |

ot

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm) S92

1.5



96'0¢—
ECve—

10°Te—

€99 —

Solvent CDCl
Spectrometer Frequency 100.69

M0257-5
TPG-360

2s

Me

SS8TT—

6L VCT—

$E'9TT~_
a4
86°9¢T—
o€ /et~
19'821

0£°8ZT
68871 —
80621~

M0257%
TPG-36D

119

121

123

WW IO L3 S

125

PR N I

133 131 129 127
f1 (ppm)

135

137

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S93

110



00°0—

SS'T—

85'€—

8T'p~_
61y

CDClz

Spectrometer Frequency 400.40

Solvent

08'9—
89—
G890~
98'9—

90%
mo.m/
80
80, —
as
NHNV
EN\
E” N\

9T, \
9T,

e
€L

NmNW
IXWANE
e
WL

:&/
ov.m/
ov.m/
QNV
LT
8b/ \
8b/ \

6v'L

v9'/
v9'Z
21 QL

7

VA

MMUMLM o

€6'C

—66°0

L6°T|

g1 |

—66'0|

—16°¢|

6.9

7.0

7.1

— F-00'T

——— F860|

S——

7

7.2

f1 (pp

~—

|f

7.3

7.4

7.5

7.6

05 00 -05
S94

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



a0ve—

86°0€—

wor—

CDCh

Solvent

M0269-5
TPG-372

Spectrometer Frequency 100.69

2t

Cl

€C8IT—

8LYCT—

SE9CT—
Nm.mNH\
YO~

mw.wﬁ
ﬁ.wﬁ/
19821
68'821-

$0°6CT \
0cect

0Z'TET~_
9T 1T

0CET—

N N
LN

-
T

MER69

WMWWWWWMWW

119

121

x

JAWJM WS e

129 127 125
f1 (ppm)

131

133

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S95

110



00'0—
’ N
i e
o =
O 4
-
O N
\\\ L
S§T— e, —
L S
(1]
L >y
85— — — F-00'T
9Tv~_ ~N — _ -6
Ly -8 == F60 |
PLO~
9,9~ 68T
9,9~
| X
O
mw”oH —€6°C
SE'S~_ 83 — _ Lo |
/e 1 | o —— /60
O
| ©
~
b9
9/'9
9/'9

58'9~ .
Nwml\l m._“.N/r —
. STL—
STY s
e L1L
114 @i |
— L= Y 587
T
i ey )
7/ vTL
v 9t |
9L €0~ B
44 &L / 96
44 .
wL W/
WL 1&/ <
92 : ~
1 I
W . s
&Gl 8 g ik 18
i1 © § Wil "
8y Z  8by \ -2
8/ T A
92 e ©
¥ < : N
ot 2 $.N/ N
o B S m
%os ¢ 8 mbj 06'T
3 -_— g 1
o L LN
= = 7

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm) S96

10.0

).5



86'€C—

86°0€—

6v' 9 —

68°60T —
T¢8TT

m¢.HNH/
6T
§e9CT
19°9¢T
JAa/x4: A

9L'8TT~"

16'8¢T
S0°6¢T
ST'6CT

LT'TET
8G°TET
6L'TET
00°CET

CDClz
Spectrometer Frequency 100.69

Solvent

M0009-2
TPG-385

Ph
CN

F
\\\ﬁ\
4

2u

Br

T8I —

VT —

6L vCT—

SE9CT~—
18°9¢T—

WWWWW

122 121 120 119 118

123

132 131 130 129 128 127 126 125 124
f1 (ppm)

133

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S97

10



00°0—

PST—

[9°€—

LEP~_
6y~

CDClz

Spectrometer Frequency 400.40

R

PRAR S
PG-3810—

Solvent

Ph
TN
2v

0L

D DN O WO WYL
MmO NANNA
NNNNNNNNKN

(24
&L

n
N
N

VA A
A
6v'L

182
182

N
n
~

65,
197

[}
N
N

¥9'L
L9
89

69

ininnistatninninininintninininintnininntalnfataln il s ndnin

6.8

e

MMUMM

6.9

7.0

7.1

7.2
1 (ppm)

/

7.3
f

7.4

7.5

7.6

7.7

860 |

o001

o001

05 00 -05
S98

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0

1.5



8T'v¢—

P TE—

rly—

bSRIT—
R4l
bT'SZT\
65—
219zt
6£°921
b9zt
29'921
or'Let
9bL2T
99°/2T
b1'82T
€£'871
/821
86'871 -
67621
20T
9 TET
97'ZET
b ZET
£0°€€T-

CDClz
Spectrometer Frequency 100.69

M0286-20
TPG-381
Solvent

Ph

CN

!
s:\\\

2v

YL YT —

pCSeT—

6'STT
AR
6£92T~_
Sb'9ZT—
29'9e1—

orzer-"
LTI~
99°/2T~_

P18CT—

€£°82T ~_
sL8er
86'8T

6E°6CT —

TC0ET—

W TET—

W
4

L U

124

125

126

127

131 130 129 128
f1 (ppm)

132

133

AR WY L ¥
bl

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm) S99

110



00°0-— —
_
STT— — 7 —g6T |
i 3
95'T— —
08— e =0T [
59°E~ N — o1
99°¢ I
Y,
: 867 | oo
. - S I
6T'S~_ — — T 00T
e L
0z's o
8/'9 o
649
089 i I
189 .
869 MM.NV / %S.H ° |
669 b0 S
o (A .
. S0L—7 ezl
S0 ou |
90 20¢ - o
—F~ 867 [
wL W .
_ 10T
£zt . ¥ .
@Nx/ — £ = Fege
mmNV Q 00T |
VEL 7 T an.m
6L wL— —a0T | —— M 66T
0b'L czr/
obL 9o/ — 1 i I
ovL
a4 N ™
WL . N
Wi Mmmf —160 -
WL o YEL— i
o5l & % 6eZ .
(511 5 8 Win- - I
gL O ¥ OLTF B RAREN
65 g WH.M \ 1
M WL 0 |
o WL
7y -2
g
£ 9% i
2 8 EN% :
~No 0 B8 a&nﬁg\ 66'T
Y =2 0 ) | ©
™M o a 69 N
~ P__u n un pgy
e a
g

05 00 -05
S100

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0

).5



—69.06

49.23
2969
2929

M0262-8 EARRTYIRBELCSSA
TPG-366  Solvent CDChs NRRn88NNN8A8Y
Spectrometer Frequency 100.69 T
MOEE2B W R TURBY g B8 % 18
a3 s 4RRR 8 B & 3
. \ NNV \ \ I

T O B

T T T T T T T T T T T T T
136 135 134 133 132 131 130
f1 (ppm)

129

128

!

127 126 125 124

13.78

110 200 190 180 170 160 150

140

130

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

20
S101



£0°¢
mo.NW
60°¢C
HH.N\

LE°€—

ST'S~
ANt

mNNg
NNNQ

N
MmN
NN

I —

€€

n T
M M
NN
)

9€°/~\
L5
ez

N

(o))
™M
N
L
T

T2
v
b
9%z
mmN%
(51

CDCh

Spectrometer Frequency 400.28

Solvent

u0311-4
TPG-383

\ oot |

avs

€07
50T

B

Wﬁo.w

F00'C

€01 |

. \\MHHMA Fsot |

[ort|

60T |

05 00 -05
S102

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

1.5



U0311-6-1 SEIBVRIBIOAES S=25 4 5 Ng o o <
Solvent CDCl anY8888S3 7 RRES @ 5 S I G5
Spectrometer Frequency 100.69 T ~¢ | \ \ Y
U034 %6-1 887 g8 2 i &
S REE 9% 8 g = P N
| RN N ()
\‘h
S
~ /
> /
<::] C:Pd
A o
I T I T I T I T I I T I I T I I T I I T I T I T I
133 132 131 130 129 128 127 126 125 124 123 122 121 120 119
f1 (ppm)
I T I T I T I I T I I T I I I T I T I T I T I T I T I T I I I I I
'10 200 190 180 170 160 150 140 130 120 11f0 ( 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

S103



000—

CDCl;
Spectrometer Frequency 400

Solvent

€58~
€58~

£9°8—

I

II

%'—{

—z1d

%ma.n

%oo.ﬂ

101

6.9

7.1

7.3

8.3

8.5

8.7

i

1ot

1ot

1ot

Foot [

o011

101 |

105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ft (ppm) $104

1.0



0C°'S¢—
Wie—

1€ —

1£°€9—

CDCl
Spectrometer Frequency 100

Solvent

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ft (ppm) $105

LO



00°0—

9§ T—

90°€
L0°€
01°€
11°¢
(€

pe'e
m¢.m/
om.m/
19°¢
vn.m/

SL'E

""COPh

Ph
H
OMe

OMe 3a

MeO

'y

88°€~_
167

£
8CY—F
sev |

6~
S6'v—"

U0066-1
TPG-412

CDClz

Spectrometer Frequency 400.28

Solvent

,f,/‘)

S

e

05 00 05
S106

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0



68°C0C—

U0066-2

TPG-412

""COPh

Ph
H
OMe

OMe 3a

MeO

CDCl5
Spectrometer Frequency 100.66

Solvent

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
i (ppm) $107

230



00° T

1.5

o
n
—
)

—
n
—

1.6

€0' T

Sl

CN
Sy ol

SECRRCERRRARAAINEE583338880883
<I'<I'ﬂ'mmNNNNNNNNNNNNNHv—iv—iv—cv—c‘—cy—cjj:
327 = =5 N
P
Ph
2ab
L
VEBRAR R ARSINE8E8858338382883535833
(o] o N ANANANANANANANANN A A A A A A A A A AAA A
TRGALS R e
— /—/ _
< <
S S
T T T T T T T T T T IN' T 'HI T T
26 25 24 23 22 21 20 19 18 17
f1 (ppm)
i I vy /7///
A L L ‘
e i
cowmMmY I+ mMmo
"9 o000 S
oA AN A

01|

90°Tr

0T'T

01
£5°G
£5°5
85°G+
€eL
€L
VLA
VT
VLA
VT
el T T-€01
ST
ST
mNN4 MN.N Ll | .._M
9cLy Mmmxxw ﬁ/// —90°€
et ¢NN\w +
€€ = - N
€€’ il 16T
€€ mmxgw I
vEL aCL7 B «
vEL L] TN
. 9z,
MMM mmi / 8Tr — zo0€ |
oy €67 ] xxerMJ“ " = wuﬁmg
oty ¢m@ I
m¢.h vm.N
v, €L . ©E . .
by wL] b
i1 I %
Sv'L m ~ ]
S 8 3 b L
b - > Sb'L
m*vNL m m?NL | B
Stz | S L] ~
| = 6L Lo
s o 161 ~
(0]
167 S &ﬁw -
&1 T 5 891 61| o
ol 5 53 RME
.Nmu w u > w L

25 20 15 10 05 00 -05
S108

3.0

00T [

4.0 3.5

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

T
9.5 9.0 8.5 8.0 7.5

10.0

1.5



6£°CC
PE'9C
6'9¢

S0°8¢

Ph

CN

Ph

2ab

€55 —
65°09—

96°00T —

LT8TT—

1921
¢m.@ﬁ/
ETLTT~
e,
S5'8TT
65°8CT
€8'871
ST'TET

09'SPT~_
L6SHPT—

8b'POT —

V0038-15
TPG-413

CDCls
Spectrometer Frequency 150

Solvent

M—wawu NL——J\’-L WWWWMMWWMMWWWW

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ft (ppm) $109

110



9€’
LE7

b/
Ll
b/
16
€5
€57
¥S/
e
S5/
S5/
95/
(S
€8/
beL
8-

CDCl;
Spectrometer Frequency 400

Solvent

OEt

COPh

Ph

Br
4a, (dr=5:1)

///H//

Foo¢

S0t

90T

EI10°T

90T

90T

=0Tt

105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ft (ppm) S110

1.0



YLYT—

6L'Sh—
eSS —

99'v9—

(4474
899/ /
00ZL W
[4N7A
S8LL x\v

18°9¢T
9§°/CT
|YX4)
L6°LCT~C
6v'8¢CT
99°8¢T
69°8¢CT
80°6¢T
9/°6CT
69°CET
E€C°SET
POLET
€8'6ET
8h'vbT

Rk

TvL6T—

CDClz

Solvent

Spectrometer Frequency 100.66

OEt

COPh

Ph

Br
4a, (dr=5:1)

L e ey

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ft (ppm) S111

10



checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR
PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.

Datablock: I

CIF dictionary

Interpreting this report

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
F000

F000’

h,k, lmax
Nref

Tmin, Tmax
Tmin’

Correction method= # Reported T Limits:

Cc-C = 0.0017 A

a=16.1546(3)

alpha=90
113 K

Calculated
1570.85(5)
P 21/c

-P 2ybc
C23 H18 O
C23 H18 O
310.37
1.312

4

0.078
656.0
656.27
19,7,19
2760
0.985,0.988
0.985

AbsCorr = MULTI-SCAN

Data completeness= 1.000

R(reflections)= 0.0362(

S =1.084

Npar= 221

b=5.9286(1)
beta=94.338(2) gamma=90

2497)

Wavelength=0.71073

c=16.4487(3)

Reported
1570.85(5)
P12l/c1
-P 2ybc
C23 H18 O
C23 H18 O
310.37
1.312

4

0.078
656.0

19,7,19
2759
0.400,1.000

Tmin=0.400 Tmax=1.000

Theta (max)= 24.998

wR2 (reflections) =
0.0929( 2759)
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The following ALERTS were generated. Each ALERT has the format
test—name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

“ Alert level G

PLATOO3_ALERT_2_G Number of Uiso or Uij Restrained non-H Atoms ... 24 Report
PLATOO5_ALERT_5_G No Embedded Refinement Details Found in the CIF Please Do !
PLAT398_ALERT_2_G Deviating C-0-C Angle From 120 for O1 105.1 Degree
PLAT793_ALERT_4_G Model has Chirality at C1 (Centro SPGR) S Verify
PLAT793_ALERT_4_G Model has Chirality at C8 (Centro SPGR) R Verify
PLAT793_ALERT_4_G Model has Chirality at C9 (Centro SPGR) R Verify
PLAT793_ALERT_4_G Model has Chirality at Cl6 (Centro SPGR) R Verify
PLAT793_ALERT_4_G Model has Chirality at C17 (Centro SPGR) S Verify
PLAT860_ALERT_3_G Number of Least-Squares Restraints ............. 684 Note

0 ALERT level A = Most likely a serious problem - resolve or explain

0 ALERT level B = A potentially serious problem, consider carefully

0 ALERT level C = Check. Ensure it is not caused by an omission or oversight

9 ALERT level G = General information/check it is not something unexpected

ALERT type
ALERT type
ALERT type
ALERT type
ALERT type

CIF construction/syntax error, inconsistent or missing dat

Indicator that the structure quality may be low
Improvement, methodology, query or suggestion
Informative message, check

R oL N O
g s W N

a

Indicator that the structure model may be wrong or deficient

checkCIF publication errors

@ Alert level A
PUBLOO4_ALERT_1_A The contact author’s name and address are missing,
_publ_contact_author_name and _publ_contact_author_address.
PUBLOO5_ALERT_1_A _publ_contact_author_email, _publ_contact_author_fax and
_publ_contact_author_phone are all missing.
At least one of these should be present.
PUBLOO6_ALERT_1_A _publ_requested_journal is missing
e.g. 'Acta Crystallographica Section C’
PUBLOO8_ALERT_1_A _publ_section_title is missing. Title of paper.
PUBLOO9_ALERT_1_A _publ_author_name is missing. List of author(s) name(s).
PUBLO10_ALERT_1_A _publ_author_address is missing. Author (s) address(es).
PUBLO12_ALERT_1_A _publ_section_abstract is missing.
Abstract of paper in English.

7 ALERT level A = Data missing that is essential or data in wrong format
0 ALERT level G = General alerts. Data that may be required is missing
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Publication of your CIF

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor alerts
point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so attention to
these fine details can be worthwhile. In order to resolve some of the more serious problems it may be
necessary to carry out additional measurements or structure refinements. However, the nature of your
study may justify the reported deviations from journal submission requirements and the more serious
of these should be commented upon in the discussion or experimental section of a paper or in the
"special_details" fields of the CIF. checkCIF was carefully designed to identify outliers and unusual
parameters, but every test has its limitations and alerts that are not important in a particular case may
appear. Conversely, the absence of alerts does not guarantee there are no aspects of the results needing
attention. It is up to the individual to critically assess their own results and, if necessary, seek expert
advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this CIF
for publication in a journal, you should additionally insert an explanation in your CIF using the
Validation Reply Form (VRF) below. This will allow your explanation to be considered as part of the
review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form

_vrf_PUBL004_GLOBAL

7

PROBLEM: The contact author’s name and address are missing,
RESPONSE:

7

_vrf_PUBL005_GLOBAL

7

PROBLEM: _publ_contact_author_email, _publ_contact_author_fax and
RESPONSE:

7

_vrf_PUBL006_GLOBAL

7

PROBLEM: _publ_requested_journal is missing

RESPONSE:

7

_vrf_PUBL008_GLOBAL

7

PROBLEM: _publ_section_title is missing. Title of paper.
RESPONSE:

7

_vrf_PUBL009_GLOBAL

7

PROBLEM: _publ_author_name is missing. List of author(s) name(s).
RESPONSE:

7

_vrf_PUBL010_GLOBAL

7

PROBLEM: _publ_author_address is missing. Author(s) address(es).
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RESPONSE :

7

_vrf_ PUBL0O12_GLOBAL

7

PROBLEM: _publ_section_abstract is missing.
RESPONSE :

’

# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you should
upload your CIF viafthe web] If you wish to submit your CIF for publication in [UCrData you should
upload your CIF via [the web] If your CIF is to form part of a submission to another IUCr journal, you
will be asked, either during electronic or by the Co-editor handling your paper, to upload
your CIF via our web site.

PLATON version of 13/07/2021; check.def file version of 13/07/2021

Datablock I - ellipsoid plot

Prob
Temp

4y
o

=
wo

- (130721)

PLATON-Aug 29 02:30:05 2021

c2o
Vs
L
O—TJ@KJ C;wclglila O
c21c22
Z 145 1 P12l/c1 R =0.04 RES= 0 -70 X
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http://journals.iucr.org/services/submit.html
http://submission.iucr.org/submit/x
http://journals.iucr.org/services/submit.html

check CIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED

CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. | CIF dictionary [ Interpreting this feport
Datablock: |
Bond precision: C-C =0.0022 A Wavelength=0.71073
Cell: a=8.2282(3) b=14.8841(7) c=14.9762(5)
alpha=90 beta=101.424(3) gamma=90
Temperature: 113K
Calculated Reported
Volume 1797.79(12) 1797.79(12)
Space group P 21l/c P12l/icl
Hall group -P 2ybc -P 2ybc
Moiety formula C24 H16 CIN O 2(C24 H16 CIN O)
Sum formula C24 H16 CINO C48 H32 CI2 N2 O2
Mr 369.83 739.65
Dx,g cm-3 1.366 1.366
Z 4 2
Mu (mm-1) 0.226 0.226
FO00 768.0 768.0
FOOO’ 768.88
h,k,Imax 9,17,17 9,17,17
Nref 3165 3163
Tmin, Tmax 0.917,0.934 0.554,1.000
Tmin’ 0.914

Correction method= # Reported T Limits: Tmin=0.554 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 0.999

R(reflections)= 0.0362( 2786)

S =1.056

Theta(max)= 24.999

Npar= 244

wR2(reflections)= 0.0863( 3163)

The following ALERTS were generated. Each ALERT has the format
test-name_ALERT alert-type_alert-|evel.
Click on the hyperlinks for more details of the test.
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http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkreport.html

“ Alert level C

PLAT761 ALERT 1 d CIF Contains no X-H Bonds ..................... Please Check
[PLAT762_ALERT 1 _( CIF Contains no X-Y-H or H-Y-H Angles .......... Please Check

“ Aert level G

Number of Uiso or Uij Restrained non-H Atoms ... 27 Report
No Embedded Refinement Details Found in the CIF  Please Do !
Calc. and Reported Moiety Formula Strings Differ ~ Please Check
Calculated and Reported Z Differ by a Factor ... 2.00 Check
Deviating C-O-C  Angle From 120 for O1 106.3 Degree
Model has Chirality at C1 (Centro SPGR) R Verify
Model has Chirality at C8 (Centro SPGR) R Verify
Model has Chirality at C10 (Centro SPGR) S Verify
Model has Chirality at C17 (Centro SPGR) S Verify
Model has Chirality at C24 (Centro SPGR) S Verify
[PCAT860_ALERT 3_{d Number of Least-Squares Restraints ............. 768 Note

0 ALERT | evel A= Most likely a serious problem - resolve or explain
0 ALERT | evel B=A potentially serious problem, consider carefully
2 ALERT | evel C=Check. Ensure itis not caused by an omission or oversight
11 ALERT | evel G= General information/check it is not something unexpected

4 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
2 ALERT type 2 Indicator that the structure model may be wrong or deficient
1 ALERT type 3 Indicator that the structure quality may be low

5 ALERT type 4 Improvement, methodology, query or suggestion

1 ALERT type 5 Informative message, check

check CIF publication errors

@A ert level A
[PUBLO04_ALERT 1 A The contact author's name and address are missing,
_publ_contact_author_name and _publ_contact_author_address.
[PUBLO05 ALERT 1 A _publ_contact_author_email, _publ_contact_author_fax and
_publ_contact_author_phone are all missing.
At least one of these should be present.
[PUBL006_ALERT 1 A _publ_requested_journal is missing
e.g. 'Acta Crystallographica Section C’
[PUBLO08_ALERT 1 A _publ_section_title is missing. Title of paper.
[PUBLO09_ALERT 1 A _publ_author_name is missing. List of author(s) name(s).
[PUBLOI0O_ALERT 1 A _publ_author_address is missing. Author(s) address(es).
[PUBLOIZ _ALERT 1 A _publ_section_abstract is missing.
Abstract of paper in English.

7 ALERT | evel A= Data missing thatis essential or data in wrong format
0 ALERT | evel G= General alerts. Data that may be required is missing
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http://journals.iucr.org/services/cif/checking/PLAT761.html
http://journals.iucr.org/services/cif/checking/PLAT762.html
http://journals.iucr.org/services/cif/checking/PLAT003.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT042.html
http://journals.iucr.org/services/cif/checking/PLAT045.html
http://journals.iucr.org/services/cif/checking/PLAT398.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT860.html
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_004
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_005
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_006
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_008
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_009
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_010
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_012

Publication of your CIF

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious
problems it may be necessary to carry out additional measurements or structure refinements.
However, the nature of your study may justify the reported deviations from journal submission
requirements and the more serious of these should be commented upon in the discussion or
experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was

carefully designed to identify outliers and unusual parameters, but every test has its limitations and
alerts that are not important in a particular case may appear. Conversely, the absence of alerts does
not guarantee there are no aspects of the results needing attention. It is up to the individual to
critically assess their own results and, if necessary, seek expert advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this
CIF for publication in a journal, you should additionally insert an explanation in your CIF using
the Validation Reply Form (VRF) below. This will allow your explanation to be considered as part
of the review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form
_vrf_PUBL004 GLOBAL

PROBLEM: The contact author's name and address are missing,
RESPONSE: ...

_vrf_PUBL005_GLOBAL

PROBLEM: _publ_contact_author_email, _publ_contact_author_fax and
RESPONSE: ...

_vrf_PUBL006_GLOBAL

PROBLEM: _publ_requested_journal is missing
RESPONSE: ...

_vrf_PUBL008_GLOBAL

PROBLEM: _publ_section_title is missing. Title of paper.
RESPONSE: ...

_vrf_PUBL009_GLOBAL

PROBLEM: _publ_author_name is missing. List of author(s) name(s).
RESPONSE: ...

_vrf_PUBL010_GLOBAL

PROBLEM: _publ_author_address is missing. Author(s) address(es).
RESPONSE: ...

_vrf_PUBLO12_GLOBAL
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PROBLEM: _publ_section_abstract is missing.
RESPONSE: ...

# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you
should upload your CIF v[a the wWeb. If you wish to submit your CIF for publication in IlUCrData
you should upload your CIF \fia the Web. If your CIF is to form part of a submission to another
IUCr journal, you will be asked, either during electrdnic submigsion or by the Co-editor handling
your paper, to upload your CIF via our web site.

PLATON version of 13/07/2021; check.def file version of 13/07/2021
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checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR
PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.

Datablock: I

CIF dictionary

Interpreting this report

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
F000

F000’

h,k, lmax
Nref

Tmin, Tmax
Tmin’

Correction method= # Reported T Limits:
MULTI-SCAN

AbsCorr =

Data completeness= 1.000

R(reflections)= 0.0340 (

S = 1.052

Cc-C = 0.0017 A

a=16.1917(2)

b=13.3905(2)

Wavelength=0.71073

c=24.2721 (4)

alpha=90 beta=105.782(2) gamma=90

113 K
Calculated Reported
5064.18(14) 5064.17(14)
C 2/c c1l2/cl
-C 2yc -C 2yc
C32 H30 04 C32 H30 04
C32 H30 04 C32 H30 04
478.56 478.56
1.255 1.255

8 8

0.082 0.082
2032.0 2032.0
2032.95

19,15,28 19,15,28
4461 4459
0.980,0.984 0.400,1.000
0.980

4063)

Npar= 328

Tmin=0.400 Tmax=1.000

Theta (max)= 24.999

wR2 (reflections) =
0.0897( 4459)
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The following ALERTS were generated. Each ALERT has the format
test—name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

“ Alert level G

PLATOO0O3_ALERT_2_G Number of Uiso or Uij Restrained non-H Atoms ... 36 Report
PLATOO5_ALERT_5_G No Embedded Refinement Details Found in the CIF Please Do !
PLAT793_ALERT_4_G Model has Chirality at C8 (Centro SPGR) S Verify
PLAT793_ALERT_4_G Model has Chirality at C9 (Centro SPGR) S Verify
PLAT793_ALERT_4_G Model has Chirality at C10 (Centro SPGR) S Verify
PLAT860_ALERT_3_G Number of Least-Squares Restraints ............. 1014 Note

ALERT level A = Most likely a serious problem - resolve or explain

ALERT level B = A potentially serious problem, consider carefully

ALERT level C = Check. Ensure it is not caused by an omission or oversight
ALERT level G = General information/check it is not something unexpected

o O O O

ALERT type
ALERT type
ALERT type
ALERT type
ALERT type

CIF construction/syntax error, inconsistent or missing data
Indicator that the structure model may be wrong or deficient
Indicator that the structure quality may be low

Improvement, methodology, query or suggestion

Informative message, check

_ WkR RO
s WwN R

checkCIF publication errors

@ Alert level A
PUBLOO4_ALERT_1_A The contact author’s name and address are missing,
_publ_contact_author_name and _publ_contact_author_address.
PUBLOO5_ALERT_1_A _publ_contact_author_email, _publ_contact_author_fax and
_publ_contact_author_phone are all missing.
At least one of these should be present.
PUBLOO6_ALERT_1_A _publ_requested_journal is missing
e.g. 'Acta Crystallographica Section C’
PUBLOO8_ALERT_1_A _publ_section_title is missing. Title of paper.
PUBLOO9_ALERT_1_A _publ_author_name is missing. List of author(s) name(s).
PUBLO10_ALERT_1_A _publ_author_address is missing. Author (s) address(es).
PUBLO12_ALERT_1_A _publ_section_abstract is missing.
Abstract of paper in English.

7 ALERT level A = Data missing that is essential or data in wrong format
0 ALERT level G = General alerts. Data that may be required is missing
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Publication of your CIF

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor alerts
point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so attention to
these fine details can be worthwhile. In order to resolve some of the more serious problems it may be
necessary to carry out additional measurements or structure refinements. However, the nature of your
study may justify the reported deviations from journal submission requirements and the more serious
of these should be commented upon in the discussion or experimental section of a paper or in the
"special_details" fields of the CIF. checkCIF was carefully designed to identify outliers and unusual
parameters, but every test has its limitations and alerts that are not important in a particular case may
appear. Conversely, the absence of alerts does not guarantee there are no aspects of the results needing
attention. It is up to the individual to critically assess their own results and, if necessary, seek expert
advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this CIF
for publication in a journal, you should additionally insert an explanation in your CIF using the
Validation Reply Form (VRF) below. This will allow your explanation to be considered as part of the
review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form

_vrf_PUBL004_GLOBAL

7

PROBLEM: The contact author’s name and address are missing,
RESPONSE:

7

_vrf_PUBL005_GLOBAL

7

PROBLEM: _publ_contact_author_email, _publ_contact_author_fax and
RESPONSE:

7

_vrf_PUBL006_GLOBAL

7

PROBLEM: _publ_requested_journal is missing

RESPONSE:

7

_vrf_PUBL008_GLOBAL

7

PROBLEM: _publ_section_title is missing. Title of paper.
RESPONSE:

7

_vrf_PUBL009_GLOBAL

7

PROBLEM: _publ_author_name is missing. List of author(s) name(s).
RESPONSE:

7

_vrf_PUBL010_GLOBAL

7

PROBLEM: _publ_author_address is missing. Author(s) address(es).
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RESPONSE :

7

_vrf_ PUBL0O12_GLOBAL

7

PROBLEM: _publ_section_abstract is missing.
RESPONSE :

’

# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you should
upload your CIF viafthe web] If you wish to submit your CIF for publication in [UCrData you should
upload your CIF via [the web] If your CIF is to form part of a submission to another IUCr journal, you
will be asked, either during electronic or by the Co-editor handling your paper, to upload
your CIF via our web site.

PLATON version of 13/07/2021; check.def file version of 13/07/2021
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checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR
PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.

Datablock: I

CIF dictionary

Interpreting this report

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
F000

F000’

h,k, lmax
Nref

Tmin, Tmax
Tmin’

Correction method= # Reported T Limits:

C-C = 0.0020 A

a=7.5385(2)

alpha=90
113 K

Calculated
1817.47(7)
P 21/c

-P 2ybc

C24 H21 N O
C24 H21 N O
339.42
1.240

4

0.075

720.0
720.28
8,15,22
3202
0.985,0.989
0.985

AbsCorr = MULTI-SCAN

Data completeness= 1.000

R(reflections)= 0.0424

S =1.077

Npar= 235

b=12.8334(3)
beta=98.438(2) gamma=90

2621)

Wavelength=0.71073

c=18.9919(3)

Reported
1817.47(7)
P12l/c1
-P 2ybc

C24 H21 N O
C24 H21 N O
339.42
1.240

4

0.075

720.0

8,15,22
3202
0.643,1.000

Tmin=0.643 Tmax=1.000

Theta (max)= 24.997

wR2 (reflections) =
0.1124 ( 3202)
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The following ALERTS were generated. Each ALERT has the format
test—name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

“ Alert level G

PLATOO3_ALERT_2_G Number of Uiso or Uij Restrained non-H Atoms ... 2 Report
PLATOO5_ALERT_5_G No Embedded Refinement Details Found in the CIF Please Do !

PLAT398_ALERT_2_G Deviating C-0-C Angle From 120 for O1 . 108.8 Degree
PLAT793_ALERT_4_G Model has Chirality at C1 (Centro SPGR) S Verify
PLAT793_ALERT_4_G Model has Chirality at C2 (Centro SPGR) R Verify
PLAT793_ALERT_4_G Model has Chirality at C3 (Centro SPGR) R Verify

ALERT level A = Most likely a serious problem - resolve or explain

ALERT level B = A potentially serious problem, consider carefully

ALERT level C = Check. Ensure it is not caused by an omission or oversight
ALERT level G = General information/check it is not something unexpected

o O O O

ALERT type
ALERT type
ALERT type
ALERT type
ALERT type

CIF construction/syntax error, inconsistent or missing data
Indicator that the structure model may be wrong or deficient
Indicator that the structure quality may be low

Improvement, methodology, query or suggestion

Informative message, check

R woDNO
g s W N

checkCIF publication errors

@ Alert level A
PUBLOO4_ALERT_1_A The contact author’s name and address are missing,
_publ_contact_author_name and _publ_contact_author_address.
PUBLOO5_ALERT_1_A _publ_contact_author_email, _publ_contact_author_fax and
_publ_contact_author_phone are all missing.
At least one of these should be present.
PUBLOO6_ALERT_1_A _publ_requested_journal is missing
e.g. 'Acta Crystallographica Section C’
PUBLOO8_ALERT_1_A _publ_section_title is missing. Title of paper.
PUBLOO9_ALERT_1_A _publ_author_name is missing. List of author(s) name(s).
PUBLO10_ALERT_1_A _publ_author_address is missing. Author (s) address(es).
PUBLO12_ALERT_1_A _publ_section_abstract is missing.
Abstract of paper in English.

7 ALERT level A = Data missing that is essential or data in wrong format
0 ALERT level G = General alerts. Data that may be required is missing
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Publication of your CIF

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor alerts
point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so attention to
these fine details can be worthwhile. In order to resolve some of the more serious problems it may be
necessary to carry out additional measurements or structure refinements. However, the nature of your
study may justify the reported deviations from journal submission requirements and the more serious
of these should be commented upon in the discussion or experimental section of a paper or in the
"special_details" fields of the CIF. checkCIF was carefully designed to identify outliers and unusual
parameters, but every test has its limitations and alerts that are not important in a particular case may
appear. Conversely, the absence of alerts does not guarantee there are no aspects of the results needing
attention. It is up to the individual to critically assess their own results and, if necessary, seek expert
advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this CIF
for publication in a journal, you should additionally insert an explanation in your CIF using the
Validation Reply Form (VRF) below. This will allow your explanation to be considered as part of the
review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form

_vrf_PUBL004_GLOBAL

7

PROBLEM: The contact author’s name and address are missing,
RESPONSE:

7

_vrf_PUBL005_GLOBAL

7

PROBLEM: _publ_contact_author_email, _publ_contact_author_fax and
RESPONSE:

7

_vrf_PUBL006_GLOBAL

7

PROBLEM: _publ_requested_journal is missing

RESPONSE:

7

_vrf_PUBL008_GLOBAL

7

PROBLEM: _publ_section_title is missing. Title of paper.
RESPONSE:

7

_vrf_PUBL009_GLOBAL

7

PROBLEM: _publ_author_name is missing. List of author(s) name(s).
RESPONSE:

7

_vrf_PUBL010_GLOBAL

7

PROBLEM: _publ_author_address is missing. Author(s) address(es).
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RESPONSE :

7

_vrf_ PUBL0O12_GLOBAL

7

PROBLEM: _publ_section_abstract is missing.
RESPONSE :

’

# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you should
upload your CIF viafthe web] If you wish to submit your CIF for publication in [UCrData you should
upload your CIF via [the web] If your CIF is to form part of a submission to another IUCr journal, you
will be asked, either during electronic or by the Co-editor handling your paper, to upload
your CIF via our web site.

PLATON version of 19/02/2022; check.def file version of 19/01/2022
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