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1. General method

'H NMR spectra were recorded on commercial instruments (400 MHz). Chemical shifts were
reported in ppm from tetramethylsilane with the solvent resonance as the internal standard (CDCI3,
8 = 7.26). Spectra were reported as follows: chemical shift (6 ppm), multiplicity (s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz), integration and
assignment. >*C NMR spectra were collected on commercial instruments (100 MHz) with
complete proton decoupling. Chemical shifts are reported in ppm from the tetramethylsilane with
the solvent resonance as internal standard (CDCI3, & = 77.0). HRMS was recorded on a
commercial apparatus (ESI Source). Enantiomeric excesses (ee) were determined by HPLC
analysis using the corresponding commercial chiralpak column as stated in the experimental
procedures at 25 °C. Optical rotations were reported as follows: [a] B (c g/100 mL, in solvent).
Reactions were carried out with commercial available reagent in over dried apparatus. All the
solvents were purified by usual methods before use. Chiral N,N'-dioxide ligands',

2,3-dioxopyrrolidines’ and 2-alkenoyl pyridines® were prepared using literature method.

2. General procedure of the catalytic reactions

L-RaPr; (7.0 mg, 0.01 mmol), 1 or 4 (0.10 mmol) and Ni(OTf), (3.6 mg, 0.01 mmol) were
added to an over-dried reaction tube under nitrogen atmosphere. Then 1.0 mL anhydrous
CI,CHCH,CIl was added and the solution was stirred at 30 °C for 40 min. Subsequently,
cyclopentadiene 2 (100pL) was added under 30 °C, and the reaction mixture continued stirring for
0.5-24 h. Need to be clearly explained, the diastereomer of the product was same point on TLC
plate, but suffer somewhat separation after the chromatography on silica gel. For example, the dr
value of 3a varied from 93:7 to 97:3. To avoid the variation, all dr values were determined using
the flash filtration as the isolated procedure. To get the exact yield, the product was further
purified by a flash chromatography on silica gel (petroleum ether/ethyl acetate = 3:1-10:1). The
enantiomeric excesses (ee) was determined by high-performance liquid chromatography (HPLC).
Optical rotations, copies of CD spectra and copies of "H NMR and *C NMR spectra of products

were determined using the flash chromatography on silica gel as the isolated procedure.



3. Product characterization data

(1R,2R,38S,4S)-1"-benzyl-3-phenylspiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-ene-4',5'-dione 3a

Yield: 30.8 mg (90%), white amorphous solid, 93:7 dr, 97% ee; [a]17‘3D =
-84.8 (¢ = 0.59, CH,Cl,); HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 80/20,

1.0 mL/min, 254 nm) trimajory = 26.62 min, tr(minor) = 23.08 min; "H NMR (400

MHz, CDCLy) § 7.28 — 7.25 (m, 3H), 7.21 — 7.12 (m, 3H), 7.07 (dd, J = 6.0,
2.4 Hz, 1H), 6.89 (dd, J = 6.0, 2.4 Hz, 1H), 6.70 (dd, J = 5.6, 3.2 Hz, 1H), 6.17 (dd, J = 5.6, 3.2
Hz, 1H), 4.70 (d, J = 14.4 Hz, 1H), 4.15 (d, J = 14.4 Hz, 1H), 3.90 (d, J = 2.8 Hz, 1H), 3.27 (s,
1H), 3.01 (s, 1H), 2.97 (d, J = 11.2 Hz, 1H) 2.79 (d, J = 11.2 Hz, 1H), 2.31 (d, J = 9.2 Hz, 1H),
1.57 (d, J = 9.2 Hz, 1H). *C NMR (100 MHz, CDCls) & = 203.5, 159.8, 140.7, 138.8, 135.7,
134.4, 128.9, 128.5, 128.3, 128.1, 127.2, 58.8, 55.7, 51.9, 48.9, 48.4, 48.3, 47.8. ESI-HRMS calcd

for [Cy3Hy1NO,+ Na+]: 366.1470, found 366.1470.
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(1R,2R,38,4S)-1'-benzyl-3-(3-fluorophenyl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-ene-4',5

'-dione 3b

Yield: 32.9 mg (91%), white powder, 93:7 dr, 96% ee; [a]**’p = -68.1 (¢ =
0.66, CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 70/30, 1.0

mL/min, 254 nm) trmajory = 54.68 min, tr(minory = 27.48 min; 'H NMR (400

MHz, CDCLy) & 7.30 — 7.27 (m, 3H), 7.15 — 7.06 (m, 3H), 6.88 — 6.81 (m,
1H), 6.67 (dd, J = 5.6, 3.2 Hz, 1H), 6.63 (d, J = 8.0 Hz, 2H), 6.21 (dd, J = 5.6, 3.2 Hz, 1H), 4.64
(d, = 14.4 Hz, 1H), 4.30 (d, J = 14.4 Hz, 1H), 3.89 (d, J = 2.8 Hz, 1H), 3.25 (s, 1H), 3.08 — 2.94
(m, 2H), 2.78 (d, J = 11.6 Hz, 1H), 2.28 (d, J = 9.2 Hz, 1H), 1.57 (d, J = 8.8 Hz, 1H). '*C NMR
(100 MHz, CDCls) § = 203.0, 162.6 (d, J = 245 Hz), 159.5, 141.5 (d, J = 6.9 Hz), 140.5, 136.1,
134.3, 130.0 (d, J = 8.4 Hz), 128.9, 128.3, 128.2, 124.6 (d, J = 2.8 Hz), 115.1 (d, J = 21.6 Hz),
114.1 (d, J = 20.8 Hz), 58.1, 55.6, 52.1, 48.8, 48.4, 48.3, 47.8. ESI-HRMS calcd for

[C23H0FNO,+Na']: 384.1376, found 384,1371.
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(1R,2R,3S,4S)-1'-benzyl-3-(4-fluorophenyl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-ene-4',5

'-dione 3c

Yield: 31.3 mg (87%), white powder, 92:8 dr, 95% ee; [a]zs.oD =-67.6 (c =
0.63, CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 70/30, 1.0
mL/min, 254 nm) trmajory = 41.47 min, trminoyy = 29.61 min; 'H NMR (400

MHz, CDCLy) & 7.32 — 7.27 (m, 3H), 7.10 — 7.01 (m, 2H), 6.90 — 6.76 (m,

4H), 6.67 (dd, J = 5.6, 2.8 Hz, 1H), 6.22 (dd, J = 5.6, 3.2 Hz, 1H), 4.54 (d, J = 14.4 Hz, 1H), 4.35

(d, J=14.4 Hz, 1H), 3.85 (d, J = 2.7 Hz, 1H), 3.23 (s, 1H), 3.08 — 2.94 (m, 2H), 2.76 (d, J = 11.6

Hz, 1H), 2.31 (d, J = 9.2 Hz, 1H), 1.57 (d, J = 9.2 Hz, 1H). *C NMR (100 MHz, CDCl;) § =

203.5, 161.7 (d, J = 245 Hz), 159.6, 140.4, 136.1, 134.4 (d, J = 3.3 Hz),134.3, 130.0 (d, J =

7.8 Hz), 128.9, 128.4, 128.2, 1153 (d, J = 21.1 Hz), 58.2, 55.4, 52.0, 48.7, 48.5, 48.3, 47.9.

ESI-HRMS calcd for [C23H20FN02+Na+]: 384.1376, found 384.1375.
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(1R,2R,38S,4S)-1'-benzyl-3-(3-chlorophenyl)spiro[bicyclo[2.2.1 ]heptane-2,3'-pyrrolidin]-5-ene-4',

5'-dione 3d

Yield: 34.3 mg (91%), white solid, 93:7 dr, 97% ee; [0]""p = -80.6 (c =
0.75, CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 70/30, 1.0

mL/min, 254 nm) trgmajor) = 40.37 Min, triminoy = 25.67 min; 'H NMR (400

MHz, CDCls) § 7.30 — 7.27 (m, 3H), 7.14 — 7.02 (m, 4H), 6.91 (t, J = 1.6 Hz,
1H), 6.72 (d, J = 7.6 Hz, 1H), 6.68 (dd, J = 6.0, 3.2 Hz, 1H), 6.21 (dd, J = 6.0, 3.2 Hz, 1H), 4.63
(d,J=14.4 Hz, 1H), 4.32 (d, J = 14.4 Hz, 1H), 3.86 (d, J = 2.8 Hz, 1H), 3.25 (s, 1H), 3.02 — 2.98
(m, 2H), 2.78 (d, J = 11.6 Hz, 1H), 2.28 (d, J = 8.8 Hz, 1H), 1.57 (d, J = 9.2 Hz, 1H). *C NMR
(100 MHz, CDCls) 8 = 203.0, 159.5, 141.0, 140.4, 136.2, 134.4, 134.3, 129.8, 128.9, 128.4, 128.3,
128.2, 127.4, 1269, 58.1, 55.6, 52.1, 48.8, 48.4, 483, 47.8. ESI-HRMS: calcd for
[CosHa P CINO,+Na’]  400.1080, found  400.1079;  ESI-HRMS:  caled  for

[Ca3Ho *"**CINO,+Na] 402.1051, found 402.1069.
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(1R,2R,38S,4S)-1'-benzyl-3-(4-chlorophenyl)spiro[bicyclo[2.2.1 ]heptane-2,3'-pyrrolidin]-5-ene-4',

5'-dione 3¢

O Yield: 32.3 mg (86%), white powder, 93:7 dr, 95% ec; [a]23'OD =-76.0 (c =

N—Bn 0.65, CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 70/30, 1.0
"u@\ mL/min, 254 nm) trmajory = 41.95 min, trminor = 29.89 min; 'H NMR (400

Cl MHz, CDCl3) & 7.31 — 7.27 (m, 3H), 7.18 — 7.01 (m, 2H), 7.00 — 6.72 (m,
4H), 6.67 (dd, J = 5.6, 2.8 Hz, 1H), 6.22 (dd, J = 5.6, 2.8 Hz, 1H), 4.54 (d, J = 14.4 Hz, 1H), 4.35
(d, J=14.4 Hz, 1H), 3.85 (d, J = 2.8 Hz, 1H), 3.24 (s, 1H), 3.11 — 2.94 (m, 2H), 2.76 (d, J=11.6
Hz, 1H), 2.31 (d, J = 8.8 Hz, 1H), 1.57 (d, J = 9.2 Hz, 1H). '*C NMR (100 MHz, CDCl3) § =
203.5, 162.9, 160.5, 159.6, 140.4, 136.1, 134.5, 134.4, 134.3, 130.1, 129.9, 128.9, 128.4, 128.2,
115.5, 1153, 58.2, 554, 52.0, 48.7, 48.5, 483, 479. ESI-HRMS: caled for
[CosHa P CINO,+Na’]  400.1080,  found  400.1092;  ESI-HRMS:  caled  for

[Ca3Ho *"**CINO,+Na™] 402.1051, found 402.1088.

0101
2 I
< 005 g
g
000+— —_ /+\
o " sbo | 1o 1w 2000 2500 s | aseo | ao00 " Tso | som0
Mnutes
Retention Time Area % Area
1 29.790 6446549 48.01
2 36.048 476441 3.55
3 42.139 6504205 48.44
0.041 g
=
2
0.02
g 8
200 \A i . S -
0.00 ZLJO 4.2)0 62)0 850 10!00 12‘00 14’00 16!00 18‘00 20‘00 22‘.00 24‘00 26‘00 ZB‘DO 30‘00 32‘00 34‘00 36‘00 38‘00 40‘00 42‘00 44‘00

Mnutes

Retention Time Area % Area
1 29.898 87517 242
2 35.760 85684 2.37
3 41.958 | 3441784 95.21




(1R,2R,38S,4S)-1'-benzyl-3-(3-bromophenyl)spiro[bicyclo[2.2.1 ]heptane-2,3'-pyrrolidin]-5-ene-4',

5'-dione 3f

Yield: 38.9 mg (92%), white amorphous solid, 94:6 dr, 97% ee; [a]lg'ID =
-87.5 (¢ = 0.81, CH,Cly); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH

70/30, 1.0 mL/min, 254 nm) trmsjon = 39.06 min, trgminon = 26.66 min; 'H

NMR (400 MHz, CDCL3) & 7.31 — 7.27 (m, 3H), 7.10 — 7.08 (m, 3H), 6.98 (t,
J=8.0 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.67 (dd, J = 5.6, 2.8 Hz, 1H), 6.22 (dd, J = 5.6, 2.8 Hz,
1H), 4.64 (d, J = 14.4 Hz, 1H), 4.32 (d, J = 14.4 Hz, 1H), 3.85 (d, J = 2.8 Hz, 1H), 3.25 (s, 1H),
3.02 - 2.98 (m, 2H), 2.78 (d, J = 11.2 Hz, 1H), 2.28 (d, J = 8.8 Hz, 1H), 1.57 (d, J = 9.2 Hz, 1H).
13C NMR (100 MHz, CDCls) § = 203.0, 159.5, 141.3, 140.3, 136.2, 134.3, 131.3, 130.3, 130.0,

128.9, 128.3, 128.2, 127.4, 122.7, 58.1, 55.6, 52.1, 48.8, 48.4, 48.3, 47.8. ESI-HRMS: calcd for

[CosHao *"'™BrNO,+Na']  444.0575, found  444.0573; ESI-HRMS:  caled  for
80.9163 +
[Cy3Hy BrNO,+Na'] 446.0555, found 446.0546.
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(1R,2R,38S,4S)-1'-benzyl-3-(4-bromophenyl)spiro[bicyclo[2.2.1 ]heptane-2,3'-pyrrolidin]-5-ene-4',

5'-dione 3g
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N—
/) Bn

: B

Yield: 40.8 mg (97%), white amorphous solid, 93:7 dr, 96% ee; [a]zz'gp =

-80.5 (¢ = 0.82, CH,Cly); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH

70/30, 1.0 mL/min, 254 nm) tr(majory = 43.11 min, triminory = 30.08 min; 'H

¢+ NMR (400 MHz, CDCl3) § 7.33 — 7.27 (m, 3H), 7.23 — 7.20 (m, 2H), 7.12 —

7.04 (m, 2H), 6.72 (d, J = 8.4 Hz, 2H), 6.65 (dd, J = 5.6, 2.8 Hz, 1H), 6.22 (dd, J = 5.6, 3.2 Hz,

1H), 4.46 (q, J = 14.4 Hz, 2H), 3.81 (d, J = 2.8 Hz, 1H), 3.23 (s, 1H), 3.06 — 2.95 (m, 2H), 2.76 (d,

J=11.2 Hz, 1H), 2.31 (d, J = 9.2 Hz, 1H), 1.57 (d, J = 8.8 Hz, 1H). °*C NMR (100 MHz, CDCl5)

8 =203.3, 159.5, 140.4, 137.8, 136.2, 134.2, 131.6, 130.1, 128.9, 128.4, 128.3, 121.1, 58.4, 55.3,

52.1,48.7,48.3, 47.9. ESI-HRMS: caled for [CasHao *” ' BrNO,+Na'] 444.0575, found 444.0580;

ESI-HRMS:

caled

fOI'[C23H2080'9163BI‘N02+N3+]

446.0555,

found 446.0543.
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(1R,2R,38S,4S)-1'-benzyl-3-(4-(trifluoromethyl)phenyl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]

-5-ene-4',5'-dione 3h

o Yield: 36.5 mg (89%), white amorphous solid, 94:6 dr, 96% ee; [a]18'6D =

N—Bn -60.8 (¢ = 0.73, CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH
©\ 70/30, 1.0 mL/min, 254 nm) tramsjor) = 27.79 mMin, triminor = 18.53 min; 'H

CF3; NMR (400 MHz, CDCls) § 7.34 (d, J = 8.2 Hz, 2H), 7.30 — 7.26 (m, 3H),
7.10 — 7.06 (m, 2H), 6.95 (d, J = 8.4 Hz, 2H), 6.68 (dd, J = 5.6, 2.8 Hz, 1H), 6.24 (dd, J = 5.6, 3.2
Hz, 1H), 4.48 (s, 2H), 3.94 (d, J = 2.4 Hz, 1H), 3.29 (s, 1H), 3.13 - 2.97 (m, 2H), 2.74 (d, J=11.6
Hz, 1H), 2.33 (d, J = 8.8 Hz, 1H), 1.60 (d, J = 9.2 Hz, 1H). *C NMR (100 MHz, CDCl;) & =
202.9, 159.4, 143.0, 140.4, 136.3, 134.3, 128.9, 128.8, 128.4, 128.4, 125.4 (q, 2C), 122.5, 58.3,

55.2, 52.3, 48.7, 48.4, 48.2, 47.7. ESI-HRMS calcd for [CoyHaF3NO,+Na']: 434.1344, found

434.1343.
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(1R,2R,3S,4S)-1'-benzyl-3-(3,4-dichlorophenyl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-ene

-4' 5'-dione 3i

Yield: 36.8 mg (90%), white amorphous solid, 93:7 dr, 97% ee; [a]18'4D =

925 (c

= 0.74, CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH

70/30, 1.0 mL/min, 254 nm) trmajory = 45.49 min, trminory = 28.80 min; 'H

NMR (400 MHz, CDCL3) § 7.38 — 7.26 (m, 3H), 7.16 — 6.95 (m, 4H), 6.67 —

6.61 (m, 2H), 6.26 (dd, J = 5.6, 3.2 Hz, 1H), 4.49 (dd, J=37.2, 14.4 Hz, 2H), 3.79 (d, J = 2.8 Hz,

1H), 3.22 (s, 1H), 3.11 — 2.98 (m, 2H), 2.76 (d, J = 11.6 Hz, 1H), 2.30 (d, J = 9.2 Hz, 1H), 1.58 (d,

J=8.8 Hz, 1H). >C NMR (100 MHz, CDCl5) & =202.9, 159.3, 140.1, 139.1, 136.6, 134.1, 132.6,

131.3, 130.4, 130.2, 128.9, 128.4, 128.3, 128.1, 57.8, 55.4, 52.2, 48.6, 48.5, 48.3, 47.9.

ESI-HRMS: caled for [CosH oo CLNO,+Na"] 434.0691, found 434.0690; ESI-HRMS:

for [Co3Hio > ?*?CLLNO,+Na"] 436.0661, found 436.0666.
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(1R,2R,38S,4S)-1'-benzyl-3-(o-tolyl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-ene-4',5'-dione

3j

Yield: 28.6 mg (80%), white amorphous solid, 90:10 dr, 75% ee; [a]™"'p =
-58.6 (¢ = 0.57, CH)Cly); HPLC (Chiralpak Lux 5u Cellulose-2,

n-hexane/i-PrOH 70/30, 1.0 mL/min, 254 nm) trmajory = 28.53 min, trminor) =

21.83 min; 'H NMR (400 MHz, CDCls) § 7.20 — 7.18 (m, 3H), 7.05 — 6.88 (m,
6H), 6.73 (dd, J = 5.6, 3.2 Hz, 1H), 6.06 (dd, J = 5.6, 3.2 Hz, 1H), 4.55 (d, J = 14.4 Hz, 1H), 4.27
(d, J = 14.4 Hz, 1H), 3.98 (d, J = 2.8 Hz, 1H), 3.18 (s, 1H), 2.93 (s, 1H), 2.85 (d, J = 11.6 Hz, 1H),
2.63 (d, J = 11.6 Hz, 1H), 2.23 (d, J = 9.2 Hz, 1H), 1.85 (s, 3H), 1.49 (d, J = 9.2 Hz, 1H). "°C
NMR (100 MHz, CDCl3) & = 202.7, 159.5, 141.6, 137.8, 137.6, 135.2, 134.4, 130.8, 128.9, 128.2,
128.1, 127.4, 127.0, 125.9, 55.4, 53.9, 52.4, 48.7, 48.6, 48.2, 47.9, 21.0. ESI-HRMS calcd for

[Ca4H3NO,+Na']: 380.1626, found 380.1623.
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(1R,2R,38S,4S)-1'-benzyl-3-(p-tolyl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-ene-4',5'-dione

3k

Yield: 29.7 mg (83%), white amorphous solid, 92:8 dr, 93% ee; [0]'**p =
-101.7 (¢ = 0.59, CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH

70/30, 1.0 mL/min, 254 nm) tR(major) = 38.38 min, tR(minor) = 29.05 min; lH

NMR (400 MHz, CDCl3) § 7.23 — 7.18 (m, 3H), 7.05 — 6.97 (m, 2H), 6.87 (d,
J=8.0 Hz, 2H), 6.69 (d, J = 8.0 Hz, 2H), 6.61 (dd, J = 5.6, 2.8 Hz, 1H), 6.10 (dd, J = 5.6, 3.2 Hz,
1H), 4.57 (d, J = 14.8 Hz, 1H), 4.16 (d, J = 14.4 Hz, 1H), 3.79 (d, J = 2.8 Hz, 1H), 3.17 (s, 1H),
2.98 —2.86 (m, 2H), 2.73 (d, J = 11.6 Hz, 1H), 2.23 (d, J = 8.8 Hz, 1H), 2.20 (s, 3H), 1.48 (d, J =
8.8 Hz, 1H). °*C NMR (100 MHz, CDCLy) = 203.7, 159.8, 140.8, 136.7, 135.7, 135.6, 134.4,
129.2, 128.8, 128.4, 128.4, 128.0, 58.7, 55.6, 51.9, 48.9, 48.4, 48.3, 47.9, 20.9. ESI-HRMS calcd

for [C24H23N02+Na+]: 380.1626, found 380.1623.

33.119
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(1R,2R,3S,4S)-1'-benzyl-3-(4-methoxyphenyl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-ene-

4',5'-dione 3l

Yield: 31.8 mg (85%), white power, 92:8 dr, 96% ee; [a]'*'p =-113.4 (c =
0.64, CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 70/30, 1.0
mL/min, 254 nm) tr(majory = 63.74 min, trminor) = 41.23 min; 'H NMR (400

" MHz, CDCls) § 7.28 — 7.26 (m, 3H), 7.07 — 7.04 (m, 2H), 6.83 — 6.77 (m,

2H), 6.71 — 6.65 (m, 3H), 6.18 (dd, J = 5.6, 2.8 Hz, 1H), 4.63 (d, J = 14.4 Hz, 1H), 423 (d, J =

14.4 Hz, 1H), 3.83 (d, J = 2.8 Hz, 1H), 3.76 (s, 3H), 3.22 (s, 1H), 3.03 — 2.94 (m, 2H), 2.82 (d, J =

11.6 Hz, 1H), 2.31 (d, J = 8.8 Hz, 1H), 1.55 (d, J = 8.8 Hz, 1H). *C NMR (100 MHz, CDCl;) & =

203.8, 159.8, 158.5, 140.7, 135.7, 134.4, 130.7, 129.6, 128.8, 128.3, 128.1, 113.8, 58.4, 55.6, 55.2,

51.9,48.8,48.6, 48.3, 47.9. ESI-HRMS calcd for [C,4H23NO3+Na']: 396.1576, found 396.1572.
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(1R,2R,3S,4S)-1'-benzyl-3-(naphthalen-1-yl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-ene-4',

5'-dione 3m

Yield: 36.8 mg (94%), white power, 88:12 dr, 95% ee; [a]*"'p = 55.6 (¢ = 0.74,
CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 70/30, 1.0 mL/min,
254 nm) trmajory = 32.68 Min, tr(minor = 28.04 min; 'H NMR (400 MHz, CDCls)

§7.77 -7.73(m, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.41-7.37 (m, 2H), 7.24-7.14 (m,

3H), 7.03 (t, J = 7.2 Hz, 1H), 6.94 (m, 2H), 6.87 (dd, J = 5.6, 3.2 Hz, 1H),
6.49 (d, J = 7.2 Hz, 2H), 6.08 (dd, J = 5.6, 3.2 Hz, 1H), 4.51 (d, J = 2.4, 1H), 4.14 (s, 2H), 3.35 (s,
1H), 2.99 (s, 1H), 2.67 (d, J = 12.0 Hz, 1H), 2.43 (d, J = 9.2 Hz, 1H), 2.19 (d, J = 11.6 Hz,1H),
1.61 (d, J = 9.2 Hz, 1H). '>*C NMR (100 MHz, CDCl;) & = 204.3, 159.5, 141.5, 135.5, 135.0,
133.9, 133.6, 132.5, 129.2, 128.6, 128.1, 127.7, 127.6, 126.9, 126.0, 124.9, 124.9, 122.9, 55.0,

54.8,52.6,48.5, 48.2, 47.9. ESI-HRMS calcd for [C,7Ha3sNO,+Na']: 416.1626, found 416.1624.
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(1R,2R,3S,4S)-1'-benzyl-3-(naphthalen-2-yl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-ene-4',

5'-dione 3n

Yield: 33.5 mg (85%), white power, 93:7 dr, 94% ee; [a]'*’p = -131.2 (c =

0.67, CH,Cly); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 70/30, 1.0

mL/min, 254 nm) tr(major) = 58.90 min, trminory = 33.96 min; "H NMR (400

MHz, CDCLy) 8 7.76 — 7.69 (m, 2H), 7.55 (d, J = 8.4 Hz, 1H), 7.48 — 7.42 (m,

3H), 7.13 (t, J = 7.2 Hz, 1H), 7.04 (t, J = 7.2 Hz, 2H), 6.94 — 6.86 (m, 3H),

6.82 (dd, J = 5.6, 3.2 Hz, 1H), 6.23 (dd, J = 5.6, 3.2 Hz, 1H), 4.57 (d, = 14.4 Hz, 1H), 4.22 (d, J

= 14.4 Hz, 1H), 4.07 (d, J = 2.8 Hz, 1H), 3.35 (s, 1H), 3.05 (s, 1H), 2.99 (d, J = 11.6 Hz, 1H), 2.81

(d, J = 11.6 Hz, 1H), 2.38 (d, J = 9.2 Hz, 1H), 1.62 (d, J = 9.2 Hz, 1H). *C NMR (100 MHz,

CDCl3) 6 = 203.7, 159.8, 140.8, 136.4, 135.8, 134.2, 133.2, 132.3, 128.7, 128.2, 127.9, 127.8,

127.6, 127.1, 126.6, 126.4, 126.1, 59.4, 55.5, 52.1, 48.9, 48.4, 48.3, 48.1. ESI-HRMS calcd for

[C27H,3NO,+Na']: 416.1626, found 416.1629.
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(1R,2R,3R,4S)-3-(benzo[b]thiophen-3-yl)-1'-benzylspiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidin]-5-

ene-4',5'-dione 30

Yield: 31.0 mg (78%), white power, 82:18 dr, 92% ee; [a]"’p = 6.6 (c = 0.62,

CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 70/30, 1.0 mL/min,

254 nm) tr(major) = 31.35 min, triminor) = 25.68 min; 'H NMR (400 MHz, CDCl;)
6 7.80 — 7.74 (m, 1H), 7.32 — 7.22 (m, 2H), 7.17 — 7.05 (m, 2H), 7.06 — 6.85
(m, 3H), 6.75 (dd, J=5.7, 2.8 Hz, 1H), 6.62 (d, J= 7.2 Hz, 1H), 6.13 (dd, J =
5.6, 3.2 Hz, 1H), 4.23 (q, J = 14.8 Hz, 2H), 4.10 (d, J = 2.8 Hz, 1H), 3.32 (s, 1H), 3.01 (s, 1H),
2.78 (d,J=11.6 Hz, 1H), 2.43 (d, J=11.6 Hz, 1H), 2.34 (d, J=9.2 Hz, 1H), 1.57 (d, J = 9.2 Hz,
1H). *C NMR (100 MHz, CDCl3) & = 203.9, 159.5, 140.8, 139.8, 138.9, 135.9, 134.7, 133.8,
128.7, 127.8, 127.8, 127.7, 124.9, 124.8, 122.9, 122.6, 121.3, 54.5, 52.4, 51.6, 48.7, 48.3, 48.1,
47.9. ESI-HRMS calcd for [Cy5sHp NO,LS +Na+]: 422.1191, found

422.1194.
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(1S,2R,35,4R)-1'-benzyl-3-(3-chlorophenyl)spiro[bicyclo[2.2.1]heptane-2,3'-pyrrolidine]-4',5'-dio

ne 6

Yield: 25.8 mg (68%), white power, >95:5 dr, 96% ee; [a]"p = -49.8 (c =
0.52, CH,Cl,); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 70/30, 1.0

mL/min, 254 nm) trmajor) = 44.30 min, triminory = 27.55 min; 'H NMR (400

MHz, CDCl) § 7.37 — 7.29 (m, 3H), 7.24 — 7.18 (m, 2H), 7.17 — 7.13 (m,
1H), 7.03 (t, J = 8.0 Hz, 1H), 6.97 (s, 1H), 6.65 (d, J = 8.0 Hz, 1H), 4.73 (d, J = 14.4 Hz, 1H), 4.45
(d, J = 14.4 Hz, 1H), 3.53 (d, J = 2.8 Hz, 1H), 3.41 (d, J= 11.6 Hz, 1H), 3.18 (d, J = 11.6 Hz, 1H),
2.68 (s, 1H), 2.43 (s, 1H), 2.30 (d, J = 10.4 Hz, 1H), 1.73 — 1.66 (m, 1H), 1.61 — 1.49 (m, 1H),
1.48 — 1.39 (m, 1H). '*C NMR (100 MHz, CDCL;) § = 203.3, 159.2, 139.9, 134.4, 134.3, 129.6,
129.0, 128.8, 128.5, 128.3, 127.1, 126.9, 53.3, 51.9, 48.6, 46.9, 46.4, 40.9, 37.1, 25.1, 21.8.

ESI-HRMS calcd for [C23H22C1N02+Na+]: 402.1237, found 402.1231.
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(1S,2R,3R,4R)-3-phenylbicyclo[2.2.1]hept-5-en-2-yl)(pyridin-2-yl)methanone 5a

Yield: 24.5 mg (89%), colorless oil, 93:7 dr, 96% ee; [a]'*p = -184.6 (¢ = 0.51,

CHCI;); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 98/2, 1.0 mL/min, 254

nm) trimajory = 7.59 min, trminory = 9.83 min; '"H NMR (400 MHz, CDClI3) 6 8.60
Z N (d,J=4.4Hz, IH), 7.94 (d, J = 8.0 Hz, 1H), 7.74 (td, J = 7.6, 1.6 Hz, 1H), 7.37

(ddd, 3 =17.6, 4.8, 1.2 Hz, 1H), 7.27 — 7.16 (m, 4H), 7.11 — 7.06 (m, 1H), 6.42

(dd, J =5.6, 3.2 Hz, 1H), 5.75 (dd, J = 5.6, 2.8 Hz, 1H), 4.46 (dd, J = 5.2, 4.4 Hz, 1H), 3.47 (s,
1H), 3.38 (d, J=4.4 Hz, 1H), 3.01 (s, 1H), 2.00 (d, J = 8.4 Hz, 1H), 1.54 (dd, J= 8.8, 2.0 Hz, 1H).
PC NMR (100 MHz, CDCl3) & = 201.2, 153.6, 148.9, 144.6, 139.5, 136.9, 132.9, 128.4, 127.7,
126.9, 125.8, 122.2, 54.2, 49.4, 48.8, 482, 45.6. ESI-HRMS calcd for [C;oH;;NO +Na']:

298.1208, found 298.1205.
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(1S,2R,3R,4R)-3-(4-fluorophenyl)bicyclo[2.2.1]hept-5-en-2-yl)(pyridin-2-yl)methanone 5b

F Yield: 25.2 mg (86%), colorless oil, 93:7 dr, 95% ee; [0]'*"p = -132.6 (c =
0.47, CH,Cl); HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH 95/5, 1.0

mL/min, 254 nm) trmajory = 10.41 min, triminory = 8.26 min; '"H NMR (400

MHz, CDCls3) 6 8.60 (ddd, J = 4.4, 1.6, 0.8 Hz, 1H), 7.96 — 7.90 (m, 1H),

7.75 (td, J = 7.6, 1.6 Hz, 1H), 7.39 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 7.20 —

7.17 (m, 2H), 6.91 — 6.85 (m, 2H), 6.41 (dd, J = 5.6, 3.2 Hz, 1H), 5.75 (dd, J = 5.6, 2.8 Hz, 1H),

4.39 (dd, J=5.2, 3.6 Hz, 1H), 3.47 (s, 1H), 3.34 (d, J = 4.8 Hz, 1H), 2.97 (d, J = 1.2 Hz, 1H), 1.96

(d, J=8.4 Hz, 1H), 1.54 (dd, J = 8.8, 2.0 Hz, 1H). ">C NMR (100 MHz, CDCl3) § = 201.0, 161.6

(d, J =242 Hz), 153.5, 148.9, 140.3, 139.4, 136.9, 132.9, 128.9 (d, J = 0.8 Hz), 127.0, 122.3,

115.2 (d, J = 21.0 Hz), 54.5, 49.4, 48.7, 48.2, 44.9. ESI-HRMS calcd for [CgH;;FNO +H']:

294.1294, found 294.1292.
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(1S,2R,3R,4R)-3-(4-chlorophenyl)bicyclo[2.2.1]hept-5-en-2-yl)(pyridin-2-yl)methanone 5¢

Cl Yield: 27.8 mg (90%), colorless oil, 92:8 dr, 88% ee; [0]'“®p = -132.4 (c =

0.48, CH,Cl,); HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH 95/5, 1.0

mL/min, 254 nm) trimajory = 10.39 min, trminory = 8.90 min; '"H NMR (400
Z N MHz, CDCl;) 6 8.61 (d, J = 4.4 Hz, 1H), 7.93 (d, J = 7.6 Hz, 1H), 7.76 (td,
J=17.6, 1.6 Hz, 1H), 7.39 (ddd, J = 7.2, 4.8, 0.8 Hz, 1H), 7.20 — 7.15 (m,

4H), 6.41 (dd, J=5.2, 3.2 Hz, 1H), 5.76 (dd, J = 5.2, 2.4 Hz, 1H), 4.38 (dd, J = 4.8, 3.2 Hz, 1H),
3.47 (s, 1H), 3.34 (dd, J = 4.8, 1.2 Hz, 1H), 2.98 (s, 1H), 1.94 (d, J = 8.4 Hz, 1H), 1.56 (d, J=1.6
Hz, 1H). “C NMR (100 MHz, CDCl3) & = 200.9, 153.4, 148.9, 143.2, 139.3, 136.9, 133.0, 131.5,
128.9, 1284, 127.0, 1223, 544, 493, 487, 482, 450. ESI-HRMS: caled for
[CioHis **®CINO+Na']  332.0818, found  400.0811;  ESI-HRMS:  caled  for

[C1oH 16 P CINO+Na"] 334.0789, found 402.0786.
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(1S,2R,3R,4R)-3-(2-bromophenyl)bicyclo[2.2.1 ]hept-5-en-2-y1)(pyridin-2-yl)methanone 5d

Yield: 28.9 mg (82%), colorless oil, 92:8 dr, 90% ee; [a]”*p = -91.5 (¢ = 0.58,

CH,Cl,); HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH 95/5, 1.0 mL/min, 254

nm) trimajory = 8.25 min, trminory = 7.20 min; '"H NMR (400 MHz, CDCl3) 6 8.59
Z N (d,J=4.4Hz, 1H), 7.95 (d,J="7.6 Hz, 1H), 7.75 (td, J = 7.6, 1.6 Hz, 1H), 7.46

(ddd, J=10.8, 7.6, 1.2 Hz, 2H), 7.38 (ddd, J = 7.6, 4.0, 0.8 Hz, 1H), 7.25 — 7.20

(m, 1H), 6.98 (td, J = 8.0, 1.6 Hz, 1H), 6.46 (dd, J = 5.6, 3.2 Hz, 1H), 5.83 (dd, J = 5.6, 2.8 Hz,
1H), 4.61 (dd, J=4.8, 3.6 Hz, 1H), 3.53 (d, J = 4.0 Hz, 1H), 3.41 (s, 1H), 2.99 (d, J = 1.2 Hz, 1H),
1.92 (d, J = 8.4 Hz, 1H), 1.52 (dd, J = 8.9, 1.6 Hz, 1H). °C NMR (100 MHz, CDCls) § = 200.4,
153.6, 148.8, 143.4, 138.5, 136.9, 133.7, 133.2, 127.9, 1274, 127.2, 126.9, 126.4, 122.3, 51.2,

49.9, 48.5, 47.5, 46.3. ESI-HRMS: calcd for [C1oHy6 > BrNO +Na'] 376.0313, found 376.0315;

ESI-HRMS: calcd for [C19H1680‘9163BrNO +Na+] 378.0292, found
378.0287.
1201
1007
0.801
5 060]
0.401 §§
0.20] j;\
0.
[X 1.bO 2.‘00 3 ‘ll) A.‘(l) 5.‘(X) 6.‘00 7. bO 8. ‘lX) 9.‘(1) 10‘.00 11‘00 12‘ 00 13‘(1) 14‘.00 15‘.00 16.0C
Mnutes
Retention Time Area % Area
1 5.996 1983504 5.15
2 6.200 2054120 5.34
3 7.208 17258436 44.83
4 8.259 17203587 44.69

T T T T T T T T T T T T T T T T T T T
0. 050 1.00 190 200 250 3.00 350 4.00 450 500 550 6.00 6.50 7.00 750 800 850 9.00 950 10.00

Retention Area % Area
Time
1 5.996 1067570 6.68
2 7.206 789406 4.94
3 8.250 | 14113809 88.37
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(1S,2R,3R,4R)-3-(3-bromophenyl)bicyclo[2.2.1]hept-5-en-2-yl)(pyridin-2-yl)methanone 5e

Yield: 26.2 mg (74%), colorless oil, 90:10 dr, 88% ee; [a]**p = -133.9 (c =

0.52, CH,Cl,); HPLC (Daicel chiralcel ID-Chiralpak Lux 5u Cellulose-2,

n-hexane/i-PrOH 90/10, 0.9 mL/min, 254 nm) trmajory = 13.94 min, triminor)
=12.16 min; 'H NMR (400 MHz, CDCl3) & 8.65 — 8.59 (m, 1H), 7.94 (d, J
= 7.6 Hz, 1H), 7.76 (td, J = 7.6, 1.6 Hz, 1H), 7.42 — 7.36 (m, 2H), 7.21 —
7.13 (m, 2H), 7.06 (t, J = 8.0 Hz, 1H), 6.40 (dd, J = 5.6, 3.2 Hz, OH), 5.75 (dd, J = 5.6, 2.4 Hz,
1H), 4.38 (dd, J = 5.2, 3.2 Hz, 1H), 3.49 (s, OH), 3.34 (d, J = 4.4 Hz, 1H), 2.99 (d, J = 1.2 Hz, 1H),
1.96 (d, J = 8.4 Hz, 1H), 1.56 (dd, J = 8.4, 1.6 Hz, 1H). ">C NMR (100 MHz, CDCls) 5 = 199.7,
152.3, 147.9, 146.1, 138.2, 135.9, 132.0, 129.5, 128.9, 127.9, 126.0, 125.4, 121.5, 121.2, 53.4,
48.1,47.7,47.2, 44.2. ESI-HRMS: calcd for [CioH;6 > BrNO +Na'] 376.0313, found 376.0309;

ESI-HRMS: caled for [CioH 6 "' “BrNO +Na'] 378.0292, found 378.0285.
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X 100 2.00 300 400 5.00 6.00 7.00 8.00 9.00 10.00 11.00 1200 1300 1400 1500 16.00 17.00
Mnutes

Retention Area % Area
Time
1 10.884 995501 5.06
2 11.308 1119589 5.69
3 12.107 8753920 44.50
4 13.962 8804460 44.75
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Mnutes
Retention Area % Area
Time
1 10.891 1143982 8.52
2 12.167 742971 5.53
8 13.940 11542197 85.95




(1S,2R,3R,4R)-3-(4-bromophenyl)bicyclo[2.2.1]hept-5-en-2-yl)(pyridin-2-yl)methanone 5f

Br vield: 29.1 mg (82%), colorless oil, 91:9 dr, 93% ee; [a]’'p = -117.5 (c =

0.58, CH,Cl,); HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH 95/5, 1.0

mL/min, 254 nm) trmajory = 10.65 min, trminory = 9.42 min; '"H NMR (400
MHz, CDCl;) 5 8.68 (d, J = 4.4 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.81 (td,
J=8.0, 1.6 Hz, 1H), 7.47 — 7.44 (m, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.18 (d,
J =8.4 Hz, 2H), 6.47 (dd, J = 5.2, 3.2 Hz, 1H), 5.82 (dd, J = 4.8, 2.8 Hz, 1H), 4.45 (dd, J = 5.2,
3.6 Hz, 1H), 3.54 (s, 1H), 3.38 (d, J = 4.4 Hz, 1H), 3.04 (s, 1H), 2.00 (d, J = 8.4 Hz, 1H), 1.61 (dd,
J =828, 1.6 Hz, 1H). C NMR (100 MHz, CDCl;) & = 200.9, 153.4, 148.9, 143.7, 139.3, 136.9,
133.0, 131.4, 129.4, 127.0, 122.3, 119.6, 54.4, 49.2, 48.7, 48.2, 45.1. ESI-HRMS: calcd for
[CioHi6 "™ BrNO +Na"] 376.0313, found 376.0307; ESI-HRMS: calcd for [CioH 6™ ' BrNO

+Na'] 378.0292, found 378.0287.

< 0104
a0 : : ‘ : : : : : ‘ ‘ ‘ :
a0 10 200 a0 a 500 I 2 2 a0 1000 110 20
Retention Area % Area
Time
1 8.383 524459 4.80
2 8.842 640541 5.86
3 9.490 4955975 45.37
4 10.733 4801411 43.96
0w} o
2, § 3 -
at 10 200 a0 40 50 E ) a0 100 oo 20
Retention Area % Area
Time
1 8.346 2724355 8.08
2 9.424 1044746 3.10
3 10.655 | 29966718 88.83
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Pyridin-2-yl((1S,2R,3R,4R)-3-(p-tolyl)bicyclo[2.2.1]hept-5-en-2-yl)methanone 5¢

Yield: 24.2 mg (84%), colorless oil, 94:6 dr, 94% ee; [a]”p = -165.9 (c =

0.48, CH,Cl,); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 95/5, 1.0

mL/min, 254 nm) tr(major) = 5.79 min, trminory = 7.04 min; "H NMR (400 MHz,
Z N CDCl3) 5 8.60 (ddd, J = 4.8, 1.6, 0.8 Hz, 1H), 7.93 (d, J = 7.6 Hz, 1H), 7.74

(td, J=7.6, 1.6 Hz, 1H), 7.37 (ddd, J = 7.2, 4.8, 1.2 Hz, 1H), 7.14 (d, J = 8.0

Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 6.42 (dd, J = 5.6, 3.2 Hz, 1H), 5.74 (dd, J = 5.6, 2.8 Hz, 1H),
4.45 (dd, J=5.2,3.6 Hz, 1H), 3.46 (s, 1H), 3.33 (d, J = 4.8 Hz, 1H), 2.97 (d, J = 1.6 Hz, 1H), 2.23
(s, 1H), 1.99 (d, J = 8.4 Hz, 1H), 1.52 (dd, J = 8.4, 2.0 Hz, 1H). >C NMR (100 MHz, CDCl;) & =
201.2, 153.6, 148.9, 141.6, 139.5, 136.8, 135.3, 132.8, 129.1, 127.6, 126.9, 122.2, 54.2, 49.6, 48.7,

48.2, 45.3,20.9. ESI-HRMS calcd for [CyoH;oNO +H']: 290.1545 found 290.1545.

Retention Time Area % Area
1 4.899 573869 5.03
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(1S,2R,3R,4R)-3-(4-methoxyphenyl)bicyclo[2.2.1]hept-5-en-2-yl)(pyridin-2-yl)methanone 5h

O\ Yield: 20.2 mg (77%), colorless oil, 95:5 dr, 96% ee; [a]**p = -159.6 (c =

0.40, CH,Cl,); HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH 90/10, 1.0

mL/min, 254 nm) tr(majory = 13.60 min, trminory = 10.57 min; 'H NMR (400
Z N MHz, CDCl;) 6 8.61 (ddd, J = 4.8, 1.6, 0.8 Hz, 1H), 7.93 (dd, J = 6.8, 0.8

Hz, 1H), 7.75 (td, J= 7.6, 2.0 Hz, 1H), 7.38 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H),

7.19 - 7.14 (m, 2H),, 6.79 — 6.69 (m, 2H), 6.41 (dd, J = 5.6, 3.2 Hz, 1H), 5.74 (dd, J = 5.6, 2.8 Hz,
1H), 4.42 (dd, J = 5.2, 3.6 Hz, 1H), 3.70 (s, 3H), 3.45 (s, 1H), 3.31 (d, J = 4.0 Hz, 1H), 2.95 (d, J
= 1.2 Hz, 1H), 1.99 (d, J = 8.4 Hz, 1H), 1.53 (dd, J = 8.4, 1.6 Hz, 1H). >C NMR (100 MHz,
CDCl3) 6 =201.2, 157.7, 153.6, 148.9, 139.5, 136.9, 136.7, 132.7, 128.6, 126.9, 122.2, 113.8, 55.3,

54.3,49.7,48.7, 48.2, 44.9. ESI-HRMS calcd for [CoH;9NO, +Na']: 328.1313 found 328.1304.
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(1S,2R,3R,4R)-3-(furan-2-yl)bicyclo[2.2.1]hept-5-en-2-y1)(pyridin-2-yl)methanone 5i

| N\
o)

Yield: 20.5 mg (77%), colorless oil, 94:6 dr, 94% ee; [a]'**p = -120.9 (c = 0.41,
CH,Cl,); HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH 98/2, 1.0 mL/min, 254
nm) trmajory = 11.86 min, trminory = 11.18 min; '"H NMR (400 MHz, CDCl3) &
8.64 (d, J=4.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.75 (td, J = 7.6, 1.6 Hz, 1H),

7.40 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 7.24 (d, J = 0.8 Hz, 1H), 6.34 (dd, J = 5.6,

3.2 Hz, 1H), 6.20 (dd, J = 3.2, 2.0 Hz, 1H), 6.03 (d, J = 3.2 Hz, 1H), 5.72 (dd, J = 5.6, 2.8 Hz, 1H),

4.52 (dd, J=4.8, 3.6 Hz, 1H), 3.46 (s, 1H), 3.32 (d, J = 4.0 Hz, 1H), 3.00 (d, J = 1.6 Hz, 1H), 1.97

(d, J = 8.4 Hz, 1H), 1.49 (dd, J = 8.4, 1.6 Hz, 1H). "*C NMR (100 MHz, CDCl;) § = 200.4, 158.1,

153.4, 148.9, 141.1, 138.4, 136.9, 132.8, 126.9, 122.3, 110.1, 104.8, 52.2, 49.2, 48.6, 48.2, 39.7.

ESI-HRMS calcd for [C;7H;sNOy+Na']: 288.1000, found 288.0996.
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2 8.354 1361632 3.52
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3 11.868 20157900 91.66
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(1S,2R,3R,4R)-3-(furan-3-yl)bicyclo[2.2.1]hept-5-en-2-yl)(pyridin-2-yl)methanone 5j

(@]
S
CH,Cl,); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 99/1, 1.0 mL/min,
-, 0
V2
254 nm) tr(majory = 10.33 min, triminory = 11.80 min; '"H NMR (400 MHz, CDCl;)
=
|N 6 8.64 (d, J =4.4 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.76 (td, J = 7.6, 1.6 Hz,
NS

1H), 7.40 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 7.29 — 7.24 (m, 2H), 6.36 (dd, J = 5.6,

Yield: 17.4 mg (66%), colorless oil, 94:6 dr, 96% ee; [a]'*’p = -136.5 (¢ = 0.35,

3.2 Hz, 1H), 6.27 (d, J = 0.8 Hz, 1H), 5.71 (dd, J = 5.6, 2.8 Hz, 1H), 4.34 (dd, J = 4.8, 3.2 Hz, 1H),

3.43 (s, 1H), 3.14 (d, J = 4.8 Hz, 1H), 2.87 (d, J = 1.6 Hz, 1H), 1.86 (d, J = 8.4 Hz, 1H), 1.50 (dd,
J =84, 1.6 Hz, 1H). *C NMR (100 MHz, CDCls) § = 200.9, 153.5, 148.9, 142.8, 138.7, 138.6,
136.9, 132.4, 128.7, 126.9, 122.2, 110.8, 53.6, 49.8, 48.5, 48.4, 37.1. ESI-HRMS calcd for

[C17H;sNO,+Na']: 288.1000, found 288.1002.
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Pyridin-2-yl((1S,2R,3R,4R)-3-(thiophen-2-yl)bicyclo[2.2.1]hept-5-en-2-yl)methanone 5k

Yield: 23.3 mg (83%), white solid, 94:6 dr, 94% ee; [a]'°p = -104.9 (¢ = 0.47,

CH,Cl,); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 98/2, 1.0 mL/min, 254

nm) tremajory = 6.41 min, trminory = 7.23 min; 'H NMR (400 MHz, CDCl;) 6 8.63

(ddd, J=4.8,2.0, 1.2 Hz, 1H), 7.96 — 7.89 (m, 1H), 7.75 (td, J = 7.6, 1.6 Hz, 1H),

7.39 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 7.09 — 7.01 (m, 1H), 6.88 — 6.79 (m, 2H),

6.38 (dd, J = 5.6, 3.2 Hz, 1H), 5.73 (dd, J = 5.6, 2.8 Hz, 1H), 4.50 (dd, J = 4.8, 3.6 Hz, 1H), 3.56

(dd, J=4.8, 1.6 Hz, 1H), 3.48 (s, 1H), 2.98 (s, 1H), 2.04 (d, J = 8.4 Hz, 1H), 1.57 (dd, J = 8.4, 1.6

Hz, 1H). *C NMR (100 MHz, CDCls) § = 200.4, 153.4, 149.0, 148.9, 138.7, 136.9, 132.7, 127.0,

126.7, 123.7, 123.0, 122.3, 55.7, 51.5, 48.6, 48.6, 41.6. ESI-HRMS calcd for [C;7H;sNOS+Na']:

304.0772, found 304.0763.
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Pyridin-2-y1((1S,2R,3R,4R)-3-(thiophen-3-yl)bicyclo[2.2.1]hept-5-en-2-yl)methanone 5I

Yield: 21.1 mg (75%), white solid, 95:5 dr, 94% ee; [a]"*’p = -109.1 (c = 0.42,

CH,Cl,); HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 98/2, 1.0 mL/min,

254 nm) tr(majory = 9.30 min, triminory = 10.57 min; "H NMR (400 MHz, CDCls) 8

N
|

8.63 (d, J = 4.4 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.75 (td, J = 7.6, 1.6 Hz, 1H),
7.39 (dd, J = 6.4, 4.8 Hz, 1H), 7.17 (dd, J = 4.8, 2.8 Hz, 1H), 7.02 — 6.88 (m,
2H), 6.38 (dd, J = 5.6, 3.2 Hz, 1H), 5.73 (dd, J = 5.6, 2.8 Hz, 1H), 4.45 (dd, J = 4.8, 3.6 Hz, 1H),
3.45 (s, 1H), 3.36 (d, J = 4.8 Hz, 1H), 2.98 (d, J = 1.2 Hz, 1H), 1.94 (d, J = 8.4 Hz, 1H), 1.53 (dd,
J =84, 1.6 Hz, 1H). *C NMR (100 MHz, CDCls) § = 200.9, 153.5, 148.9, 145.8, 138.9, 136.9,
132.6, 1282, 126.9, 125.3, 1222, 119.4, 54.0, 49.9, 48.6, 48.4, 41.6. ESI-HRMS calcd for

[C17H;sNOS+Na"]: 304.0772, found 304.0773.
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(1S,2R,3R,4R)-3-cyclohexylbicyclo[2.2.1]hept-5-en-2-yl)(pyridin-2-yl)methanone 5m

Yield: 22.1 mg (79%), colorless oil, 77:23 dr, 96% ee; HPLC (Daicel chiralcel
ADH, n-hexane/i-PrOH 98/2, 1.0 mL/min, 254 nm) trmajory = 6.09 min, tr(minor) =
,20  6.99 min; "H NMR (400 MHz, CDCl;) & 8.72 (d, J = 4.4 Hz, 1H), 8.06 (d, J = 7.6 Hz,

2NN 0.23H), 7.98 (d, J = 8.0 Hz, 0.77H), 7.82 (t, J = 7.2 Hz, 1H), 7.47 (t, J = 5.6 Hz,

I
X 1H), 6.33 (s, 1H), 6.19 (s, 0.23H), 5.69 (t, J = 2.4 Hz, 0.77H), 4.12 (s, 0.78H), 3.51 (d,

J = 4.4 Hz, 0.22H), 3.30 (s, 0.75H), 3.00 (s, 0.25H), 2.89 (d, J = 16.8 Hz, 1H), 1.99 — 1.56 (m, 7H),
1.29 — 0.85 (m, 7H). *C NMR (100 MHz, CDCls) § 201.9, 153.7, 148.8, 139.4, 136.9, 131.7, 126.8,
122.2, 514, 48.5, 48.1, 47.8, 44.7, 42.3, 32.9, 32.5, 26.6, 26.5, 26.3. ESI-HRMS calcd for

[C1oH23NO+H]: 282.1852, found 282.1864.
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4. Determination methods of relative and absolute configurations of products 5

The relative and absolute configurations of products 5 were determined by optical rotations and
spectral data. The configuration of 5a was the opposite enantiomer of the product reported in the
literature.”

DA product endo-5a (93:7 dr and 96% ee) we obtained: [0]'*%p = -184.6 (¢ =

0.51, CHCL).

HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 98/2, 1.0 mL/min, 254 nm)

= 1\I Major exo t,= 6.108 min, minor exo t.= 6.772 min, major endo (-) t.=
7.592 min, minor endo (+) t.= 9.837 min.

'"H NMR (400 MHz, CDCl;) & 8.60 (d, J = 4.4 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.74 (td, J = 7.6,

1.6 Hz, 1H), 7.37 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 7.27 — 7.16 (m, 4H), 7.11 — 7.06 (m, 1H), 6.42

(dd, J = 5.6, 3.2 Hz, 1H), 5.75 (dd, J = 5.6, 2.8 Hz, 1H), 4.46 (dd, J = 5.2, 4.4 Hz, 1H), 3.47 (s,

1H), 3.38 (d, J = 4.4 Hz, 1H), 3.01 (s, 1H), 2.00 (d, J = 8.4 Hz, 1H), 1.54 (dd, J = 8.8, 2.0 Hz, 1H).

N DA product endo-5a (>98% de and 90% ee) reported in literature: [a]”p =

N +176.6 (c = 0.81, CHCL;).

SR HPLC (Daicel chiralcel ODH, n-hexane/i-PrOH 98/2, 1.0 mL/min, 254 nm)

Major exo t,= 6.5 min, minor X0 t, = 7.2 min, minor endo (-) t.= 7.9
min, major endo (+) t,= 9.5 min.

1H NMR (300 MHz, CDCls,) & 8.67 (1H, d, J = 4.8 Hz), 8.00 (1H, d, J = 7.8 Hz), 7.81 (1H, dt, J
= 1.7,7.7 Hz), 7.44 (1H, ddd, J = 1.2, 4.8, 7.5 Hz), 7.37-7.22 (m, 4H), 7.15 (&, J = 1.7, 6.9Hz),
6.49 (1H, dd, J = 3.2, 5.6 Hz), 5.82 (1H, dd, J = 2.8, 5.6 Hz), 4.53 (1H, dd, J = 3.4, 5.2 Hz), 3.54
(1H, s), 3.45 (1H, dd, J = 1.3, 5.0 Hz), 3.08 (1H, s), 2.06 (1H, d, J = 8.4 Hz), 1.61 (1H, dd, J = 1.7,

8.5 Hz).

5. Experimental procedure for the reduction of 3d
0

)

N_
oy Bn H,, Pd/C
Y, ©/CI EtOAc, 30 °C
3d 6
>95:5d.r., 97% ee 68% yield, >95:5 d.r., 96% ee

To a solution of 3d (37.7 mg, 0.1 mmol) in EtOAc (1.0 mL) at 30 °C, under magnetic stirring
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and hydrogen atmosphere, was added Pd/C (1.8 mg). The mixture was allowed to stir for 3 h.
After complete consumption of starting material, the product 6 was purified on silica gel

chromatography (EtOAc: Pet = 1: 3). The results were 68% yield, > 95:5 d.r. and 96% ee.

6. Gram scale experiment

(0]
O
- N\B @ L-RaPr,/Ni(OTf), (1:1, 10 mol%)
n +
CI,CHCH,CI, 30 °C
Cl
1d 2

3.5 mmol 99% vyield, >95:5 dr, 95% ee
109g 3.5mL 1313g

L-RaPr; (245 mg, 0.35 mmol), Ni(OTf), (126 mg, 0.35 mmol), and 1d (1.09 g, 3.5 mmol) in
CI,CHCH,CI (3.5 mL) were added to an over-dried reaction tube under nitrogen atmosphere and
then stirred at 30 °C for 1 h. Subsequently, cyclopentadiene 2 (3.5 mL) was added under 30 °C,
the reaction mixture continued stirring for 1 h. After completion, the residue was purified by flash
chromatography on silica gel to afford the desired product 3d (1.313 g, 99% yield) as a white solid.

The product was determined by HPLC and NMR analysis.

7. Operando IR experiments
S o]
Trends TN,
Peak at 1624 cm™ 1a o

e Peak at 1369 cm™! 2 @

%

20 o

0
Peak at 709 cm™' 3a (ﬂ:/«N\B”

° O
01:00:00 01:20:00 01:40:00 02:00:C

Relative Time
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8. ESI-MS analysis of the solution of catalyst/substrate

17:16:35
160324_LY_L_NI_1A 17 (0.291) Cm {14:36)
. WO

10015008
wrImme
1 [LRaPr#Ni2+OTF}F —
10345277
=
355126
it W36 5210
1 1002 5069
— W37 52 e
. 11855038
[L-RaPr+NiZ*+OTF +1a]* —
0385530
i k 118700
WHSHET g 745n nrsps 1908480
N2 7434 | L, w M
e
1000 1025 1050 1075 1100 1125 1150 175 1 1225
17:20:42
160324_LY_L_NI_4A 8(0.137) Cm (3:36)
v o0z37E8
[L-RaPr,+NiZ*+OTF }F —
909 3708
=
1116 4500
] 9565034
P [L-RaPr+Ni®*+OTl +4a]* —
| 1MLAr%
e/, 11184716
LG 9664097
11194606
5067
112045
o !
1120.4083
1116437 s
= 1034534 1VETE0G  TTIRAS 1234804 1855001 ,
WK 1025 W60 1075 1180 1125 1160 1175 1200 1225
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10. Copies of *H NMR and *C NMR Spectra for Products
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-12-07T11:53:58
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: 55.74

Phi: 13.41

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-12-07T12:24:03
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-18T18:02:23
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: 5585

Phi: 16.11

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-18T18:32:37
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: -52.38

Phi: 52.30
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-18T20:24:26
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
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First Point: 0.50

FT: Hyper Quadrature
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-18T20:54:38
PULPROG: zgpg30

TD: 32768

Solvent: CDC13

NS: 512

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 0 C

SI: €536

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

1 F2 - Processing Parameters

DnC: 0.05
LB: 1.00 Hz

First Point: 0.50
FT: Hyper Quadrature
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-18T18:38:14
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: 55.88

Phl: 16.83

N~Bn

-~

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-18T15:08:25
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: -£1.57

Phi: 70.58
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-18T21:00:15
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: 55.81

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-18T21:30:
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: -
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-18T13:14:04
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: -263.38

Phi: 16.43

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-18T15:44:16
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: -£0.33
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-18T21:36:03
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz

First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: 53.53

Phi: 15.54

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-18T22:06:15
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz

First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: -58.55

Phi: 1.33
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-15T18:33:15
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

S
1

Dho: 3
Phi: 1

o om

Mo

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-19T15:03:
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: -85.75
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-20T00:31:18
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

1
1

Dho: 3
Phi: 1

o om

oo

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-20T01:01:30
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-23T01:51:27
PULPROG: zg30

TD: 32768

Solvent: CDC13

HS: 64

DS: undefined

SWH: 8223.7 Hz

AQ: undefined

TE: 0 C

CHANNEL F1
NUC1: 1H

Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
nC: 0.05

LB: 0.30 Hz

First Point: 0.50
FT: Hyper Quadrature
Phase: Manual

PhO: 97.7%

Phi: 11.56

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-23T02:50:53
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Ns: 1024

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C

Pl: 3.63 usec

SFO1: undefined MHz

F2 - Processing Parameters
SI: €553

DnC: 0.05

LB: 1.00 Hz

First Point: 0.50

FT: Hyper Quadrature

Phase: Manusl

Pho: -£0.74

Phl: 53.53
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-01-23T20:15:15
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: €4

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: 58.23

Phi: 14.43

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-23T21:14:41
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Ns: 1024

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-15T17:57:26
PULPROG: zg30

TD: 32788
Solvent: CDC13
HNs: 18

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553

DC: 0.05

LB: 0.30 Hz

First Point: 0.50

FT: Hyper Quadrature
Phase: Manusl

Pho: 5483

Phi: 17.7%

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-19T18:27:38
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: -88.52

Phi: 71.95
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-17T12:55:05
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553

DC: 0.05

LB: 0.30 Hz

First Point: 0.50

FT: Hyper Quadrature
Phase: Manusl

PhO: 53.31

Phi: 21.31

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-23T00:14:03
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Ns: 1024

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553

DnC: 0.05

LB: 1.00 Hz

First Point: 0.50

FT: Hyper Quadrature
Phase: Manusl

Pho: -64.14

Phl: 58.05
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-11-17T13:31:04
PULPROG: zg30

Solvent: CDC13
Ns: 3z
DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H

Pl: 3.93 usec

SFO1: undefined MHz

- Processing Parameters
©5536

0.05

LB: 0.30 Hz

First Point: 0.50

FT: Hyper Quadrature

b
¥
_{I
f

1.00=
1.00
1,00
1,00
1.004
1.00"

o 1,005

9 11005 b——u
|
2w
gan

T T T T T Phase: Manual
5 40 3. 5 10 05 0.0 -05 ?ho: %682
f-l (ppm] Phl: 13.35

© 200

1.00
i 73.00
& 2.00

3.00
@ 11.00
¢ |1.00
© |1.00

tn
o
=3
o
@
2
=3
~
[

128.685
128172
127.980
127.589
127.142
126.548
126.389
126.047

/59.397
55453
52131
48865
48.414
48.267
48,058

%
{

—203.691
—159.750
~135.828

/
{

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-17T14:01:15
PULPROG: zgpg30

TD: 32768

Solvent: CDC13

NS: 512

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 0 C

CHANNEL £1
HUC1: 13C

Pl: 3.63 usec

SFO1: undefined MHz

SI: €536

l || F2 - DProcessing Daramatars

DnC: 0.05

LB: 1.00 Hz

First Point: 0.50
FT: Hyper Quadrature

T T T T T T T T T T T T T T T T T T T Phase: Manual
200 180 160 140 120 100 80 60 40 20 0 HEDS Cee 10
f1 (ppm] Phl: &4.81
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-01-23T13:07:13
PULPROG: zg30

Solvent: CDC13
Ns: €4
DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
1H
3.93 usec
undefined MHz

HUC1
P1:
SFO1

- Processing Parameters
©5536

0.05

0.30 Hz

First Point: 0.50

FT: Hyper Quadrature

Phase: Manusl

PhO: 100.77

Phi: 4.38

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-11-20T00:25:34
PULPROG: zgpg30

TD: 32768

Solvent: CDC13

NS: 512

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 0 C

CHANNEL £1
13C
3.83 usec
undefined MHz

HUC1
P1:
SFO1

- Processing Parameters
©5536

0.05

:1.00 Hz

First Point: 0.50

FT: Hyper Quadrature

Phase: Manusl

Pho: -76.10

Phi: 75.02
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3.168
—2.678
—2.428
2.316
3,890
1.667
1.619
11,603

1.582
1,560
1,542
1,521
1,503

1.467
11.445
11.420
11.414

|
)

U

%

3.00
2.00
< 1.00
1.00
11.00%
1.001
1.00=
o 11.00
e [1.00+
o 11.00=
1.00x
1.00=
11.00=
1.004

P

o

& 12,00

129.64
128.54
128.34
127.08
126,90
53.31
51.98
48.55
46.88
46.44

:

—203.26
—159.20
—139.91
—40.85
~37.12
~25.11
~21.76

-

Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2015-12-07T12:29:28
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: 3z

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: 54.38

Phi: 17.71

/N*En

-~

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2015-12-07T12:53:40
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: -84
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-02-15T12:03:55
PULPROG: zg30

CHANNEL £1

Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553

DC: 0.05

LB: 0.30 Hz

First Point: 0.50

=
S8
FT: Hyper Quadrature

1.00=

w |1.00=

4004
11.00"
100+
1,003
11.00

T T T Phase: Manual

5 10 05 0.0 PhO: -283 &0

Phi: 15.28

60 55 50 45 40 35
1 (ppm)

o 11.00

1.00=
o 1.00=
@ 11,00~
= 11.00=

]
o
~
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o
5]
o
Il
4]
N
o

—201.149
153.569
148.892
144.632
139.457
136.862
132.868
128.386
127.671
126.927
125.834
122,229

-54.244
49,358
48.767
48.239
45567

g
/
7
Y
:
\

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-14T12:16:43
PULPROG: zgpg30

TD: 32768

Solvent: CDC13

NS: 512

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
l J r SI: €553€

DnC: 0.05
LB: 1.00 Hz

First Point: 0.50
FT: Hyper Quadrature

T T T T T T T T T T T T T T T T Phase: Manual
160 140 120 100 80 60 40 20 0 PEDS, TFa s
f1 (ppm] Phl: 71.7%

T T
200 180
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-02-15T13:17:21
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: €4

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 293.8 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-02-19T14:16:48
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Ns: 1024

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 294.1 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: -65.
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-14T13:02:53
PULPROG: zg30
Solvent: CDC13
NS: 64

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
1H
3.93 usec
undefined MHz

HUC1
P1:
SFO1

- Processing Parameters
©5536
0.05
0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manuzl
Pho

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-14T13:33:11
PULPROG: zgpg30

TD: 32768

Solvent: CDC13

NS: 512

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 0 C

CHANNEL £1
13C
3.83 usec
undefined MHz

HUC1
P1:
SFO1

- Processing Parameters
©5536

0.05

1.00 Hz

First Point: 0.50

FT: Hyper Quadrature

Phase: Manusl

PhO: -70.93

Phi:

63.55
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-01-18T12:16:20
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: €4

DS: undefined
SWH: 8223.7 Hz

CHANNEL £1

Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: -263.30

Phi: 13.11

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-18T13:15:46
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Ns: 1024

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: -£4.53

Phi: 53.73



8.619
8.617
8.609
7.757
7.737
—7.393
-7.214
7.146
6.389
5.765
5.759
5.751
5.745
4.393
4.385
4.380
4.372
3.489
3.347
3.336
2997
2.993
1.967
1.946
1.568
1.564
1.547
11.543

|
}
{
{
j
|

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-18T13:23:43
PULPROG: zg30

TD: 32768

Solvent: CDC13

NS: 64

DS: undefined

SWH: 8223.7 Hz

CHANNEL £1

Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553

DC: 0.05

LB: 0.30 Hz

First Point: 0.50

FT: Hyper Quadrature

Phase: Manusl

1.0
+41.00~
1.00

! ! ’ PhO: 56.05

5 10 05 00 Phi: 12.08

1,00
1.00
© 1,00
< [1.00
41.00

w0
o
&
(4]
[--]
o
-
(-]
o
o |
[4,]
o |
o
&
) il
[£]
o
[ ]
(2]
(]
o
= 11

152.336
147.868

—199.701
146.110
135.876
132.036
129.536
128.879
127.911

/
T
l
Vi
%

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-18T14:23:15
PULPROG: zgpg30

TD: 32768

Solvent: CDC13

NS: 1024

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

SI: €536
A nc: 0.05

“ l F2 - Processing Parameters
LU

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

‘ e T T B o o e SPpU iy
10 90 80 70 60 50 40 30 20 10 0 -0  pm: 7san
1 (ppm)

210 190 170 150 130
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-01-14T13:41:08
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: €4

DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: 101.01

Phi: &.18

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-14T14:11:13
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Hs: 512

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: -15.18

Phi: -14.30
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-19T17:21:17
PULPROG: zg30

TD: 32768

Solvent: CDC13

NS: 64

DS: undefined

SWH: 8223.7 Hz

CHANNEL £1
HUC1: 1H

Pl: 3.93 usec

SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz

First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: 53.53

Phi: 14.65

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-19T18:20:52
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Ns: 1024

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C

Pl: 3.63 usec

SFO1: undefined MHz

F2 - Processing Parameters
SI: €553

DnC: 0.05

LB: 1.00 Hz

First Point: 0.50

FT: Hyper Quadrature

Phase: Manusl

Pho: -£2.41
Phl: 56.28



—6.734
—6.403
5.752
5.745
5.738
5731
—3.702
—3.308
2954
2.951
1.999
1.978
1.540
1.536
1.519
1.515

%
|

NI I R

1.00=
1.00=
41.00=

.0 55 50 45 40 35 3.0 25

g
o

r136.873
128.568
126.907
—122.213
—113.755
55,278
54,272
49.684
48.711

r

r
7

—201.244

—153.585
—148.866

/
A

L HI\H

90 80 70 60 50 40 30 20 10

Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-01-15T18:28:52
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: €4

DS: undefined
SWH: 8223.7 Hz

CHANNEL £1
HUC1: 1H

Pl: 3.93 usec

SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manuzl

PhO: 53.37

Phi: 13.63

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-19T15:28:13
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Ns: 1024

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C

Pl: 3.63 usec

SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: -£0.11

Phi: 51.82
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-02-16T21:48:32
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: €4

DS: undefined
SWH: 8223.7 Hz
a0-
TE:

CHANNEL £1

Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: 55.05

Phi: 14.98

oo

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-02-16T22:47:58
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Ns: 1024

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 293.9 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: -51.61

Phi: 45.54



#19

7.401
7.383
7.254
6353
6.345
6.272
g
5.705
5,698

—5.228

—3.431

—3.134

!
J
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2.868

T

2.864

1.870
1.849
1.516
1.512

i

1.495
1.491

o ¢

3
=z

Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-02-16T22:55:58
PULPROG:
TD: 32788

zg30

Solvent: CDC13
€4
undefined

8223.7

Hs:
Ds:
SWH:
a0-
TE:

CHANNEL £1

P1:
SFO1

3.93 usec
undefined MHz

- Processing Parameters
. 5538

- 005

1 0.30 Hz

First Point: 0.50

FT: Hyper Quadrature

Phase: Manusl

PhO: 54.33

Phi: 14.00

o

”
Q
=

1.00
1.00
1.00

65 60 55 50 45 40 3
1 (ppm)

-41.00=

o 1.00

9.0 05 0.0

Lo
o

15 1.0

—200.908
—153.503
—136.925
128.701
126.981
122.227
53.584
49.831
48.489
48.366
—37.048

~-132.349

\

—110.759
A
s
A

o ¢

3
=z

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-02-16T23:55:25
PULPROG: zgpg30

TD: 32768

Solvent: CDC13

1

l

110
1 (ppm)

210 190 170 150 130
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90 80 70 60 50 40 30 20 1

0

0

Hs:
Ds:
SWH:
a0-
TE:

1024
undefined
240385 Hz
undefined
z93.9 C

F2

SI:
nc
LB
First Point
¥TF:

CHANNEL £1
13C
3.83 usec
undefined MHz

- Processing Parameters
©5536

0.05

1.00 Hz

0.s0

Hyper Quadrature

Phase: Manual

Tho
Dhi:

-71.53

7413
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-01-26T17:47:52
PULPROG: zg30

TD: 32788
Solvent: CDC13
Ns: €4

DS: undefined
SWH: 8223.7 Hz

CHANNEL £1
HUC1: 1H
Pl: 3.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DC: 0.05

LB: 0.30 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

PhO: 36.23
Phi: .33
I N
S
0
=N
- |

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-26T18:47:18
PULPROG: zgpg30

TD: 32788
Solvent: CDC13
Ns: 1024

DS: undefined
SWH: 240385 Hz
AQ: undefined
TE: 0 C

CHANNEL £1
HUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: €553
DnC: 0.05

LB: 1.00 Hz
First Point: 0.50
FT: Hyper Quadrature
Phase: Manusl

Pho: -74.43

Phi: 73.51
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Current Data Parameters

F2 - Aoquisition Parameters
DATE: 2016-01-26T16:40:23
PULPROG:
TD: 32788

zg30

Solvent: CDC13
€4
undefined

8223.7

Hs:
Ds:
Hz

CHANNEL £1

P1:
SFO1

3.93 usec
undefined MHz

- Processing Parameters
. 5538

- 005

1 0.30 Hz

First Point: 0.50

FT: Hyper Quadrature

Phase: Manusl

PhO: -262.33

Phi: 5.33

8

O

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-01-26T17:39:43
PULPROG: zgpg30

TD: 32768

Solvent: CDC13

NS: 1024

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 0 C

CHANNEL £1
13C
€3 usec
undefined MHz

HUC1

SFO1

- Processing Parameters
. 5538

- 005

:1.00 Hz

First Point: 0.50

FT: Hyper Quadrature

Phase: Manusl

Pho
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-05-17T04:06:16
PULPROG: zg30

TD: 32768

Solvent: CDC13

NS: &4

DS: undefined

SWH: 8223.7 Hz

a0
TE

undefined
285.5 C

CHANNEL F1
NUC1: 1H
Pl: 3_93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536

DC: 0.05

LB: 0.30 Hz

First Point: 0.50

FT: Hyper Quadrature
Phase: Manual

PhO: 93.75

Phl: 2Z.48
o0
ZN
|

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-05-17T04:36:33
PULPROG: zgpg30

TD: 32768

Solvent: CDC13

Ns: 512

DS: undefined

SWH: 24038.5 Hz

a0
TE

undefined
296 C

CHANNEL F1
NUC1: 13C
Pl: 3_63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 1.00 Hz

First Point: 0.50
FT: Hyper Quadrature
Phase: Manual

PhO: -67.71

Phl: 57.2§
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1.902
1.880
1.579
1.575
1.570
1.562
1.553
1.549

|

8.181
8.178
§.158
7.348
7.330
7.292
7.178
6.467
6.453

5,883
5.876
5.868
5.862
4506
4.497
4493
4.484

(3.380

/-3.354

13344

—3.093

¢
J
/
% .
L

5.883
5,876
5.868
5.862

A
\

e e ) o W

- (=] Current Data Parameters

T ot T T T
610 605 600 595 590 585 F2 - Acquisition Parameters
1 (ppm) DATE: 2016-04-05T01:35:49
PULPROC: 2g30
T™D: 32768
Solvent: CDC13
ws: 3z
ned
SWH: 8223.7 Ez
20: undefined
TE: 0 C

CHANNEL £1
WUCL: 1H
Pl: 3.33 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536

DC: 0.08

LB: 0.30 Haz

First Point: 0.50

FT: Hyper Quadrature

T T T T T Phase: Manual

4.0 3. 5 10 05 0.0 FED= saz -8
f1 (ppm] Phl: -0.8&3

1.00=
6.00-
~ |1.00"

11.00-

—1.001
11.00=

2 100

@ 013
@ 12,003
» |1.004
© 71,00
- |1.00=

©
o
ol
o
~
o
1)
-
o
o
o
b
~
o

—198.594
143.900
140.354
139.931
128.444
127.637
127.433
126.345
125,997
125.990
125.689
47.610
46.438
46.396

[
i

—133.055
—58.223
—49.125

|
¥

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2016-04-05T01:51:24
2gpg30

SWH: 24038.5 Hz
2AQ: undefined
TE: 0 C

CHANNEL £1
WUC1: 13C
Pl: 3.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536

oo 0.08

LB: 1.00 Hz

First Point: 0.50

FT: Hyper Quadrature

T T T T T T T T T T T T T Phase: Manual

T T T
160 140 120 100 80 60 40 20 0 DS 26T

T T
200 180
1 (ppm) Phi: -1.84
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