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General Information

!H NMR (3*C NMR) spectra were measured on a Bruker DPX 400 MHz spectrometer in CDCl; (DMSO-ds) with chemical
shift (6) given in ppm relative to TMS as internal standard [(s = singlet, d = doublet, t = triplet, brs = broad singlet, m =
multiplet), coupling constant (Hz)]. HRMS (APCI and ESI) was determined by using microTOF-QIl HRMS/MS
instrument (BRUKER). X-Ray crystallographic analysis was performed with a Siemens SMART CCD and a Siemens P4

diffractometer. The melting points were measured with digital melting point detector.

N/

Figure S1. X-Ray Structure of 3f (CCDC 2088124)
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Scheme S1. Control experiments
To gain the influence of halogenated esters into this reaction, two controlled experiments were conducted. When
BrCF,CO:Et as the halogenation reagent was added into the reaction system under the standard conditions, the reaction
can proceed normally, and product 3a is obtained with a yield of 40%. Meantime, when ICF,CO,Me was used in the

reaction, product 3a is obtained with a yield of 56%.
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Radical-Trapping Experiment:

TEMPO as the radical trapping reagent

General procedure

(o}
TMSN;
standard conditions N
Me + 28 —————> 3a (0%) + \
X TEMPO oL
S Ph CF,CO,Et
1a Detected by LCMS

To a 25-mL Schlenk tube under Ar conditions, 1,6-enyne 1a (0.2 mmol, 49 mg), Cu powder (0.5 mmol, 33mg), AgOAc
(0.4 mmol, 67 mg), TMSN3 (0.4 mmol, 46 mg), ethyl difluoroiodoacetate 2 (0.3 mmol, 75 mg) and TEMPO (0.6 mmol,

94 mg) in DMSO (2.0 mL) was stirred at 120 °C for 12 hours. After completion of the reaction, the solution was detected
by LC-MS analysis (Figure S2).
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Figure S2. Copy of LC-MS Spectrum of TEMPO-S adduct

Intermediate Detection

To a 25-mL Schlenk tube under Ar conditions, 1,6-enyne 1a (0.2 mmol, 49 mg), Cu powder (0.5 mmol, 33mg), AgOAc
(0.4 mmol, 67 mg), TMSN;3; (0.4 mmol, 46 mg) and ethyl difluoroiodoacetate 2 (0.3 mmol, 75 mg) in DMSO (2.0 mL)
was stirred at 120 °C for 2 hours until complete consumption of 1a as monitored by TLC analysis. Then the reaction

system was directly measured by HR-MS analysis. The key intermediates E, F (or H) and I (or J) were detected by
HR-MS (Figures S3-S5).
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Figure S3. Copy of HR-MS Spectrum of Intermediate E
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Figure S4. Copy of HR-MS Spectrum of Intermediate F or H
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Figure S5. Copy of HR-MS Spectrum of Intermediate I or J
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General Procedure for the Synthesis of Products 3a
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1a 2 3a

To a 10 mL-Schlenk tube, 1,6-enyne 1a (0.2 mmol, 49 mg), Cu powder (0.5 mmol, 33 mg), AgOAc (0.4 mmol, 67 mg),
TMSN;3 (0.4 mmol, 46 mg), ethyl difluoroiodoacetate 2 (0.3 mmol, 75 mg) and DMSO (2.0 mL) were sequentially added
under the protection with argon. The resulting mixture was stirring at 120 °C in metal bath for 12 h. After the reaction
was complete (by TLC), the reaction mixture was cooled to room temperature and washed with H>O (20 ml) and extracted
with ethyl acetate (3 x15 mL). The combined organic layer was dried over Na,SOs, filtered, and concentrated under
reduced pressure. The resulting residue was purified by column chromatography on silica gel (eluent, petroleum

ether/ethyl acetate = 10:1 v/v) to afford the desired product 3a as white solid in 71% yield.

Scale-up transformation of 3a

o (0}
o TMSN, F
| Cu, AgOAc F
Me ¥ OEt N\ (o)
AN FF DMSO, 120 °C, Ar N
Ph PhH
1a (4 mmol, 1g) 2a (6 mmol) 3a (63%)

To a 50 mL-Schlenk flask, 1,6-enyne 1a (4 mmol, 1.00 g), Cu powder (10 mmol, 0.66 g), AgOAc (8 mmol, 1.34 g),
TMSN; (8 mmol, 0.92 g), ethyl difluoroiodoacetate 2 (6 mmol, 1.5 g) and DMSO (20 mL) were sequentially added under
the protection with argon. The resulting mixture was stirring at 120 °C in metal bath for 12h. After the reaction was
complete (by TLC), the reaction mixture was cooled to room temperature and washed with H>O (50 ml) and extracted
with ethyl acetate (3 x45 mL). The combined organic layer was dried over Na,SOs, filtered, and concentrated under
reduced pressure. The resulting residue was purified by column chromatography on silica gel (eluent, petroleum

ether/ethyl acetate = 10:1 v/v) to afford the desired product 3a as white solid in 63% yield.

Lithium aluminum hydride reduction of compound 3a

o OH
F F
F LiAIH, (2.0 eq) F
_—
) N © THF, 0°C \ N ©
PH H Ph  H
3a 5a (68%)

To a solution of 3a (0.2 mmol, 0.0678g) in THF (2.0 mL) was added LiAlH4 (1.0 M in THF, 2.5 equiv.) at 0 °C. The
reaction mixture stirred for 30 minutes. After completion of the reaction, the residue was quenched with saturated NH4Cl
solution, extracted with ethyl acetate and dried on MgSOs. The solvent was evaporated under reduced pressure and the

products were purified through preparative thin layer chromatography to get desired products 5a.
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4,4-difluoro-5a-methyl-1-phenyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3a)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 48 mg, 71%; mp 215-217 °C
"H NMR (400 MHz, CDCls) (6, ppm) 7.81 - 7.79 (m, 1H), 7.66 - 7.54 (m, 3H), 7.44 (d, J = 6.8 Hz, 2H), 7.36 - 7.29 (m,
2H), 6.86 (s, 1H), 6.65 (d, J = 7.2 Hz, 1H), 2.85 - 2.67 (m, 2H), 1.66 (s, 3H). '*C NMR (100 MHz, CDCl;) (4, ppm) 204.6,
164.4 (t, 2Jcr=30.0 Hz), 146.5, 135.4, 135.0, 133.9, 132.1, 130.6, 130.3, 129.4, 129.2, 129.0, 128.8, 124.9, 124.3, 114.9,
(t, Jcr=248.0 Hz), 46.8, 46.7, (t, *Jcr = 25.0 Hz), 46.6, 21.8. ’F NMR (376 MHz, CDCls) (6, ppm) -97.0 (d, J = 251.9
Hz, 1F), -98.9 (d, J = 251.9 Hz, 1F). IR (KBr, v, em!) 3244, 1715, 1694, 1473, 1336, 1249, 1172, 1022, 860, 768. HR-
MS (ESI) m/z caled for C20H14F2NO, [M-H] 338.0993, found 338.0985.

4,4-difluoro-5a-methyl-1-(p-tolyl)-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3b)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 25 mg, 35%; mp 230-231 °C
"H NMR (400 MHz, CDCI;) (J, ppm) 7.79 - 7.77 (m, 1H), 7.41 (s, 2H), 7.34 - 7.30 (m, 3H), 7.23 (d, J = 7.2 Hz, 1H),
7.09 - 6.98 (m, 1H), 6.73 - 6.71 (m, 1H), 2.78 - 2.60 (m, 2H), 2.47 (s, 3H), 1.63 (s, 3H). '*C NMR (100 MHz, CDCI3) (4,
ppm) 204.8, 164.7 (t, ZJcr = 30.0 Hz), 146.8, 141.0, 135.4, 133.9, 132.4 (t, “Jcr= 3.0 Hz), 132.1, 131.0, 129.9, 129.4,
128.9, 128.5, 124.9, 124.5, 115.0 (t, 'Jcr= 248.0 Hz), 46.8 (t, *Jcr=23.0 Hz), 46.8, 46.5,21.8, 21.7. "YF NMR (376 MHz,
CDCl;) (6, ppm) -97.0 (d,J=251.9 Hz, 1F), -99.0 (d, J = 251.9 Hz, 1F). IR (KBr, v, cm™) 3217, 3121, 1714, 1702, 1467,
1326, 1244, 1164, 1023, 826, 773. HR-MS (ESI) m/z calcd for C1Hi6F2NO, [M-H]  352.1149, found 352.1139.

4,4-difluoro-5a-methyl-1-(m-tolyl)-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3c)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 30 mg, 42%; mp 168-169 °C
'H NMR (400 MHz, DMSO-ds) (6, ppm) 10.33 (s, 1H), 7.73 (d, J= 7.2 Hz, 1H), 7.60 —7.37 (m, 4H), 7.27 - 7.23 (m, 2H),
6.53 - 6.47 (m, 1H), 2.75 - 2.66 (m, 2H), 2.38 (d, J = 43.2 Hz, 3H), 1.54 (s, 3H). '3C NMR (100 MHz, DMSO-ds) (4,
ppm) 203.6, 164.8 (t, 2Jcr = 30.0 Hz), 145.8, 135.8, 135.6, 135.4, 133.9, 130.8, 130.5 (t, *Jcr = 3.0 Hz), 130.2, 129.5,
129.0, 127.0, 125.6, 124.3, 115.8 (t, 'Jcr = 248.0 Hz), 100.0, 46.9 (d, *Jcr= 10.0 Hz), 46.5 (t, *Jcr= 24.0 Hz), 21.5, 21.5.
F NMR (376 MHz, DMSO-ds) (5, ppm) -95.4 (d, J=251.9 Hz, 1F), -98.1 (d, J=251.9 Hz, 1F). IR (KBr, v, cm™!) 3247,
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3136, 1713, 1697, 1473, 1334, 1255, 1170, 1034, 963, 797. HR-MS (ESI) m/z calcd for C,1HicFo2NO, [M-H] 352.1149,
found 352.1149.

4,4-difluoro-1-(4-methoxyphenyl)-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3d)

MeO

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) Yellow solid, 25 mg, 34%; mp 211-212
°C 'H NMR (400 MHz, CDCl3) (J, ppm) 7.80 - 7.76 (m, 1H), 7.41 (s, 2H), 7.34 - 7.30 (m, 3H), 7.23 (d, J = 6.4 Hz, 1H),
7.04 (s, 1H), 6.74 - 6.71 (m, 1H), 2.79 - 2.63 (m, 2H), 2.47 (s, 3H), 1.64 (s, 3H). *C NMR (100 MHz, CDCI3) (J, ppm)
204.82, 164.67 (t, 2Jcr = 30.0 Hz), 161.43, 146.96, 135.42, 133.92, 132.14 (t, *Jcr = 3.0 Hz), 131.18, 130.45, 128.87,
128.26, 127.07, 124.95, 124.38, 115.05 (t, 'Jcr= 249.0 Hz), 100.00, 55.61, 46.89 (t, *Jcr = 23.0 Hz), 46.65 (d, *Jcr= 9.0
Hz), 29.82,21.80. -97.1 (d, J=251.9 Hz, 1F), -99.2 (d, J= 251.9 Hz, 1F). HR-MS (ESI) m/z calcd for C;HisF2NO3
[M-H] 368.1098, found 368.1098.

4,4-difluoro-1-(4-fluorophenyl)-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3e)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) Yellow solid, 43 mg, 60%; mp 216-217
°C 'H NMR (400 MHz, CDCls) (d, ppm) 7.82 - 7.80 (m, 1H), 7.55 (s, 1H), 7.42 (d, J = 5.6 Hz, 1H), 7.38 - 7.34 (m, 2H),
7.33-7.30 (m, 1H), 7.17 - 7.13 (m, 1H), 7.04 (d, J = 3.2 Hz, 1H), 6.68 - 6.65 (M, 1H), 2.80 - 2.62 (m, 2H), 1.65 (s, 3H).
13C NMR (100 MHz, CDCls) (5, ppm) 204.4, 164.6 (t, *Jce = 30.0 Hz), 164.0 (d, Lcr = 251.0 Hz), 160.2, 146.3, 135.5,
134.0, 131.6 (t, 8Jcr = 8.0 Hz), 131.3, 131.1 (t, °Jcr = 3.0 Hz), 129.2, 125.1, 124.2, 117.6 (d, ®Jcr = 22.0 Hz), 116.5 (d,
SJcr = 22.0 Hz), 115.0 (t, 2Jcr = 248.0 Hz), 100.0, 46.8 (t, *Jcr = 24.0 Hz), 46.6 (d, "Jce= 9.0 Hz), 21.8. *F NMR (376
MHz, CDCls) (6, ppm) -97.1 (d, J = 251.9 Hz, 1F), -99.1 (d, J = 251.9 Hz, 1F), -108.8. IR (KBr, v, cm-1) 3232, 3137,
1715, 1697, 1603, 1511, 1337, 1226, 1159, 1018, 845, 768 HR-MS (ESI) m/z calcd for CyH13FsNO; [M-H] 356.0898,
found 356.0903.

1-(4-chlorophenyl)-4,4-difluoro-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3f)
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Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 52 mg, 70%; mp 231-233°C
!H NMR (400 MHz, CDCls) (5, ppm) 7.82 - 7.80 (m, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.43 (d, J =
7.6 Hz, 1H), 7.40 - 7.36 (m, 3H), 6.94 (s, 1H), 6.72 - 6.70 (m, 1H), 2.80 - 2.62 (m, 2H), 1.65 (s, 3H). 3C NMR (100 MHz,
CDCls) (6, ppm) 204.3, 164.5 (t, 2Jcr = 30.0 Hz), 146.1, 136.8, 135.5, 134.1, 133.4, 130.9 (d, 8Jce = 3.0 Hz), 130.8 (t, *Jcr
=21.0 Hz), 129.6, 129.5, 129.3, 125.1, 124.2, 114.9 (t, Jcr = 248.0 Hz), 46.8 (t, 3Jcr = 24.0 Hz), 46.6 (d, 3Jcr = 9.0 Hz),
21.8. °F NMR (376 MHz, CDClIs) (6, ppm) -97.1 (d, J = 251.9 Hz, 1F), -99.1 (d, J = 251.9 Hz, 1F). IR (KBr, v, cm™)
3235, 3137, 1716, 1692, 1597, 1473, 1340, 1299, 1172, 1019, 840, 768 HR-MS (ESI) m/z calcd for CH13CIF.NO; [M-
H]  372.0603, found 372.0616.

1-(4-bromophenyl)-4,4-difluoro-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3g)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 53 mg, 64%; mp 208-209 °C
IH NMR (400 MHz, CDCls) (6, ppm) 7.82 - 7.75 (m, 2H), 7.59 (d, J = 7.6 Hz, 1H), 7.43 (d, J= 7.6 Hz, 1H), 7.39 - 7.37
(m, 2H), 7.33 (d, J = 8.0 Hz, 1H), 6.97 (s, 1H), 6.73 - 6.71 (m, 1H), 2.80 - 2.62 (m, 2H), 1.64 (s, 3H). 3C NMR (100
MHz, CDCls) (8, ppm) 204.2, 164.5 (t, 2Jcr = 30.0 Hz), 146.0, 135.5, 133.8 (t, “Jcr = 18.0 Hz), 132.5, 131.1, 130.9 (d,
8Jce = 3.0 Hz), 130.7, 129.5, 129.3, 125.1, 124.2, 114.9 (t, Ycr = 248.0 Hz), 46.8 (t, 3Jcr = 24.0 Hz), 46.6 (d, 5Jce = 9.0
Hz), 21.7. °F NMR (376 MHz, CDCls) (d, ppm) -97.1 (d, J = 251.9 Hz, 1F), -99.1 (d, J = 251.9 Hz, 1F). IR (KBr, v, cm
1) 3233, 3131, 1716, 1693, 1472, 1341, 1299, 1172, 1015, 840, 768 HR-MS (ESI) m/z calcd for CooH13BrF2aNO2 [M-H]-
416.0098, found 416.0100.

4,4-difluoro-5a-methyl-1-(thiophen-2-yl)-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3h)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 56 mg, 65%; mp 219-220°C
'H NMR (400 MHz, DMSO-ds) (6, ppm) 10.51 (s, 1H), 7.90 - 7.88 (m, 1H), 7.75 (d, J= 7.6 Hz, 1H), 7.55 - 7.50 (m, 1H),
7.46 - 7.43 (m, 1H), 7.33 - 7.32 (m, 1H), 7.25 - 7.23 (m, 1H), 6.75 (d, J = 8.0 Hz, 1H), 2.76 - 2.66 (m, 2H), 1.53 (s, 3H).
13C NMR (100 MHz, DMSO-ds) (5, ppm) 204.2, 164.1 (t, 2Jcr = 30.0 Hz), 146.6, 136.6, 136.1, 133.8, 130.1 (t, Jcr = 21.0
Hz), 129.7, 128.5, 126.9 (d, 8Jcr = 3.0 Hz), 124.9, 124.1, 115.7 (t, LJce = 248.0 Hz), 60.2, 46.6 (d, 5Jcr = 9.0 Hz), 46.5 (t,
3Jcr = 24.0 Hz), 45.4, 21.3. °F NMR (376 MHz, DMSO-ds) (d, ppm) -95.7 (d, J = 251.9 Hz, 1F), -98.8 (d, J = 251.9 Hz,
1F). IR (KBr, v, cm™) 3213, 3113, 1717, 1640, 1468, 1328, 1296, 1241, 1164, 1112, 965, 773 HR-MS (ESI) m/z calcd
for C1gH12F2NO,S [M-H]- 344.0557, found 344.0552.

4,4 8-trifluoro-5a-methyl-1-phenyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3i)
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Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 40 mg, 56%; mp 235-236°C
'H NMR (400 MHz, CDCls) (d, ppm) 7.63 - 7.53 (m, 3H), 7.46 - 7.39 (m, 3H), 7.06 - 7.01 (m, 1H), 6.86 (s, 1H), 6.63 -
6.58 (m, 1H), 2.81 - 2.67 (m, 2H), 1.66 (s, 3H). '*C NMR (100 MHz, DMSO-dg) (3, ppm) 203.8, 164.4 (t, *Jcr = 28.0 Hz),
162.4 (d, YJcr = 248.0 Hz), 143.6, 135.7, 133.9 (t, 8Jcr = 3.0 Hz), 130.6, 130.4, 130.1, 129.6, 129.0, 127.1, 126.0 (d, "Jcr
= 8.0 Hz), 124.0, 123.8, 115.8 (t, }Jcr = 248.0 Hz), 110.4 (d, ®Jcr = 22.0 Hz), 47.0 (d, ®Jcr= 9.0 Hz), 46.4 (t, *Jcr = 25.0
Hz), 21.6. 'F NMR (376 MHz, DMSO-ds) (6, ppm) -97.1 (d, J = 251.9 Hz, 1F), -99.1 (d, J = 251.9 Hz, 1F), -110.4. IR
(KBr, v, cm™) 3240, 3131, 1716, 1697, 1486, 1341, 1272, 1148, 1029, 882, 721 HR-MS (ESI) m/z calcd for C2H13F;NO;
[M-H] 356.0898, found 356.0887.

4,4,8-trifluoro-5a-methyl-1-(p-tolyl)-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3j)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 46 mg, 62%; mp 249-250°C
"H NMR (400 MHz, CDCl;) (d, ppm) 7.41 - 7.39 (m, 3H), 7.29 (s, 1H), 7.24 (d, J = 7.6 Hz, 1H), 7.07 - 7.01 (m, 1H),
6.89 (s, 1H), 6.70 - 6.67 (m, 1H), 2.78 - 2.65 (m, 2H), 2.47 (s, 3H), 1.64 (s, 3H). *C NMR (100 MHz, DMSO-ds) (6, ppm)
204.0, 164.5 (t, *Jcr = 28.0 Hz), 162.5 (d, Jcr = 248.0 Hz), 143.8, 143.8, 140.3, 135.7, 134.0 (t, 3Jcr = 3.0 Hz), 132.8,
131.0, 130.0, 129.0, 126.8, 126.1 (d, "Jcr= 8.0 Hz), 124.1, 123.9, 115.8 (t, \Jcr= 248.0 Hz), 110.4 (d, >Jcr= 22.0 Hz),
47.1 (d, ®Jcr= 9.0 Hz), 46.5 (t, “Jcr = 24.0 Hz), 21.6. '°F NMR (376 MHz, CDCls) (J, ppm) -97.2 (d, J = 251.9 Hz, 1F), -
99.2 (d, J = 251.9 Hz, 1F), -110.7. IR (KBr, v, cm™') 3248, 3135, 1716, 1698, 1482, 1343, 1271, 1148, 1027, 885, 758
HR-MS (ESI) m/z caled for C21HisF3NO; [M-H] 370.1055, found 370.1055.

1-(4-ethylphenyl)-4,4,8-trifluoro-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3k)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) Yellow solid, 39 mg, 51%; mp 215-216
°C 'H NMR (400 MHz, CDCl;) (J, ppm) 7.44 - 7.40 (m, 3H), 7.31 (d, J = 7.2 Hz, 1H), 7.25 (s, 1H), 7.07 - 7.02 (m, 1H),
6.85 (s, 1H), 6.70 - 6.67 (m, 1H), 2.80 - 2.76 (m, 2H), 2.74 - 2.65 (m, 2H), 1.64 (s, 3H), 1.32 (t, J=7.6 Hz, 3H). 3*C NMR
(100 MHz, DMSO-ds) (6, ppm) 203.9, 164.4 (t, *Jcr= 28.0 Hz), 161.4 (d, 'Jcr= 248.0 Hz), 146.5, 143.7, 135.6 (d, 8Jcr=
8.0 Hz), 134.0 (t, °Jcr = 3.0 Hz), 133.0, 130.1, 129.8, 128.8, 126.8, 126.0 (d, Jcr= 9.0 Hz), 124.0, 123.8, 115.8 (t, Jcr=

248.0 Hz), 110.3 (d, SJer=22.0 Hz), 47.0 (d, %Jcr = 9.0 Hz), 46.4 (t, “Jor= 24.0 Hz), 28.6, 21.5, 15.9. 9F NMR (376 MHz,
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DMSO-de) (J, ppm) -95.5 (d, J = 251.9 Hz, 1F), -98.4 (d, J=251.9 Hz, 1F), -111.9. IR (KBr, v, cm™") 3256, 3136, 1717,
1694, 1483, 1341, 1270, 1147, 1026, 838, 748 HR-MS (ESI) m/z caled for Co,H;7FsNO, [M-H]" 384.1211, found
384.1208.

1-(4-(tert-butyl)phenyl)-4,4,8-trifluoro-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3I)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) Yellow solid, 43 mg, 52%; mp 180-181
°C 'H NMR (400 MHz, DMSO-ds) (J, ppm) 10.29 (d, J = 3.6 Hz, 1H), 7.67 (s, 1H), 7.51 - 7.48 (m, 2H), 7.39 - 7.32 (m,
3H), 6.54 - 6.51 (m, 1H), 2.76 - 2.66 (m, 2H), 1.54 (s, 3H), 1.36 (s, 9H). 1*C NMR (100 MHz, DMSO-ds) (J, ppm) 203.9,
164.4 (t, *Jcr=28.0 Hz), 162.5 (d, 'Jcr=248.0 Hz), 153.4, 143.8, 135.7 (d, "Jcr = 8.0 Hz), 134.0 (t, °Jcr = 3.0 Hz), 132.9,
129.9, 128.8,127.3,126.9, 126.0 (d, "Jcr= 8.0 Hz), 123.9, 115.8 (t, Jcr= 248.0 Hz), 110.5 (d, >Jcr=22.0 Hz), 65.5, 47.1
(d, %Jcr=9.0 Hz), 46.5 (t, *Jcr = 24.0 Hz), 35.2, 31.6, 21.5, 15.7. F NMR (376 MHz, DMSO-d) (6, ppm) -97.2 (d, J =
251.9 Hz, 1F), -99.2 (d, J = 251.9 Hz, 1F), -110.7. IR (KBr, v, em™!) 3252, 3072, 1717, 1608, 1584, 1380, 1270, 1148,
1104, 1027, 852, 785 HR-MS (ESI) m/z calcd for C24H2F3NO, [M-H] 412.1524, found 412.1526.

8-chloro-4,4-difluoro-5a-methyl-1-phenyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3m)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 45 mg, 60%; mp 232-234°C
"H NMR (400 MHz, DMSO-ds) (J, ppm) 10.42 (s, 1H), 7.73 - 7.72 (m, 1H), 7.64 - 7.58 (m, 1H), 7.55 - 7.45 (m, 4H),
6.52 - 6.42 (m, 1H), 2.82 - 2.67 (m, 2H), 1.55 (s, 3H). *C NMR (100 MHz, DMSO-ds) (6, ppm) 203.9, 164.4 (t, *Jcr =
28.0 Hz), 161.4 (d, 'Jcr=248.0 Hz), 146.4, 143.7, 135.6 (d, "Jcr = 8.0 Hz), 134.0, 133.0, 129.9 (d, *Jcr=30.0 Hz), 129.0,
126.8, 126.0, 124.0, 115.8 (t, 'Jcr = 248.0 Hz), 110.5, 47.0 (d, %Jcr = 10.0 Hz), 46.4 (t, >Jcr = 24.0 Hz), 28.6, 21.5, 15.9.
F NMR (376 MHz, DMSO-ds) (6, ppm) -95.4 (d, J=251.9 Hz, 1F), -98.2 (d, J =251.9 Hz, 1F), -110.4. IR (KBr, v, cm
1y 3222, 3125, 1719, 1698, 1468, 1340, 1246, 1171, 1030, 847, 787 HR-MS (ESI) m/z calcd for CH3CIFoNO, [M-H]
372.0603, found 372.0613.

8-chloro-4,4-difluoro-5a-methyl-1-(p-tolyl)-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3n)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 42 mg, 54%; mp 221-222°C
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"H NMR (400 MHz, DMSO-ds) (3, ppm) 10.36 (s, 1H), 7.72 (d, J=2.0 Hz, 1H), 7.53 - 7.50 (m, 1H), 7.46 (d, /= 7.2 Hz,
1H), 7.34 (d, J= 8.0 Hz, 2H), 7.28 (d, J = 7.6 Hz, 1H), 6.55 (d, J = 8.8 Hz, 1H), 2.77 - 2.66 (m, 2H), 2.42 (s, 3H), 1.53
(s, 3H). 13C NMR (100 MHz, DMSO-de) (8, ppm) 203.6, 164.5 (t, 2Jce = 30.0 Hz), 146.0, 140.4, 135.8, 135.2, 135.0 (d,
SJer=3.0 Hz), 133.7, 132.6, 131.0 (t, Jer=3.0 Hz), 130.1, 128.9, 126.5, 125.6, 124.2, 115.8 (t, 'Jer = 247.0 Hz), 46.9 (d,
4Jer=10.0 Hz), 46.5 (t, Jr = 24.0 Hz), 43.8, 21.6, 21.4. F NMR (376 MHz, DMSO-ds) (3, ppm) -95.5 (d, J = 251.9
Hz, 1F), -98.4 (d, J=251.9 Hz, 1F). IR (KBr, v, cm™) 3239, 3131, 1719, 1692, 1469, 1377, 1245, 1168, 1028, 830, 780
HR-MS (ESI) m/z caled for CaH;sCIF,NO, [M-HJ 386.0759, found 386.0759.

8-chloro-1-(4-ethylphenyl)-4,4-difluoro-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (30)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 47 mg, 59%; mp 177-178 °C
'"H NMR (400 MHz, CDCls) (6, ppm) 7.73 (d, J = 2.4 Hz, 1H), 7.44 (s, 2H), 7.31 - 7.27 (m, 2H), 7.25 (d, J = 2.4 Hz, 1H),
6.98 (d, J=3.6 Hz, 1H), 6.63 (d, J = 8.8 Hz, 1H), 2.79 - 2.76 (m, 2H), 2.74 - 2.64 (m, 2H), 1.63 (s, 3H), 1.31 (t, /= 7.6
Hz, 3H). 3C NMR (100 MHz, CDCl3) (6, ppm) 203.6, 164.5 (t, 2Jcr= 30.0 Hz), 147.5, 145.1, 135.5, 135.1, 132.9 (d, *Jcr
=3.0 Hz), 132.0,129.9, 129.4, 128.9, 128.7, 127.5, 125.5, 124.4, 114.9 (t, 'Jcr= 248.0 Hz), 100.0, 46.0 (d, *Jcr= 9.0 Hz),
46.7 (t, 3Jcr= 24.0 Hz), 28.9, 21.9, 15.4. '°F NMR (376 MHz, CDCls) (6, ppm) -97.1 (d, J=251.9 Hz, 1F), -99.2 (d, J =
251.9 Hz, 1F). IR (KBr, v, cm'!) 3265, 3137, 1719, 1694, 1469, 1340, 1244, 1124, 1027, 839, 794 HR-MS (ESI) m/z
caled for Co2H,7CIF2NO; [M-H] 400.0916, found 400.0930.

8-chloro-4,4-difluoro-5a-methyl-1-(4-propylphenyl)-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3p)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) Yellow solid, 52 mg, 63%; mp 140-142
°C 'TH NMR (400 MHz, DMSO-dg) (6, ppm) 10.37 (s, 1H), 7.71 (d, J= 2.0 Hz, 1H), 7.49 - 7.46 (m, 2H), 7.36 (d, /= 8.8
Hz, 2H), 7.29 (d, /= 7.6 Hz, 1H), 6.49 (d, /= 8.4 Hz, 1H), 2.77 - 2.65 (m, 4H), 1.68 - 1.63 (m, 2H), 1.53 (s, 3H), 0.95 (t,
J=17.2 Hz, 3H). C NMR (100 MHz, DMSO-d) (J, ppm) 203.5, 164.5 (t, 2Jcr = 30.0 Hz), 146.0, 145.0, 135.7, 135.2,
135.1 133.7, 132.9, 130.4, 129.9, 129.4, 128.9, 126.6, 125.5, 124.2, 115.8 (t, 'Jcr = 247.0 Hz), 46.9 (d, “Jcr = 9.0 Hz),
46.5 (t, 3Jcr = 24.0 Hz), 37.6, 24.5, 21.4, 14.1. F NMR (376 MHz, DMSO-ds) (J, ppm) -95.4 (d, J = 251.9 Hz, 1F), -
98.4 (d, J =251.9 Hz, 1F). IR (KBr, v, cm) 3244, 3157, 1718, 1699, 1466, 1325, 1250, 1166, 1032, 837, 728 HR-MS
(ESI) m/z calcd for Co3H 9CIF2NO, [M-H] 414.1072, found 414.1065.

1-(4-(tert-butyl)phenyl)-8-chloro-4,4-difluoro-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3q)
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Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) Yellow solid, 55 mg, 64%; mp 194-195
°C 'H NMR (400 MHz, DMSO-ds) (J, ppm) 10.34 (s, 1H), 7.72 - 7.67 (m, 2H), 7.51 - 7.48 (m, 2H), 7.38 (d, J = 8.8 Hz,
2H), 6.49 (d, J= 8.8 Hz, 1H), 2.76 - 2.66 (m, 2H), 1.53 (s, 3H), 1.36 (s, 9H). *C NMR (100 MHz, CDCI3) (6, ppm) 203.5,
164.4 (t, 2Jcr=30.0 Hz), 154.5, 145.1, 135.5, 135.1 (d, *Jcr = 3.0 Hz), 132.7 (d, *Jcr= 3.0 Hz), 131.7, 129.1, 128.6, 127 4,
127.4,126.1, 125.5, 124.4, 114.8 (t, 'Jcr= 248.0 Hz), 47.0 (d, “Jcr= 8.0 Hz), 46.7 (t, *Jcr= 24.0 Hz), 35.1, 31.3, 21.8. F
NMR (376 MHz, DMSO-ds) (J, ppm) -95.5 (d, J = 251.9 Hz, 1F), -98.4 (d, J = 251.9 Hz, 1F). IR (KBr, v, cm™') 3244,
3153, 1721, 1703, 1465, 1328, 1251, 1192, 1034, 828, 777 HR-MS (ESI) m/z calcd for C24H1CIFoaNO, [M-H] 428.1229,
found 428.1229.

8-chloro-4,4-difluoro-1-(4-methoxyphenyl)-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3r)

MeO

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 56 mg, 65%; mp 216-218 °C
"H NMR (400 MHz, DMSO-dg) (J, ppm) 10.33 (d, J = 4.0 Hz, 1H), 7.70 (d, J = 1.6 Hz, 1H), 7.53 — 7.50 (m, 1H), 7.38
(d, J=8.8 Hz, 2H), 7.18 (d, /= 7.2 Hz, 1H), 7.01 (d, J= 8.4 Hz, 1H), 6.60 (d, J= 8.8 Hz, 1H), 3.84 (s, 3H), 2.74 — 2.64
(m, 2H), 1.52 (s, 3H). 1*C NMR (100 MHz, DMSO-ds) (6, ppm) 203.6, 164.6 (t, 2Jcr = 30.0 Hz), 161.1, 146.2, 135.7,
135.2, 134.9 (d, °Jcr = 3.0 Hz), 133.5, 131.8, 130.5, 129.0, 127.4, 126.2, 125.6, 124.1, 115.8 (t, 'Jcr = 248.0 Hz), 55.8,
46.9 (d, “Jor= 9.0 Hz), 46.5 (t, *Jcr = 24.0 Hz), 21.4. °F NMR (376 MHz, DMSO-ds) (J, ppm) -95.5 (d, J = 251.9 Hz,
1F), -98.6 (d, J=251.9 Hz, 1F). IR (KBr, v, cm™) 3230, 3133, 1720, 1695, 1514, 1469, 1346, 1248, 1166, 1028, 843, 780
HR-MS (ESI) m/z caled for Cz;H;sCIF2NOs [M-H] 402.0709, found 402.0709.

8-chloro-4,4-difluoro-1-(4-fluorophenyl)-5a-methyl-2,4,5,5a-tetrahydroindeno[ 1,2-c]azepine-3,6-dione (3s)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 51 mg, 65%; mp 227-229 °C
"H NMR (400 MHz, DMSO-ds) (J, ppm) 10.42 (d, J= 4.4 Hz, 1H), 8.33 (s, 1H), 7.73 (d, J= 2.4 Hz, 1H), 7.55 - 7.47 (m,
4H), 7.32 (t,J = 8.4 Hz, 1H), 6.51 (d, J = 8.4 Hz, 1H), 2.78 - 2.67 (m, 2H), 1.54 (s, 3H). *C NMR (100 MHz, DMSO-ds)
(6, ppm) 203.4, 164.5 (t, 2Jcr = 28.0 Hz), 162.3, 145.7, 135.9, 135.4, 133.8 (d, %Jcr = 3.0 Hz), 132.6 (d, 8Jcr = 9.0 Hz),

131.8 (d, ®Jcr= 3.0 Hz), 131.5 (d, 8Jcr = 9.0 Hz), 127.1, 125.6, 124.3, 117.5 (d, *Jcr = 22.0 Hz), 116.6 (d, *Jcr = 22.0 Hz),
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115.8 (t, YJcr = 247.0 Hz), 79.7, 46.9 (d, SJcr = 9.0 Hz), 46.4 (t, *Jcr = 24.0 Hz), 21.4. '°F NMR (376 MHz, DMSO-de) (4,
ppm) -95.5 (d, J = 251.9 Hz, 1F), -98.4 (d, J = 251.9 Hz, 1F), -110.4. IR (KBr, v, cm™) 3219, 3125, 1720, 1701, 1511,
1468, 1341, 1248, 1170, 1030, 849, 789 HR-MS (ESI) m/z caled for C20H2CIFsNO, [M-H] 390.0509, found 390.0507.

1-(4-chlorophenyl)-4,4-difluoro-5a,8-dimethyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3t)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 45 mg, 43%; mp 227-229°C
'H NMR (400 MHz, CDCI3) (6, ppm) 7.70 (d, J = 8.0 Hz, 1H), 7.60 (s, 1H), 7.53 - 7.36 (m, 3H), 7.19 (d, J = 8.0 Hz, 1H),
6.95 (d, J = 3.6 Hz, 1H), 6.49 (s, 1H), 2.79 - 2.59 (m, 2H), 2.20 (s, 3H), 1.63 (s, 3H). *C NMR (100 MHz, CDCI;) (4,
ppm) 203.6, 164.5 (t, 2Jcr = 30.0 Hz), 146.7, 146.4, 136.7, 133.5, 131.9, 131.0, 130.7, 130.6 (d, >Jcr = 3.0 Hz), 129.6,
129.3, 127.4, 124.9, 124.4, 114.9 (t, 'Jcr = 248.0 Hz), 46.9 (t, 3Jcr = 24.0 Hz), 46.8 (d, “Jcr = 9.0 Hz), 22.4, 21.7. '°F
NMR (376 MHz, CDCls) (J, ppm) -97.1 (d, J = 251.9 Hz, 1F), -99.1 (d, J=251.9 Hz, 1F). IR (KBr, v, cm™!) 3253, 3083
1716, 1599, 1456, 1332, 1171, 1014, 970, 820, 799 HR-MS (ESI) m/z calcd for C,1HisCIF2NO> [M-H] 386.0759, found
386.0758.

1-(4-chlorophenyl)-4,4-difluoro-8-methoxy-5a-methyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3u)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 48 mg, 60%; mp 237-238 °C
"H NMR (400 MHz, DMSO-ds) (J, ppm) 10.26 (d, J=4.0 Hz, 1H), 7.69 - 7.47 (m, 5H), 7.18 (d, J= 2.4 Hz, 1H), 7.14 -
7.11 (m, 1H), 6.50 (d, J = 8.8 Hz, 1H), 3.80 (s, 3H), 2.75 - 2.65 (m, 2H), 1.53 (s, 3H) . *C NMR (100 MHz, CDCl5) (4,
ppm) 204.2, 164.5 (t, 2Jcr= 30.0 Hz), 160.8, 139.5, 136.5, 135.7, 133.5, 131.0, 130.6, 129.5, 129.4, 128.4 (d, *Jcr= 30.0
Hz), 125.3, 125.2, 114.9 (t, 'Jor = 248.0 Hz), 105.6, 55.8, 47.2 (d, “Jcr= 9.0 Hz), 46.6 (t, *Jcr = 24.0 Hz), 21.8. °F NMR
(376 MHz, DMSO-ds) (J, ppm) -95.6 (d, J = 251.9 Hz, 1F), -98.6 (d, J = 251.9 Hz, 1F). IR (KBr, v, cm™!) 3237, 3130,
1719, 1693, 1489, 1338, 1288, 1157, 1030, 939 850, 764 HR-MS (ESI) m/z calcd for C,1H;sCIF.NOs [M-H] 402.0709,
found 402.0709.

9-chloro-4,4-difluoro-5a-methyl-1-phenyl-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3v)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 51 mg, 68%; mp 230-232 °C
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'"H NMR (400 MHz, CDCL) (8, ppm) 7.72 (d, J = 8.0 Hz, 1H), 7.66 - 7.59 (m, 2H), 7.55 - 7.47 (m, 2H), 7.41 (d, J= 7.6
Hz, 1H), 7.31 - 7.29 (m, 1H), 6.92 (d, J = 2.4 Hz, 1H), 6.53 (d, J = 1.6 Hz, 1H), 2.81 - 2.68 (m, 2H), 1.65 (s, 3H). ’C
NMR (100 MHz, CDCls) (d, ppm) 203.3, 164.3 (t, 2Jcr = 30.0 Hz), 147.9, 142.1, 134.3, 133.5 (d, SJcr = 3.0 Hz), 132.1,
131.1, 130.5, 129.5, 129.3, 129.2, 128.9, 127.5, 125.9, 124.4, 114.8 (t, Ycr = 248.0 Hz), 46.8 (d, “cr = 9.0 Hz), 46.7 (,
33cr = 24.0 Hz), 21.9. '°F NMR (376 MHz, CDCls) (3, ppm) -97.0 (d, J = 251.9 Hz, 1F), -98.9 (d, J = 251.9 Hz, 1F). IR
(KBr, v, cm™) 3247, 1702, 1600, 1490, 1397, 1290, 1167, 1106, 1016, 835, 797 HR-MS (ESI) m/z calcd for
C2oH13CIFaNO; [M-H] 372.0603, found 372.0603.

9-chloro-4,4-difluoro-5a-methyl-1-(m-tolyl)-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3w)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 33 mg, 43%; mp 214-216°C
"H NMR (400 MHz, CDCl3) (J, ppm) 7.70 (d, J = 8.4 Hz, 1H), 7.44 - 7.39 (m, 2H), 7.29 - 7.25 (m, 3H), 7.12 (d, J=3.6
Hz, 1H), 6.63 (d, J = 1.2 Hz, 1H), 2.75 - 2.62 (m, 2H), 2.48 (s, 3H), 1.61 (s, 3H). *C NMR (100 MHz, DMSO-dj) (4,
ppm) 203.5, 164.5 (t, 2Jcr = 29.0 Hz), 146.0, 140.4, 135.7, 135.2, 135.0 (d, ®Jcr= 3.0 Hz), 133.7, 132.6, 131.0, 130.0 (d,
“Jor= 9.0 Hz), 128.9, 127.5, 126.5, 125.6, 124.2, 115.8 (t, 'Jcr = 248.0 Hz), 46.9 (d, “Jcr = 9.0 Hz), 46.5 (t, *Jcr = 25.0
Hz), 21.5, 21.4. F NMR (376 MHz, CDCl;) (6, ppm) -97.1 (d, J= 251.9 Hz, 1F), -99.0 (d, J=251.9 Hz, 1F). IR (KBr,
v,em) 3255,3150, 1704, 1651, 1591, 1395, 1269, 1165, 1031, 973, 824, 790 HR-MS (ESI) m/z caled for C1H;sCIF2NO»
[M-H] 386.0759, found 386.0732.

9-chloro-1-(4-ethylphenyl)-4,4-difluoro-5a-methyl-2,4,5,5a-tetrahydroindeno[ 1,2-c]azepine-3,6-dione (3x)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 45 mg, 56%; mp 159-160°C
"H NMR (400 MHz, CDCls) (8, ppm) 7.70 (d, J = 8.0 Hz, 1H), 7.44 (s, 2H), 7.30 - 7.29 (m, 3H), 6.99 (s, 1H), 6.56 (d, J
= 1.6 Hz, 1H), 2.80 - 2.77 (m, 2H), 2.75 - 2.70 (m, 1H), 2.67 - 2.64 (m, 1H), 1.63 (s, 3H), 1.32 (t, J = 7.6 Hz, 3H). 1*C
NMR (100 MHz, CDCI3) (6, ppm) 203.4, 164.4 (t, 2Jcr = 30.0 Hz), 148.1, 147.8, 142.1, 133.7 (d, °Jcr = 3.0 Hz), 132.0,
131.6, 130.0, 129.3, 129.3, 129.0, 128.8, 127.2, 125.8, 124.4, 114.8 (t, 'Jcr = 248.0 Hz), 46.8(7) (d, *Jcr= 9.0 Hz), 46.8(6)
(t, 3Jcr=24.0 Hz), 28.9, 21.8, 15.6. '°F NMR (376 MHz, CDCl5) (J, ppm) -96.9 (d, J=251.9 Hz, 1F), -98.9 (d, J=251.9
Hz, 1F). IR (KBr, v, em™) 3247, 1702, 1600, 1490, 1397, 1290, 1167, 1106, 1016, 835, 797 HR-MS (ESI) m/z calcd for
C2H;7CIF2NO; [M-H] 400.0916, found 400.0910.

1-(4-(tert-butyl)phenyl)-4,4-difluoro-5a,9-dimethyl-2,4,5 5a-tetrahydroindeno[ 1,2-c]azepine-3,6-dione (3y)
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Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 35 mg, 43%; mp 242-244°C
'H NMR (400 MHz, CDCl;) (J, ppm) 7.68 - 7.63 (m, 2H), 7.45 (d, J=7.2 Hz, 2H), 7.34 (d, J= 7.2 Hz, 1H), 7.14 (d, J =
7.6 Hz, 1H), 6.93 (s, 1H), 6.32 (s, 1H), 2.78 - 2.64 (m, 2H), 2.12 (s, 3H), 1.63 (s, 3H), 1.40 (s, 9H). 1*C NMR (100 MHz,
CDCl;) (6, ppm) 204.3, 164.7 (t, 2Jcr = 30.0 Hz), 154.3, 147.2, 146.5, 132.2, 132.0, 131.8, 130.3, 129.4, 128.8, 128.7,
127.1,126.0, 124.8, 124.7, 115.1 (t, 'Jcr = 248.0 Hz), 46.9 (t, *Jcr= 22.0 Hz), 46.8, 35.1, 31.4, 22.4, 21.9. F NMR (376
MHz, CDCls) (J, ppm) -96.9 (d, J=251.9 Hz, 1F), -99.0 (d, J=251.9 Hz, 1F). IR (KBr, v, cm™) 3231, 3138, 1716, 1697,
1599, 1397, 1331, 1257, 1168, 1105, 1033, 831, 796 HR-MS (ESI) m/z calcd for CosH24F2NO> [M-H] 408.1775, found
408.1770.

4,4-difluoro-5a-methyl-1-(p-tolyl)-8-(trifluoromethyl)-2,4,5,5a-tetrahydroindeno[1,2-c]azepine-3,6-dione (3z)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) White solid, 52 mg, 62%; mp 199-201 °C
IH NMR (400 MHz, CDCls) (5, ppm) 8.03 (s, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.43 (s, 2H), 7.30 - 7.28 (m, 1H), 7.24 (s,
1H), 7.07 (s, 1H), 6.79 (d, J = 8.4 Hz, 1H), 2.83 - 2.62 (m, 2H), 2.48 (s, 3H), 1.65 (s, 3H). 3C NMR (100 MHz, CDCls)
(8, ppm) 203.70, 164.43 (t, “Jce = 30.0 Hz), 149.62, 141.57, 134.91 (d, 8Jcr = 3.0 Hz), 133.85, 131.68 (dd, 8Jcr = 3.0 Hz),
131.43 (t, 3Jcr = 25.0 Hz), 130.90 (t, 3Jcr = 33.0 Hz), 130.04, 129.24, 128.68, 127.52 (t, 1Jce = 272.0 Hz), 127.02, 124.92,
124.80, 122.06 (dd, "Jcr = 4.0 Hz), 114.75 (t, Xcr = 248.0 Hz), 47.01, 46.67 (t, 8Jcr = 24.0 Hz), 21.79, 21.60. °F NMR
(376 MHz, CDCls) (J, ppm) -62.88, -97.0 (d, J = 251.9 Hz, 1F), -99.1 (d, J = 251.9 Hz, 1F). IR (KBr, v, cm) 3227, 3132,
1725, 1697, 1618, 1513, 1405, 1337, 1243, 1170, 1127, 1028, 918, 829, 760. HR-MS (ESI) m/z calcd for Co,H17FsNO;
[M+H]* 422.1179, found 422.1164.

4,4-difluoro-5a-methyl-3,6-dioxo-1-(p-tolyl)-2,3,4,5,5a,6-hexahydroindeno[1,2-c]azepine-8-carbonitrile (3aa)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 10/1 v/v) Yellow solid, 45 mg, 60%; mp 263-265
°C 'H NMR (400 MHz, CDCls) (5, ppm) 8.04 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.48 - 7.40 (m, 2H), 7.26 (s, 2H), 7.01 (d,
J=2.8Hz, 1H), 6.77 (d, J = 8.4 Hz, 1H), 2.82 - 2.61 (m, 2H), 2.49 (s, 3H), 1.65 (s, 3H). 3*C NMR (100 MHz, CDCI;) (4,
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ppm) 203.0, 164.3 (t, 2Jcr = 30.0 Hz), 150.1, 141.9, 137.5, 136.2 (t, SJcr= 3.0 Hz), 133.9, 131.3, 131.1, 130.1, 129.2,
129.1, 128.7, 126.6, 125.1, 117.7, 114.7 (t, 'Jer = 248.0 Hz), 112.0, 46.9 (t, “Jcr = 8.0 Hz), 46.7 (t, *Jcr = 24.0 Hz), 21.8,
21.6. 1%F NMR (376 MHz, CDCls) (8, ppm) -97.0 (d, J = 255.7 Hz, 1F), -99.0 (d, J = 255.7 Hz, 1F). IR (KBr, v, cm)
3237, 3137, 2232, 1724, 1698, 1604, 1401, 1345, 1249, 1177, 1031, 915, 828. HR-MS (ESI) m/z caled for
C22H16FaN;NaO, [M+Na]* 401.1078, found 401.1070.

4,4-difluoro-6-hydroxy-5a-methyl-1-phenyl-4,5,5a,6-tetrahydroindeno[1,2-c]azepin-3(2H)-one (5a)

Isolation by column chromatography (petroleum ether/ ehyl acetate = 5/1 v/v) White solid, 47 mg, 68%; mp 120-122 °C
"H NMR (400 MHz, CDCls) (6, ppm) 7.52 - 7.44 (m, 4H), 7.37 (d, J = 7.6 Hz, 1H), 7.23 - 7.19 (m, 1H), 6.98 - 6.94 (m,
1H), 6.69 (s, 1H), 6.44 (d, J = 8.0 Hz, 1H), 5.07 (s, 1H), 3.10 - 3.04 (m, 1H), 2.53 - 2.46 (m, 1H), 1.73 (s, 3H). *C NMR
(100 MHz, CDCls) (d, ppm) 165.36 (t, 2Jcr = 30.0 Hz), 144.39, 136.73, 135.68, 134.16, 130.42, 130.39, 130.04, 128.77,
128.76, 124.49, 123.66, 115.69 (t, 'Jcr = 248.0 Hz), 83.10, 48.18 (t, “Jcr= 9.0 Hz), 47.89 (t, 3Jcr = 24.0 Hz), 29.74, 25.43.
F NMR (376 MHz, CDCl3) (3, ppm) -95.5 (d, J = 251.9 Hz, 1F), -98.0 (d, J = 251.9 Hz, 1F). IR (KB, v, cm™) 3227,
2925, 1693, 1598, 1461, 1324, 1168, 1115, 1056, 913, 770. HR-MS (ESI) m/z calcd for CyoH7F2NNaO, [M+Na]*
364.1125, found 364.1122.

516



099'L—
r.9'2)
089'Cy
6921
€0.'24
£e22|
mmN.NM
AN A
IV NA
808'Z-
Sm.&
182

8£9'9~,
959'9~"
96897
e

gze L
oce' L
¥e L]
ﬁm.i
eevs]
8HG L
€65/
295"
996°/ 1
1621
96/
808"
z1g'2’

M

=00¢|

Foozt

=00'L |

FE6°0

r00¢]|

koog

hoog|

B00°L

1.0 95

10 05 00 -05 -1

1.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

9.0

'"H NMR Spectrum of Compound 3a

S17



¢8'le—

81 9r
GG oy
€L9¥y
GL9Yy
86'9¥

ar'clL
Y6 vl
Ll
cevel
88 vCl
€8'8¢l
66°8¢1
A TA"
ov'ecl
€eoct
c9'0gL
L0'egl
oLeel
g€leel
L6'EEL-F
00°se w\
Ge'Gel
8y avl—

0L'v9L
ow.vwvv
0L'v9L

SG'v0Cc—

mw.mNF
66871
cTeTLy
ovezL!
£€°0EL77
z90e1”
202€)

ovmm@.
ELZEL

16eeL

00°GEL~\
GE'GEL~

132 130 128
1 (ppm)

134

136

210 200

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

190

1 (ppm)
13C NMR Spectrum of Compound 3a

S18



-96.66
-97.33
-98.56
-99.23

/
\

-10

-20

-30

T T T T T T T T T T T T T T T T T T T
40 50 60 -70 -80 -90 -100 -110 -120 -130
f1 (ppm)

YF NMR Spectrum of Compound 3a

S19

-140

-150

-160

-170

-1



Ze9'L—
6972
9652
109
ve9'e
09
£99'ZF
697
1€1T
89/
9112

bLL9
02,49
8¢.L'9
veL'9
9e0°.L
0L

lec'L
mmm.n/N
LOE" LA\

viel
leeL
8¢e’ .
9ge’L
80¥'L
VLLL
9112
G814
v6L'L

=00¢|

=00¢
Fooz

200 L[

¥ 00k

00} |

£-00'€
H/oo.w
#00'L

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5
f1 (ppm)

5.0

55

6.0

70 65

7.5

8.0

8.5

.0 9.5

-05 -1

0.0

9.0

'"H NMR Spectrum of Compound 3b

S20



99°'Le
ww._.Nv.

€69V
19°9%
89y
¥8'9%
L0°LYy

SGelLl
€0°GLL
LGLLL
Sy'vel
L6 ¥Cl
06821
26'8¢clL
yr'6cl
68'6C1
Lo'LEL
oleel
oveel
e€veel
) ANk
06ect
L¥Gel
S6'0vl
Y8911
9e'¥9l
99'v9l
96’791

N A

~

€8'v0Cc—

yr'6cl—
68°6¢l—

Lo'LEL—

oLeel
Qn.Nm_‘W
m#.NmT.N
areel

06°€ElL—

I

132 131 130
f1 (ppm)

133

134

20 210 200

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

190

f1 (ppm)
13C NMR Spectrum of Compound 3b

S21



-96.67
-97.34
-98.65
-99.32

/
Y

-10

-20

-30

-40 -50 -60 -70 -80 90 -100 -110 120 -130  -140
1 (ppm)

YF NMR Spectrum of Compound 3b

S22

-150

-160

=170

=i



LLY'9
:%@W
905°9
mmm@\
LeZ L
0sZ'.L
997 1/
[<1sT0}
£ge’/
16€ L]
€0t 2]
801"
9zZv' L
AR
AR
LG 2
655"
6LL L]
18271

zZeeoL—

Hm

=00

Fooe|
ro0z!

=00°t)

2002
Fooy
=00}

=00'} |

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1.0 05 0.0 -0.5

1.5

10.5

11.5

f1 (ppm)

"H NMR Spectrum of Compound 3¢

S23



Sv'Le
mm.rmv.

LZ.Qk

(ARl 4
9.'9v
8891
869V

99991
09'GZ1 1
G6'9Z1 -
810811
6Y°0EL |
0805}
06°€eL ¢
@m.mm%
@m_mm@.

64°GEL

P86l —

€G'¥91
mm.vw_‘v
€159l

95'€0c—

v0'6Cl—

vS6cl—

8L 0EL—
9r'ocl
6% 0¢€ _.W
¢soel
080€L—

130.5 130.0 129.5 1290 128.5

131.0

f1 (ppm)

20 210 200

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

190

f1 (ppm)
13C NMR Spectrum of Compound 3¢

S24



-95.07
~-95.74
_-97.80
\.-08.47

55 60 65 70 -75 80 -8 90 -95 -100 -105 -110 -115 -120 -125 -130 -135  -1.
f1 (ppm)

1F NMR Spectrum of Compound 3¢

S25



LE9L—
0L¥'¢
0egc
€v9¢
6¥9°¢
¥99°¢
cl9¢
€0L°¢
YA
8./1°¢
98.°¢

2LL9y
22l 97
0€2'9
GE/ 9
S¥0' 21
v2Z L
0¥z LA
L0 L7
PLE L
6LE LA
€ze'L
9z¢' 2
omm.t_.
9ee'

oLy’ L
G/l 1]
6111
mﬂ.g
1611

—

I S

0oL
_ HHOO._‘
_ +00° L]

$-00°€
H/.oo.N

00} ¢

=00'¢|

=00'€
-m Fooz}

10 95

-1

-0.5

35 30 25 20 15 10 05 00

4.0

5

4
f1 (ppm)
'"H NMR Spectrum of Compound 3d

80 75 70 65 60 55 50

8.5

9.0

526



08'Le—

¢8'6Cc—

099
99°9%
69°9%
68°9%
cl'iy
19°GG—

ge-901
g6z
10°22)
979z
1892
S 0€l

A

3.«2%
Z6'€E L~
ZreelLs

96'9%1—
EV'1L9l

LEY91
N@.ﬁ@rw
L6°¥91

28 v0c—

L0741 —

9¢'8¢l—
18'8¢L—

b 0El—
8LLEL—
LLZEL
3.%@
L1ZEL

¢6eel—

NT

O

Z-T

MeO

130 128
f1 (ppm)

132

134

20 210 200

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

190

f1 (ppm)
13C NMR Spectrum of Compound 3d

S27



-96.74
-97.41
-98.87
-99.54

A
Y

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

YF NMR Spectrum of Compound 3d

528



o9’ L —
8192
292
159°T
€992
8/9'Z~%
£89'Z-]
8892
8L.¢
12LT
1612
£9.°21
€6.°Z1
2082’

6790
G590
85901
09991
89991
11991
62991
¥€0° L
Z¥0 L
rAWE
Iyl
891",
662°L
GleL
0ze'L
zeeL
Pre L
6YE L
1G€°L
19€°L
69€"L
€8¢/
Ly L
GZb /1
LS 1
96.°L1
0082
808°L-
11821
818 .-

——

b L

=00'¢

Fooz}

35 30 25 20 15 10 05 00 -05 -1

4.0

5

4
f1 (ppm)
"H NMR Spectrum of Compound 3e

90 85 80 75 70 65 6.0 565 50

9.5

.0

S29



LLVC—

125814
8G°9Y
€9°0p
8’9y
90°Ly

s e
8Lzl
L0°SZL
1Z'62)
LO'LEL
oL’ LEL
LTLEL
99'LEL
YO VEL~
6rGeL”

0c9vl—

L' v0C—

YA TA

3.5
L0161\
oL1eL”
lzeL’
05 €L
85'1EL

09161/

220 210 200

100 9 80 70 60 50 40 30 20 10

f1 (ppm)

180 170 160 150 140 130 120 110
13C NMR Spectrum of Compound 3e

190

S30



-97.44
-98.78
-99.45

-96.77
—-108.79

/
\

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -1
1 (ppm)
F NMR Spectrum of Compound 3e

S31



Y9 L—
819'Z
¥29°Z
0£9°Z
1592
£99'Z
8/9ZF
€892
0692
02,2
62,21
65.Z1
59,7
6.2
¥08'2-

1049
6049
8L.9

€219
vv697
198°Z
0.2
9L
€8¢’/
S6€°L
vzr'L
St /-
88t/
momi
16G'L
11921
662"/
508°21
cLg .
zz8'L’

=00°¢ |

Fooz|

€601

060

06°¢t

00'1L
200)

00°L T
).

00°L

8.0

10 95

35 30 25 20 15 10 05 00 -05 -1

4.0

4.5
f1 (ppm)

60 55 50
"H NMR Spectrum of Compound 3f

6.5

7.0

7.5

8.5

9.0

S32



9.'Le—

8G°9Y
09'9¥
69°9Y
89y
90°LY

Grelly
€6Vl
MLl
€Cvely
0L'SCly
4%
vS'6C)
85'6¢l
S 0EL
GL0El
98'0¢l
68°0€l
9601
ev'eEct
No.vm_‘n/\
ﬁm.mm_&\
891
Loyl —

€C9l
mm.wer
€879l

8¢’ ¥0C—

VE'6Z)—-
AR
85621 —

¥S0EL
S.'0€L

@m.omrw
68°0EL—~
96°0€L""

130.0 1295 129.0
1 (ppm)

130.5

131.0

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20

190

20 210 200

1 (ppm)
13C NMR Spectrum of Compound 3f

S33



-96.78
-97.45
-98.74
-99.41

/
\

-130  -140

-150

-160

-170

-1

-10

-20

-30

-40

-50

-90 -100 -110 -120
f1 (ppm)
1F NMR Spectrum of Compound 3f

-60 -70 -80

S34



oL —
¢e9e
§99°¢
099¢
9/9¢
189°¢
189¢
YAV
(A Y4
€614°¢
L08'c

0LL9
LLL9
zzL'9
Sz.'9
zeL'9
0.6'9
ale’L
9ee’/
GO/
€L€'L
08¢,
88¢/
4
ov'L
0852
66G°.-
$G2° 21
v 17
86111
908"/
A WA
02g'L-

S

=00°¢

Fooz

=001
H%oo._‘

00'L
moo_m

00'L
200°)
®o0z

40 35 30 25 20 15 10 05 00 -05 -1

5

4
1 (ppm)

95 90 85 80 75 70 65 6.0 565 50
'H NMR Spectrum of Compound 3g

1.0

S35



0L'1e—

£6°9¥
SG'or
y9'9¥
LL°9¥
L0 LYy

vev0c—

LE'6Cl~
0s'6cL—

LL°0E)
om.oﬂw
mm.omrw
gL1EL

0SceElL—

GO'EEL,
€8'€ElL—
LoveLs

131

132

129

130
1 (ppm)

133

134

210 200

9 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR Spectrum of Compound 3g

180 170 160 150 140 130 120 110

190

S36



-97.46

-96.79
-98.74
-99.41

/
\

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100  -110 -120 -130 -140 -150 -160 -170 -1
f1 (ppm)
YF NMR Spectrum of Compound 3g

S37



125 L—

65179~
68497
mmm.@.
Tl
128 L
vzl
0eg’L
ceg /]
NE&
¥2G'L
Zvl L]
192"/
89"/
189"/
168"
668"

0LS0L—

=00'¢

Foozt

=00'}L

-0.5

1.0 0.5 0.0

95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

10.5

1.5

11.5

f1 (ppm)
'"H NMR Spectrum of Compound 3h

S38



6c’le—

vv.mvy

LGor
cq'or
09'9%
9L'9%
¢¢’09—

cevoc—

¥8°9Z1 -,
18921

¥582L—

TN
88621~
60°0€L—
ocoeL"

129 128 127 126
1 (ppm)

130

131

210 200

100

f1 (ppm)
13C NMR Spectrum of Compound 3h

80 70 60 50 40 30 20 10

90

180 170 160 150 140 130 120 110

190

S39



-95.41
-96.08
-98.51
-99.18

-10 -20 -30 -40 -50 -60 -70 -80 -90 -if00 -110 -120 -130 -140 -150 -160 -170 -1
f1 (ppm)
YF NMR Spectrum of Compound 3h

S$40



659l —

cl9¢
619°¢C
669°¢
0el¢
mmNNV
€402
y08'¢
€18'¢

8869,
00997
01991
22997
96897
50047
ANWE
120°2
ve0’ .
8v0° L
G602
68€° L

80"/
SLyL

ozy'L

eey L]
S L
825/
1GG 2
0.5
685 .
Z19° .1
1£9°2-

=00°€|

Foozt

*00'L

700l |

=00'}

00°€
Fooe

7.0

35 30 25 20 15 10 05 00 -05 -1

4.0

4.5
f1 (ppm)

60 55 50
'H NMR Spectrum of Compound 3i

6.5

90 85 80 75

10 95

S$41



88°1Z
wm.&w
1022

v262

GE9F
85°0Y
¥8'0Y
(0] A4
VA4
207011
620111
LG OLLA
89°€LL]
TRITE

Y98l
62°€C)
€G'ECL
80°9¢! 1
9L'9¢11
96°LC1
66'8C1
0c'6el
9'0c!L
GL0EL
09°LEL
yoLElL
89°1LEL
8L ¥El

08'sEL
88'GEL
wm.mm_‘\

STAVASE
Goerl

G9'L9l
om.mw_‘/
Nm.mov/

LL'¥9l
L2¥91L
1G'¥91

69991

¢9€0c—

80°9Z1~.
gL9zL~"

96°LCL—

668C1 ~
ocecl—

9 0EL~
GL0EL—
09'LEL
vm._‘m_‘W
89°LEL

128 126
f1 (ppm)

130

132

210 200

90 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR Spectrum of Compound 3i

180 170 160 150 140 130 120 110

190

542



-97.46
-98.73
-99.40

-96.79
—-110.39

/
\

IO 45 -50 -55 60 -65 -70 -75 -80 -85 -90 -95 -105 -115 -125 -135 -145 -165
f1 (ppm)
YF NMR Spectrum of Compound 3i

$43



or9'L—
clve

819°¢
mmw.ww

Gl9¢

904L°¢
clle
6v.'c

64L¢C

1999,
8/9'91
68991
109
588'91
/ S.£
£20' LA

6E0" LA\
S+0'L
090°Z
190°L
1221
vz L]
06221
v6€ L1
LoV L
AN

=

8

Y .

IJH/

=00'¢|

200'E
Foozt

10 95

35 30 25 20 15 10 05 00 -05 -1

4.0

5

4
1 (ppm)

80 75 70 65 60 55 50
'"H NMR Spectrum of Compound 3j

8.5

9.0

S44



6G°Lc—

—2ai

W

cs9y
9.°9%
SO'LY
14 A4

LEOLL
€501
SECLL
€8°GLIT
LEBLLY
G8'EC)
60°vZlq
90°9¢ 11
4R1%
£€8'9¢L
00'6cl
c00gl
¥0'LEL
€8'cel
66°cel
coveL
SO'vEL

K.mm_‘“
@N.ovrx

L8EvL
£8°EvL

¢c’'lol
oN.mmr%
6119l
Nw.wm_‘w
SL 9L

S6°€0C—

90'921~,
rLozL
€89z~

006217
Z0°0EL—
PO LELA,

€8ZEL~.
66'€C)
No&m@
SOvEL

LLGEL—

130 127
f1 (ppm)

133

136

B

o

20 210 200

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20

190

f1 (ppm)
13C NMR Spectrum of Compound 3j

545



-98.84
-99.51
—-110.67

-96.82
-97.49

/
\

-140

-150

-160

-170

-1

-10

-20

-30

-40

-50

-60 -70 -80 -90 -100 -110  -120 -130
f1 (ppm)
1F NMR Spectrum of Compound 3j

S46



862 L~
LELT
Gee'l

proL”

€£59°¢
649¢C
LLie

6€L¢C
8G/1°¢
LLL¢C

96.°¢

899°9
0899
069'9
20L°9
£68°9
610°L
G20°L
0¥0°L
or0°L
290°L
890°.
6vz 1
662 L
L€ 2]
166" L
€02
Gl LA
\Zh L
6EY L

=

TN

A

)
.
J

=00°€|
=00°¢|

06°L

oLzl

J00°L

S6°0[

sL0L

10|

2101
Rooe

1.0

10 95

00 -05 -1

0.5

40 35 30 25 20 15

4.5

80 75 70 65 60 55 50
1 (ppm)
'H NMR Spectrum of Compound 3k

8.5

9.0

S47



S S T ——

€T04L1
SY 0L
8Tl
92°GhL1
72811
8L€T}
2072
£6'6Z}1
20'9Z1
L2921
08'8Z}
6.°621
60°0€
00°€€}
z6€El
S6°€El
86°€€ 1
¥5'GEL
coseL/
L e~
9y oL —

71191
Nm.mm_‘%
L0P9L~

Ge'v9lL
€979l

68'€0c—

YR ARN
20vZL-"
€6'GZh~
20921~
109217

08'8¢L~
61621~
60°0€L~"

0o¢eel
c6'ee _‘/
G6'€E rW
86°¢El
va'selL—-
29'6e r\.

128 124
f1 (ppm)

132

136

210 200

-10

90 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR Spectrum of Compound 3k

180 170 160 150 140 130 120 110

190

S48



-95.19
Z2--95.86
-98.06
-98.73
-111.91

\

-50 -60 -70 -80 -90 -100 -0 -120 -130 -140 -150 -160 -170 -1
1 (ppm)
YF NMR Spectrum of Compound 3k

-10 -20 -30 -40

549



8GE L —
9es' L —

099°C
Ew.mw
9eLeT
65.°C

G059
9159
FAASRS
6€9°9
vee'l
0ce L
ave'L
cse L
Lie's
26e’.
a8y L
88y,
0052
9052
cl9'L

—

|

U

= FLooz}

=00'6|
00°¢

== 00|

- r00°€E|
2002
<N Foot|

10 95

35 30 25 20 15 10 05 00 -05 -1

4.0

5

4
f1 (ppm)

85 80 75 70 65 60 55 50
'"H NMR Spectrum of Compound 31

9.0

S50



9 G9—

PE0LLY
950141
9E'E LT
P8'GLL 1
ZE8LLT
68°€Z11
¥6'GZ 11
209z}
68'91
ze' LTl
08'82L
68°621
98'ZEL
£6°€EL
96°€€L
66°€EL
S9°GEL
€L°GEL
18°EYL—

ereEGL
Lg'L9l
mm.mmr//
LLv9lL
6E 9L
L9°¥91

£6'€0C—

68°ccl—

¥6°GCl -7
¢0'9¢ _‘“
68°9¢1
[ASEAS
08'8zZL~
68°6CL~

98°¢el
mm.mmr/
mm.mm_‘w.
66°€E)

G9'GEL~,
clL6elL

R —

125
f1 (ppm)

130

135

it

i

20 210 200

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

190

f1 (ppm)
13C NMR Spectrum of Compound 31

S51



-96.85

-97.52
-98.90

-99.57
—-110.70

/
\

Y G

-150 -160 -170 -1

-70 -80 -90 -100 -110 -120 -130 -140
f1 (ppm)
YF NMR Spectrum of Compound 31

-10 -20 -30 -40 -50 -60

S52



e L—

vnw.N
moNNW
0¢Le
¢sle
08.¢
0¢8e

€29
S'9
L6V 9T
8b 7
vov'L
9lv'L
L8¥' L
L6V'L
€05
12627
125°2]
evs L
8vS /1
G651
Z19° 21
IWAR
€L 11
zell’

€crolL—

=l6'¢

F00'L

=660

95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

-0.5

1.0 0.5 0.0

1.5

10.5

11.5

f1 (ppm)
'"H NMR Spectrum of Compound 3m

S53



z6'517
6Lz
G582~

L1°9y
Z\@#W
G99y
N@.@ﬂ\
L0721y

ShOLL
[TeLl
SL°GLL
€2'8LL
20'vZl
20'92}
92°92}
86'8Z1
6. 62}
60°0€}
66'2€1
mmmmry”
SS'GEL 7
£9'GEl
YL EPL~
vy opL—

€L’ 19l
_‘m.m@_‘%
80'v9l
wm._w@_\w
Y9'v9l

88'€0Cc—

W

€L —

19°€9L—
80°¥9L~
9€ V9L~
PO¥9L—

163 162 161 160
1 (ppm)

164

165

T

210 200

180

190

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

170

1 (ppm)
13C NMR Spectrum of Compound 3m

S54



O M~ — 0 g
=Non S
W0 W0 M~ —
PRRP A
~\ |~ |
-15 -25 -35 -45 -55 -65 -75 -85 -95 -105 -115 -125 -135 -145 -155
1 (ppm)

YF NMR Spectrum of Compound 3m

S55



9GE0L—

N

N

-—— =00}

00°L

- = ooer
0oL
00°b +

60

-—— =00}

=00¢

— =00¢
== 1002}

-0.5

1.0 05 0.0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1.5

10.5

11.5

1 (ppm)
'"H NMR Spectrum of Compound 3n

S56



crLe
mm._‘mv

eg'ey
Ly 9v-
LLoY
v89Y
v6'9Y

LEELL
8.°GLl
GZ8LlL
8L'vel
9G6'GCl
€5°9¢1
¢6'8cl
L0°0€L
€6°0¢€l
96'0€)
66°0€l
6S°CEl
NN.mmr:/'
00'sEl

€0'GEL
€C’sel
Gl'Gel
Le°0vl

16'S¥l
LZvol
rm.vwvw
1819l

GG'€0Cc—

8L vel—

9G°G¢l—

£6°9¢1L—

¢6'8¢l—
10701~
€6°0€1
96°0€ _.W
66°0€1

127 125
f1 (ppm)

129

131

210 200

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

190

f1 (ppm)
13C NMR Spectrum of Compound 3n

S57



-95.12
~~-95.79
_--98.03
-98.70

0 -55 -60 -65 -70 =75 -80 -85 -90 9% 00 -105 -110 -115 -120 -125 -130 -135 -140 -145 -1
f1 (ppm)
YF NMR Spectrum of Compound 3n

S58



A
cLel
zee'L
ze9'L”
1£9°Z
£Y9°Z
859°Z
G99°Z
G69°Z
€012
9812
6512
V112
€612

9199
8€9°9
9169
G86'9
0sc’L
9s¢’.
clel
LLTL
le6c’L
oLe’s
GEY'L
XA
6¢.'.

e

[

=00
~-00'¢|

Noo.w

00'Z|

001}

001
00°L

0ocy

®00¢

S00L|

10 95

35 30 25 20 15 10 05 00 -05 -1

4.0

5

4
1 (ppm)

80 75 70 65 60 55 50
'H NMR Spectrum of Compound 30

8.5

9.0

S59



ersL”
68'1g—
6882~

FAA)4
LL9¥
G6'9¥
96'9%
SO'Ly

2099t
26°52
ov' 12
y1'8Z
1882
g6'LEL
9g°Z¢ !
68°Z€

PLGEL~
67'GEL

LLGh L~
cq'ivL—

9L ¥9l
ov.vwrW
9. v91

96°€0c—

evvel—

¢s'sel—

ov'Lel—

1821~
188217
8¢'621L~"
26'62L—

126 124
f1 (ppm)

128

130

20 210 200

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

190

f1 (ppm)
13C NMR Spectrum of Compound 30

S60



-96.74
-97.41
-98.82
-99.49

/
\

-120 130 -140 -150 -160 -170 -1

-50 -60 -70 -80 -90 -100  -110
f1 (ppm)
YF NMR Spectrum of Compound 30

-10 -20 -30 -40

S61



L8Y'9-,
Z05'97
z82'2
62/
£6e /-4
SIS Lf
¥ov' L
891,
elrl
681,
80L°.
eLLl

99€0L—

=00¢

=00°¢

o0zt

Foov}

00} |

-0.5

1.0 05 0.0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1.5

10.5

11.5

f1 (ppm)
'H NMR Spectrum of Compound 3p

S62



L0vL
eV 12~
LY~

/G 1E—

FAAC) 4
LL9Y
¥8'9%
£6°9Y

LE€LL
8L°GlLL
GZ8lL
LL'veL
06'GCL
8G6'9¢C|
06'8¢1
Ge'6el
06'6CL
GeoelL

18°¢EL
Nh.mm_‘/
90'G€EL
mN.mm_‘W
L9'GEL

c0'Syl~
L6'GL"

SL'v9l
mv;n@_‘.v
GL P9l

PG €0C—

0682l
SE'6cl—
06'6Z1~
SE0€L~

18¢el—
cLEel—
90°GEL~

€TGEL
L9°GELT

132 130
1 (ppm)

134

136

210 200

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

190

f1 (ppm)
13C NMR Spectrum of Compound 3p

S63



-98.04
-98.71

/

-95.10
2--95.77

\

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -10 -120 -130 -140 -150 -160 -170 -1
f1 (ppm)
YF NMR Spectrum of Compound 3p

S64



819~
00597

172N
@mm.n/

¥ev'L
68Y'L
905,

LS.
191
SLL.
Lel'l

6EE0L—

=006
=00'€

kFoozt

=00}

-<007C]

=88'L

Roozt

=00} |

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1.0 05 00 -0.5

1.5

10.5

11.5

f1 (ppm)
'H NMR Spectrum of Compound 3q

S65



08'lc—

62’ LE—
80'GE—
S oy
69'9%
€6'9%
16'9%
GO'Ly

€E°CLIN
L8171 LT
62 L1y
ov'vel
St'Gelq
90°9¢ 11
9€" L2l
[AXA"
8G'8¢l
ol'6ct

99'LEl
mNNm_‘W

9/LeEl
clsel
m_..mm_‘w
8¥'GeEL
S0'GvL—

0S'vGlL—

609l
679 _‘W
69°v9L

05°€0c—

orveL”
A TARN
90921~

9€° 221~
A AR

8G'8CL—
oLecl—

99'LEL—
€L°¢el
@N.Nm_,w.

126

124

130 128
f1 (ppm)

132

210 200

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

190

f1 (ppm)
13C NMR Spectrum of Compound 3q

S66



-95.13
~--95.80
_--98.08
\..98.75

-100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -1
f1 (ppm)
YF NMR Spectrum of Compound 3q

55 -60 -65  -70 -75 -80 -85 -90 -95

S67



€es’L—

L¥9¢

NN@.NW
gLLe T
mwN.N\

Ev8e—

9859
8099
9669
FAYYA
VLV L
6812
Gog L
18€L

L0S" L
9062
A4 W]

125’2
1692
10L°L

—_——

€¢ce 0l
mmm.orv.

=00'€

Foozl

=00'¢|

00}

00°L
00°L

700¢r

=00}

60|

=00 |

1.0 05

25 20

95 90

-0.5

0.0

1.5

45 40 35 30

5.0

75 70 65 60 55
f1 (ppm)
'"H NMR Spectrum of Compound 3r

8.0

8.5

10.5

S68



9€'le—

mw.w,j

-
9.9v
88°9v
1679V

£8'66—

09'€0c—

1 7

GGGl —
S1'9¢L—

[A XA S

c06Cl—

¥G0EL—

9L'LEL—

128 126 124
1 (ppm)

130

132

210 200

9 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR Spectrum of Compound 3r

180 170 160 150 140 130 120 110

190

S69



-95.16
-95.83
-98.27
-98.94

-110  -120 -130 -140 -150 -160 -170 -1

-50 -60 -70 -80 -90 -100
f1 (ppm)

T T T T T
-20 -30 -40
1F NMR Spectrum of Compound 3r

-10

S70



6EG L —

0£9°¢
0oL¢
80L°¢C
leLe
8v.l'¢
86/°¢
¢8L'¢

%Yo
425
6254
1652
e
€24
15017

Gce8—

9L¥'0l
NNw.o_.v.

=00°¢

Foozt

=00}

=00}

00t

*=00'Lt

=0L0]

=00} |

-0.5

1.0 05 0.0

95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

1.5

10.5

1.5

f1 (ppm)
"H NMR Spectrum of Compound 3s

S71



i

19911
0¥ LLLA
AT WATS
T AR
9G°Gel
AWrAN
65°LELY
08'LEL
€8°LEL
8G¢cel
19°¢¢El
LL'EEL
08'eclt
9E€'GEL—~
mm.mmr\.

99'Grl—

1£'291
0T #9b~\
8y 79l
9279}

cvede—

Leell—

ersi’
SPoLL—
19911
v L~
29 /1L~
ST8LA

118 17 116 115 14 113 112
f1 (ppm)

119

e

A

210 200

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

190

f1 (ppm)
13C NMR Spectrum of Compound 3s

S72



-95.17
95.84
—-110.41

/

+-98.10
-98.77

. A

-120 130 -140 -150 -160 -170 -1

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100  -110
f1 (ppm)
1F NMR Spectrum of Compound 3s

S73



829'L—
6612
Em.m/
€092
1€9C
Zv9e
999'Zf
9692
RN
WY
0812
0182

1879~
1969
9569
LIV I
1611~
90 L7
or o f
G8Y'L
705,
6652
889°/
80L L

=00°L

2680
= 00°L

ooe|

1160

=00}t

10 95

-0.5

0.0

25 20 15 1.0 05

3.0

3.5

4.0

4.5

80 75 70 65 60 55 50
f1 (ppm)
'"H NMR Spectrum of Compound 3t

8.5

9.0

S74



ANTAN
ev'ee”

G99y
6L°9Y
889y
68°9v
€LY

or'ZLL
¥ Ll
AN
AR LA
981
w1zl
1262
85621
¥S o€l
/S0EL
0L°0€l
00°LEL
L6 LEL-F
Nm.mmﬁ
LL'9EL
07 9k~
€L9pL

ccvol
Nm.vwrW
c8'vol

€9'€0¢—

le6el—
86'6CL—

vSOEL~y
150¢€)

oLost”
00'LEL"

L6'LEL—

129.0

130.0

f1 (ppm)

131.0

132.0

T

210 200

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

190

f1 (ppm)
13C NMR Spectrum of Compound 3t

S75



-96.73

/
\

i

-97.40
-98.74
-99.41

il

-10

-20

-30

-40

-50 -60 -70 -80 -90
1 (ppm)

-100 -110

F NMR Spectrum of Compound 3t

S76

-120

-130

-140

-150

-160

-170

-1



225 —

Gv9'¢
mmw.NW
899°¢
w:.wu\
Svl¢c

€08'c—

1819~
6059~
v L
AWS
9eL'L
radWi
LLVE
€8l
vivL
VS
189/

6520l
mmw.o_‘v

|

1.0 05 0.0

iU

L

=00€¢

Fooct

=00'¢|

=00'}

£00')
T A

00'L

=00'L |

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

-0.5

1.5

10.5

1.5

f1 (ppm)
'"H NMR Spectrum of Compound 3u

S77



L8'Le—

8€'9Y
co9y
98'9v
[AWA4
La'ly
186G —

L6vLL
6E°LLL
8lL'GCl
62'SCl
8€'8¢C!
L¥'8clL
1241
LG'6cl
6SG°0€)

00'LEL
€GEEL
04'GElL
¢s'9¢El

Gr'eel
18°091
m_‘.v@r/
mv._w@_‘v
94'¥91

GG'S0L
mv.mz‘/

9L'¥0Cc—

8€'8C!
Ly'8clL v.

24 T4%N
15621

65°0€L~
00°LEL—

€GECL—

0L6€EL—
¢S 9t —

131 129
f1 (ppm)

133

135

210 200

130

180

10 100 9 80 70 60 50 40 30 20 10

120

160 150 140

170

190

1 (ppm)
13C NMR Spectrum of Compound 3u

S78



—-95.26
™~--95.93
~-98.25
~-98.92

-130 -13

-115 -120 -125

-60 -65 -70 -75 -80 -85 -90 -95 -100 -105 -110
f1 (ppm)
YF NMR Spectrum of Compound 3u

S79



GO L—

¥99°¢
149¢
¢69'¢
€cLe
_‘MN.NV
1912°¢
16L°¢
908¢

0859~
AR
mmm.mw
1821
ommsw
Bm.%
e
866,
LWL
8t L]
1€G L
0562
mo@i
A
9€9°/
659/
80L /-
AW

L

-0 |

Foozt

=001

F00°L

koo.w

00 |

+00°¢

00t |

10 95

40 35 30 25 20 15 10 065 00 -05 -1

4.5
f1 (ppm)

85 80 75 70 65 60 55 50
'"H NMR Spectrum of Compound 3v

9.0

S80



88'Lé—

0S'9¥
cL oY
L9y
1891
86°9¥

veZLL
zZ8vLL
0€'LLL
LE¥2
06'SZL
15 /21
98'821
12621
vE'6Z1
05621
€50} ~E
LO'LELF
60°ZEL
Sreel

8y'eel
cevel
vv.mv_‘\
98'Lvl
PO'¥9l
vm._w@_\w
Y9'v9l

8¢'€0Cc—

LG lel—

98'8Z1~_
12621
Y62l —
0s6zL”

€6°0€L—
L0°LEL—

60°cEL—

130 129 128 127
f1 (ppm)

131

132

210 200

-10

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

190

1 (ppm)
13C NMR Spectrum of Compound 3v

S81



-96.67
-97.34
-98.54
-99.21

/
\

T T T T T T T T T
-120 130 -140 -150 -160 -170 -1

T T T T T T T T T T T
-40 -50 -60 -70 -80 -90 -100 -110
f1 (ppm)

T T T T
-10 -20 -30
YF NMR Spectrum of Compound 3v

582



yL9'L—
6.l¥¢
029°¢
129¢
9r9'¢
9/9¢
6.9¢
G89°¢
0cLe
0sL¢

Z£9'9
5eo'9”
GLL'L

AW

052 L-F
21z 1
€87,
88Z'/
z62 .-
065"
L2
0z L
o L]
889° /-
60L°2°

L

—— =00}

- =00'L

/82|

00z

—= =00}

~00°¢ |

= fooe

40 35 30 25 20 15 10 05 00 -05 -1

4.5

95 90 85 80 75 70 65 6.0 55 50
f1 (ppm)
"H NMR Spectrum of Compound 3w

1.0

S83



Evic
.vm._\mv.

Wil

99
VL9
¥8°9v
£6'97

8C°€ElLl
92'GLL
V8Ll
9l vel
GG'GCl
¢5'9¢l
61 LC)
c6'8¢!
96'6¢l
Go'ocl
96°0E)
A"
_L.mmFV
00°S€ElL

€0'SEL
Lg'sel
¢L'SEl
1) 4"

G6'Srl
6L ¥9l
w.v..vm_‘v
LL°¥91

€5°€0C—

GG'GelL—

¢G9Cl—

v LClL—

¢6'8CL—

96'6ZL~.
soogL”

96°0€L—

130 129 128 127 126 125
f1 (ppm)

131

210 200

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

190

f1 (ppm)
13C NMR Spectrum of Compound 3w

S84



-96.72
-97.39
-98.69
-99.36

/
\

-1200 -130 -140 -160 -160 -170 -180

-50 -60 -70 -80 -90 -100 -110
f1 (ppm)
F NMR Spectrum of Compound 3w

-10 -20 -30 -40

S85



16T 1
oLg' LT
seel
12917
0v9'Z
1v9T
9997
669'C
S0.°2
68.°C
Iv1'T
997
58,7
v08'Z

£65°9
Bm.mv
066'9~
062'.

10" L

Srb L —
169" L~
WLl

=00'¢

=£0°€|

=860

A00°L

700t

Fooe

200}|

10 9.5

40 35 30 265 20 15 10 05 00 -05 -1

5

4
1 (ppm)

85 80 75 70 65 60 55 50
'"H NMR Spectrum of Compound 3x

9.0

586



65517
¥81z—
1692

ATl
cL9y
9.'9¥
18°9Y
00°Ly

9€'€0Cc—

SL8¢Cl~
66°8CL~
92’621~
0e6zlL"

S6'6Cl—

€9°LEL—
yo'gel—

130.5

128.5

129.5

131.5

f1 (ppm)

210 200

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10

190

f1 (ppm)
13C NMR Spectrum of Compound 3x

S87



-96.60
-97.27
-98.57
-99.24

/
\

-10 -20 -30 -40 -50 -60 -70 -80 -90 -i00 -0 -120 -130 -140 -150 -160 -170 -1
f1 (ppm)
YF NMR Spectrum of Compound 3x

S88



91€9—
6269
LE r.\.‘/
08 _‘.h/
62¢EL
FAZ W)
Sv¥L—r
mmv.h.\.
Ge9'L
ProL
¥99°L
€894

J.'Ju'"u

=006
=00°€|

=00°¢ |

Fiozl

=00} |

Foo'L

=001

00}

Fo0e

®ooz|

40 35 30 25 20 15 10 05 00 -05 -1

45

95 90 85 80 75 7.0 65 60 55 50
f1 (ppm)
'H NMR Spectrum of Compound 3y

1.0

S89



612~
<Al

L LE—
€L Ge—

0L9¥
6.°9Y
69y
1A WA%

GgacLl
€L'GLL
L9°LLL
04'vel
eg'vel
00'9¢l
cl’lel
99'8¢l
9.'8¢1
6E'6Cl
LE0EL—
LL1EL
vocel
L2l
L9yl —
w_‘.hw_\\
€EVGl—

mm.vo_.w.
m@.vw_.\
G6'¥9L

8¢’ ¥0C—

(R7ARN
£8'veL"

009¢L—

cl’lel—

99'82L—
01821
68621
LE0EL—

LULELA
P0'ZS L~
1zeL’

127 125

f1 (ppm)

129

123

131

-
-3

180 170 160 150 140 130 120 10 100 ©90 80 70O 60 50 40 30 20

190

20 210 200

1 (ppm)
13C NMR Spectrum of Compound 3y

S90



-96.60
-97.27
-98.62
-99.29

/
Y

-10 20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -1
f1 (ppm)

F NMR Spectrum of Compound 3y

S91



1G9, —
28Y°2)
£29°71
659°Z1
159'ZA
2992
889°Z]
8127/
€922/
£6.°Z
z08'e]
ze8'Z?

mmms i)l

0

-20°¢|

=00¢€

Feozt

J00°L L

86°0
860

00°LT

£00¢C

2001 |

00}

35 30 25 20 15 10 05 00 -05 -1

4.0

4.5

85 80 75 70 65 60 55 50
f1 (ppm)
"H NMR Spectrum of Compound 3z

9.0

10 95

592



09°'Le
mn._‘mv.

L6'9%

AT
0022}
ARAAR
80'2Z 11
rARAAR
08'¥Z 1
26'7Z 1
20' 221
89'8Z 11
CATAR
0'0E 11
1G°0E 1
06°0€L
gL 1EL
£z’ 1El
ev1EL
£o'LEL
09'LEL
0L 1EL
el1EL
mm.mﬂ%

eV or
Nw.mvw

68°vEL
c6vEl
P A4
Nm.mv_‘\.

mr.wm_‘/

eV Il
mm.vm_‘N

0L'€0c—

129.5

130.5

128.5

1 (ppm)

131.5

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13C NMR Spectrum of Compound 3z

190

S93



97.38
-99.39

-96.71

/.

~-98.72

\

—-62.88

l

-100 -105 -110 -115 -120 -125

-65 70 -75 80 -85 -90 -95
f1 (ppm)

T T T T T T
-45 50 55 -60
1F NMR Spectrum of Compound 3z

30 -35 40

594



8r9’'L—
68Y°¢
(FAA
969°¢
G.9¢
269¢
0clc
L€L¢C
19.°¢
96/.°¢
908'¢

9.9
€829
010’2
1102

862,
Slv'L
9Ev'L
Lyl
€OV’ L~
N@ﬂ&\
8LG° L
Zv08—

=00°€¢|

=00°¢

Fooz}

=00°L |

00}

700Z|

00°¢
00°1L

=260

10 9.5

-1

-0.5

40 35 30 25 20 15 10 05 00

5

4
f1 (ppm)

85 80 75 70 65 60 55 50
"H NMR Spectrum of Compound 3aa

9.0

595



v9'Le
mm._‘wv.

Loy
G99y
18°9%
68'9%
G6'9v

Lozl

PO GFF

8LTIH]
99'7 L1
L ALl
€L L1
80°'GZ !
859211
59'8Z}
L0°62)
61621
€1°0€}
pLLEL
LE'LEL
€6°€€l

S@QW
6L'9€L

6'LEL

et
ZL05L—

€09l
mm.wm_‘v
€991

§6°¢0c—

8G°9¢L—

G9'8ZL—
LO'6ZL-F
616217
€L0gL"
PLLELA
LELEL—

€6°eEl—

9lL'9gl
6L°9€1

129

133

135

127

131
f1 (ppm)

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13C NMR Spectrum of Compound 3aa

190

596



-96.68

-97.36
-98.69
-99.37

/
\

,JJU\L

-110 -115 -120

-130

-140

T

40

-45

-50

-55

-60

-65

-70 75 -80

-85 -90 -95 -100
f1 (ppm)
1F NMR Spectrum of Compound 3aa

S97



SeL L —

9s¥'e
rmv.NW
9¢s¢
6e0°¢c
mvo.mu.
L110°€
¢80'¢e
00L'€
¥0L'E

¢L0'G—

LEV'9
LG¥'9
1699
E€r6'9
296’9
1869

Y614
1A YAV
lee's

VJao L
€8€' L
8vv'L
99 L
6.v'.
661
AW

=00¢Ct

Fo0'L

F00'L

=10}

=00'L

F00'L|

J20')
7SO

7007}t

00y

10 95

25 20 15 10 05 00 -05 -1

3.0

3.5

4.0

5

4
1 (ppm)

80 75 70 65 60 55 50
'"H NMR Spectrum of Compound 5a

8.5

9.0

598



EV'Ge—
v.'6¢—

GO’y
68'L¥
€Ly
14514
€c 8y

0L'e8—

9.°8¢l
11782l
Y0 0EL-T
6c°0€ r&
crocel
9L'veEL
89'GEL
€L°9€L
6EvyL

90°G9L
9e'G9 _.W
9969l

210 200

180 170 160 150 140 130 120 1O 100 90 80 70 60 50 40 30 20

190

f1 (ppm)
13C NMR Spectrum of Compound 5a

S99



-95.12
~--95.79
—-97.66
"--98.33

”

-10 -6 120 -1256 130 -1356 -140

-95 -100  -105
1 (ppm)
YF NMR Spectrum of Compound 5a

-66 -60 -65 -70 -75 -80 -85 -90

5100



