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1. General aspects and materials

All reactions were carried out in oven-dried glassware with magnetic stirring. Unless otherwise stated,
all reagents were used as purchased from commercial suppliers without further purification. Analytical
thin layer chromatography (TLC) was performed on pre-coated, alumina-backed silica gel plates
(Merck 60 Fas4, 0.2 mm thickness) which were developed using UV irradiation at 254 nm. Flash column
chromatography was performed using silica gel (Silicycle SiliaFlash P60, 230-400 mesh). Melting
points were measured on a Fargo melting point apparatus and are uncorrected. IR spectra were recorded
on a Perkin Elmer 500 spectrometer and only selected peaks are mentioned. "H NMR spectra were
recorded on either a Bruker AV-400 spectrometer or a Bruker AV-III HD-400 spectrometer. Chemical
shifts are reported in & ppm referenced to an internal TMS standard (J = 0.0 ppm) for '"H NMR and
chloroform-d (6 = 77.00 ppm) for 3*C NMR. The following abbreviations (or combinations thereof)
were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet,
dd = doublet of doublet, td = triplet of doublet, qd = quartet of doublet, br = broad, p = pseudo. High
resolution mass spectra were recorded on JEOL MStation JMS-700 (2) using EI (Magnetic sector
analyzer) or on Waters Xevo G2-S Tof using ESI (TOF analyzer). The X-ray diffraction measurements
were carried out at 200 K on a Bruker KAPPA APEX II CCD area detector system equipped with a
graphite monochromator and either a Mo-Ka fine-focus sealed tube (k = 0.71073 A). Optical rotations
were measured in CH2Cl, on a Polari meter with a 50 mm cell (c given in g/100 mL) operating at A =
589 nm, corresponding to the sodium D line, at the indicated temperatures.

The known 2-arylidene indandione substrates 2a, 2b, 2¢, 2e, 2f, 2g, 2i, 2j, 21, 2m and 2n were
synthesized following the procedure reported earlier by our group! whereas 2d and 2k were synthesized
following the procedures reported by Ren? and Huang?® groups respectively. Coumarin derivatives were

prepared following the procedure described in this supporting information.
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2. Experimental procedures and characterization data for new compounds

a. General procedure-A for the preparation of 3-homoacylcoumarin derivatives 1

R'I
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A 100 mL round-bottomed flask equipped with a magnetic stir bar was charged with lactone derivative
(2.0 mmol), substituted salicylaldehyde (1.1 equiv.), EtsN (1.0 mL) and CH:Cl; (30.0 mL) and the
resulting mixture was refluxed for 1 h. Afterwards, the reaction mixture was diluted with CH,CI, and
washed with 1 M HClq) and then brine. The organic layer was then dried over anhydrous MgSO., and
concentrated under reduced pressure to give a crude residue which was subjected to flash column

chromatography over silica gel with EtOAc/hexanes (1/2) as eluent to yield the desired product 1.

3-(2-0x0-2-phenylethyl)-2H-chromen-2-one (1a)*

Following the general procedure-A, 1a was obtained as a white solid (72% yield, 190.3 mg).

R¢ 0.36 (EtOAc/hexanes = 1/5); mp.: 169.9-171.4 °C.

'H NMR (400 MHz, CDCls) é/ppm: 8.04 (d, J = 7.9 Hz, 2H), 7.67 (s, 1H), 7.58 (pt, J = 7.5 Hz, 1H),
3.40-3.52 (m, 4H), 7.31 (d, J = 8.3 Hz, 1H), 7.25 (pt, J = 7.6 Hz, 1H), 4.24 (s, 2H).

13C NMR (100 MHz, CDCls) d/ppm: 195.9, 161.4, 153.4, 141.9, 136.3, 133.4, 131.1, 128.7, 128.3,
127.5,124.4,123.1, 119.2, 116.5, 39.5.

IR (KBr) v (cm™): 1717, 1687, 1605, 1338, 1213, 1072, 757.

HRMS (ESI) calcd for C17H1303, [M+H]* 265.0859, found: 265.0867.

6-chloro-3-(2-0xo-2-phenylethyl)-2H-chromen-2-one (1b)

O
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.
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Following the general procedure-A, 1b was obtained as a yellow solid (62% yield, 185.2 mg).

Rt 0.44 (EtOAc/hexanes = 1/5); mp.: 197.0-197.8 °C.
'H NMR (400 MHz, CDCls) é/ppm: 8.05 (d, J = 7.4 Hz, 2H), 7.57-7.65 (m, 2H), 7.50 (pt, J = 7.8 Hz,
2H), 7.42-7.47 (m, 2H), 7.27-7.30 (m 1H), 4.26, (s, 2H).
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13C NMR (100 MHz, CDCls) 8/ppm: 195.6, 160.9, 151.9, 140.7, 136.2, 133.7, 131.2, 129.7, 128.8,
128.4,126.8, 124.5, 120.3, 118.0, 39.5.

IR (KBr) ¥ (cm™): 1719, 1682, 1607, 1587, 755.

HRMS (ESI) calcd for Ci7H1205%Cl, [M+H]* 299.0469, found: 299.0476; calcd for Ci7H1,05%'Cl,
[M+H]* 301.0440, found: 301.0452.

6-bromo-3-(2-oxo-2-phenylethyl)-2H-chromen-2-one (1c)

Following the general procedure-A, 1c was obtained as a white solid (58% vyield, 199.0 mg).

Rr 0.44 (EtOAc/hexanes = 1/5); mp.: 216.5-217.8 °C.

IH NMR (400 MHz, CDCls) /ppm: 8.05 (d, J = 7.5 Hz, 2H,), 7.56-7.65 (m, 4H), 7.50 (pt, J =7.7 Hz,
2H), 7.23 (d, J = 8.5 Hz, 1H), 4.26 (s 2H).

13C NMR (100 MHz, CDCls) é/ppm: 195.6, 160.8, 152.3, 140.6, 136.2, 134.0, 133.7, 129.8, 128.8,
128.4, 1245, 120.8, 118.3, 117.0, 39.5.

IR (KBr) 7 (cm™): 1728, 1676, 1476, 1329, 1217, 1068, 821, 757.

HRMS (ESI) calcd for C17H1,05°Br, [M+H]* 342.9964, found: 342.9970; calcd for Ci7H1203%Br,
[M+H]* 344.9944, found: 344.9951.

6-methoxy-3-(2-ox0-2-phenylethyl)-2H-chromen-2-one (1d)
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Following the general procedure-A, 1d was obtained as an orange solid (56% yield, 164.8 mg).

Rf 0.21 (EtOAc/hexanes = 1/5); mp.: 174.5-175.5 °C.

'H NMR (400 MHz, CDCls) é/ppm: 7.96-8.01 (m, 2H), 7.57 (s, 1H), 7.53 (tt, J = 7.5, 1.3 Hz, 1H), 7.42
(pt, J=8.4 Hz, 2H), 7.19 (d, J = 1.2 Hz, 1H), 7.01 (dd, J = 9.2, 3.1 Hz, 1H), 6.83 (d, J = 3.1 Hz, 1H),
4.18 (s, 2H), 3.77 (s, 3H).

13C NMR (100 MHz, CDCls) é/ppm: 196.0, 161.6, 156.1, 147.9, 141.8, 136.3, 133.5, 128.7, 128.4,
123.4,119.6, 118.9, 117.5, 109.7, 55.8, 39.4.

IR (KBr) v (cm™): 1684, 1578, 1496, 1284.

HRMS (ESI) calcd for C1gH1404Na, [M+Na]* 317.0784, found: 317.0790.

6,8-dichloro-3-(2-oxo0-2-phenylethyl)-2H-chromen-2-one (1e)
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Following the general procedure-A, le was obtained as a pale yellow solid (49% yield, 163.2 mg).

R 0.39 (EtOAc/hexanes = 1/5); mp.: 210.3-211.7 °C.

IH NMR (400 MHz, CDCls) 6/ppm: 8.02-8.06 (m, 2H), 7.59-7.66 (m, 2H), 7.56 (d, J = 2.4 Hz, 1H),
751 (t, J =7.7 Hz, 2H), 7.37 (d, J = 2.3 Hz, 1H), 4.28 (d, J = 0.9 Hz, 2H).

13C NMR (100 MHz, CDCls) é/ppm: 195.2, 159.9, 147.9, 140.4, 136.1, 133.8, 131.2, 129.6, 128.8,
128.4, 125.40, 125.37, 122.5, 121.1, 39.4.

IR (KBr) v (cm™Y): 1735, 1677, 1595, 1447, 759.

HRMS (ESI) calcd for C17H1103%Cly, [M+H]* 333.0080, found: 333.0085; calcd for C17H1:05*°CI¥'Cl,
[M+H]* 335.0050, found: 335.0059.

8-methoxy-3-(2-0xo0-2-phenylethyl)-2H-chromen-2-one (1f)

o

Following the general procedure-A, 1f was obtained as a pale yellow solid (58% yield, 170.7 mg).

R: 0.17 (EtOAc/hexanes = 1/5); mp.: 185.0-186.0 °C.

IH NMR (400 MHz, CDCls) s/ppm: 8.05 (dd, J = 8.3, 1.3 Hz, 2H,), 7.67 (s, 1H), 7.59 (pt, J = 7.4 Hz,
1H), 7.49 (pt, J = 7.6 Hz, 2H), 7.20 (pt, J = 8.0 Hz, 1H), 7.05 (td, J = 8.0, 1.3 Hz, 2H), 4.27 (s, 2H),
3.97 (s, 3H).

13C NMR (100 MHz, CDCls) d/ppm: 195.9, 161.0, 147.1, 143.2, 142.1, 136.3, 133.5, 128.7, 128.5,
124.3, 123.3,119.9, 119.1, 113.3, 56.3, 39.4.

IR (KBr) v (cm™): 1708, 1680, 1484, 1281.

HRMS (ESI) calcd for C1gH1504, [M+H]* 295.0965, found: 295.0970.

3-(2-(4-chlorophenyl)-2-oxoethyl)-2H-chromen-2-one (1q)
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Following the general procedure-A, 1g was obtained as a yellow solid (54% yield, 161.3 mg).

R 0.32 (EtOAc/hexanes = 1/5); mp.: 170.7-171.5 °C.

'H NMR (400 MHz, CDCls) §/ppm: 8.00 (d, J = 8.4 Hz, 2H,), 7.69 (s, 1H), 7.51 (pt, J = 8.2 Hz, 1H),
7.44-7.49 (m, 3H), 7.34 (d, J = 8.4 Hz, 1H), 7.28 (pt, J = 7.5 Hz, 1H), 4.22 (s, 2H).

13C NMR (100 MHz, CDCls) é/ppm: 194.8, 161.5, 153.5, 142.1, 140.1, 134.6, 131.4, 129.9, 129.1,
127.6, 124.5, 122.8, 119.2, 116.6, 39.5.

IR (KBr) # (cm™): 1715, 1693, 1399, 756.

HRMS (ESI) calcd for Ci7H1,0:%Cl, [M+H]* 299.0469, found: 299.0476; calcd for Ci7H1,03°Cl,
[M+H]* 301.0440, found: 301.0452.

3-(2-oxopropyl)-2H-chromen-2-one (1h)®!

Og /\g
(@)
(@)
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Following the general procedure-A, 1g was obtained as an off-white solid (74% yield, 150.3 mg).

R: 0.11 (EtOAc/hexanes = 1/5); mp.: 100.7-102.3 °C.

'H NMR (400 MHz, CDCls) 6/ppm: 7.61 (s, 1H), 7.51 (ddd, J = 8.7, 7.0, 1.7 Hz, 1H), 7.46 (dd, J =7.9,
1.8 Hz, 1H), 7.34 (d, J = 8.2 Hz, 1H), 7.27 (td, J = 7.9, 1.3 Hz, 1H), 3.69 (s, 2H), 2.32 (s, 3H).

13C NMR (100 MHz, CDCls) é/ppm: 204.1, 161.5, 153.5, 141.9, 131.2, 127.5, 124.4, 122.9, 119.1,
116.6, 44.4, 30.2.

IR (KBr) v (cm™): 1717, 1704, 1632, 1612, 1329, 755.

HRMS (ESI) calcd for C12H1103, [M+H]* 203.0703, found: 203.0707.

b. General procedure B for the preparation of cycloaddition products 3

o)
! 2
e N R — QN-T (10 mol%)
\ | o / N\ CHyCl, (0.5 mL) ~ r H
e} 2vi2 .
©©° = 30°C, 1-7 d Nx S)\NH
1a-j 2a-m R3 A
ant
3 ! Ar=3,5-(CF3),CeHs

A glass vial equipped with a magnetic stir bar was charged 1 (0.1 mmol), 2 (1.1 equiv.), QN-T (10
mol%) and CH.CI, (0.5 mL) and stirred at 30 °C for 1-7 days. After the completion of reaction, the
reaction mixture was quenched with of 0.1 M HCl,q) and the aqueous layer was extracted with CH,Cl..

Combined organic layers were dried over anhydrous MgSO4 and concentrated in vacuo. The crude
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residue was subjected to flash column chromatography over silica gel with EtOAc/hexanes to obtain

pure 3.

(25,3R,3aR,9bR)-3-benzoyl-2-phenyl-3,3a-dihydro-4H-spiro[cyclopenta[c]lchromene-1,2"-
indene]-1',3".4(9bH)-trione (3aa)

Following the general procedure-B, 3aa was obtained as a white solid (89% yield, 44.3 mg).

Rr 0.18 (EtOAc/hexanes = 1/5); mp.: 201.6-202.2 °C; [a]p® = 233.0 (c = 0.5 in CH,CL,).

HPLC: 96% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 9.67 MiN, tmajor = 16.14 min.

IH NMR (400 MHz, CDCls) 8/ppm: 8.06 (d, J = 8.4 Hz, 2H), 7.82 (d, J = 7.4 Hz, 1H), 7.56-7.65 (m,
1H), 7.48-7.55 (m, 2H), 7.44 (pt, J = 7.5 Hz, 1H), 7.31 (pt, J = 7.9 Hz, 2H), 7.05-7.13 (m, 3H), 6.87-
7.00 (m, 4H), 6.84 (dd, J = 7.9, 1.3 Hz, 1H), 6.76 (pt, J = 7.8 Hz, 1H), 5.51 (dd, J = 10.6, 3.9 Hz, 1H),
4.41 (d, J = 10.6 Hz, 1H), 4.26 (d, J = 10.6 Hz, 1H), 3.89 (dd, J = 10.6, 3.9 Hz, 1H).

13C NMR (100 MHz, CDCl3) d/ppm: 201.3, 200.5, 199.9, 168.1, 150.9, 142.4, 142.1, 135.9, 135.8,
135.7, 134.3, 133.4, 129.4, 129.1, 128.3, 128.2, 127.8, 127.5, 124.1, 122.8, 122.7, 117.3, 117.1, 71.7,
58.1, 53.0, 46.5, 44.6.

IR (KBr) v (cm™): 3063, 2923, 1763, 1702, 1597, 1264, 1226.

HRMS (ESI) calcd for CssH230s, [M+H]* 499.1540, found: 499.1550.

(2S,3R,3aR,9bR)-3-benzoyl-2-(4-nitrophenyl)-3,3a-dihydro-4H-spiro[cyclopentalc]lchromene-
1.2'-indene]-1",3",4(9bH)-trione (3ab)
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Following the general procedure-B, 3ab was obtained as a pale yellow solid (84% vyield, 45.6 mg).

Rr 0.13 (EtOAc/hexanes = 1/5); mp.: 148.4-149.0 °C; [a]p?® = 154.3 (¢ = 0.5 in CH,Cl,).

HPLC: 92% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 17.99 min, tmajor = 26.66 min.

'H NMR (400 MHz, CDCls) 6/ppm: 8.14 (d, J = 7.8 Hz, 2H), 7.80-7.93 (m, 3H), 7.70 (pt, J = 7.5 Hz,
1H), 7.61 (pt, J = 7.5 Hz, 1H), 7.47-7.58 (m, 2H), 7.40 (pt, J = 7.6 Hz, 2H), 7.33 (d, J = 8.7 Hz, 2H),
7.12 (ddd, J=8.4, 6.5, 1.9 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.72-6.84 (m, 2H), 5.53 (dd, J = 10.1, 3.6
Hz, 1H), 4.51 (d, J = 10.1 Hz, 1H), 4.39 (d, J = 10.1 Hz, 1H), 3.85 (dd, J = 10.1, 3.6 Hz, 1H).

13C NMR (100 MHz, CDCls) d/ppm: 200.8, 199.7, 199.4, 167.7, 150.9, 147.3, 142.33, 142.30, 141.8,
136.40, 136.36, 135.7, 133.9, 129.8, 129.5, 129.1, 128.7, 127.6, 124.3, 123.6, 123.1, 123.0, 117.5, 116.4,
71.2,56.2,53.0,47.4, 44.9.

IR (KBr) v (cm™): 3068, 2928, 1761, 1704, 1595, 1522, 1350, 1264, 1163.

HRMS (ESI) calcd for Cs3sH2207N, [M+H]* 544.1391, found: 544.1392.

4-((2S,3R,3aR,9bR)-3-benzoyl-1",3" 4-trioxo-1',3,3a,3",4,9b-hexahydro-4H-spiro[cyclopentac]
chromene-1,2'-inden]-2-ylbenzonitrile (3ac)

Following the general procedure-B, 3ac was obtained as a pale yellow solid (90% yield, 47.1 mg).

Rr 0.10 (EtOAc/hexanes = 1/5); mp.: 191.4-192.2 °C; [a]p® = 127.0 (c = 0.5 in CH.CL,).

HPLC: 94% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 17.45 min, tmajor = 25.03 min.

'H NMR (400 MHz, CDCl3) d/ppm: 8.11 (dd, J = 8.8, 1.3 Hz, 2H), 7.86 (d, J = 7.5 Hz, 1H), 7.70 (td,
J=7.4,13Hz 1H), 7.61 (td, J = 7.5, 1.3 Hz, 1H), 7.50-7.57 (m, 2H), 7.40 (pt, J = 7.9 Hz, 2H), 7.30
(d, J=8.4Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 7.12 (ddd, J = 8.4, 6.2, 2.2 Hz, 1H), 7.00 (d, J = 8.4, 1H),
6.74-6.83 (m, 2H), 5.48 (dd, J = 10.1, 3.9 Hz, 1H), 4.42 (d, J = 10.1, 1H), 4.37 (d, J = 10.1, 1H), 3.84
(dd, J =10.1, 3.9 Hz, 1H).

13C NMR (100 MHz, CDCls) é/ppm: 200.9, 199.7, 199.5, 167.8, 150.9, 142.4, 141.9, 140.3, 136.4,
136.3, 135.8, 133.9, 132.3, 129.8, 129.3, 129.2, 128.7, 127.6, 124.4, 123.1, 123.0, 118.0, 117.6, 116.5,
111.9,71.3,56.7,52.9, 47.3, 44.9.
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IR (KBr) v (cm™): 3063, 2923, 2233, 1763, 1702, 1595, 1237, 1163.
HRMS (ESI) calcd for C34H220sN, [M+H]* 524.1492, found: 524.1497.

(25,3R,3aR,9bR)-3-benzoyl-2-(4-chlorophenyl)-3,3a-dihydro-4H-spiro[cyclopentalc]lchromene-
1,2'-indene]-1",3",4(9bH)-trione (3ad)

Following the general procedure-B, 3ad was obtained as a white solid (88% yield, 46.9 mg).

Rr 0.27 (EtOAc/hexanes = 1/5); mp.: 159.2-160.4 °C; [a]p?’ = 166.3 (¢ = 0.5 in CH,CL,).

HPLC: 94% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 9.70 MiN, tmajor = 14.42 min.

IH NMR (400 MHz, CDCls) 8/ppm: 8.09 (d, J = 8.0 Hz, 2H), 7.84 (d, J = 7.6 Hz, 1H), 7.67 (pt, J = 7.2
Hz, 1H), 7.59 (pt, J = 7.7 Hz, 1H), 7.55 (d, J = 7.7 Hz, 1H), 7.50 (pt, J = 7.7 Hz, 1H), 7.37 (pt, J = 7.70
Hz, 2H), 7.11 (pt, J = 7.7 Hz, 1H), 7.04 (d, J = 8.1 Hz, 2H), 6.90-7.01 (m, 3H), 6.72-6.84 (m, 2H), 5.45
(dd, J=10.6, 3.8 Hz, 1H), 3.47 (d, J = 10.6 Hz, 1H), 4.28 (d, J = 10.6 Hz, 1H), 3.85 (dd, J = 10.6, 3.8
Hz, 1H).

13C NMR (100 MHz, CDCls3) é/ppm: 201.2, 200.3, 199.8, 168.0, 151.0, 142.5, 142.1, 136.1, 136.0,
135.9,133.72, 133.70, 133.1, 129.7, 129.6, 129.1, 128.6, 128.5, 127.6, 124.2, 123.0, 122.9, 117.5, 116.8,
71.4,56.9,53.1, 47.0, 44.8.

IR (KBr) v (cm™): 3063, 2923, 1763, 1702, 1596, 1268, 1165.

HRMS (ESI) calcd for CssH2,05*°Cl, [M+H]* 533.1150, found: 533.1158; calcd for C33H2.0s*Cl,
[M+H]* 535.1121, found: 535.1147.

(2S,3R,3aR,9bR)-3-benzoyl-2-(4-bromophenyl)-3,3a-dihydro-4H-spiro[cyclopentaJclchromene-
1,2'-indene]-1',3",4(9bH)-trione (3ae)
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Following the general procedure-B, 3ae was obtained as a white solid (85% yield, 49.1 mg).

Rf 0.27 (EtOAc/hexanes = 1/5); mp.: 228.8-230.6 °C; [a]p?’ = 172.6 (¢ = 0.5 in CH,Cl,).

HPLC: 93% ee, Chiralpak IB column, n-hexane/i-PrOH = 90:10, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 24.50 Min, tmajor = 35.47 min.

!H NMR (400 MHz, CDCls) 6/ppm: 8.09 (d, J = 8.3 Hz, 2H), 7.85 (d, J = 8.0 Hz, 1H), 7.68 (pt, J = 7.3
Hz, 1H), 7.60 (pt, J = 7.5 Hz, 1H), 7.55 (d, J = 7.5 Hz, 1H), 7.51 (pt, J = 8.0 Hz, 1H), 7.38 (pt, J = 8.0
Hz, 2H), 7.07-7.16 (m, 3H), 6.94-7.03 (m, 3H), 6.73-6.83 (m, 2H), 5.44 (dd, J = 10.6, 4.0 Hz, 1H), 4.37
(d, J=10.6 Hz, 1H), 4.28 (d, J = 10.6 Hz, 1H), 3.84 (dd, J = 10.6, 4.0 Hz, 1H).

13C NMR (100 MHz, CDCls3) é/ppm: 201.2, 200.2, 199.8, 167.9, 150.9, 142.4, 142.0, 136.1, 136.0,
135.9, 133.7, 133.6, 131.6, 130.0, 129.5, 129.1, 128.5, 127.6, 124.2, 123.0, 122.9, 121.9, 117.4, 116.8,
71.3,56.9,53.0, 47.0, 44.7.

IR (KBr) v (cm™): 3068, 2923, 1763, 1704, 1594, 1237, 1170, 1102.

HRMS (ESI) calcd for Cs3H210s°BrNa, [M+Na]® 599.0465, found: 599.0470; calcd for
Cs3H2105%'BrNa, [M+Na]* 601.0444, found: 601.0446.

(2S,3R,3aR,9bR)-3-benzoyl-2-(p-tolyl)-3,3a-dihydro-4H-spiro[cyclopentaJclchromene-1,2'-
indene]-1'.3".4(9bH)-trione (3af)

Following the general procedure-B, 3af was obtained as a white solid (92% yield, 47.1 mg).

R 0.20 (EtOAc/hexanes = 1/5); mp.: 167.9-168.3 °C; [a]o® = 183.7 (¢ = 0.5 in CH.CL,).
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HPLC: 93% ee, Chiralpak IB column, n-hexane/i-PrOH = 85:15, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 17.74 min, tmajor = 28.74 min.

'H NMR (400 MHz, CDClI3) 6/ppm: 8.08 (d, J = 8.3 Hz, 2H), 7.82 (d, J = 7.8 Hz, 1H), 7.62 (ddd, J =
8.3,5.8, 2.6 Hz, 1H), 7.50-7.58 (m, 2H), 7.47 (pt, J = 7.3 Hz, 1H), 7.34 (pt, J = 7.9 Hz, 2H), 7.10 (td, J
= 8.4, 1.8 Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H), 6.96 (d, J = 8.2 Hz, 2H), 6.83 (dd, J = 7.9, 1.4 Hz, 1H),
6.72-6.80 (m, 3H), 5.48 (dd, J = 10.6, 4.0 Hz, 1H), 4.40 (d, J = 10.6 Hz, 1H), 4.24 (d, J = 10.6 Hz, 1H),
3.85 (dd, J = 10.6, 4.0 Hz, 1H), 2.03 (s, 3H).

13C NMR (100 MHz, CDCls) é/ppm: 201.5, 200.8, 200.1, 168.2, 151.0, 142.6, 142.3, 137.5, 136.1,
135.8, 135.7, 133.4, 131.2,129.4, 129.2, 129.1, 128.4, 128.2, 127.6, 124.2, 122.9, 122.8, 117.4, 117.2,
71.7,57.9,53.1, 46.7, 44.8, 20.7.

IR (KBr) v (cm™): 3068, 2927, 1761, 1704, 1595, 1264, 1163.

HRMS (ESI) calcd for CssH250s, [M+H]* 513.1697, found: 513.1704.

(2S,3R,3aR,9bR)-3-benzoyl-2-(4-methoxyphenyl)-3,3a-dihydro-4H-spiro[cyclopentalclchromene
-1,2'-indene]-1",3",4(9bH)-trione (3aq)

Following the general procedure-B, 3ag was obtained as a pale yellow solid (84% yield, 44.4 mg).

Rt 0.13 (EtOAc/hexanes = 1/5); mp.: 205.1-207.1 °C; [a]o® = 174.4 (c = 0.5 in CH.CL,).

HPLC: 91% ee, Chiralpak IB column, n-hexane/i-PrOH = 90:10, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 33.88 min, tmajor = 45.19 min.

'H NMR (400 MHz, CDCls) 6/ppm: 8.06 (dd, J = 8.3, 1.3 Hz, 2H), 7.82 (d, J = 7.5 Hz, 1H), 7.64 (ddd,
J=8.0, 6.2, 1.8 Hz, 1H), 7.51-7.59 (m, 2H), 7.48 (pt, J = 7.3 Hz, 1H), 7.35 (pt, J = 7.7 Hz, 2H), 7.11
(ddd, J=8.6, 7.0, 1.6 Hz, 1H), 6.96-7.03 (m, 3H), 6.83 (dd, J = 7.6, 1.8 Hz, 1H), 6.77 (td, J = 7.4, 1.3
1H), 6.48 (d, J = 8.6 Hz, 2H), 5.45 (dd, J = 10.5, 4.0 Hz, 1H), 4.39 (d, J = 10.5 Hz, 1H), 4.21 (d, J =
10.5 Hz, 1H), 3.87 (dd, J = 10.5, 4.0 Hz, 1H), 3.56 (s, 3H).

13C NMR (100 MHz, CDCls3) é/ppm: 201.6, 200.8, 200.2, 168.2, 159.0, 151.0, 142.7, 142.3, 136.1,
135.9, 135.8, 133.5, 129.5, 129.4, 129.2, 128.4, 127.6, 126.3, 124.2, 122.9, 122.8, 117.5, 117.2, 113.8,
71.8,57.7,55.0, 53.4, 46.6, 44.7.

IR (KBr) v (cm™1): 3068, 2928, 1761, 1702, 1595, 1255, 1165.
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HRMS (ESI) calcd for C34H2506 [M+H]* 529.1646, found: 529.1655.

(25,3R,3aR,9bR)-3-benzoyl-2-(4-hydroxyphenyl)-3,3a-dihydro-4H-spiro[cyclopenta[c]lchromene
-1,2'-indene]-1',3"4(9bH)-trione (3ah)

Following the general procedure-B, 3ah was obtained as an off-white solid (70% yield, 36.0 mg).

Rr 0.30 (EtOAc/hexanes = 1/1); mp.: 127.1-128.5 °C; [a]o® = 211.6 (c = 0.5 in CH,Cl,).

HPLC: 69% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 10.10 min, tmajor = 17.74 min.

IH NMR (400 MHz, CDCls) 6/ppm: 8.03 (d, J = 8.3 Hz, 2H), 7.82 (d, J = 8.1 Hz, 1H), 7.64 (pt, J = 8.1
Hz, 1H), 7.52-7.61 (m, 2H), 7.45 (pt, J = 7.7 Hz, 1H), 7.31 (pt, J = 8.1 Hz, 2H), 7.11 (pt, J = 8.3 Hz,
1H), 6.99 (d, J = 8.3 Hz, 1H), 6.95 (d, J = 8.3 Hz, 2H), 6.83 (d, J = 7.7 Hz, 1H), 6.78 (pt, J = 7.7 Hz,
1H), 6.46 (d, J = 8.4 Hz, 2H), 5.42 (dd, J = 10.6, 4.0 Hz, 1H), 5.02 (s, 1H), 4.39 (d, J = 10.6 Hz, 1H),
4.19 (d, J=10.6 Hz, 1H), 3.86 (dd, J = 10.6, 4.0 Hz, 1H).

13C NMR (100 MHz, CDCls) é/ppm: 200.8, 200.1, 200.4, 168.7, 155.6, 150.9, 142.6, 142.3, 136.0,
135.94, 135.91, 133.6, 129.6, 129.5, 129.2, 128.4, 127.6, 126.0, 124.4, 123.0, 122.9, 117.4,117.2, 115.5,
71.8,57.8,53.4,46.5, 44.7.

IR (KBr) v (cm™): 3064, 2923, 1735, 1702, 1594, 1266, 1235, 1163, 762.

HRMS (ESI) calcd for CssH230s, [M+H]* 515.1489, found: 515.1497.

(2S,3R,3aR,9bR)-3-benzoyl-2-(2-methoxyphenyl)-3,3a-dihydro-4H-spiro[cyclopentalclchromene
-1,2'-indene]-1',3".4(9bH)-trione (3ai)
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Following the general procedure-B, 3ai was obtained as a pale yellow solid (93% vyield, 49.1 mg).

Rr 0.10 (EtOAc/hexanes = 1/5); mp.: 78.7-80.4 °C; [a]p?® = 197.9 (c = 0.5 in CH,Cl,).

HPLC: 88% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 10.76 min, tmajor = 18.93 min.

!H NMR (400 MHz, CDCls) 6/ppm: 8.03 (dd, J = 8.4, 1.3 Hz, 2H), 7.85 (d, J = 7.8 Hz, 1H), 7.63 (td,
J =175, 1.3 Hz, 1H), 7.43-7.52 (m, 2H), 7.42 (dd, J = 7.9, 1.3 Hz, 1H), 7.38 (d, J = 7.8 Hz, 1H), 7.32
(pt, J=7.8 Hz, 2H), 7.11 (ddd, J = 8.6, 7.1, 1.5 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 6.87-6.94 (m, 2H),
6.73-6.83 (m, 2H), 6.27 (d, J = 8.2 Hz, 1H), 5.50 (dd, J = 8..8, 3.1 Hz, 1H), 4.77 (d, J = 8.8 Hz, 1H),
4.50 (d, J =10.5 Hz, 1H), 3.90 (dd, J = 10.5, 3.1 Hz, 1H), 3.34 (s, 3H).

13C NMR (100 MHz, CDCls3) é/ppm: 200.7, 199.8, 199.0, 168.2, 156.6, 151.3, 142.8, 141.5, 135.7,
135.3, 133.3, 129.2, 129.0, 128.9, 128.6, 128.3, 127.7, 124.1, 123.0, 122.5, 122.2, 120.5, 117.9, 117.2,
109.6, 71.1, 54.4,52.1, 50.0, 45.7, 44.9.

IR (KBr) v (cm™?): 3062, 2932, 1761, 1704, 1597, 1250.

HRMS (ESI) calcd for CssH2s06 [M+H]* 529.1646, found: 529.1657.

(25,3R,3aR,9bR)-3-benzoyl-2-(2-hydroxyphenyl)-3,3a-dihydro-4H-spiro[cyclopenta[c]lchromene
-1,2'-indene]-1',3",4(9bH)-trione (3aj)

Following the general procedure-B, 3aj was obtained as a white solid (42% yield, 21.6 mg).

Rr 0.30 (EtOAc/hexanes = 1/1); mp.: 266.2-267.4 °C (decomposition).

HPLC: 25% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 9.50 MiN, tmajor = 18.58 min.

'H NMR (400 MHz, CDCls) 6/ppm: 8.07 (d, J = 8.4 Hz, 2H), 7.87 (d, J = 7.9 Hz, 1H), 7.66 (pt, J = 7.4
Hz, 1H), 7.56 (pt, J = 7.9 Hz, 1H), 7.44-7.54 (m, 2H), 7.34 (pt, J = 7.7 Hz, 3H), 7.12 (ddd, J = 8.6, 7.0,
1.5 Hz, 1H), 7.01 (d, J = 7.9 Hz, 1H), 6.75-6.88 (m, 3H), 6.71 (pt, J = 7.9 Hz, 1H), 6.39 (d, J = 8.0 Hz,
1H), 5.50 (dd, J = 9.6, 3.5 Hz, 1H), 5.19 (brs, 1H), 4.79 (d, J = 9.6 Hz, 1H), 4.43 (d, J = 10.6 Hz, 1H),
3.90 (dd, J =10.6, 3.5 Hz, 1H).

!H NMR (400 MHz, Acetone-d®) 6/ppm: 8.74 (brs, 1H), 8.06 (d, J = 8.4 Hz, 2H), 7.88 (d, J = 7.9 Hz,
1H), 7.78 (pt, J = 8.0 Hz, 1H), 7.67 (ddd, J = 8.0, 7.1, 0.9 Hz, 1H), 7.56 (pt, J = 8.4 Hz, 1H), 7.38-7.51
(m, 3H), 7.32 (d, J = 8.0 Hz, 1H), 7.17 (ddd, J = 8.4, 6.7, 1.3 Hz, 1H), 6.98 (d, J = 8.4 Hz, 1H), 6.81-

S13



6.92 (m, 2H), 6.75 (ddd, J = 8.0, 6.8, 1.1 Hz, 1H), 6.63 (pt, J = 8.1 Hz, 1H), 6.38 (d, J = 8.1 Hz, 1H),
5.49 (dd, J = 9.7, 3.5 Hz, 1H), 4.82 (d, J = 9.7 Hz, 1H), 4.49 (d, J = 10.6 Hz, 1H), 4.09 (dd, J = 10.6,
3.5 Hz, 1H),

13C NMR (100 MHz, Acetone-d®) 6/ppm: 202.2, 201.3, 199.9, 168.9, 156.1, 156.0, 152.4, 144.0, 142.9,
137.3, 136.9, 136.7, 134.4, 130.2, 129.8, 129.42, 129.38, 128.5, 124.9, 123.6, 123.2, 122.05, 122.00,
120.2,119.4, 117.9, 115.7, 115.6, 72.2, 53.6, 51.2, 47.0, 45.7.

IR (KBr) v (cm™): 3415, 1741, 1702, 1595, 1237, 1165.

HRMS (ESI) calcd for CssH2306, [M+H]* 515.1489, found: 515.1496.

(2R,3R,3aR,9bR)-3-benzoyl-2-(2-bromophenyl)-3,3a-dihydro-4H-spiro[cyclopentalclchromene-
1.2'-indene]-1",3",4(9bH)-trione (3ak)

Following the general procedure-B, 3ak was obtained as a white solid (88% yield, 50.8 mg).

Rf 0.15 (EtOAc/hexanes = 1/5); mp.: 247.3-248.7 °C; [a]p®® = 205.84 (¢ = 0.25 in CH:Cl,).

HPLC: 91% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 10.98 min, tmajor = 21.30 min.

IH NMR (400 MHz, CDCls) 8/ppm: 7.86-7.95 (m, 3H), 7.66 (td, J = 7.5, 0.9 Hz, 1H), 7.52-7.59 (m,
2H), 7.42-7.51 (m, 2H), 7.29 (pt, J = 7.9 Hz, 2H), 7.12-7.18 (m, 2H), 7.10 (dd, J = 7.9, 1.3 Hz, 1H),
7.03 (d, J = 8.4 Hz, 1H), 6.88 (d, J = 7.9, 1.7 Hz, 1H), 6.81 (td, J = 7.7, 1.1 Hz, 2H), 5.31 (dd, J = 9.3,
3.1 Hz, 1H), 4.98 (d, J = 9.3 Hz, 1H), 4.48 (d, J = 10.6 Hz, 1H), 4.00 (dd, J = 10. 6, 3.1 Hz, 1H).

13C NMR (100 MHz, CDCl3) d/ppm: 201.0, 199.0, 198.8, 168.2, 151.4, 142.7, 142.0, 135.9, 135.8,
135.6, 134.9, 133.4, 132.9, 130.3, 129.5, 129.1, 129.0, 128.3, 127.8, 127.6, 125.6, 124.3, 123.2, 122.8,
117.3,71.4,55.4,54.7, 46.3, 44.5.

IR (KBr) v (cm™): 3064, 2923, 1761, 1704, 1597, 1237, 1163, 1009.

HRMS (ESI) calcd for Ca3H2.05"°Br, [M+H]* 577.0645, found: 577.0657; calcd for CssH220s%Br,
[M+H]* 579.0625, found: 579.0643.

(2R,3R,3aR,9bR)-3-benzoyl-2-(furan-2-yl)-3,3a-dihydro-4H-spiro[cyclopentajc]lchromene-1,2"-
indene]-1',3".4(9bH)-trione (3al)
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Following the general procedure-B, 3al was obtained as a pale yellow solid (73% yield, 35.7 mg).

Rr 0.13 (EtOAc/hexanes = 1/5); mp.: 216.7-218.2 °C; [a]p® = 101.0 (c = 0.5 in CH,CL,).

HPLC: 89% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 11.94 min, tmajor = 18.63 min.

!H NMR (400 MHz, CDCl3) 6/ppm: 8.12 (dd, J = 7.5, 0.9 Hz, 2H), 7.92 (d, J = 7.5 Hz, 1H), 7.69-7.77
(m, 1H), 7.63-7.68 (m, 2H), 7.54 (pt, J = 7.5 Hz, 1H), 7.42 (pt, J = 7.5 Hz, 2H), 7.12 (td, J = 7.7, 1.3
Hz, 1H), 6.99 (d, J = 8.2 Hz, 1H), 6.92 (d, J = 1.6 Hz, 1H), 6.85 (dd, J = 7.6, 1.6 Hz, 1H), 6.79 (pt, J =
7.9 Hz, 1H), 5.85-5.88 (m, 1H), 5.83 (d, J = 3.1 Hz, 1H), 5.45 (dd, J = 10.6, 4.3 Hz, 1H), 4.36 (d, J =
10.9 Hz, 1H), 4.31 (d, J = 10.6 Hz, 1H), 3.88 (dd, J = 10.9, 4.3 Hz, 1H).

13C NMR (100 MHz, CDCls) é/ppm: 200.3, 200.1, 199.5, 167.9, 151.0, 148.4, 142.4, 142.3, 142.0,
136.0, 135.9, 135.8, 133.7, 129.5, 129.1, 128.6, 127.6, 124.3, 123.1, 123.0, 117.5, 116.8, 110.1, 108.7,
69.7,52.0,51.1, 46.0, 44.1.

IR (KBr) v (cm™): 1759, 1704, 1237, 1163.

HRMS (ESI) calcd for C31H2106, [M+H]* 489.1333, found: 489.1339.

(2R,3S,3aR,9bR)-3-benzoyl-2-(thiophen-2-yI)-3,3a-dihydro-4H-spiro[cyclopentaJclchromene-
1,2'-indene]-1",3",4(9bH)-trione (3am)

Following the general procedure B, 3am was obtained as a pale yellow solid (78% vyield, 39.3 mg).

Rf 0.15 (EtOAc/hexanes = 1/5); mp.: 200.6-201.4 °C; [a]p®® = 203.8 (¢ = 0.5 in CH,Cl,).
HPLC: 88% ee, Chiralpak IB column, n-hexane/i-PrOH = 90:10, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 3484 mln, tmajor = 5614 mln
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'H NMR (400 MHz, CDCls) &/ppm: 8.17 (dd, J = 8.3, 1.3 Hz, 2H), 7.89 (d, J = 7.5 Hz, 1H), 7.65-7.73
(m, 1H), 7.60-7.64 (m, 2H), 7.53 (tt, J = 7.5, 1.3 Hz, 1H), 7.41 (pt, J = 7.9 Hz, 2H), 7.11 (ddd, J = 8.8,
7.0, 1.8 Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H), 6.81-6.86 (m, 2H), 6.78 (td, J = 7.4, 1.2 Hz, 1H), 6.72 (d, J
= 3.6 Hz, 1H), 6.57 (dd, J = 5.3, 3.5 Hz, 1H), 5.44 (dd, J = 10.6, 4.4 Hz, 1H), 4.59 (d, J = 10.6 Hz, 1H),
4.38 (d, J = 10.6 Hz, 1H), 3.81 (dd, J = 10.80, 4.4 Hz, 1H).

13C NMR (100 MHz, CDCls) 8/ppm: 201.3, 200.5, 199.7, 167.9, 150.9, 142.9, 142.4, 137.0, 136.1,
136.0, 135.9, 133.7, 129.6, 129.3, 128.5, 127.6, 126.9, 126.7, 124.9, 124.3, 123.1, 123.0, 117.6, 116.9,
71.2,54.9, 52.8, 46.6, 44.6.

IR (KBr) # (cm): 3063, 2923, 1763, 1702, 1595, 1264, 1163.

HRMS (ESI) calcd for CaiH10sS, [M+H]* 505.1104, found: 505.1113.

(2S,3R,3aR,9bR)-3-benzoyl-2-(pyridin-3-y)-3,3a-dihydro-4H-spiro[cyclopentalclchromene-1,2'-
indene]-1'.3".4(9bH)-trione (3an)

Following the general procedure-B, 3an was obtained as a pale yellow solid (82% vyield, 40.9 mg).

Rr 0.2 (EtOAc/hexanes = 1/1); mp.: 191.1-192.4 °C; [a]p® = 170.0 (c = 0.5 in CH,CL,).

HPLC: 77% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 15.60 MinN, tmajor = 24.58 min.

'H NMR (400 MHz, CDCls) §/ppm: 8.26 (d, J = 2.1 Hz, 1H), 8.21 (dd, J = 4.8, 1.4 Hz, 1H), 8.10 (dd,
J=8.4,14Hz 2H),7.86 (d, J=7.5Hz, 1H), 7.68 (td, J = 7.7, 1.3 Hz, 1H), 7.53-7.63 (m, 3H), 7.51 (it,
J=175,13Hz, 1H), 7.39 (pt, J = 7.8 Hz, 2H), 7.12 (ddd, J = 8.4, 6.6, 1.8 Hz, 1H), 6.94-7.04 (m, 2H),
6.74-6.84 (m, 2H), 5.48 (dd, J = 10.6, 3.5 Hz, 1H), 4.39 (d, J = 10.6 Hz, 1H), 4.35 (d, J = 10.6 Hz, 1H),
3.86 (dd, J =10.6, 3.5 Hz, 1H).

13C NMR (100 MHz, CDCls) é/ppm: 201.1, 199.9, 199.5, 167.9, 151.0, 149.9, 149.4, 142.5, 142.0,
136.2, 135.8, 135.7, 133.8, 130.6, 129.7, 129.2, 128.7, 127.6, 124.4, 123.3, 123.2, 123.1, 117.6, 116.7,
71.3,54.4,53.0,47.2,44.38.

IR (KBr) v (cm™): 3059, 1759, 1704, 1595, 1266, 1165.

HRMS (ESI) calcd for Cs,H220sN, [M+H]* 500.1492, found: 500.1500.

(2S,3R,3aR,9bR)-3-benzoyl-8-chloro-2-phenyl-3,3a-dihydro-4H-spiro[cyclopenta[clchromene-
1,2'-indene]-1",3",4(9bH)-trione (3ba)
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Following the general procedure-B, 3ba was obtained as a white solid (90% yield, 48.0 mg).

Rt 0.25 (EtOAc/hexanes = 1/5); mp.: 250.6-251.3 °C; [a]p® = 158.13 (¢ = 0.25 in CH.Cl,).

HPLC: 95% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 10.23 min, tmajor = 20.32 min.

!H NMR (400 MHz, CDCls) é/ppm: 8.04 (d, J = 7.9 Hz, 2H), 7.84 (d, J = 7.9 Hz, 1H), 7.65 (td, J =7.2,
1.2 Hz, 1H), 7.52-7.61 (m, 2H), 7.47 (pt, J =7.5 Hz 1H), 7.33 (pt, J = 7.5 Hz, 2H), 7.01-7.12 (m, 3H),
6.88-7.00 (m, 4H), 6.84 (d, J =2.5 Hz, 1H), 5.47 (dd, J = 10.6, 3.9 Hz, 1H), 4.37 (d, J = 10.6 Hz, 1H),
4.21 (d, J =10.6 Hz, 1H), 3.88 (dd, J = 10.6, 3.9 Hz, 1H).

13C NMR (100 MHz, CDCls3) d/ppm: 201.2, 200.4, 199.6, 167.6, 149.7, 142.5, 142.2, 136.05, 136.00,
135.9, 134.0, 133.6, 129.6, 129.24, 129.19, 128.5, 128.4, 128.3, 128.0, 127.4, 123.0, 119.0, 118.9, 71.8,
58.5, 52.9, 50.0, 44.4.

IR (KBr) v (cm™): 1768, 1737, 1704, 1487, 702.

HRMS (ESI) calcd for CssH220sCl, [M+H]* 533.1150, found: 533.1155; calcd for Cs3sH20s°'Cl,
[M+H]* 535.1121, found: 535.1147.

(2S,3R,3aR,9bR)-3-benzoyl-8-bromo-2-phenyl-3,3a-dihydro-4H-spiro[cyclopentaJclchromene-
1,2'-indene]-1',3",4(9bH)-trione (3ca)

Following the general procedure-B, 3ca was obtained as a white solid (85% yield, 49.1 mg).

Rt 0.25 (EtOAc/hexanes = 1/5); mp.: 243.5-244.2 °C; [a]p® = 142.44 (c = 0.25 in CH.CL,).
HPLC: 93% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 1178 mln, tmajor = 2221 mln
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IH NMR (400 MHz, CDCls) &/ppm: 8.03 (dd, J = 8.3, 1.3 Hz, 2H), 7.84 (dt, J = 7.5, 0.9 Hz, 1H), 7.65
(td, 3 =7.2, 1.3 Hz, 2H), 7.58 (td, J = 7.2, 1.3 Hz, 1H), 7.52-7.56 (m 1H), 7.47 (tt, J = 7.5, 1.7 Hz, 1H),
7.33 (pt, J = 7.9 Hz, 1H), 7.23 (dd, J = 8.8, 2.2 Hz, 1H), 7.05 (dd, J = 8.3, 1.7 Hz, 2H), 6.91-7.00 (m,
4H), 6.89 (d, J =8.7 Hz, 1H), 5.46 (dd, J = 10.6, 4.0 Hz, 1H), 4.36 (d, J = 10.6 Hz, 1H), 4.21 (d, J =
10.6 Hz, 1H), 3.87 (dd, J = 10.6, 4.0 Hz, 1H).

13C NMR (100 MHz, CDCls) d/ppm: 201.2, 200.4, 199.6, 167.6, 150.3, 142.5, 142.2, 136.1, 136.0,
135.9, 134.1, 133.6, 132.6, 130.3, 129.2, 128.50, 128.46, 128.3, 128.0, 123.0, 119.5, 119.3, 116.7, 71.8,
58.5, 53.0, 46.0, 44.4.

IR (KBr) # (cm): 1768, 1702, 1678, 1483, 702.

HRMS (ESI) calcd for CssHz20s7°Br, [M+H]* 577.0645, found: 577.0651; calcd for CasHaOsBr,
[M+H]* 579.0625, found: 579.0638.

(2S,3R,3aR,9bR)-3-benzoyl-8-methoxy-2-phenyl-3,3a-dihydro-4H-spiro[cyclopentalclchromene-
1.2'-indene]-1",3",4(9bH)-trione (3da)

Following the general procedure-B, 3da was obtained as a white solid (92% yield, 48.6 mg).

Rf 0.13 (EtOAc/hexanes = 1/5); mp.: 246.5-247.4 °C; [a]p®® = 161.06 (¢ = 0.25 in CH:Cl,).

HPLC: 91% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 12.65 min, tmajor = 20.90 min.

!H NMR (400 MHz, CDCl3) 6/ppm: 8.07 (dd, J = 8.4, 1.4 Hz, 2H), 7.82 (d, J = 7.9 Hz, 1H), 7.64 (td,
J=7.0, 2.2 Hz, 1H), 7.52-7.60 (m, 2H), 7.47 (pt, J = 7.3 Hz, 1H), 7.34 (pt, J = 7.8 Hz, 2H), 7.08 (dd, J
=8.2, 1.4 Hz, 2H), 6.88-7.00 (m, 4H), 6.65 (dd, J =8.8, 3.0 Hz, 1H), 6.32 (d, J = 3.0 Hz, 1H), 5.49 (dd,
J=10.6, 4.0 Hz, 1H), 4.36 (d, J = 10.6 Hz, 1H), 4.25 (d, J = 10.6 Hz, 1H), 3.84 (dd, J = 10.8, 4.0 Hz,
1H), 3.52 (s, 3H).

13C NMR (100 MHz, CDCls) é/ppm: 201.2, 200.7, 200.1, 168.3, 155.7, 145.0, 142.6, 142.3, 136.1,
135.9, 135.8,134.4, 133.5,129.2, 128.44, 128.37, 127.8, 123.0, 122.7, 118.4, 117.8, 115.5, 111.7, 71.8,
58.2,55.5,53.1, 47.0, 44.6.

IR (KBr) v (cm™): 1752, 1703, 1499, 1173.

HRMS (ESI) calcd for CssH2506, [M+H]* 529.1646, found: 529.1652.
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(2S,3R,3aR,9bR)-3-benzoyl-6,8-dichloro-2-phenyl-3,3a-dihydro-4H-spiro[cyclopentalc]
chromene-1,2"'-indene]-1',3".4(9bH)-trione (3ea)

Following the general procedure-B, 3ea was obtained as a white solid (82% yield, 46.5 mg).

Rt 0.19 (EtOAc/hexanes = 1/5); mp.: 245.7-246.6 °C; [a]p® = 19.32 (¢ = 0.25 in CH,CL,).

HPLC: 95% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 9.82 MinN, tmajor = 12.50 min.

!H NMR (400 MHz, CDCl3) 6/ppm: 8.02 (dd, J = 8.4, 1.3 Hz, 2H), 7.84 (d, J = 7.5 Hz, 1H), 7.67 (td,
J=73, 1.3 Hz, 1H), 7.60 (td, J = 7.3, 1.3 Hz, 2H), 7.57 (d, J = 7.2 Hz, 1H), 7.48 (tt, J = 7.3, 1.3 Hz,
1H), 7.33 (pt, J = 8.0 Hz, 1H), 7.21 (d, J = 2.6 Hz, 1H), 7.04 (dd, J = 8.4, 1.3 Hz, 2H), 6.89-6.99 (m,
3H), 6.76 (d, J = 2.6 Hz, 1H), 5.45 (dd, J = 10.6, 3.9 Hz, 1H), 4.37 (d, J = 10.6 Hz, 1H), 4.18 (d, J =
10.1 Hz, 1H), 3.90 (dd, J = 10.6, 3.9 Hz, 1H).

13C NMR (100 MHz, CDCl3) d/ppm: 200.9, 200.0, 199.4, 166.5, 146.1, 142.4, 142.1, 136.2, 136.1,
135.7,133.9, 133.7,130.2, 129.2, 129.0, 128.55, 128.49, 128.3, 128.1, 125.8, 123.3, 123.2, 123.0, 120.4,
71.8,58.6,52.9,45.9, 44.3.

IR (KBr) v (cm™): 1777, 1703, 1682, 1456, 702.

HRMS (ESI) calcd for CssH2105%°Cly, [M+H]* 567.0761, found: 567.0765; calcd for Cs3H210s*°CI¥'Cl,
[M+H]* 569.0731, found: 569.0749.

(2S,3R,3aR,9bR)-3-benzoyl-6-methoxy-2-phenyl-3,3a-dihydro-4H-spiro[cyclopentalc]lchromene-
1,2'-indene]-1',3",4(9bH)-trione (3fa)
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Following the general procedure-B, 3fa was obtained as a white solid (86% yield, 45.4 mg).

Rr 0.13 (EtOAc/hexanes = 1/5); mp.: 243.4-244.1 °C; [a]p®® = 292.44 (¢ = 0.25 in CH:Cl,).

HPLC: 92% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 19.61 min, tmajor = 30.82 min.

!H NMR (400 MHz, CDClIs) é/ppm: 8.05 (d, J = 7.9 Hz, 2H), 7.81 (d, J = 7.5 Hz, 1H), 7.58-7.66 (m,
1H), 7.51-7.58 (m, 2H), 7.46 (pt, J = 7.5 Hz, 1H), 7.32 (pt, J = 7.9 Hz, 2H), 7.07 (dd, J = 8.3, 1.5 Hz,
2H), 6.88-6.99 (m, 3H), 6.64-6.75 (m, 2H), 6.40 (dd, J = 7.3, 1.7 Hz, 1H), 5.49 (dd, J = 10.6, 3.9 Hz,
1H), 4.39 (d, J = 10.6 Hz, 1H), 4.23 (d, J = 10.6 Hz, 1H), 3.88 (dd, J = 10.6, 3.9 Hz, 1H), 3.82 (s, 3H).
13C NMR (100 MHz, CDCls) é/ppm: 201.2, 200.6, 200.1, 167.5, 147.6, 142.6, 142.3, 140.6, 136.0,
135.8, 135.7, 134.4, 133.5, 129.2, 128.4, 127.8, 124.1, 123.0, 122.8, 118.8, 118.0, 111.7, 71.7, 58.3,
55.9, 53.2, 46.8, 44.5.

IR (KBr) v (cm™): 1759, 1703, 1484, 1161.

HRMS (ESI) calcd for CssH2506, [M+H]* 529.1646, found: 529.1650.

(2S,3R,3aR,9bR)-3-(4-chlorobenzoyl)-2-phenyl-3,3a-dihydro-4H-spiro[cyclopentalc]chromene-
1,2'-indene]-1",3" 4(9bH)-trione (3ga)

Following the general procedure-B, 3ga was obtained as a white solid (87% yield, 46.4 mg).

R 0.17 (EtOAc/hexanes = 1/5); mp.: 255.3-255.9 °C; [a]p?® = 84.16 (¢ = 0.25 in CH,Cl,).

HPLC: 90% ee, Chiralpak IB column, n-hexane/i-PrOH = 70:30, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 9.38 MinN, tmajor = 20.19 min.

!H NMR (400 MHz, CDCls) é/ppm: 8.01 (d, J = 8.7 Hz, 2H), 7.82 (d, J = 7.5 Hz, 1H), 7.58-7.66 (m,
1H), 7.48-7.57 (m, 2H), 7.26-7.33 (m, 2H), 7.02-7.14 (m, 3H), 6.88-7.02 (m, 4H), 6.84 (d, J = 7.2 Hz,
1H), 6.77 (pt, J = 7.4 Hz, 1H), 5.44 (dd, J = 10.6, 3.9 Hz, 1H), 4.41 (d, J = 10.6 Hz, 1H), 4.24 (d, J =
10.6 Hz, 1H), 3.87 (dd, J = 10.6, 3.9 Hz, 1H).

13C NMR (100 MHz, CDCls3) é/ppm: 201.4, 199.8, 199.5, 168.2, 150.9, 142.5, 142.2, 140.1, 135.9,
135.8, 134.4, 134.1, 130.6, 129.5, 128.7, 128.5, 128.4, 128.2, 128.0, 127.6, 124.2, 122.9, 122.8, 117.4,
117.0,71.6, 58.1, 53.1, 46.6, 44.7.

IR (KBr) v (cm™): 1764, 1703, 1458, 762.
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HRMS (ESI) calcd for CssH220s*Cl, [M+H]* 533.1150, found: 533.1156; calcd for Cs3sH2,0s°'Cl,
[M+H]* 535.1121, found: 535.1142.

(25,3R,3aR,9bR)-3-acetyl-2-phenyl-3,3a-dihydro-4H-spiro[cyclopentajc]lchromene-1,2'-indene]-
1'.3",4(9bH)-trione (3ha)

Following the general procedure-B, 3ha was obtained as a white solid (95% yield, 41.5 mg).

Rt 0.09 (EtOAc/hexanes = 1/5); mp.: 220.7-221.2 °C; [a]p® = 236.6 (¢ = 0.25 in CH,CL,).

HPLC: 93% ee, Chiralpak IB column, n-hexane/i-PrOH = 85:15, flow rate = 1.00 mL/min, A= 248 nm,
tminor = 17.72 min, tmajor = 20.08 min.

IH NMR (400 MHz, CDCls) 8/ppm: 7.81 (d, J = 7.5 Hz, 1H), 7.63 (pt, J = 7.3, 1.5 Hz, 1H), 7.48-7.58
(m, 2H), 7.15 (d, J = 7.5 Hz, 2H), 7.02-7.11 (m, 4H), 6.99 (d, J = 8.4 Hz, 1H), 6.72-6.82 (m, 2H), 4.65
(d,J=11.1, 4.3 Hz, 1H), 4.23 (d, J = 11.1 Hz, 1H), 3.99 (dd, J =11.1, 4.3 Hz, 1H), 3.92 (d, J = 11.1
Hz, 1H), 2.09 (s, 3H).

13C NMR (100 MHz, CDCls) d/ppm: 206.7, 201.1, 200.0, 168.5, 150.9, 142.6, 142.2, 135.9, 135.8,
134.4,129.5,128.8, 128.2,128.0, 127.6, 124.2, 122.9, 122.8, 117.5, 116.9, 71.6, 58.6, 56.7, 45.8, 41.9,
30.3.

IR (KBr) v (cm™): 1764, 1702, 1458, 1356.

HRMS (ESI) calcd for C2sH210s, [M+H]* 437.1384, found: 437.1387.

c. Typical procedure for the synthesis of intermediate rac-4aa

2-(3-0x0-2-(2-0x0-2H-chromen-3-yI)-1.3-diphenylpropyl)-1H-indene-1,3(2H)-dione (rac-4aa)
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To a glass vial equipped with a magnetic stir bar were charged 1a (1.0 mmol, 264.3 mg), 2a (1.1 equiv.,
257.7 mg), DABCO (0.2 equiv., 22.6 mg) and CH,Cl; (5.0 mL) then stirred at 30 °C for 21 h. Reaction
was quenched by the addition of 0.1 M HCl.q) and the aqueous layer was extracted with CH.Cl,. The
combined organic layers were dried over anhydrous MgSQ.. The filtrate was concentrated in vacuo,
then purified by flash column chromatography over silica gel with EtOAc/hexanes/CH,Cl, (1/8/1) as
eluent to give the pure compound 4aa in 17% yield (84.7 mg) as a white solid.

R 0.28 (CH2Cl./hexanes = 1/1); mp.: 190.4-191.2 °C.

'H NMR (400 MHz, CDCls): 6/ppm, 8.35 (d, J = 8.6 Hz, 2H), 7.85 (d, J = 7.4 Hz, 1H), 7.80 (s, 1H),
7.55-7.75 (m, 4H), 7.51 (t, J = 7.5 Hz, 2H), 7.37 (t, J = 8.9 Hz, 2H), 7.13-7.24 (m, 3H), 7.09 (d, J = 8.2
Hz, 1H), 6.97 (t, J = 7.3 Hz, 2H), 6.88-6.94 (m, 1H), 6.64 (d, J = 12.0 Hz, 1H), 4.49 (dd, J = 11.9, 4.0
Hz, 1H). 3.51 (d, J = 4.2 Hz, 1H).

13C NMR (100 MHz, CDCls): é/ppm, 200.1, 199.1, 198.8, 160.6, 153.0, 142.6, 142.3, 141.1, 136.4,
136.1, 135.4, 135.3, 134.0, 131.5, 129.3,129.2, 128.9, 128.2, 127.8, 127.3, 125.5, 124.3, 122.9, 122.8,
119.0, 116.3 55.9, 48.2, 45.1.

IR (KBr) 2927, 2857, 2360, 1706, 1524, 1259, 1169 cm™*

HRMS (ESI) for Cs3H220sNa [M + Na]* (521.1359), found 521.1370.
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a. Time vs Consumption plot for the reaction of 1a and 2a at -5 °C under racemic conditions
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b. Time vs consumption plot for the reaction of 1a and 2a under optimized conditions (30 °C)
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c. Time vs Consumption plot for the reaction of 4aa with QN-T under optimized conditions (30 °C) [t=0 to 35 h]
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c. Time vs Consumption plot for the reaction of 4aa with QN-T under optimized conditions (30 °C) [t=0 to 6 h]
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HPLC CHROMATOGRAMS FOR PRODUCTS:

HPLC chromatogram for 3aa

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

300

25

9.50 10.50

11.50 12.50

14.50 15.50

[Minutes]

13.50

16.50 17.50 18.50 19.50

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
10.32 237.68 5803.63 49.9530
17.32 158.20 5814.56 50.0470

400

41

9.00 10.00

11.00 12.00

13.00 15.00

[Minutes]

16.00 17.00 18.00 19.00

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
9.67 8.69 216.95 1.9404
16.14 284.34 10963.73 98.0596
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HPLC chromatogram for 3ab

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
17.53 111.23 4923.25 50.4649
26.79 79.62 4832.55 49.5351

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
17.99 33.92 1623.02 3.7536
26.66 646.75 41615.74 96.2464
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HPLC chromatogram for 3ac

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

655

139

Minute

sl

Ret. time (min) Height (mv) Area (mv.sec)

Rel. area (%)

16.95 386.02 17020.90

49.8601

25.58 281.98 17116.44

50.1399

999

15.5 17.5 19.5 21.5 235

Minutes]

Ret. time (min) Height (mv) Area (mv.sec)

Rel. area (%)

17.45 29.58 1353.92

3.0540

25.03 786.97 42978.80

96.9460

S29




HPLC chromatogram for 3ad

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

270

U

10.50 11.50

14.50

15.50

16.50

Ret. time (min)

Height (mv)

Area (mv.sec)

Rel. area (%)

9.39

361.74

7711.92

49.6194

14.07

254.70

7830.23

50.3806

700

10.50 11.50

14.50

15.50

16.50

Ret. time (min)

Height (mv)

Area (mv.sec)

Rel. area (%)

9.70

27.73

461.04

2.9333

14.42

624.87

15256.07

97.0667
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HPLC chromatogram for 3ae

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=90:10

Detector: UV 248 nm

155

!

rac-3ae

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
24.87 54.18 3404.49 50.5324
36.61 42.89 3332.76 49.4676

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
24.50 41.03 2187.21 3.7382
35.47 755.31 56322.84 96.2618
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HPLC chromatogram for 3af

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA = 85:15

Detector: UV 248 nm

180

Ret. time (min)

Height (mv)

Area (mv.sec)

Rel. area (%)

17.39

157.36

6625.99

50.3523

28.97

106.39

6533.26

49.6477

300

Ret. time (min)

Height (mv)

Area (mv.sec)

Rel. area (%)

17.74

9.13

391.39

3.4375

28.74

186.13

10994.50

96.5625
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HPLC chromatogram for 3ag

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA = 90:10

Detector: UV 248 nm

45.0 50.0
Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
33.93 41.42 4318.48 49.8986
46.94 33.45 4336.02 50.1014

45.0 50.0
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
33.88 16.60 1224.25 4.4721
45.19 274.18 26150.81 95.5279
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HPLC chromatogram for 3ah

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

2587

114+

16.0
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
10.15 270.79 10846.58 50.3131
18.00 187.13 10711.58 49.6869

11984

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
10.13 236.80 9486.88 15.7100
17.74 953.63 50900.65 84.2900
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HPLC chromatogram for 3ai

Column: Chiralpak IB

Flow rate: 1.0 ml/min

Solvent: n-Hexane:IPA = 70:30

Detector: UV 248 nm

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
10.69 133.74 3378.36 50.5450
19.61 72.62 3305.51 49.4550

1198

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
10.76 67.01 2092.05 5.9078
18.93 806.05 33319.35 94.0922
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HPLC chromatogram for 3aj

Column: Chiralpak IB

Flow rate: 1.0 ml/min

Solvent: n-Hexane:IPA = 70:30

Detector: UV 248 nm

71

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
9.48 434.23 10409.67 49.5206
19.40 224.49 10611.22 50.4794

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
9.50 299.29 13412.47 37.2615
18.58 338.61 22583.07 62.7385
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HPLC chromatogram for 3ak

Column: Chiralpak IB

Flow rate: 1.0 ml/min

Solvent: n-Hexane:IPA = 70:30

Detector: UV 248 nm

90

62

34

-22

15.5 17.5 19.

[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
10.84 74.31 2740.08 49.5064
21.29 37.34 2794.71 50.4936

| o !
483 E Ph :

15.5 17.5 19
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
10.98 45.14 1321.93 4.4504
21.30 632.29 28381.84 95.5496
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HPLC chromatogram for 3al

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

16.0 18

[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
11.71 217.76 5880.58 49.9580
19.05 144.98 5890.46 50.0420

2000

1662

1323

16.0 18
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
11.94 48.69 1338.07 5.6010
18.63 608.98 22551.67 94.3990
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HPLC chromatogram for 3am

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA = 90:10

Detector: UV 248 nm

50.0 60.0
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
35.50 56.87 8242.34 50.7876
56.38 41.13 7986.69 49.2124

50.0 60.0
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
34.84 16.46 1774.73 6.0954
56.14 154.30 27340.93 93.9046
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HPLC chromatogram for 3an

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

250

198

[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
15.55 66.11 3700.67 50.4079
25.09 43.55 3640.79 49.5921

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
15.60 62.92 3128.73 11.7275
24.58 356.30 2354991 88.2725
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HPLC chromatogram for 3ba

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

1100

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
11.06 1010.80 29698.60 49.9403
2143 676.30 29769.63 50.0597

500

75

17.5
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
10.23 17.16 325.51 2.3080
20.32 402.92 13777.90 97.6920
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HPLC chromatogram for 3ca

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

18.0 20.0
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
11.10 515.92 13471.65 49.9603
21.17 379.06 13493.02 50.0396

500

18.0 20.0
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
11.78 17.87 717.61 3.5224
22.21 369.37 19654.83 96.4776
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HPLC chromatogram for 3da

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

1100

17.5 19.5
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
11.06 1010.80 29698.60 49.9403
21.43 676.30 29769.63 50.0597

19.0
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
12.65 19.99 907.50 4.4237
20.90 353.21 19607.16 95.5763
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HPLC chromatogram for 3ea

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

270

10.50 11.50

13.50
[Minutes]

14.50 15.50 16.50

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
9.39 361.74 7711.92 49.6194
12.07 254.70 7830.23 50.3806

775

75

10.75

11.63
[Minutes]

12.50

13.38

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
9.82 17.86 396.89 2.3003
12.50 670.94 16856.60 97.6997
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HPLC chromatogram for 3fa

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

1298

26.0 29
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
18.72 556.39 27417.52 49.2874
30.49 381.02 28210.37 50.7126

1298

1065

26.5 29.5
[Minutes]

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
19.61 18.27 1237.45 4.2195
30.82 377.73 28089.83 95.7805
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HPLC chromatogram for 3ga

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA=70:30

Detector: UV 248 nm

9.

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
9.42 710.35 16269.16 49.9971
20.57 368.53 16271.05 50.0029

1156

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
9.38 103.75 2823.92 5.1516
20.19 1104.94 51991.96 94.8484
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HPLC chromatogram for 3ha

Column: Chiralpak IB

Flow rate: 1.0 mL/min

Solvent: n-Hexane:IPA = 85:15

Detector: UV 248 nm

18.32 19.32 20.32 21.32

22.32

23.32 24.32 25.32 26.32 27.32 28.02

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
20.35 37.12 1685.91 50.2069
24.63 30.69 1672.01 49.7931

Ret. time (min) Height (mv) Area (mv.sec) Rel. area (%)
17.72 28.80 1337.34 3.4283
20.80 680.44 37671.40 96.5717
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X-ray crystallographic data for 3ad

3ad (CCDC no. 1484301): The crystal of 3ad for X-ray analysis was grown form a dichloromethane
solution.

The asymmetric unit has two independent molecules of 3ad (with the same absolute configuration) as
well as a half-occupancy dichloromethane molecule of solvation (with disordered chlorine atoms).

In order to clearly demonstrate the absolute configuration of 3ad, one of the 3ad molecule and the half-
occupancy dichloromethane molecule was hidden from the ORTEP drawings.

The thermal ellipsoids are drawn at 30 % probability level.

Empirical formula C66.50 H43 CI3 010 [(C33 H21 CI 05)-0.25(C1 H2 CI2)]
Formula weight 1108.36 [(532.98)+0.25(84.8) = 554.18]
Temperature 200(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P21
Unit cell dimensions a=13.2268(8) A a=90°.
b =6.9147(4) A B= 99.015(3)°.
c=33.035(2) A v =90°.
Volume 2984.0(3) A3
4 2
Density (calculated) 1.234 Mg/m3
Absorption coefficient 0.211 mm-1
F(000) 1146
Crystal size 0.610 x 0.380 x 0.100 mm3
Theta range for data collection 1.248 to 25.003°.
Index ranges -15<=h<=15, -8<=k<=7, -38<=I<=39
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Reflections collected
Independent reflections
Completeness to theta = 25.003°
Absorption correction

Max. and min. transmission
Refinement method

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

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

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

20104

8423 [R(int) = 0.0405]
97.9%

Empirical

0.7452 and 0.6768
Full-matrix least-squares on F2
8423/4/730

1.212

R1=0.0744, wR2 = 0.2113
R1=0.0992, wR2 = 0.2324
0.12(14)

n/a

0.643 and -0.371e.A-3

*A PLATON_SQUEEZE procedure was used to deal with the electron density disorder of
disorder solvation dichloromethane.

In the structure of 3ad, a removal of the CH,Cl, atoms from the refined structure followed by a treatment of the
crystallographic data with the PLATON_SQUEEZE procedure.

The PLATON_SQUEEZE results suggested a cavity electron population of 140 e~ per formula unit in 3ad,
agreeing with 140 e~ for 3.33 CH2Cl, molecules. For the details of SQUEEZE results, please find the CIF file

which the corresponding information was appended to the bottom of the text.

# SQUEEZE RESULTS (Version = 160117)

# Note: Data are Listed for all VVoids in the P1 Unit Cell
# i.e. Centre of Gravity, Solvent Accessible Volume,
# Recovered number of Electrons in the Void and

# Details about the Squeezed Material
loop_

_platon_squeeze_void_nr
_platon_squeeze_void_average x
_platon_squeeze_void_average_y
_platon_squeeze_void_average z
_platon_squeeze_void_volume
_platon_squeeze_void_count_electrons
_platon_squeeze_void_content

1 0.956 -0.107 0.167 151 72"
2 1.044 0.045 0.833 152 68"
_platon_squeeze_void_probe_radius
_platon_squeeze_details

1.20
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'H and *C NMR spectra of all new compounds

'H NMR spectrum of 1a (CDCl»)

O AMCO~ OO0 AN NN WL WSO ~ g
LTOSOSOONSSONnM OO N < o Current Data Parameters
COLVLL P T FFFFTONNNN o~ . NAME la
e e e e e s e e e e e 4 e e e e e e . o
00 0 [~ [~ [~ [~ [~ [~ 0~ [~ 0~ [~ 0~ 0~ 0~~~ < I EXPNO 2
\\NWW% ‘ PROCNO 1
F2 - Acquisition Parameters
Date 20160623
Time 14.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
| m e e PULPROG zg30
| . D 32768
| N Ph ! SOLVENT CDC13
. ' NS 16
' o) O , SWH 7211.539 Hz
G ! FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 63.58
DW 69.333 usec
DE 10.50 usec
TE 304.7 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 12.90 usec
PLW1 15.00000000 W
F2 - Processing parameters
ST 16384
SF 400.1300075 MHz
WDW EM
J I | w0
. A N | LB 0 Hz
GB 0
T T T e e e e e EC 1.00
10 9 8 7 6 5 4 3 2 1 ppm

S 2
S I I~
—AlH|Oolm|N N
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13C NMR spectrum of 1a (CDCls)
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Current Data Parameters

NAME la
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20160623

Time 14.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 100

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 304.6 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127773 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 1b (CDCls)
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Current Data Parameters

NAME 1b
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20170201

Time 17.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 128.9

DW 69.333 usec
DE 10.50 usec
TE 297.3 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters
ST 16384

SF 400.1300087 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 1b (CDCls)

— DA< MO N A OO
LO OOV MmWWOOWHO H >N O O M AN
LO DO~ ANO A< IO N O — O O —
. e e e e s e e e & e e e ™M O WO L0
LO O O WM O O W< O . . . .
() OO <TFT MMM NNNNNN ~ -~ O [&))
— L P e A e R s AR e TR e AR e T e AR e AR s AR e O e MR o | ~r~- - (e8]
iCI N Phi
| oS00
L] ‘\H'\i 1
[ [ [ i [ [ [ [ i [ [ [ [
200 180 160 140 120 100 80 60 40 20 ppm

S53

Current Data Parameters

NAME 1b
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20170201

Time 17.20
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 5000

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 w
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG waltzl6
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127716 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 1c (CDCls)
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Current Data Parameters

NAME 1lc
EXPNO 5
PROCNO 1

F2 - Acquisition Parameters
Date 20160709

Time 11.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
DE 10.50 usec
TE 297.5 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters
ST 16384

SF 400.1300090 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 1c (CDCls)

N HMNO A~ O T O~ NN
[To} OWLWSTOO~LMO N 0O < ~ O N o)
m, OO o’) @ N m @ OO P q‘ m P o’) © ('T; 8 % 8 Current Data Parameters
[Te} ONOWMMO W W < O O ™~ . NAME 1lc
(o)) OO T OMOMONOANNNNAN -~ —~ O (@) EXPNO 2
— i B B B M B B M M B o~~~ ™ PROCNO 1
\\\\\\\////// \‘/ F2 - Acquisition Parameters
Date 20170313
Time 22.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
Tt ! NS 13178
! 1 DS 0
} Br X Ph ! SWH 24038.461 Hz
: o ! FIDRES 0.733596 Hz
. ! AQ 0.6815744 sec
- o "0 ! RG 198.09
LR E T EEEE P EE 3 DW 20.800 usec
DE 6.50 usec
TE 298.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 W
L PLW13 0.27338001 W
A 0 oy . oy dhvdnfebmghig . .
T - i i i F2 - Processing parameters
ST 32768
T T T T T T T T T T T T T T T T T T T T SF 100.6127705 MHz
WDW EM
180 160 140 120 100 80 60 40 20 ppm g5 0
LB 2.00 Hz
GB 0
PC 1.00
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H NMR spectrum of 1d (CDCls)
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Current Data Parameters

NAME 1d
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date 20170522

Time 11.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
DE 10.50 usec
TE 297.9 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 W

F2 - Processing parameters
ST 16384

SF 400.1300377 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 1d (CDCls)
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Current Data Parameters

NAME 1d
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20170228

Time 17.21
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 1823

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.6 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

P1 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 w
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127736 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 1e (CDCls)

0.000
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Current Data Parameters

NAME le
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date 20170310

Time 21.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
DE 10.50 usec
TE 297.5 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters
ST 16384

SF 400.1300095 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 1le (CDClIs)
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Current Data Parameters

NAME le
EXPNO 6
PROCNO 1

F2 - Acquisition Parameters
Date 20170310

Time 21.57
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 15391

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 w
PLW13 0.27338001 W

F2 - Processing parameters
SI 32768

SF 100.6127699 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 1f (CDCls)
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Current Data Parameters

NAME 1f
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date 20160603

Time 19.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
DE 10.50 usec
TE 298.6 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 W

F2 - Processing parameters
ST 16384

SF 400.1300094 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 1f (CDCl5)
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Current Data Parameters

NAME 1f
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20170322

Time 22.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 15020

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.6 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlo6
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127702 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 1g (CDCls)
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Current Data Parameters

NAME 1g
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20170525

Time 20.53
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 228.1

DW 69.000 usec
DE 6.50 usec
TE 298.6 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 14.40 usec
PL1 1.80 dB
SFOL 400.1324008 MHz
F2 - Processing parameters
ST 16384

SF 400.1300086 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 1g (CDCls)

No) MO~ O™~ WOWWwOLAO
o [ B N T MTo BiNe I o N o) I p N NI 0 O N [ee
~ O AHOWMOOLW ™~ O — O Te)
. e e e e e e T s e e M O WO < Current Data Parameters
< HONO<T A~ < N OO . e . NAME 1lg
o OO MO NNNNN ~ ~ O o EXPNO 2
— Ao o~ o~ o~ ™ PROCNO 1
\\\\:\iiié:i:i¥//ﬁ;;;gzéii/) \\M// F2 - Acquisition Parameters
Date 20170120
Time 18.38
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
fo s s s m s mmm—————------- - ! NS 1839
| Cl DS 0
. ' SWH 24038.461 Hz
! ! FIDRES 0.733596 Hz
| | AQ 0.6815744 sec
. = . RG 198.09
! (o) ! DW 20.800 usec
\ O O | DE 6.50 usec
L ] TE 298.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
PLW13 0.27338001 W
J . " e
N - F2 - Processing parameters
ST 32768
T T T T T T T T T T T T T T T T T T T T T SF 100.6127722 MHz
200 180 160 140 120 100 80 60 40 20 PpPM  Son 0 =
LB 2.00 Hz
GB 0
PC 1.00
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'H NMR spectrum of 1h (CDCl5)

W —HM~MOMS N NWOWNMS WO O ™~ — o Te) o
OMAN A —1ONOSI~OLWTNOO ™™ 0L &) Q\] o Current Data Parameters
OCOOWOWOLO LT TOMNNNNNN N o ™ . NAME 1h
N T i S o e e S S S N ™ ™ T EXPNO 101
Mﬂ%’ ‘ PROCNO 1
F2 - Acquisition Parameters
Date 20170315
Time 12.30
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
R . SOLVENT CDC13
I i NS 32
| AN Mei DS 0
| | SWH 7211.539 Hz
! O ' FIDRES 0.220079 Hz
! (ONG) ! AQ 2.2719147 sec
bmmmmmmmmmm oo 4 RG 198.09
DW 69.333 usec
DE 10.50 usec
TE 297.5 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 12.90 usec
PLW1 15.00000000 w
F2 - Processing parameters
ST 16384
SF 400.1300094 MHz
WDW EM
‘Jm SSB 0
R L “ LB 0 Hz
GB 0
I B A s M B B A B o A aan i 1.00
10 9 8 7 6 5 4 3 2 1 ppm

ofmfd|lo|m N~
—A|H|H|[O[H N



13C NMR spectrum of 1h (CDCls)

o ™M [SeINTORESIIE IO I Ne)
N ~ o~ [ NNToRES RS N ToNToNTo) N w O o ™
‘__‘ ~ q‘ OO N m <r OO ~ LO ;‘7 g % g g Current Data Parameters
<t — ™ — <N OO . . NAME 1h
o O N < NN NN A ™~ O © < o EXPNO 2
N — — o A o~ o~ o~ < ™ PROCNO 1
‘ ‘ ‘ \\\/ // \‘/ ‘ ‘ F2 - Acquisition Parameters
Date_ 20170527
Time 21.13
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 1107
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 5792.6
T T TTTT T T T T T 1 DW 20.800 usec
! . DE 6.50 usec
: S Me TE 298.8 K
: | D1 2.00000000 sec
! O ' D11 0.03000000 sec
! o "0 ! TDO 1
UL U LN U J
======== CHANNEL fl ========
NUC1 13C
Pl 10.50 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 -0.60 dB
PL12 15.00 dB
PL13 18.00 dB
SFO2 400.1316005 MHz
MWMW F2 - Processing parameters
ST 32768
T T T T T T T T T T T T T T T T T [ SF 100.6127731 MHz
WDW EM
200 180 160 140 120 100 80 60 40 20 ppm ggg 0
LB 1.00 Hz
GB 0
PC 1.00
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'H NMR spectrum of 3aa (CDClz)
MO~ OO NOMOOWMMUWMO A A ANTIANNMNMMMECEOVOAOANIOTNODD AT ANONO < < < ™~ ™~
ODANOAFTOODNO A 1OFTANMNMANNAT~0OILTANNAOTMNOMSONAHONANNOO WO O ™ WO Current Data Parameters
COVOMOWOVWOOMIIITNNANOODNANANNNNNMWOMMIMILIOOLWN T ANNODD®OD  NAME 3aa
OSSN SN 00OVOOOOOVOVOOONNOO T mnmom  EXPNO 3
PROCNO 1

F2 - Acquisition Parameters

Date 20160627
Time 17.04
INSTRUM spect
! PROBHD 5 mm PABBO BB/
. PULPROG zg30
' TD 32768
. SOLVENT CDC13
! NS 16
! DS 0
! SWH 7211.539 Hz
I FIDRES 0.220079 Hz
: AQ 2.2719147 sec
. RG 31.16
: DW 69.333 usec
X DE 10.50 usec
.. | TE 298.3 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
P1 12.90 usec
PLW1 15.00000000 W
F2 - Processing parameters
ST 16384
SF 400.1299986 MHz
hJ WDW EM
SSB 0
JL_JLJ -, . JL JUUL i A LB 0 Hz
GB 0
PC 1.00

g 8 A
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13C NMR spectrum of 3aa (CDCls)
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Current Data Parameters

NAME 3aa
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date 20160627

Time 17.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 1378

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127839 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 3ab (CDCls)
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Current Data Parameters

NAME 3ab
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20170531

Time 21.30
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

DW 69.333 usec
DE 10.50 usec
TE 298.2 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters
ST 16384

SF 400.1300019 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00
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Current Data Parameters

NAME 3ab
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20160531

Time 17.16
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 118

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.9 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 w
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 w
PLW13 0.27338001 w

F2 - Processing parameters
ST 32768

SF 100.6127773 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



8.121
8.102
8.099
7.869
7.850
7.697
7.695
7.679
7.616
7.614
7.553
7.533
7.529
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7.307
7.303
7.291
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'H NMR spectrum of 3ac (CDCls)
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Current Data Parameters

NAME 3ac
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20170505

Time 15.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
DE 10.50 usec
TE 298.9 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters
ST 16384

SF 400.1300099 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00
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C NMR spectrum of 3ac (CDCls)

AN NOODOWMNMNANNDDOWOW~OM A WO A~
OO TN MAVOOVOATOONDOOONMMPDWMONONO OISO
O~ <F MMM MMOMEOOANTNHOOMAHOONLW 0 OWAN — LW Current Data Parameters
o e e e e e e e e e s s s s e s e e s s e e e NHNOOMM™SO N OO
OO T ON—HOWOUILMANDNAADNOMSELTMNMOODM™ O o ¢ o« o o« o NAME 3ac
OO OUOLILFIILITMOMHOMMNMHOANNNNNNNNAAAA>>OAON > EXPNO 3
NAd A A A A A A A A A A A A A A A A A A A A A 0OWO T PROCNO 1
\\/ \\\\\\\////M/ %/ //// F2 - Acquisition Parameters
Date 20170507
Time 18.22
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
, TD 32768
| SOLVENT CDC13
' NS 912
: DS 0
1 SWH 24038.461 Hz
. FIDRES 0.733596 Hz
! AQ 0.6815744 sec
| RG 5792.6
. DW 20.800 usec
' DE 6.50 usec
| TE 299.0 K
. D1 2.00000000 sec
! D11 0.03000000 sec
1 TDO 1
: ======== CHANNEL fl ========
3 NUC1 13C
Pl 9.00 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzle
NUC2 1H
PCPD2 90.00 usec
PL2 1.80 dB
PL12 17.00 dB
PL13 20.00 dB
SFO2 400.1316005 MHz
WMWWW F2 - Processing parameters
ST 32768
T T T T T T T T T T T T T T T T T T T T SF 100.6127728 MHz
200 180 160 140 120 100 80 60 40 20 ppM  Gon 0 o
LB 1.00 Hz
GB 0
PC 1.00
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Current Data Parameters

NAME 3ad
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20170527

Time 22.57
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 114

DW 69.000 usec
DE 6.50 usec
TE 298.6 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 14.40 usec
PL1 1.80 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
ST 16384

SF 400.1300060 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 3ad (CDCls»)

WHOVWOW OOWMANMNWMONHMML) O W W< OO
AN O A AN AN LTOAANDMOOLO0OM — O O
NMW O AAON O AL OO NOO FW—HOOLWL MWL c
e . e e s e e e e e e e e e e e e e e e e e e MO OO O~ urrent Data Parameters
HOO WONNWOWWOWIHMMMOONONWOWMSFTMANSW ¢ o o o o o o NAME 3ad
OO0 WIS ITOHOMOMHOOMHOMONNNNNNNNNAASTTOAOMO EXPNO 2
NANA A A A A A A A A A A A~ A~ A~ A A A A>T W0W S PROCNO 1
\\J// K\::fff%?%Eé§;%%§%é§S§%;\iég%ééééééééégizzgzi’A k‘%;i//J / / /// F2 - Acquisition Parameters
Date 20170527
Time 23.02
\ INSTRUM spect
' PROBHD 5 mm BBO BB-1H
1 PULPROG zgpg30
. TD 32768
: SOLVENT CDC13
| NS 1305
. DS 0
' SWH 24038.461 Hz
| FIDRES 0.733596 Hz
. AQ 0.6815744 sec
! RG 5792.6
1 DW 20.800 usec
X DE 6.50 usec
' TE 299.0 K
! D1 2.00000000 sec
| D11 0.03000000 sec
2 TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 9.00 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 1.80 dB
PL12 17.00 dB
PL13 20.00 dB
*MJ SFO2 400.1316005 MHz
J A Vi e—— - ' A" F2 - Processing parameters
ST 32768
T T T T T T T T T T T T T T T T T T T SF 100.6127746 MHz
200 180 160 140 120 100 80 60 40 20 PpPM  Son 0 =
LB 1.00 Hz
GB 0
PC 1.00
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'H NMR spectrum of 3ae (CDCls)

NSILTONLTOMNMNSL MOOLWNN NS O

O VWO HNONOWWOWWONNOO OO W ™~ Current Data Parameters

OO FTFTNONONAAADO O O O ® NAME 3ae

[ O o e e S e e Rt o e} EXPNO 4
PROCNO 1
F2 - Acquisition Parameters
Date 20180118
Time 20.44
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 181
DW 69.000 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl1 ========
NUC1 1H
Pl 15.00 usec
PL1 0 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
ST 16384
SF 400.1300084 MHz
WDW EM
SSB 0

JUJ U 1, | PP S J LB 0 Hz

GB 0
PC 1.00

9 8 7 6 5 4 3 2 1 ppm
wEE A
AN|H[HA|H[O|H N[ M [N — Al [
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13C NMR spectrum of 3ae (CDCls)
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Current Data Parameters

NAME 3ae
EXPNO 6
PROCNO 1

F2 - Acquisition Parameters
Date 20160607

Time 18.25
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 156

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 5792.6

DW 20.800 usec
DE 6.50 usec
TE 299.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

P1 9.00 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzl6

NUC2 1H
PCPD2 90.00 usec
PL2 1.80 dB
PL12 17.00 dB
PL13 20.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768

SF 100.6127789 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.00
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Current Data Parameters

NAME 3af
EXPNO 6
PROCNO 1

F2 - Acquisition Parameters
Date 20160627

Time 16.28
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 78.51

DW 69.333 usec
DE 10.50 usec
TE 298.3 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters
ST 16384

SF 400.1300077 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 3af (CDCls)

OO M DOV MNMIMEFTTOONOSNWOWION OO W
WWOWM OVOHNOVONMEEOTNNOVOWOOAANDANMSOHWON LN L L0
<~ OO ANTONTTTIT AN AOM AN A0SO ANOWM O O O N Current Data Parameters
e e e e s s s s s s s s e s e s s s s s s s . MOWOM™~0O W0~ ~
HOO WONNMSWOIOWOMAHOANOWOIDM™ TN NMIS ¢ o o o o o o o . NAME 3af
OO0 VWIS ITMOMOMHOMONNNNNNNNNAAST O A>~M O o EXPNO 5
NANN A A AAAAAAAAAAAAA A A A A A AT OO S N PROCNO 1
\\J// k\i::Efffé§E%%%%§é%é%;;$;>¢é;%é%%g%ééé§i§§2é;:L’J k‘%;i//J / / /// ‘ F2 - Acquisition Parameters
Date 20160607
Time 18.41
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 500
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 5792.6
DW 20.800 usec
DE 6.50 usec
TE 299.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 9.00 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 1.80 dB
PL12 17.00 dB
PL13 20.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
T T T T T T T T T T T T T T T T T T T SF 100.6127767 MHz
200 180 160 140 120 100 80 60 40 20 PpPM  Son 0 =
LB 1.00 Hz
GB 0
PC 1.00
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Current Data Parameters

NAME 3ag
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date 20170527
Time 20.58
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 89.08
DW 69.333 usec
DE 10.50 usec
TE 297.6 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 12.90 usec
PLW1 15.00000000 W
F2 - Processing parameters
ST 16384
SF 400.1300074 MHz

l WDW EM
SSB 0

L 1 | LB 0 Hz

GB 0
PC 1.00
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13C NMR spectrum of 3ag (CDCls)
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Current Data Parameters

NAME 3ag
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20170527

Time 21.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 1479

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 w
PLW13 0.27338001 W

F2 - Processing parameters
SI 32768

SF 100.6127721 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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H NMR spectrum of 3ah (CDCls)
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Current Data Parameters

Hz
Hz
sec

usec
usec

secC

MHz

MHz

NAME 3ah
EXPNO 4
PROCNO 1
F2 - Acquisition Parameters
Date 20180119
Time 20.34
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7246.377
FIDRES 0.221142
AQ 2.2609921
RG 228.1
DW 69.000
DE 6.50
TE 298.4
D1 2.00000000
TDO 1
======== CHANNEL f1l ====
NUC1 1H
Pl 15.00
PL1 0 dB

SFO1 400.1324008
F2 - Processing parameters
ST 16384
SF 400.1300091
WDW EM
SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 3ah (CDCls»)

O N HOO-ONMOOWAT~ONO N~ NO™~ O
TFTOWOW OWVWAHNOOVMNMIPTAOLAOAHAMWOWWOWASNIDMNS OO AT O WM O ™~
WOM SOHOOWNOINWVOVL ATONNMO O e O I~ NM
O R R N T Current Data Parameters
—HOO WOWONNWOUINMWOMOANNWMLOHFNNMIT=L ¢ ¢ o o o o o o NAME 3ah
OO WO IONMOMONOHONNNNNNNNNAHAASTO A>M O EXPNO 5
NANN A A AAAAAAA A A A A A A A A A A A A WO O PROCNO 1
\\J// K\::fEE§E§§§§§§§§E§§£§S§§J%;%EigéiééééEEEE;;L’J ‘%Z;;;/J / / ,// F2 - Acquisition Parameters
Date 20180120
Time 0.52
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 12019
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096
DW 20.800 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
P1 10.45 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 0 dB
PL12 15.00 dB
PL13 20.00 dB
SFO2 400.1316005 MHz
», "
F2 - Processing parameters
ST 32768
T T T T T T T T T T T T T T T T T T T SF 100.6127731 MHz
200 180 160 140 120 100 80 60 40 20 ppM  ssn 0 o
LB 1.00 Hz
GB 0
PC 1.00
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Current Data Parameters

NAME 3ai
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20170524

Time 15.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

DW 69.333 usec
DE 10.50 usec
TE 298.2 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters
ST 16384

SF 400.1300055 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00
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13C NMR spectrum of 3ai (CDCls)
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Current Data Parameters

NAME 3ai
EXPNO 8
PROCNO 1

F2 - Acquisition Parameters
Date 20160606

Time 20.28
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 50

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 299.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
SI 32768

SF 100.6127806 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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Current Data Parameters

NAME 3aj
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20160530

Time 17.40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
DE 10.50 usec
TE 298.2 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 W

F2 - Processing parameters
ST 16384

SF 400.1300092 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



'H NMR spectrum of 3aj (Acetone-d®)
DM~ O A~ 0O T MM OOMHETOANMLOVOWOULANNNOATTOOMmOT WL WOWOWHLW OO
OOV~ WOVDVDOOMOTN AN A~ 0VOMSOVOOLNNDMNMODOOODNOOS O™ WOLLWSHM Current Data Parameters
COXDPEVLOVNLIIITINMMN FTNNDMPOODE=VWONMVNITDOOT FOOOOOOO  NAME 439
0@ OO0 000000 0OInNLN S T T T T NN NN BXPNO 3

\\\“\m //////n/)ﬁr)///s/r//r% PROCNO 1

F2 - Acquisition Parameters

Date 20171227
Time 15.32
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG z2g30
TD 32768
SOLVENT Acetone
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 114
DW 69.000 usec
DE 6.50 usec
TE 298.3 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
P1 15.00 usec
PL1 0 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
ST 16384
SF 400.1300065 MHz
WDW EM

J J U U LJ u w SSB 0
LB 0 Hz
GB 0
PC 1.00
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13C NMR spectrum of 3aj (CDCls)
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Current Data Parameters

NAME 3aj
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20160530

Time 18.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 1580

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 299.8 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlo6
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 w
PLW13 0.27338001 W

F2 - Processing parameters
SI 32768

SF 100.6127693 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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137.291
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129.422
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128.521
124.941
123.616

13C NMR spectrum of 3aj (Acetone-d®)
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Current Data Parameters

NAME 439
EXPNO 5
PROCNO 1

F2 - Acquisition Parameters
Date 20171228

Time 22.01
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 32768
SOLVENT Acetone

NS 14547

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096

DW 20.800 usec
DE 6.50 usec
TE 298.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 10.45 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG waltzlé

NUC2 1H
PCPD2 90.00 usec
PL2 0 dB

PL12 15.00 dB
PL13 20.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768

SFE 100.6126750 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 3ak (CDCls)
DOFONOSFTMNMNOAANNDNFITTONNOMOOAOMNMEINEOOOMIOMOTOMNSNO MO
NOOVWOWIHMMOWVWWEHANASTOWOILTANAAADNDAITNOONNOAATNHODANONI™O O H OO OO Current Data Parameters
NNV ON NI ITNNNNAAAAAAOOOODMODPOOE=MNMNMNANNONLFOONNO NAME 3ak
N e e S e S e e e e N L S S S e N e e R SR R IR o BT W To NTo I IS SIS I N co W oo B SR DS J \[O) 2

PROCNO 1

F2 - Acquisition Parameters

Date 20160418
Time 17.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 128.9
DW 69.333 usec
DE 10.50 usec
TE 297.6 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 12.90 usec
PLW1 15.00000000 W
F2 - Processing parameters
ST 16384
SF 400.1300081 MHz
WDW EM

LJLJ SSB 0

S, LB 0 Hz

GB 0
PC 1.00

S88



200.939

199.010
198.836

LO
[\
—
(e0]
O
—

151.350
142.660
142.010
135.874

135.790
135.558
134.931
133.448

132.951
130.301

13C NMR spectrum of 3ak (CDCls»)
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Current Data Parameters

NAME 3ak
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date 20170524

Time 15.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 207

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 299.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

P1 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 w
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127737 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 3al (CDCls)

O LOMOMFTNANNNNANNONDOANONANNONNOSINDMHNIFONDONS OO T O ™M

NOOMTHMMNMANATOWOWINILTANMNADNDOAOONNILTMNOOSOOMNMNOLTANMSGLNODOOT™ O Current Data Parameters

T HOO I E VO ONHONNDOPE OO0 TTMNMNNO®D®DD NAME 3al

00 00 00 T~ [~ T~ [~ T~ [~ T~ [~ [~ [~~~ [~ [~ [ 00 00O OINnINnINLOINLIOLWN S < << mmm o EXPNO 2

\\\N\{\/%//ﬂ%f“wﬂ PROCNO 1
F2 - Acquisition Parameters
Date 20170525
Time 21.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 128.9
DW 69.333 usec
DE 10.50 usec
TE 297.6 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 12.90 usec
PLW1 15.00000000 W
F2 - Processing parameters
SI 16384
SF 400.1300090 MHz

J WDW EM
d SSB 0
JUJWUL y LB 0 Hz

GB 0

xwwxwwwwxww ke 1.00

10 6 5 4 3 2 1 ppm
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13C NMR spectrum of 3al (CDCls)
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Current Data Parameters

NAME 3al
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date 20160328

Time 14.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 554

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127739 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 3am (CDCls»)

O TN NLTFTON AN NNTFTNOADVOODMSNDOEONOO AW OO M LW WL O 0O

SOOI AN AN AN AN AOONAADNDAT T ANNOSONOOTMNHONOSOOWOWN H O OO Current Data Parameters

A AN O~ OOV OUOUNMILSFN AONVWOSNEESOMOLWOS OO0~ O NAME 3am

OO~ NSNS O0O0OOOOOOOOVWOOOVOUNWOWOWOSTIHTTONOMO EXPNO 6

/ PROCNO 1
F2 - Acquisition Parameters
Date 20160315
Time 13.48
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 1
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09
DW 69.333 usec
DE 10.50 usec
TE 297.1 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 12.90 usec
PLW1 15.00000000 w
F2 - Processing parameters
ST 16384
SFE 400.1300088 MHz
WDW EM
J J SSB 0
" _— LB 0 Hz

GB 0
PC 1.00

10 9 8 7 6 5 4 3 2 1 ppm
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13C NMR spectrum of 3am (CDCls»)
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Current Data Parameters

NAME 3am
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20160328

Time 13.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 555

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 w
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127718 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



OVt O™~ 0 LH O WO LN W
OO N—HO OO ™~ L Current Data Parameters
N ANANANANN—O O oo o NAME 3an
00 CO CO GO 0O 0O OO CO CO ™~ [~ EXPNO 1

\\h\\ %W_/%d PROCNO 1

F2 - Acquisition Parameters

Date 20170530
Time 23.52
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09
DW 69.333 usec
DE 10.50 usec
TE 298.6 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
P1 12.90 usec
PLW1 15.00000000 w
F2 - Processing parameters
ST 16384
SF 400.1300080 MHz
WDW EM

JNVUUN L 3 .

. . " LB 0 Hz

GB 0
PC 1.00

L B B B L L B L B B L I ILRLRIL

10 9 8 7 6 5 4 3 2 1 ppm
FEEGERTAE B REE
O|O[H|O|HIN|H|[H|H|H|N — —A[O| O

S94




13C NMR spectrum of 3an (CDCls»)
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Current Data Parameters

NAME 3an
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20170530

Time 23.55
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 13083

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.7 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127703 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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Current Data Parameters

NAME 3ba
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20170518

Time 10.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 71.42

DW 69.333 usec
DE 10.50 usec
TE 298.1 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters
ST 16384

SF 400.1300064 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 3ba (CDCls»)
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Current Data Parameters

NAME 3ba
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date 20170518

Time 10.39
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 503

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.8 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127737 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 3ca (CDCIs)
NN ANTOLT ANLTN A OO AANNOTONONONTOONLTTNOLTT AN OO N N
AN MOWOIOOSEOONDWOILON AOLTN AHAOOFTFTOSMOMOOOMSLW SN O O LW Current Data Parameters
COO0WWOVUOUMWWOOMITITNNNONANNNNOOOODNAHNNND® I TMMAN WD O NAME 3ca
ool e e B N e e A e e T S el S S o e e N S S S S SNt SV I Ve B te BV S Ve I Ue I To BT o W To BESTRES SRS o i o il o Moo BN D8 S\ [€) 2
) PROCNO 1

F2 - Acquisition Parameters

Date 20170416
Time 17.53
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 1
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31
DW 69.333 usec
DE 10.50 usec
TE 301.1 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 12.90 usec
PLW1 15.00000000 w
F2 - Processing parameters
SI 16384
SF 400.1300089 MHz
WDW EM
SSB 0

J\d - JuL.J " LB 0 Hz
GB 0
PC 1.00
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13C NMR spectrum of 3ca (CDCls)
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Current Data Parameters

NAME 3ca
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20170416

Time 17.55
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 4155

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 301.4 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 w
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 w
PLW13 0.27338001 W

F2 - Processing parameters
SI 32768

SF 100.6127714 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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Current Data Parameters

NAME 3da
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20160606

Time 11.01
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 161.3

DW 69.000 usec
DE 6.50 usec
TE 297.8 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 14.40 usec
PL1 1.80 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
ST 16384

SF 400.1300070 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 3da (CDCls»)

o) O) MANOWWOWWONHWANODOMLO LW O
(@ e NN OO NL~O0OMMMNMME-IMLT AONSL0ONL MM
[V NSO WMOAAMEMIANTMOOOMS IO W HONOMSNOWWAN Current Data Parameters
« e e e e s s e e s s e e e e s s e e e e e e MO OO OO
— O O OO NNOOOSLTOODOWSMNOIMSLW o o o o o o . NAME 3da
O O O OO I T OO NNNNANNAAAA OO A0 MO EXPNO 4
N NN A A A A A A A A A A A~ A~ A0 W0 PROCNO 1
NV T \\— Vv
Date 20160606
Time 11.06
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 492
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 5792.6
DW 20.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 9.00 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 1.80 dB
PL12 17.00 dB
PL13 20.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
T T T T T T T T T T T T T T T T T T T SF 100.6127716 MHz
200 180 160 140 120 100 80 60 40 20 ppM  Gop 0 B
LB 1.00 Hz
GB 0
PC 1.00
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H NMR spectrum of 3ea (CDCls)
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Current Data Parameters

NAME 3ea
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20170422

Time 11.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31

DW 69.333 usec
DE 10.50 usec
TE 296.8 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters
ST 16384

SF 400.1300085 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00



13C NMR spectrum of 3ea (CDCls)
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Current Data Parameters

NAME 3ea
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20170423

Time 19.12
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 18981

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 296.7 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG waltzlé
PCPD2 90.00 usec
PLW2 15.00000000 w
PLW12 0.33750001 w
PLW13 0.27338001 w

F2 - Processing parameters
ST 32768

SF 100.6127718 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



Current Data Parameters

NAME 3fa
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date 20170502
Time 21.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31
DW 69.333 usec
DE 10.50 usec
TE 296.7 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 12.90 usec
PLW1 15.00000000 w
F2 - Processing parameters
ST 16384
SF 400.1300081 MHz
WDW EM

J SSB 0

x Y l LB 0 Hz

GB 0
PC 1.00
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13C NMR spectrum of 3fa (CDCls)

< O ONWOWWOWANOANODMWOWOS M <
@ N O O ONEAANTON AVO~TNANN AN AONT O MO~ ™~
— 0 o OO NN~ OLFTANMNMOON~WOSNO O O ™~ OO Current Data Parameters
e e e s s s s e e e s s s s e s e s e e MOWOLWOANOWAM™SL
— O O S ANNOWOOO TS FTANNGCO o o s o o o o o NAME 3fa
cNoNe) OO ONMMONNNNNNAAATT O OO M O EXPNO 6
N NN A A A 4 A A A A~ A A A A A A A A A A0 W00 PROCNO 1
\‘/ \\“\\l\’ /////ﬂ// \/// \ / / // F2 - Acquisition Parameters
Date 20170501
Time 18.07
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 1322
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 5792.6
DW 20.800 usec
DE 6.50 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
P1 9.00 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzleé
NUC2 1H
PCPD2 90.00 usec
PL2 1.80 dB
PL12 17.00 dB
PL13 20.00 dB
SFO2 400.1316005 MHz
[ony ™ L W
- i F2 - Processing parameters
ST 32768
T T T T T T T T T T T T T T T T T T T T SF 100.6127740 MHz
200 180 160 140 120 100 80 60 40 20 ppPM  Son 0 B
LB 1.00 Hz
GB 0
PC 1.00
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Current Data Parameters

NAME 3ga
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20170530

Time 22.12
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 51.8

DW 69.333 usec
DE 10.50 usec
TE 298.2 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 12.90 usec
PLW1 15.00000000 w

F2 - Processing parameters

ST
SFE
WDW
SSB
LB
GB
PC

16384
400.1300028 MHz
EM
0
0 Hz
0
1.00
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13C NMR spectrum of 3ga (CDCls)
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Current Data Parameters

NAME 3ga
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20170530

Time 22.15
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 2026

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
PLW13 0.27338001 W

F2 - Processing parameters
ST 32768

SF 100.6127779 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 3ha (CDCls)
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Current Data Parameters

NAME 3ha
EXPNO 33
PROCNO 1

F2 - Acquisition Parameters
Date 20170427

Time 18.35
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 1

DS 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 114

DW 69.000 usec
DE 6.50 usec
TE 298.6 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

P1 14.40 usec
PL1 1.80 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
ST 16384

SF 400.1300042 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00
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NMR spectrum of 3ha (CDCls)
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Current Data Parameters

NAME 3ha
EXPNO 32
PROCNO 1

F2 - Acquisition Parameters
Date 20170426

Time 18.48
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 1327

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096

DW 20.800 usec
DE 6.50 usec
TE 298.6 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 9.00 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzl6

NUC2 1H
PCPD2 90.00 usec
PL2 1.80 dB
PL12 17.00 dB
PL13 20.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768

SF 100.6127730 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.00



'H NMR spectrum of 4aa (CDCls)
g
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.. Current Data Parameters
I~ [~ [~ -~~~ 0 W0WW YW WWws =T mm NAME KCinter Ph
EXPNO 3
FPROCNO 1
F2 - Acquisition Parameters
Date 20170614
Time 19.17
INSTRUM spect
PROBHD 5 mm BBQ BB-1H
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7246 .377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 114
DW 69.000 usec
DE 6.50 usec
TE 297.7 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl =======—=
NUC1 1H
Fl 16.80 usec
PL1 1.80 dB
SFO1 400.1324008 MHz
F2 — Processing parameters
5T 16384
SF 400.1300069 MH=z
WDW EM
l SSB 0
LB 0 H=z
GB 0
J UU L . ) o i pC 1.00
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13C NMR spectrum of 4aa (CDCls)
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AA N OO ONOFTOMMATANNDNDM MDD DNN A O~ O~ I~
-'---c--t---o--c---oc-c'-'m(j\kom‘—]o
COWONNNHOWODMIOMANNDOMILOTANDO « o o o o o
OOV IITNMNMNNANNNNNNNNNN A A OO L0 Current Data Parameters
N R P A S R S B O NG NG gt NAME KCinter Ph
\\§§’ L\¢:$EE§§§§§§§§§§§§§%§%$>#é%é%%%éééégégizésﬁ7;ééﬁﬁ/ﬂ / / / EXPNO 4
PROCNO 1

F2 - Acquisition Parameters

Date 20170614
Time 19.22
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 653
DS 0
SWH 24038.461 Hz
(0] o) FIDRES 0.733596 Hz
AQ 0.6815744 sec
4aa RG 5792.6
DW 20.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 10.45 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG|[2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 1.80 dB
PL12 15.68 dB
PL13 20.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' SI 32768
220 200 180 160 140 120 100 80 60 40 20 ppm o 1006127758 Mz
SSB 0
LB 1.00 Hz
S111 GB 0

PC 1.00
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