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1. Table S-1: Reaction optimization for oxidative cycloadditions.

O 2a (10 equiv)

s ! '

N catalyst (10 mol%) . LNy N
(T o LAy L

1al? (1 equiv) 3a 3b 4
entry catalyst oxidant solvent time el (%)[b]
(10 mol %) 1a 3a 3b 4

1 FeCl; DTBP toluene 24 h 36 - - -

2 RuClj DTBP toluene 24 h 68 - - -

3 CuCl DTBP toluene 24 h 61 - - -

4 Cu(OAc), DTBP toluene 24 h 60 - - -

5 Cu(CH;3;CN), BF, DTBP toluene 24 h 70 12 - -

6 CulPrClI TBHP toluene 24 h 28 15 - -

7 CuBr TBHP  toluene 24h 18 - - -

8 Cu(OTf), O, (1 atm) toluene 24 h - - -

9 Cu(OTf), DDQ toluene 24 h trace = - el

DTBP = Di-tert-butyl peroxide in

decane. [a] [1a] = 0.37 M, [b] isolated yield after silica

column purification, [c] complecated mixture of products

2. Scheme S-1and S-2: Kkinetic isotope effects

D
| N D
SR

O D70 D
D

1 equiv 10 equiv 10 equiv
1b THF-d, THF-dg
CD;3

Cu(s) (20 mol%)
TBHP (3 equiv.)

H,0 (130 equiv)
90 °C
69%, 28 h

D
dg-3b

3b:dg-3b = 5.7:1 (by "H NMR)
kH/KD =57

Cu(s) (20 mol%)
TBHP (3 equiv.)

ds-1b (1 equiv) 10 equiv

H,0 (130 equiv)
90 °C
66%, 28 h

dp-3b:d;-3b = 1:2.8 (by "H NMR)
kH/KD = 28
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Scheme S-3:

step 1
H,0, 90 °C
Cu-Powder + O,OH —— > Water soluble [Cu-complex]
1 equiv 2 equiv 5%, 24 h
step 2
| Water soluble [Cu-complex] ,L
N O (5 mol %)
S \H
©/ o TBHP (1.5 equiv), T
H,0 (130 equiv), 90 °C H
1 equiv 10 equiv. = 2 ( ) 0o
3b, 75%, 8 h

Step 1: To a water (20 mL) solution of copper powder (0.5 g, 7.94 mmol) was added 70%
aqueous solution of t-butyl hydroperoxide (2.0 mL, 15.87 mmol) dropwise over 5 minutes. The
resulting mixture was stirred at 90 °C for 24 h, and this hot mixture was filtered through a filter
paper. The filtrate was concentrated in vacuum to give slightly blue Cu-complex (25 mg)
contained 28.03% Cu. Step 2: By following the standard procedures for catalytic operation using
this copper complex (2.59 mg, 5 mol%), N, N-dimethyl aniline 1b (100 mg, 0.83 mmol), THF
(0.65 mL, 8.25 mmol) and TBHP (0.16 mL, 1.24 mmol) in hot water (90 °C, 8 h) afforded
compound 3b (117 mg, 75%, 0.62 mmol) as yellow oil.

Scheme S-4:
_ on g
CuXy > H,O  H-CHO — Q N
Ph—N —> Ph—N*+ —~ 7 . Ph-NH _—
\ TBHP x- N H-CHO
1a X = OTf 3a O
OH |
CuXy > H,0 CHs-CHO 5 N
Ph— Ph-N+ ——<—= PpPh-NH — >
\  TBHP %\ H-CHO
1a X =OTf [e)

3. Representative Synthetic procedures:
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Unless otherwise noted, all reactions were carried out under nitrogen atmosphere in oven-dried
glassware using standard syringe, cannula and septa apparatus. Tetrahydrofuran and hexane were
dried with sodium metal, benzophenone and distilled before use. Toluene, dichloromethane and
1, 2-dichloroethane were dried over CaHz and distilled before use. Methanol and triethylamine
were stored over 4A molecular sieves prior to use. Reagents were purchased from commercial
sources and used without purification, unless otherwise stated. *H NMR and **C NMR spectra
were recorded on a Bruker 400 MHz, Varian 500 MHz and a Bruker 600 MHz spectrometers
using chloroform-d (CDCls) and DCM-dz (CD2Cl,) as the internal standard. For compound 2c*,
2d%t, N, N-Dialkylanilines®?®, tetrahydrofuran-2-ol (lactol)*® and ds-1b%’ were prepared according
to known literature procedures. The spectral data for products 3b-c, 3f, 3e, 5a, 5¢, and 5d are in

agreement with reported data.®®® Compound 2b, 2e, 2f, 2g, 1c, 1f are commercially available.
A] General procedure for synthesis of Dialkyl anilines.
a) Synthesis of N, N-dimethylaniline (1b).%2

CH3l (2.5 equiv)
NH,  TBAI(0.07 equiv) |

KOH (2.5 equiv) N
Benzene:H,0 (7:1) ©/

90 °C, 24 h 1b

1 equiv

General procedure 1: To a benzene and water (7:1) solution (32 mL) of aniline (2.0 g, 21.48
mmol), tetra-n-butylammonium iodide (0.56 g, 1.50 mmol), potassium hydroxide (3.01 g, 53.70
mmol), was added iodomethane (7.68 g, 53.70 mmol) dropwise at room temperature; the
reaction mixture was heated at 90 °C for 24 h before it was cooled to RT. The organic layer was
extracted with diethyl ether and washed successively with water, saturated sodium carbonate,
and dried over magnesium sulfate. The solution was concentrated and eluted through a silica gel
column with hexane to give compound 1b as a light yellow oil (1.8 g, 69.2%, 14.85 mmol). 'H
NMR (400 MHz, CDCla): & 7.26 ~ 7.22 (m, 2 H), 6.76 ~ 6.70 (m, 3 H), 2.94 (s, 6 H); 3C NMR
(100 MHz, CDCls): 6 150.6, 129.0, 116.5, 112.6, 40.5; HRMS calcd for CgH11N: 121.0891,
found: 121.0891.

b) Synthesis of N-isopropyl-N-methylaniline (1i).5*
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O CHjsl (1.5 equiv)
NH, \f (5.0 equiv) TBAI (0.07 equiv) N
NaBH, (5.0 equiv) KOH (2.5 equw N
NaOAc, © Benzene:H,O

H20, EtOH 90 °C, 24 h 1

1 equiv

To a water and ethanol (1:1) solution (50 mL) of aniline (2 g, 22.0 mmol), sodium acetate
trihydrate (8.7 g, 64.5 mmol), acetic acid (20 mL), and acetone (8 mL, 107.5 mmol), at 0 °C was
added sodium borohydride (4.1 g, 107.5 mmol) slowly; the reaction mixture was stirred at RT for
30 min before basified with 10% aqueous solution of NaOH. The organic layer was extracted
with diethyl ether, concentrated and eluted through a silica gel column with hexane to give
compound s-1 as light yellow oil (2.1 g, 70.6%, 15.53 mmol). With the preceding procedure
using iodomethane (3.33 g, 23.29 mmol) and s-1 (2.1 g, 15.53 mmol), desired 1i (1.6 g, 10.72
mmol, 69.6%) was obtained as a colourless oil. *H NMR (600 MHz, CDCls): § 7.25 ~ 7.23 (m, 2
H), 6.80 (d, J = 7.8 Hz, 2 H), 6.72 ~ 6.69 (m, 1 H), 4.13 ~ 4.08 (m, 1 H), 2.74 (s, 3 H), 1.17 (d, J
= 6.6 Hz, 6 H); 3C NMR (150 MHz, CDCls): § 150.2, 129.1, 116.4, 113.3, 48.9, 29.7, 19.3.

c) Synthesis of 2-(methyl(phenyl)amino)ethyl acetate (1k).

BN

A~ OH Ac,0 (1.2 equiv) o
“NH HO - J/ EtsN (3.0 equiv)

(1.5 equiv) DMAP (0.05 equiv) N_

NaHCO3; (1 equiv), © DCM,0°C,1h ©/
DMF, 70°C, 12 h

1 equiv s-2 1k

0]

To a DMF (15 mL) solution of N-methyl aniline (1.0 g, 9.33 mmol), and sodium
hydrogencarbonate (0.78 g, 9.33 mmol) was added 2-iodoethanol (2.4 g, 14.0 mmol) dropwise
over 5 min; the mixture was heated to 70 °C for 12 h before it was cooled to RT. The organic
layer was extracted with ether and washed successively with water, saturated sodium carbonate,
and brine then dried over anhydrous magnesium sulfate. The solution was concentrated and
eluted through a silica gel column to give compound s-2 as yellow oil (1.3 g, 92%, 8.59 mmol).

To a DCM (25 mL) solution of s-2 (1.3 g, 8.59 mmol) was added 4-Dimethylaminopyridine (52
mg, 0.42 mmol), acetic anhydride (10.3 mmol, 1.1 g) and EtsN (25.79 mmol, 3.6 mL) at 0 °C
and the resulting mixture was stirred for 1 h at room temperature. The reaction mixture was
guenched with water and extracted with dichloromethane, concentrated under reduced pressure.

The residue was eluted through a silica gel column using hexane and ethyl acetate (9:1) as
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eluents to afford acetate 1k as a yellow liquid (1.1 g, 5.69 mmol, 66.2%). *H NMR (400 MHz,
CDCl3): 6 7.24 ~7.20 (m, 2 H), 6.74 ~ 6.69 (m, 3 H), 4.24 (t, J = 6.2 Hz, 2 H), 3.58 (t, J = 6.1
Hz, 2 H), 2.96 (s, 3 H), 2.00 (s, 3 H); *3C NMR (100 MHz, CDCls): § 171.0, 149.0, 129.2, 125.0,
116.7, 112.3, 61.5, 51.2, 38.6, 20.9; HRMS calcd for: C1:1H1sNO>: 193.1103, found: 193.1111.

4] Standard procedures for catalytic operations:

a) Typical procedure for the synthesis of 5-ethyl-2,3,3a,4,5,9b-hexahydrofuro|3,2-

c]quinoline (3a).

( Cu powder (20 mol%) ( |
N TBHP ( 3 equiv) N N
~ + > wH + wH
o H,0 (130 equiv), \ \
oC N N
90 H o H o
1a (1 equiv) 2a (10 equiv) 3a 3b

Condition A : Under nitrogen atmosphere, a reaction flask was charged with copper powder
(9.32 mg, 0.15 mmol), tetrahydrofuran (0.6 mL, 7.40 mmol), N-ethyl-N-methylaniline (100 mg,
0.74 mmol), water (2 mL, 130 equiv), and to this mixture was added 70% aqueous solution of
tert-butyl hydroperoxide (0.28 mL, 2.22 mmol) dropwise over 5 minutes. The resulting mixture
was stirred at 90 °C for 28 h under air. After completion, this reaction mixture was cooled to
room temperature, extracted with ethyl acetate, and concentrated in vacuum, and the crude
residue was purified by a silica column using hexane and ethyl acetate (9:1) as eluents to afford
3a (93 mg, 0.45 mmol, 62%) and 3b (15 mg, 0.07 mmol, 10%) as yellow oil. Spectral data for 3a:
'H NMR (400 MHz, CDCls): § 7.31 (dd, J = 7.4, 1.8 Hz, 1 H), 7.17 ~ 7.13 (m, 1 H), 6.71 ~ 6.66
(m, 2 H), 4.53 (d, J =5.2 Hz, 1 H), 3.96 ~ 3.90 (m, 1 H), 3.83 ~ 3.77 (m, 1 H), 3.54 ~ 3.45 (m, 1
H), 3.30 ~ 3.21 (m, 1 H), 2.98 (dd, J = 11.4, 5.2 Hz, 1 H), 2.84 (t, J = 11.2 Hz, 1 H), 2.44 ~ 2.39
(m, 1 H), 2.27 ~ 2.19 (m, 1 H), 1.77 ~ 1.70 (m, 1 H), 1.11 (t, J = 7.1 Hz, 3 H); *C NMR (100
MHz, CDCl3): 6 145.4, 131.7, 129.0, 121.2, 116.5, 111.6, 76.1, 65.0, 49.2, 45.3, 35.6, 30.0, 10.6;
HRMS calcd for C13H17NO: 203.1310, found: 203.1309. Spectral data for 3b%: 'H NMR (400
MHz, CDCls): § 7.34 (dd, J = 7.5, 1.6 Hz, 1 H), 7.22 ~ 7.18 (m, 1 H), 6.78 ~ 6.74 (m, 1 H), 6.70
(d, J=8.3Hz, 1 H), 458 (d, J = 5.4 Hz, 1 H), 3.97 ~ 3.91 (m, 1 H), 3.83 ~ 3.77 (m, 1 H), 3.02 ~
2.98 (m, 1 H), 2.88 (s, 3 H), 2.78 (t, J = 11.1 Hz, 1 H), 2.56 ~ 2.49 (m, 1 H), 2.28 ~2.19 (m, 1
H), 1.78 ~ 1.71 (m, 1 H); *3C NMR (150 MHz, CDCls): § 147.1, 131.1, 129.0, 121.7, 117.4,
111.8, 75.8, 65.1, 52.5, 39.3, 35.9, 30.0; HRMS calcd for C12H1sNO: 189.1154, found: 189.1145.
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Condition B: similar to condition A except cyclic ether 2b-2d (20.0 equiv) were used as neat.

b) Typical procedure for the synthesis of 6-methyl-3,4,4a,5,6,10b-hexahydro-2H-
pyrano[3,2-c]quinolone (5a).

Cu(OTf), (10 mol%)

I

I . N

N TBHP ( 2 equiv)

N+ oH 4 ~ _

0 ~~ | |
H

e}
5a 4

90 °C, neat

1b (1 equiv) 2e (20 equiv)

Under argon atmosphere, a reaction flask was charged with Cu(OTf)2 (29.8 mg, 0.08 mmol),
pyran 2e (1.42 g, 16.51 mmol), N, N dimethyl aniline 1b (100 mg, 0.82 mmol), and to this
mixture was added 70% aqueous solution of tert-Butyl hydroperoxide (0.21 mL, 1.65 mmol)
dropwise over 5 min at room temperature. The resulting mixture was stirred at 90 °C for 24 h
under air tight condition. After completion, reaction mixture was cooled to room temperature,
concentrated in vacuum and the crude residue was purified by a silica column using hexane and
ethyl acetate (9:1) as eluents to afford 5a (75.5 mg, 0.37 mmol, 45%) and 4” (25.2 mg, 0.1 mmol,
12%) both as Yellow oil; spectral data for 5a%%: *H NMR (600 MHz, CDCls): § 7.18 (dd, J = 7.5,
15Hz,1H)7.16 ~7.13 (m, 1 H), 6.65 (t, J=7.2 Hz, 1 H), 6.60 (d, J =8.4 Hz, 1 H), 4.40 (d, J =
3.0 Hz, 1 H), 3.95 ~ 3.93 (m, 1 H), 3.65 (td, J = 2.6, 10.9 Hz, 1 H), 3.51 (t, J = 11.1 Hz, 1 H),
2.95~2.92 (m, 1 H), 2.88 (s, 3 H), 2.15 ~ 2.10 (m, 1 H), 1.91 ~ 1.85 (m, 1 H), 1.79 ~ 1.72 (m, 2
H), 1.46 ~ 1.41 (m, 1 H); C NMR (150 MHz, CDCls): & 146.5, 130.7, 129.4, 121.7, 116.4,
111.4, 74.2, 67.4, 51.1, 39.0, 32.4, 25.5, 22.6; HRMS calcd for C13H17NO: 203.1310, found:
203.1313. Spectral data for 4’: *H NMR (400 MHz, CD,Cly): & 7.03 (d, J = 8.4 Hz, 4 H), 6.67 (d,
J =8.4Hz, 4 H),3.76 (s, 2 H), 2.88 (s, 12 H); 3C NMR (100 MHz, CD,Cl): & 149.6, 130.8,
129.5, 113.3, 41.0, 40.2; HRMS calcd for C17H22N2: 254.1783, found: 254.1780.

c) Typical procedure for the synthesis of 5-methyl-2,3,3a,4,5,9b-hexahydrothieno[3,2-

c]quinolone (6a).
Cu(OTf), (20 mol%) |
| D TBHP ( 3 equiv) N
N+ —_— .\\H
©/ S H,0 (130 equiv), @(\5
90 °C H s
1b (1 equiv) 2f (20 equiv) 6a
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Under argon atmosphere, a reaction flask was charged with Cu(OTf). (59.7 mg, 0.16 mmol),
water (2 mL, 130.0 equiv), tetrahydro thiophene 2f (16.5 mmol, 1.45 g), N, N dimethylaniline 1b
(100 mg, 0.82 mmol), and to this mixture was added 70% aqueous solution of tert-butyl
hydroperoxide (0.318 mL, 2.47 mmol) dropwise over 5 min at room temperature. The resulting
mixture was stirred at 90 °C for 24 h under air tight condition. After completion, reaction
mixture was cooled to room temperature, extracted with ethyl acetate, concentrated in vacuum
and the crude residue was purified by a silica column using hexane and ethyl acetate (19:1) as
eluents to afford 6a (84.7 mg, 0.41 mmol, 50%) as Pale yellow oil; *H NMR (400 MHz, CDCls):
0 7.11 ~7.07 (m, 2H),6.71 ~6.62 (m, 2 H), 462 (d, J =5.8 Hz, 1 H), 3.22 ~3.16 (m, 1 H),
2.97 ~2.94 (m, 3H), 2.89 (s, 3H), 2.73 ~2.66 (m, 1 H), 2.26 ~ 2.15 (m, 1 H), 2.12 ~2.05(m, 1
H); $3C NMR (100 MHz, CDCI3): & 145.4, 130.4, 128.0, 123.2, 117.1, 111.8, 51.2, 48.7, 40.1,
39.3, 34.4, 30.1; HRMS calcd for C12H1sNS: 205.0925; found: 205.0918.

d) Typical procedure for the synthesis of 6-methyl-3,4,4a,5,6,10b-hexahydro-2H-
thiopyrano[3,2-c]quinoline (7a).

Cu(OTf), (20 mol%)
N, O TBHP(3eqU|v)
90 OC

1b (1 equiv) 29 (20 equiv)

Under argon atmosphere, a reaction flask was charged with Cu(OTf)2 (59.7 mg, 0.16 mmol),
tetrahydro thiopyran 2g (16.50 mmol, 1.68 g), N, N dimethylaniline 1b (100 mg, 0.82 mmol),
and to this mixture was added 70% aqueous solution of tert-Butyl hydroperoxide (0.318 mL,
2.47 mmol) dropwise over 5 min at room temperature. The resulting mixture was stirred at 90 °C
for 24 h under air tight condition. After completion, reaction mixture was cooled to room
temperature, concentrated in vacuum and the crude residue was purified by a silica column using
hexane and ethyl acetate (19:1) as eluents to afford 7a (83.2 mg, 0.38 mmol, 46%) and 4° (33.4
mg, 0.13 mmol, 16%) both as yellow oil; spectral data for 7a: *H NMR (600 MHz, CDCls): §
7.22 ~7.21 (m, 1 H), 7.09 ~ 7.06 (m, 1 H), 6.60 (t, J = 7.3 Hz, 1 H), 6.54 (d, J = 8.2 Hz, 1 H),
4.14 (d, J = 3.0 Hz, 1 H), 3.89 (t, J = 10.2 Hz, 1 H), 3.04 ~ 3.01 (m, 1 H), 2.89 (s, 3 H), 2.74 ~
2.70 (m, 1 H), 2.53 ~ 2.50 (m, 1 H), 2.45 ~ 2.43 (m, 1 H), 1.81 ~ 1.75 (m, 4 H); *3C NMR (150
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MHz, CDCl3): 5 146.0, 129.6, 128.5, 121.6, 115.9, 110.9, 51.9, 43.1, 38.9, 32.4, 29.4, 28.4, 22.9;
HRMS calcd for C13H17NS: 219.1082, found: 219.1081.
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6. Spectral data.

Spectral data for N-ethyl-N-methylaniline (1a).*°

@)\l\
Purified by silica column using hexane as eluent to afford 1a as yellow oil; *H NMR (400 MHz,
CDCl3): 6 7.28 ~ 7.24 (m, 2 H), 6.76 ~ 6.70 (m, 3 H), 3.43 (g, J = 7.1 Hz, 2 H), 2.93 (s, 3 H),

1.15 (t, J = 7.1 Hz, 3 H); 3C NMR (100 MHz, CDCls): § 149.1, 129.1, 116.0, 112.4, 46.8, 37.4,
11.1; HRMS calcd for CoH13N: 135.1048, found: 135.1051.

Spectral data for 4-fluoro-N,N-dimethylaniline (1d).s
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Purified by silica column using hexane as eluent to afford 1d as yellow oil; *H NMR (400 MHz,
CDCl3): § 6.96 ~ 6.92 (m, 2 H), 6.69 ~ 6.67 (m, 2 H), 2.89 (s, 6 H); *C NMR (100 MHz,
CDClg): 6 155.6 (d, J = 233.7 Hz), 147.5, 115.3 (d, J = 21.8 Hz), 113.9 (d, J = 7.2 Hz), 41.4;
HRMS calcd for CgH10FN: 139.0797, found: 139.0800.

Spectral data for 4-chloro-N,N-dimethylaniline (1€).%2

/@/N\
Cl

Purified by silica column using hexane as eluent to afford 1e as yellow oil; *H NMR (400 MHz,
CDCls): 8 7.15 (d, J = 9.0 Hz, 2 H), 6.62 (d, J = 9.0 Hz, 2 H), 2.90 (s, 6 H); 1*C NMR (100 MHz,
CDCl3): 6 149.1, 128.7, 121.3, 113.6, 40.5; HRMS calcd for CgH1oCIN: 155.0502, found:
155.0497.

Spectral data for N,N,3-trimethylaniline (19g).
|
\©/N\
Purified by silica column using hexane as eluent to afford 1g as yellow oil; *H NMR (400 MHz,

CDCls): 8 7.17 ~ 7.13 (m, 1 H), 6.59 ~ 6.57 (m, 3 H), 2.94 (s, 6 H), 2.34 (s, 3 H); 13C NMR (100
MHz, CDCls): § 150.7, 138.7, 128.9, 117.6, 113.4, 109.9, 40.7, 21.9.

Spectral data for N,N,3,5-tetramethylaniline (1h).

k=8
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Purified by silica column using hexane as eluent to afford 1h as yellow oil; *H NMR (400 MHz,
CDCls): § 6.49 ~ 6.48 (m, 3H), 2.99 (s, 6 H), 2.37 (s, 6 H); 3C NMR (100 MHz, CDCls): &
150.8, 138.5, 118.7, 110.7, 40.7, 21.7; HRMS calcd for C1oH1sN: 149.1204, found: 149.1205.

Spectral data for N-butyl-N-methylaniline (1j).%°

Ol
Purified by silica column using hexane as eluent to afford 1j as yellow oil; *H NMR (400 MHz,
CDCl3): 8 7.28 ~ 7.25 (m, 2 H), 6.76 ~ 6.69 (m, 3 H), 3.34 (t, J = 7.4 Hz, 2 H), 2.95 (s, 3 H),
1.63 ~ 1.55 (m, 2 H), 1.41 ~ 1.36 (m, 2 H), 0.99 (t, J = 7.4 Hz, 3 H); °C NMR (100 MHz,

CDClz): 6 149.3, 129.1, 115.7, 112.0, 52.5, 38.2, 28.8, 20.3, 14.0, HRMS calcd for: C11H17N:
163.1361, found: 163.1364.

Spectral data for 4-fluoro-N-methyl-N-pentylaniline (10).

/@/N\/\/\
F

Purified by silica column using hexane as eluent to afford 10 as yellow oil; *H NMR (400 MHz,
CDCl3): 8 6.93 ~ 6.87 (m, 2 H), 6.63 ~ 6.59 (m, 2 H), 3.22 (t, J = 7.4 Hz, 2 H), 2.85 (s, 3 H),
1.56 ~1.49 (m, 2 H), 1.36 ~ 1.25 (m, 4 H), 0.89 (t, J = 7.0 Hz, 3 H); *C NMR (100 MHz,
CDCl3): 6 155.1 (d, J = 234.0 Hz), 146.3, 115.4 (d, J = 22.0 Hz), 113.4 (d, J = 7.0 Hz), 53.6,
38.7,29.3, 26.2, 22.6 14.1; HRMS calcd for C1oH1gFN: 195.1423, found: 195.1423

Spectral data for 4-chloro-N-isopropyl-N-methylaniline (1p).

/@/N\
Cl
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Purified by silica column using hexane as eluent to afford 1p as yellow oil; *H NMR (400 MHz,
CDCl3): 8 7.15 (d, J =8.1 Hz, 2 H), 6.69 (d, J =8.1 Hz, 2 H), 4.05 ~ 3.99 (m, 1 H), 2.69 (s, 3 H),
1.15 (d, J = 6.6 Hz, 6 H); *C NMR (100 MHz, CDCls): 5 148.8, 128.8, 121.0, 114.4, 49.2, 29.8,
19.2; HRMS calcd for C10H14CIN: 183.0815, found: 183.0819.

Spectral data for ds -N,N-dimethylaniline (ds-1b).5’

cos

N
'

Purified by silica column using hexane as eluent to afford de-1b as yellow oil; *H NMR (400
MHz, CDCls): & 7.34 ~ 7.29 (m, 2 H), 6.82 ~ 6.79 (m, 3 H); *C NMR (100 MHz, CDCls): &
150.7, 129.0, 116.5, 112.5, 39.6 (m); HRMS calcd for: CgHsDgN: 127.1268, found: 127.1265.

Spectral data for ds -N,N-dimethylaniline (ds-1Db).

|
N

Purified by silica column using hexane as eluent to afford ds-1b as yellow oil; *H NMR (400
MHz, CDCls): § 7.28 ~ 7.24 (m, 2 H), 6.77 ~ 6.72 (m, 3 H), 2.95 (s, 3 H); *C NMR (100 MHz,
CDCl3): 6 150.7, 129.0, 116.6, 112.6, 40.5; HRMS calcd for: CgHgDsN: 124.1080, found:
124.1074.

Spectral data for 4,4'-methylenebis(N-ethyl-N-methylaniline) (4).

Yellow oil; *H NMR (400 MHz, CDCls): § 7.07 (d, J = 8.5 Hz, 4 H), 6.68 (d, J = 8.6 Hz, 4 H),
3.82 (s, 2 H), 3.37 (q, J = 7.0 Hz, 4 H), 2.88 (s, 6 H), 1.12 (t, J = 7.0 Hz, 6 H); 13C NMR (100
MHz, CDCls): § 147.5, 129.8, 129.5, 112.8, 47.0, 39.8, 37.6, 11.2; HRMS calcd for C1oH2sNy:
282.2096, found: 282.2091.
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Spectral data for 5,8-dimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3c).s®

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3c as yellow
oil; 'H NMR (400 MHz, CDCls): § 7.16 (s, 1 H), 7.00 (dd, J = 8.4, 1.8 Hz, 1 H), 6.62 (d, J=8.3
Hz, 1 H), 4.56 (d, J = 5.6 Hz, 1 H), 3.96 ~ 3.90 (m, 1 H), 3.82 ~ 3.76 (m, 1 H), 2.96 (dd, J =
11.1, 5.2 Hz, 1 H), 2.84 (s, 3 H), 2.71 (t, J = 10.9 Hz, 1 H), 2.57 ~ 2.49 (m, 1 H), 2.27 ~ 2.18 (m,
4 H), 1.78 ~ 1.71 (m, 1 H); 3C NMR (100 MHz, CDCla): & 145.0, 131.4, 129.5, 126.6, 121.8,
112.0, 75.8, 65.2, 52.9, 39.4, 36.2, 30.1, 20.1; HRMS calcd for Ci3H17NO: 203.1310, found:
203.1308.

Spectral data for 8-fluoro-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3d).

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3d as yellow
oil; 'H NMR (400 MHz, CDCls): & 7.06 (dd, J = 9.2, 3.2 Hz, 1 H), 6.91 ~ 6.86 (m, 1 H), 6.60
(dd, J=9.2, 48 Hz, 1 H), 454 (d, J = 5.8 Hz, 1 H), 3.94 ~ 3.89 (m, 1 H), 3.81 ~ 3.75 (m, 1 H),
2.98 (dd, J=11.1, 5.0 Hz, 1 H), 2.83 (s, 3 H), 2.70 (t, J = 10.8 Hz, 1 H), 2.56 ~ 2.52 (m, 1 H),
2.27 ~2.18 (m, 1 H), 1.79 ~ 1.71 (m, 1 H); *C NMR (100 MHz, CDCl3): & 155.6 (d, J = 235
Hz), 143.8, 123.3 (d, J = 28 Hz), 117.1 (d, J = 21 Hz), 115.4 (d, J = 22 Hz), 112.8 (d, J = 7.0
Hz), 75.5, 65.4, 52.9, 39.7, 36.3, 30.0; HRMS calcd for C12H14FNO: 207.1059, found: 207.1056.

Spectral data for 8-chloro-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3e).%®




Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3e as yellow
oil; *H NMR (400 MHz, CDCl3): § 7.29 (d, J = 2.6 Hz, 1 H), 7.11 (dd, J = 8.8, 2.6 Hz, 1 H), 6.58
(d,J=8.8Hz,1H),451(d, J=5.6 Hz, 1 H), 3.94 ~3.88 (m, 1 H), 3.81 ~ 3.75 (m, 1 H), 2.99
(dd, J=11.3, 5.2 Hz, 1 H), 2.84 (s, 3H), 2.73 (t, J = 11.0 Hz, 1 H), 2.52 ~ 2.47 (m, 1 H), 2.25 ~
2.20 (m, 1 H), 1.77 ~ 1.70 (m, 1 H); 3C NMR (100 MHz, CDCls): § 145.7, 130.6, 128.7, 123.2,
122.0, 113.0, 75.3, 65.2, 52.4, 39.3, 35.9, 29.9; HRMS calcd for C12H14CINO: 223.0764, found:
223.0766.

Spectral data for 8-bromo-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3f).*°

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3f as yellow
solid; *H NMR (400 MHz, CDCls): & 7.42 (d, J = 2.3 Hz, 1 H), 7.24 (dd, J = 8.8, 2.4 Hz, 1 H),
6.53 (d, J =8.8 Hz, 1 H), 450 (d, J =5.5Hz, 1 H), 3.94 ~ 3.88 (m, 1 H), 3.81 ~ 3.75 (m, 1 H),
2.99 (dd, J=11.3, 5.2 Hz, 1 H), 2.84 (s,3H),2.74 (t, J=11.0 Hz, 1 H), 2.52 ~ 2.46 (m, 1 H),
2.26 ~2.17 (m, 1 H), 1.77 ~ 1.69 (m, 1 H); 3C NMR (100 MHz, CDCls): § 146.1, 133.5, 131.6,
123.7, 113.5, 109.2, 75.3, 65.2, 52.3, 39.3, 35.8, 29.8; HRMS calcd for C12H14BrNO: 267.0259,
found: 267.0260 and 269.0240.

Spectral data for 5,7-dimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3g).

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3g as yellow
oil; 'H NMR (400 MHz, CDCls): 6 7.23 (d, J = 7.6 Hz, 1 H), 6.60 ~ 6.58 (m, 1 H), 6.52 (s, 1 H),
457 (d, J=5.5Hz, 1 H), 3.96 ~3.90 (m, 1 H), 3.82 ~ 3.76 (m, 1 H), 2.98 (dd, J = 11.2, 5.2 Hz,
1H),288(s,3H),2.77 (t, J=11.0 Hz, 1 H), 2.54 ~ 2.46 (m, 1 H), 2.31 (s, 3 H), 2.27 ~ 2.18 (m,
1 H), 1.78 ~ 1.70 (m, 1 H); *C NMR (100 MHz, CDCls): & 147.0, 138.8, 131.0, 118.9, 118.4,
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112.4, 75.7, 65.1, 52.6, 39.3, 36.0, 30.0, 21.7; HRMS calcd for C13H17NO: 203.1310, found:
203.1308.

Spectral data for 5,7,9-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3h).

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3h as yellow
oil; *H NMR (400 MHz, CDCls): § 6.44 (s, 1 H), 6.38 (s, 1 H), 4.56 (d, J = 5.0 Hz, 1 H), 3.95 ~
3.90 (m, 1 H), 3.80 ~ 3.74 (m, 1 H), 2.91 (dd, J = 11.1, 5.2 Hz, 1 H), 2.87 (s, 3H), 2.74 (t, J =
11.4 Hz, 1 H), 2.46 ~ 2.38 (m, 1 H), 2.35 (s, 3 H), 2.28 ~ 2.18 (M, 4 H), 1.75 ~ 1.68 (m, 1 H); 13C
NMR (100 MHz, CDCls): 6 147.4, 139.7, 138.3, 120.6, 117.1, 110.4, 73.7, 64.5, 52.3, 39.8, 35.8,
29.8, 21.6, 19.1; HRMS calcd for C14H19NO: 217.1467, found: 217.14609.

Spectral data for 5-isopropyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3i).

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3i as yellow oil;
'H NMR (600 MHz, CDCls): & 7.33 (dd, J = 7.5, 1.6 Hz, 1 H), 7.17 ~ 7.14 (m, 1 H), 6.77 (d, J =
8.4 Hz, 1 H), 6.70 ~ 6.67 (m, 1 H), 4.53 (d, J = 5.6 Hz, 1 H), 4.11 ~ 4.07 (m, 1 H), 3.93 ~ 3.89
(m, 1 H), 3.79 ~ 3.75 (m, 1 H), 3.10 (dd, J = 11.6, 4.8 Hz, 1 H), 2.50 (t, J = 11.1 Hz, 1 H), 2.36 ~
2.32 (m, 1 H), 2.26 ~2.20 (M, 1 H), 1.78 ~ 1.73 (m, 1 H), 1.22 (d, J = 6.7 Hz, 3 H), 1.10 (d, J =
6.6 Hz, 3 H); 3C NMR (150 MHz, CDCls): § 146.1, 131.8, 128.9, 122.1, 116.6, 111.6, 76.1,
65.1, 46.3, 41.2, 36.3, 30.2, 20.3, 17.6; HRMS calcd for C14H19NO: 217.1467, found: 217.1464.

Spectral data for 5-butyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3j).
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3j as yellow oil;
'H NMR (400 MHz, CDClg): § 7.31 (dd, J=7.9, 1.7 Hz, 1 H), 7.17 ~ 7.12 (m, 1 H), 6.69 ~ 6.51
(m, 2 H),4.52 (d,J=5.2Hz,1H),3.95~3.90 (m, 1H),382~375(m,1H), 3.35~3.28(m, 1
H), 3.23 ~ 3.16 (m, 1 H), 3.00 (dd, J = 11.5, 5.2 Hz, 1 H), 2.85 (t, J = 11.2 Hz, 1 H), 2.42 ~ 2.39
(m, 1 H),2.27 ~2.20 (m, 1 H), 1.74 ~ 1.71 (m, 1 H), 1.59 ~ 1.51 (m, 2 H), 1.39 ~ 1.33 (m, 2 H),
0.94 (t, J = 7.3 Hz, 3 H); 3C NMR (100 MHz, CDClz): & 145.7, 131.7, 129.0, 120.8, 116.3,
111.4,76.0, 64.9, 51.1, 50.1, 35.5, 29.9, 28.1, 20.5, 14.0; HRMS calcd for C15H21NO: 231.1623,
found: 231.1599.

Spectral data for 2-(2,3,3a,4-tetrahydrofuro[3,2-c]quinolin-5(9bH)-yl)ethyl acetate (3K).

Purified by silica column using hexane and ethyl acetate (4:1) as eluent to afford 3k as yellow
oil; 'H NMR (600 MHz, CDCls): & 7.32 (dd, J = 7.8, 1.8 Hz, 1 H), 7.17 ~ 7.14 (m, 1 H), 6.72 ~
6.70 (m, 2 H), 4.52 (d, J = 5.4 Hz, 1 H), 4.24 (t, J = 6.6 Hz, 2 H), 3.94 ~ 3.90 (m, 1 H), 3.82 ~
3.78 (m, 1 H), 3.61 ~ 3.56 (m, 1 H), 3.53 ~ 3.48 (m, 1 H), 3.09 (dd, J = 12.0, 5.4 Hz, 1 H), 2.94
(t, J=11.4 Hz, 1 H), 242 ~2.38 (m, 1 H), 2.25 ~ 2,19 (m, 1 H), 2.02 (s, 3 H), .75~ 1.70 (m, 1
H); *C NMR (150 MHz, CDCls): § 170.9, 145.1, 131.8, 129.1, 121.0, 117.1, 111.3, 75.9, 65.0,
61.1, 50.7, 49.6, 35.5, 29.7, 20.9; HRMS calcd for : C1sH19NO3: 261.1365, found: 261.1370.

Spectral data for (trans)-2,5,8-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3I):
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3l as yellow oil;
'H NMR (400 MHz, CDCls) : § 7.15 (s, 1 H), 6.98 (dd, J = 8.4, 2.0 Hz, 1 H), 6.61 (d, J = 8.4 Hz,
1 H), 451(d, J =5.6 Hz, 1 H), 4.06 ~ 4.00 (m, 1 H), 2.91 (dd, J = 11.0, 5.0 Hz, 1 H), 2.83 (s, 3
H), 2.71 (t, J = 11.0 Hz, 1 H), 2.51 ~ 2.43 (m, 1 H), 2.40 ~ 2.33 (m, 1 H), 2.22 (s, 3 H), 1.29 (d, J
=6.0 Hz, 3 H), 1.22 ~ 1.18 (m, 1 H); *C NMR (150 MHz, CD3COCD3) : § 146.5, 132.5, 129.9,
126.4, 123.5, 112.6, 76.7, 73.8, 54.7, 39.5, 38.6, 38.0, 21.9, 20.3; HRMS calcd for C14H19sNO:
217.1467, found: 217.1468.

Spectral data for (cis)-2,5,8-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3I):

-
~
.

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3l as yellow oil;
H NMR (600 MHz, CDCls): § 7.15 (s, 1 H), 6.97 (dd, J = 8.4, 1.2 Hz, 1 H), 6.59 (d, J = 8.4 Hz,
1 H), 4.82 (d, J = 6.0 Hz, 1 H), 4.21 ~ 4.16 (m, 1 H), 2.98 (dd, J = 11.4, 4.8 Hz, 1 H), 2.82 (s, 3
H), 2.77 (t, J =10.8 Hz, 1 H), 2.65 ~ 2.62 (m, 1 H), 2.23 (s, 3 H), 1.99 ~ 1.95 (m, 1 H), 1.83 ~
1.79 (m, 1 H), 1.27 (d, J = 6.0 Hz, 3 H); *C NMR (150 MHz, CDCls): § 145.2, 131.3, 129.4,
126.9, 122.9, 112.0, 74.9, 72.3, 53.0, 39.6, 38.3, 37.8, 21.8, 20.2; HRMS calcd for C14H19NO:
217.1467, found: 217.1462.

Spectral data of 5',8"-dimethyl-3a’,4",5",9b'-tetrahydro-3"H-spiro[cyclohexane-1,2'-

furo[3,2-c]quinoline] (3m).
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3m as colorless
oil; 'H NMR (400 MHz, CDCls3): § 7.13 (d, J = 1.8 Hz, 1 H), 6.96 (dd, J = 8.3, 2.0 Hz, 1 H), 6.60
(d, J=8.3Hz, 1 H), 4.70 (d, J = 5.4 Hz, 1 H), 2.89 (dd, J = 11.0, 5.3 Hz, 1 H), 2.85 ~ 2.78 (m, 4
H), 2.52 ~ 2.44 (m, 1 H), 2.22 (s, 3 H), 2.09 (dd, J = 12.8, 8.3 Hz, 1 H), 1.76 ~ 1.44 (m, 11 H);
13C NMR (100 MHz, CDCI3): § 145.2, 131.7, 129.4, 126.5, 122.5, 112.0, 81.0, 73.5, 53.4, 40.6,
39.8, 39.5, 37.2, 37.1, 25.7, 24.3, 23.5, 20.2; HRMS calcd for C1gH26NO[M + H]: 272.1936;
found: [M + H] :272.20009.

Spectral data of 5',8'-dimethyl-3a’,4',5',9b"-tetrahydro-3'H-spiro[cyclopentane-1,2'-

furo[3,2-c]quinoline] (3n).

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3n as colorless
oil; *H NMR (400 MHz, CDCl3): § 7.10 (s, 1 H), 6.95 (d, J=8.2 Hz, 1 H), 6.60 (d, J=8.3 Hz, 1
H), 4.58 (d, J = 5.6 Hz, 1 H), 2.93 ~ 2.78 (m, 5 H), 2.51 ~ 2.43 (m, 1 H), 2.30 ~ 2.17 (m, 5 H),
2.03 ~ 1.51 (m, 8 H); 3C NMR (100 MHz, CDCI3): § 145.3, 131.6, 129.5, 126.5, 122.3, 112.0,
89.0, 74.5, 53.4, 41.4, 39.9, 39.5 (one qt. carbon merged), 37.0, 24.1, 24.0, 20.2; HRMS calcd for
C17H23NO: 257.1780; found: 257.1852.

Spectral data for 6,9-dimethyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinolone (5d).%8
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5d as yellow
oil; 'H NMR (400 MHz, CDCls) : 5 7.01 (s, 1 H), 6.96 (dd, J = 8.4, 2.0 Hz, 1 H), 6.54 (d, J = 8.4
Hz, 1 H), 4.36 (d, J =2.8 Hz, 1 H), 3.96 ~ 3.93 (m, 1 H), 3.64 (td, J = 10.9, 2.5 Hz, 1 H), 3.46 (t,
J=11.0 Hz, 1 H), 2.90 ~ 2.87 (m, 1 H), 2.85 (s, 3 H), 2.20 (s, 3 H), 2.16 ~ 2.08 (m, 1 H), 1.92 ~
1.84 (m, 1 H), 1.80 ~ 1.69 (m, 2 H), 1.45 ~ 1.39 (m, 1H); 3C NMR (100 MHz, CDCls):  144.5,
131.1, 130.0, 125.7, 121.8, 111.7, 74.2, 67.5, 51.2, 39.3, 32.6, 25.7, 22.5, 20.1; HRMS calcd for
Cu4H1oNO: 217.1467, found: 217.1472.

Spectral data for 9-fluoro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinolone
(5b).

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5b as yellow
oil; *H NMR (600 MHz, CD,Cl,): § 6.91 (dd, J = 9.0, 3.0 Hz, 1 H), 6.86 (dt, J = 8.7, 3.1 Hz, 1
H), 6.53 (dd, J = 4.6 Hz, 9.0 Hz, 1 H), 4.39 (d, J = 3.2 Hz, 1 H), 3.86 ~ 3.82 (m, 1 H), 3.63 ~
3.60 (m, 1 H), 3.39 (t, J =10.8 Hz, 1 H), 2.96 ~ 2.94 (m, 1 H), 2.85 (s, 3 H), 2.11 ~2.08 (m, 1
H), 1.89 ~ 1.84 (m, 1 H), 1.78 ~ 1.75 (m, 2 H), 1.48 ~ 1.43 (m, 1 H); *3C NMR (150 MHz,
CD.Clp) : 6 156.1, 143.8, 123.6 (d, J = 6.0 Hz), 116.7 (d, J = 22.5 Hz), 115.7 (d, J = 22.5 Hz),
112.4 (d, J = 7.5 Hz), 74.0, 67.2, 51.9, 39.7, 33.0, 25.6, 23.2 ; HRMS calcd for C13H1sFNO:
221.1216, found: 221.1211.

9-chloro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinolone (5¢).%

s19



Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5c as yellow
oil; 'H NMR (600 MHz, CD,Cl2): & 7.12 (d, J = 2.4 Hz, 1 H), 7.08 (dd, J = 9.0, 3.0 Hz, 1 H),
6.53 (d, J =8.4 Hz, 1 H), 4.36 (d, J = 3.0 Hz, 1 H), 3.88 ~ 3.85 (m, 1 H), 3.64 ~ 3.60 (m, 1 H),
3.45 (t, J =10.8 Hz, 1 H), 2.98 ~ 2.96 (m, 1 H), 2.87 (s, 3 H), 2.10 ~ 2.07 (m, 1 H), 1.88 ~ 1.84

(m, 1 H), 1.77 ~ 1.70 (m, 2 H), 1.46 ~ 1.43 (m, 1 H); 3C NMR (150 MHz, CD2Cly): & 145.7,

130.3, 129.1, 123.8, 120.7, 112.7, 74.0, 67.4, 51.5, 39.2, 32.7, 25.6, 23.1; HRMS calcd for
C13H16CINO: 237.0920, found: 237.0918.

Spectral data for 9-fluoro-6-pentyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinoline
(5h).

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5h as yellow
oil; *H NMR (600 MHz, CDCls): § 6.92 (dd, J = 9.0, 3.6 Hz, 1 H), 6.82 (dt, J=8.7, 3.0 Hz, 1
H), 6.46 (dd, J = 4.2, 9.0 Hz, 1 H), 4.39 (d, J = 3.0 Hz, 1 H), 3.89 ~ 3.86 (m, 1 H), 3.64 ~ 3.60
(m, 1 H),3.45(t,J =10.8 Hz, 1 H), 3.24 ~3.19 (m, 1 H), 3.15~3.12 (m, 1 H), 2.98 ~2.96 (m, 1
H), 2.07 ~2.05 (m, 1 H), 1.86 ~ 1.81 (m, 1H), 1.76 ~ 1.69 (m, 2 H), 1.54 ~ 1.51 (m, 1 H), 1.48 ~
1.44 (m, 1 H), 1.37 ~ 1.26 (m, 5 H), 0.89 (t, J = 7.2 Hz, 3 H); *C NMR (150 MHz, CDCls): §
154.6 (d, J = 234.0 Hz), 141.9, 122.0 (d, J = 6.0 Hz), 116.6 (d, J = 21.0 Hz), 115.7 (d, J = 22.5
Hz), 111.6 (d, J = 7.5 Hz), 73.7, 66.7, 51.9, 49.5, 32.3, 29.4, 25.8, 25.1, 22.8, 22.6, 14.0; HRMS
calcd for C17H24FNO: 277.1842, found: 277.1840.

Spectral data for 9-chloro-6-isopropyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinoline
(5i).
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5i as yellow oil;
'H NMR (400 MHz, CDCl3): § 7.16 (d, J = 2.5 Hz, 1 H), 7.04 (dd, J = 8.9, 2.5 Hz, 1 H), 6.61 (d,
J=9.0Hz, 1 H), 436 (d, J =3.0 Hz, 1 H), 4.08 ~ 4.01 (m, 1 H), 3.89 ~ 3.86 (m, 1 H), 3.65 ~
3.59 (m, 1 H), 3.24 (t, J = 10.9 Hz, 1 H), 2.97 (dd, J = 11.3, 3.4 Hz, 1 H), 1.98 ~ 1.94 (m, 1 H),
1.84~171(m,3H), 148 ~1.44 (m, 1 H), 1.18 (d, J = 6.6 Hz, 3 H), 1.11 (d, J = 6.6 Hz, 3 H);
13C NMR (100 MHz, CDCls): & 143.9, 130.4, 128.9, 123.1, 120.0, 112.1, 73.7, 66.7, 46.7, 39.9,
31.9, 25.2, 22.7,19.8, 18.2; HRMS calcd for : C15sH20CINO: 265.1233, found: 265.1230.

Spectral data of 5,8-dimethyl-2,3,3a,4,5,9b-hexahydrothieno[3,2-c]quinolone (6b).

Purified by silica column using hexane and ethyl acetate (19:1) as eluent to afford 6b as pale
yellow oil; *H NMR (400 MHz, CDCls): § 6.90 ~ 6.89 (m, 2 H), 6.55 (d, J = 8.8 Hz, 1 H), 4.59
(d, J=6.0 Hz, 1 H), 3.11 (dd, J = 11.0, 9.8 Hz, 1 H), 2.96 ~ 2.90 (m, 3 H), 2.84 (s, 3 H), 2.72 ~
2.65 (m, 1 H), 2.25 ~ 2.05 (m, 5 H); **C NMR (100 MHz, CDCI3): & 143.3, 130.9, 128.6, 126.4,
123.5, 112.0, 51.6, 48.6, 40.4, 39.6, 34.5, 30.2, 20.2; EI-MS calcd for Ci3H17NS: 219.1082;
found: 219.1084.

Spectral data for 8-chloro-5-methyl-2,3,3a,4,5,9b-hexahydrothieno[3,2-c]quinoline (6c).

Purified by silica column using hexane and ethyl acetate (19:1) as eluent to afford 6¢ as yellow
oil; *H NMR (400 MHz, CDCls): & 7.04 ~ 7.00 (m, 2 H), 6.52 (d, J = 8.4 Hz, 1 H), 4.53 (d, J =
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5.9 Hz, 1 H), 3.18 ~ 3.12 (m, 1 H), 2.97 ~ 2.92 (m, 3 H), 2.85 (s, 3 H), 2.70 ~ 2.62 (m, 1 H), 2.24
~2.15 (m, 1 H), 2.10~ 2.00 (m, 1 H); 3C NMR (100 MHz, CDCls): § 144.0, 129.8, 127.7, 124.8,
121.5, 112.9, 51.0, 48.3, 40.0, 39.5, 34.3, 30.1; HRMS calcd for C12H14CINS: 239.0535, found:
239.0537.

Spectral data for 6,9-dimethyl-3,4,4a,5,6,10b-hexahydro-2H-thiopyrano[3,2-c]quinoline
(7b).

Purified by silica column using hexane and ethyl acetate (19:1) as eluent to afford 7b as yellow
oil; *H NMR (600 MHz, CDCl3): & 7.03 (d, J = 1.8 Hz, 1 H), 6.90 ~ 6.88 (m, 1 H), 6.48 (d, J =
8.4 Hz, 1 H), 4.11 (d, J = 3.0 Hz, 1 H), 3.84 (t, J = 10.8 Hz, 1 H), 2.99 ~ 2.96 (m, 1 H), 2.86 (s,
3H),274~270(m, 1H),252~250(m,1H), 244 ~242 (m,1H), 219 (s,3H),179~173
(m, 4 H); 3C NMR (150 MHz, CDCls): § 144.0, 130.2, 129.1, 125.1, 121.8, 111.3, 52.0, 43.1,
39.2, 32.7, 29.5, 28.5, 23.0, 20.2; HRMS calcd for C14H19NS: 233.1238, found: 233.1230.

Spectral data for  9-chloro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-thiopyranol[3,2-

c]quinoline (7c).

Purified by silica column using hexane and ethyl acetate (19:1) as eluent to afford 7c as yellow
oil; 'H NMR (400 MHz, CDCls): § 7.23 (d, J = 2.32 Hz, 1 H), 7.00 (dd, J = 8.8, 2.5 Hz, 1 H),
6.43 (d, J = 8.7 Hz, 1 H), 4.05 (d, J = 3.4 Hz, 1 H), 3.78 (t, J = 10.6 Hz, 1 H), 3.05 (dd, J = 11.1,
3.7 Hz, 1 H), 2.86 (s, 3 H), 2.70 ~ 2.64 (m, 1 H), 2.53 ~ 2.48 (m, 1 H), 2.41 ~ 2.36 (m, 1 H),
1.81 ~ 1.71 (m, 4 H); 13C NMR (100 MHz, CDCl3): & 144.5, 129.1, 128.1, 123.0, 120.3, 111.8,
52.2, 42.5, 39.0, 32.4, 28.9, 28.0, 23.2; HRMS calcd for : Ci13H16CINS: 253.0692, found:
253.0698.
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Spectral data for 2,2,6,6-tetramethyl-1-(tetrahydrofuran-2-yloxy)piperidine (8).

SR

)

Purified by silica column using hexane and ethyl acetate (4:1) as eluent to afford Colourless oil;
'H NMR (400 MHz, CDCl3): § 5.34 ~ 5.32 (m, 1 H), 3.87 ~ 3.76 (m, 2 H), 1.99 ~ 1.84 (m, 3 H),
1.78 ~ 1.72 (m, 1 H), 1.47 ~ 1.40 (m, 5 H), 1.30 ~ 1.27 (m, 1 H), 1.22 ~ 1.01 (m, 12 H); °C
NMR (100 MHz, CDCIs): 109.6, 66.6, 60.1, 58.6, 40.1, 39.7, 33.9, 33.3, 31.2, 23.9, 20.4, 20.0,
17.2; HRMS calcd C13H2sNO2: 227.1885, found: 227.1858.

Spectral data for ds-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (ds-3b).

Yellow oil; *H NMR (400 MHz, CDCls): & 7.33 (dd, J = 7.4, 1.4 Hz, 1 H), 7.21 ~ 7.16 (m, 1 H),
6.77 ~ 6.73 (m, 1 H), 6.68 (d, J = 8.2 Hz, 1 H), 4.58 (d, J = 5.5 Hz, 1 H), 3.96 ~ 3.90 (m, 1 H),
3.83 ~3.77 (m, 1 H), 2.99 (dd, J = 11.2, 5.2 Hz, 0.76 H), 2.88 (s, 0.38 H), 2.77 (t, J = 11.0 Hz,
0.76 H), 2.54 ~ 2.49 (m, 1 H), 2.28 ~ 2.19 (m, 1 H), 1.78 ~ 1.73 (m, 1 H); 3C NMR (100 MHz,
CDCIs): 6 147.2,131.2,129.1, 121.7, 117.4, 111.8, 75.8, 65.2, 52.5, 36.0, 30.1; HRMS calcd for
C1oH12D3NO: 192.1342, found: 192.1339; HRMS calcd for Ci2H10DsNO: 194.1467, found:
194.1463.

Spectral data for 5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3b) and de-5-
methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (ds-3b).
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Yellow oil; *H NMR (400 MHz, CDCls): § 7.33 (dd, J = 7.4, 1.4 Hz, 1 H), 7.21 ~ 7.17 (m, 1 H),
6.77 ~6.73 (m, 1 H), 6.69 (d, J=8.3 Hz, 1 H), 4.58 (d, J = 5.5 Hz, 0.84 H), 3.96 ~ 3.90 (m, 0.85
H), 3.83 ~ 3.77 (m, 0.86 H), 3.01 (dd, J = 11.2, 5.2 Hz, 1 H), 2.88 (5, 3 H), 2.77 (t, J = 11.1 Hz, 1
H), 2.56 ~ 2.48 (m, 0.85 H), 2.29 ~ 2.18 (m, 0.85 H), 1.83 ~ 1.71 (m, 0.86 H); *C NMR (100
MHz, CDCls): 6 147.2, 131.2, 129.1, 121.7, 117.4, 111.8, 75.9, 65.2, 52.6, 39.3, 36.0, 30.1;
HRMS calcd for 3b C12H1sNO: 189.1154, found: 189.1161; HRMS calcd for d6-3b C12HgDsNO:
195.1530, found: 195.1536.

Spectral data for d2-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (d2-3b) and ds-5-
methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (ds-3b).

dy-3b d3-3b

Yellow oil; *H NMR (400 MHz, CDCls): & 7.34 (d, J = 7.4, 1 H), 7.22 ~ 7.18 (m, 1 H), 6.78 ~
6.74 (m, 1 H), 6.73 ~ 6.68 (m, 1 H), 4.59 (d, J =5.4 Hz, 1 H), 3.97 ~ 3.91 (m, 1 H), 3.84 ~ 3.78
(m, 1 H), 3.01 ~2.98 (m, 0.70 H), 2.88 (s, 0.76 H), 2.80 ~ 2.75 (m, 0.70 H), 2.55 ~ 2.49 (m, 1
H), 2.28 ~ 2.20 (m, 1 H), 1.79 ~ 1.72 (m, 1 H); 3C NMR (100 MHz, CDCls): 5 147.2, 131.2,
129.0, 121.7, 117.4, 111.8, 75.8, 65.1, 52.6, 52.5, 39.5, 39.3, 36.0, 35.8, 30.1; HRMS calcd for
d3-3b: Ci2H12D3NO: 192.1342, found: 192.1345; HRMS calcd for d2-3b: CioH13D2NO:
191.1279, found: 191.1275.

NOE of compounds.

NOE spectra for (trans)-2,5,8-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3I).
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Entry Irradiation Intensity increase %

1 Ha (5 4.51) Hp (6 2.51 ~ 2.43, 0.65%)

2 Hp (85 2.51 ~ 2.43) Ha (5 4.51, 1.26%)

NOE spectra for (cis)-2,5,8-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3I).

Entry | Irradiation Intensity increase %

1 Ha (5 4.82) Hp (8 2.65 ~ 2.62, 0.75%)
2 Ho (8 2.65 ~ 2.62) Ha (5 4.82, 0.89%)

3 He (8 1.27) Ha (8 4.82, 0.09%)

NOE spectra for 9-chloro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinoline
(5¢).

Entry | Irradiation Intensity increase %

1 Ha (5 4.36) Hp (5 2.10 ~ 2.07, 1.08%)
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2 Hp (5 2.10 ~ 2.07) Ha (6 4.36, 0.90%)

NOE  spectra for  9-chloro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-thiopyrano[3,2-

c]quinoline (7c).

Entry Irradiation Intensity increase %

Hb (8 2.70 ~ 2.64, 0.47%), Ha (5 2.41 ~ 2.36,

1 Ha (5 4.05)
1.24%), Hg (5 7.23, 1.14%)

2 Hb (5 2.70 ~ 2.64) Ha (5 4.05, 0.63%)

7. X-ray crystallographic data of compound 3f.

Br

3f
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Table 1. Crystal data and structure refinement for 140825LT _Om.

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

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

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

Final R indices [1>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

140825It_Om

Cl12H14BrNO

268.15

100(2) K

0.71073 A

Orthorhombic

Pbca

a=8.8904(6) A o= 90°.
b =13.0832(9) A B=90°.
¢ =19.2524(11) A y =90°.
2239.3(3) A3

8

1.591 Mg/m3

3.644 mm-!

1088

0.30 x 0.10 x 0.10 mm3

2.116 to 26.411°.

-11<=h<=10, -16<=k<=15, -23<=I<=24
15606

2295 [R(int) = 0.0350]

99.9 %

Semi-empirical from equivalents
0.9485 and 0.6826

Full-matrix least-squares on F2
2295/0/137

1.068

R1=0.0257, wR2 = 0.0518

R1 =0.0385, wR2 = 0.0581

n/a

0.352 and -0.380 e. A3

Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for 140825LT_Om. U(eq) is defined as one third of the trace of the orthogonalized U’ tensor.

X y z U(eq)
Br(1) 2042(1) 3791(1) 438(1) 27(1)
o@) 1391(2) 3059(1) 3310(1) 20(1)
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N(1)
c(1)
C(2)
C(3)
C4)
C(5)
C(6)
C(7)
Cc(8)
C(9)
C(10)
c(11)
C(12)

739(2)
2068(3)
2144(2)
2331(2)
1822(2)
2146(2)
1673(2)

934(2)
1556(3)
1040(2)

706(2)
-310(3)

609(2)

5854(2)
3736(2)
4564(2)
3938(2)
4464(2)
4007(2)
4461(2)
5383(2)
2776(2)
5392(2)
5183(2)
6709(2)
5849(2)

3203(1)
4418(1)
3856(1)
3198(1)
2546(1)
1911(1)
1301(1)
1311(1)
4027(1)
2570(1)
3807(1)
3220(1)
1939(1)

18(1)
28(1)
18(1)
20(1)
15(1)
17(1)
18(1)
21(1)
29(1)
16(1)
19(1)
26(1)
20(1)

Table 3. Bond lengths [A] and angles [°] for 140825LT_Om.

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

1.907(2)
1.436(3)
1.438(3)
1.387(3)
1.457(3)
1.457(3)
1.532(3)
1.533(3)
0.9900

0.9900

1.516(3)
1.518(3)
1.0000

1.501(3)
1.0000

1.391(3)
1.400(3)
1.382(3)
0.9500

1.374(3)
1.385(3)
0.9500
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C(8)-H(14)
C(8)-H(3)
C(9)-C(12)
C(10)-H(7)
C(10)-H(6)
C(11)-H(8)
C(11)-H(10)
C(11)-H(9)
C(12)-H(12)
C(8)-0(1)-C(3)
C(9)-N(1)-C(10)
C(9)-N(1)-C(11)
C(10)-N(1)-C(11)
C(2)-C(1)-C(8)
C(2)-C(1)-H(5)
C(8)-C(1)-H(5)
C(2)-C(1)-H(1)
C(8)-C(1)-H(1)
H(5)-C(1)-H(1)
C(10)-C(2)-C(3)
C(10)-C(2)-C(1)
C(3)-C(2)-C(2)
C(10)-C(2)-H(4)
C(3)-C(2)-H(4)
C(1)-C(2)-H(4)
O(1)-C(3)-C(4)
O(1)-C(3)-C(2)
C(4)-C(3)-C(2)
0(1)-C(3)-H(13)
C(4)-C(3)-H(13)
C(2)-C(3)-H(13)
C(5)-C(4)-C(9)
C(5)-C(4)-C(3)
C(9)-C(4)-C(3)
C(6)-C(5)-C(4)
C(6)-C(5)-H(11)
C(4)-C(5)-H(11)

0.9900
0.9900
1.407(3)
0.9900
0.9900
0.9800
0.9800
0.9800
0.9500
106.99(17)
116.30(19)
118.55(18)
115.58(17)
104.23(17)
110.9
110.9
110.9
110.9
108.9
109.18(17)
112.61(18)
102.29(19)
110.8
110.8
110.8
108.51(17)
103.97(17)
114.72(19)
109.8
109.8
109.8
120.36(19)
118.37(19)
121.27(19)
119.9(2)
120.0
120.0
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C(7)-C(6)-C(5) 120.7(2)

C(7)-C(6)-Br(1) 119.93(16)
C(5)-C(6)-Br(1) 119.35(18)
C(6)-C(7)-C(12) 119.9(2)
C(6)-C(7)-H(2) 120.0
C(12)-C(7)-H(2) 120.0
0(1)-C(8)-C(1) 106.88(19)
0(1)-C(8)-H(14) 110.3
C(1)-C(8)-H(14) 110.3
0(1)-C(8)-H(3) 110.3
C(1)-C(8)-H(3) 1103
H(14)-C(8)-H(3) 108.6
N(1)-C(9)-C(4) 120.20(19)
N(1)-C(9)-C(12) 121.4(2)
C(4)-C(9)-C(12) 118.3(2)
N(1)-C(10)-C(2) 110.75(17)
N(1)-C(10)-H(7) 109.5
C(2)-C(10)-H(7) 109.5
N(1)-C(10)-H(6) 109.5
C(2)-C(10)-H(6) 109.5
H(7)-C(10)-H(6) 108.1
N(1)-C(11)-H(8) 109.5
N(1)-C(11)-H(10) 109.5
H(8)-C(11)-H(10) 109.5
N(1)-C(11)-H(9) 109.5
H(8)-C(11)-H(9) 109.5
H(10)-C(11)-H(9) 109.5
C(7)-C(12)-C(9) 120.7(2)
C(7)-C(12)-H(12) 119.7
C(9)-C(12)-H(12) 119.7

Symmetry transformations used to generate equivalent atoms:
Table 4. Anisotropic displacement parameters (A2x 103) for 140825LT_Om. The anisotropic

displacement factor exponent takes the form: -272[ h? a*2Ul + ... +2 hka* b* U1?]

y u22 u3s3 Uz y y12

Br(1) 34(1) 32(1) 13(1) 3(1) 3(1) -9(1)
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0(1)
N(1)
c(1)
c()
c(@3)
C4)
C(5)
C(6)
c(7)
Cc(8)
C(9)
C(10)
c(11)
C(12)

54(1)
19(1)
37(1)
19(1)
24(1)
15(1)
17(1)
19(1)
18(1)
48(2)
13(1)
18(1)
23(1)
16(1)

17(1)
16(1)
30(2)
21(1)
18(1)
16(1)
16(1)
23(1)
26(2)
23(2)
17(1)
22(1)
22(2)
20(1)

14(1)
21(1)
16(1)
14(1)
16(1)
15(1)
19(1)
13(1)
18(1)
16(1)
18(1)
16(1)
31(1)
25(1)

3(1)
-3(1)
1(1)
-2(1)
0(1)
0(1)
0(1)
-3(1)
7(1)
5(1)
-1(1)
-3(1)
-6(1)
2(1)

-6(1)

2(1)

-3(1)
-2(1)

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

-4(1)
-1(1)

0(1)
3(1)
1(1)

-2(1)

-9(1)
1(1)
-1(1)
-3(1)
2(1)
-3(1)
-2(1)
-9(1)
-7(1)
-2(1)
-5(1)
-5(1)
4(1)
-2(1)

Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)

for 140825LT_Om.

X y z U(eq)
HE) 1337 3923 4784 33
H(1) 3067 3629 4634 33
H(4) 3032 5020 3931 22
H(13) 3403 3719 3148 23
H(11) 2691 3383 1897 21
H2) 646 5701 888 25
H(14) 2314 2226 4075 35
HE3) 587 2527 4215 35
H() 165 4714 3772 22
H(6) 584 5597 4234 22
H(8) 56 7255 2915 38
H(10) -390 6968 3697 38
H(9) -1301 6480 3061 38
H(12) 90 6483 1944 24
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Current Dats Farsmstsrs
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Current Data Paramcters
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Current Data Farametera
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Cugpent Data Pacameters

HRAE 28082014

EXPMO 12

PROCHO 1

E2 - Aoquisition Paramsters

Dats_ 20140828

Tims 23.08
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PROBED 5 ma DUL 132-1

FULPROG zgpgid
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HE ]}

bE +]
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FIDRES 0. 346791 Nz
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F2 - Acquisition Parameters
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F¥ - Froowssing paramales
83 LE3ad
5F 453, LS00LEd HHZ
WLH EX
50
La
GA
M’
CD3CH3NPh
A —
— e p——— — S——T L
™ T T — T * T e —— - T T T T T
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Cutrront Data Paranetacs

NANE 26112014

EXPNO 6

PROCND ]

¥2 - Acquisition Parameters

Date 205141126

Tine 20.11

INSTRUM spect

PROBKD 5 ma DUL 13C-1

FPULPROG 2Gpq30

™ 65536

SOLVENT £eC1s

NS sl

DS 0

SWH 22727.273 Nz

FIDRES 0.346791 H:

AQ 1.4418420 se¢

RG 57

oW 22.000 usec

DE €.00 usec

TE 3C0.0 K

Dl 2.00000000 sec

a1l 0.0300C000 sec

DELTA 1,89999998 sec

0 1

. oy " — ¥e

----- eee CHANKEL (1 =wwwewas >3l 3N o

WCi 13C

el 2,70 usac

BL1 -0.50 4B D;C. | ,-CHs

SFC) 100, 6288660 Mz

PL13 18,10 &B ds-1b

SFoz 400,1516010 MKz

F2 = Processing paramoters

s1 12362 " " -

133 100. 6178057 MHz

WON EM

R }

LB 3.00 H=

GB [}

PC 1.00

CD3
& e o i R0 e A1 PRI
ko o Sonteint of .y W Y had ATV ey - v
At S T P e . R e v T T v

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

s57
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P-4-181 (a)
Current Data Parameters
NAME 01092014
EXPNO 11
PROCNO 3
F2 - Acquisition Parameters
" Date__ 20140901
Time 22.56
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 21
Ds 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 181
DW 78.000 usec
DE ©  6.00 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
T T —T — T T T T T T T T T T
mmmmmsme CHANNEL fl ======== 4 5 O 3 5 3 O
NUC1 1H
P1 10.00 usec = 4. ® % ppm
PL1 -2.40 dB
SFO1 400.1528010 MHz
F2 - Processing parameters < O M ™ o (o)) )}
SI 16384 — o |{1O (o)) < ™ (o))
SF 400.1500168 MHz o (@] — o o I i O
WDW EM . . . . . . .
SSB 0 — | | i — — i
LB 0.00 Hz
GB 0
PC 1.00
- - — - - - - e - B
R B e R S B B s i S N A E R RN R D R R R i P P T I S I L R
10 9 8 7 6 5 4 3 2 1 ppm
o = AT o|wn| |o|T| (XS — |0 -~ <t
Slo| |e S ==lell=l == (ele] | N
o e | o o~ -~ i el Iv~iv j ol b - ™
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Current Data FPacasetera f

HANE QI0%20i4

EXFNO 12

FROCHD I !

F2 = RBiquisitlon Paramotors

Date_ 20140901
Time 23.1%
TRSTRIM spect
FROBHD % mm DAL 13C=1
FULPROG =gpa 30
™ ES5TE
SOLVENT Cocid
HS 300
ne o
Wl 22720.277 Hz
FifGES a.346781 Mz
A2 1.3418420 aec
R 57

>3, 000 usec

DE

TE 30.0 K
bl 2, 00000000 sec
all 0. 03000000 sec
DELTA 1. 89999998 aec

T i

sansssss CHANHEL f] ssssss=s

KUl 1xC

Fl 3. T usec

PLI1 =0.50 dB

RO V00 G2RBEED M3z

ssssms=s CHANHEL [2 ===

CFOPRG2 wWaltzlE

WICE LK

FCPDE 0,00 usec

PL2 -2.40 dB

FL1Z 15.10 dB

PL13 18.10 d8

SF02 A00, 1516000 MMz

F2 = Processlng paramesors

51 32TEE

&F 100, 6178002 MMz

WiE B

g58 o

L 3.00 Hz

e ]

[ 1.00

P=4-181 (a)

R e bk R ekt - — . . p o
- Lk o T il ity oy e T M ey e b s s o s i . L o s e e ¥ B
BAlabiiiel saataiatet tabtaasnss wadaians i T . T [Ty T T T e ]

210 200 180 180 1?0 160 15ﬂ 140 130' 12'0 110 100 20 80 70 &0 S0 40 30 20 ppm
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Z09L°T
G99L"T
LELEL T ;
1912°2
w122
y0€Z° 2
18£2°C
vLve e
68%2°¢
GZ6Z°2
6192°¢C
0906°¢
LZ1S°2
G6TS°C
£€925°2
62£5°C
L6€S°T
LLYL"Z
GGLL'Z
1€08°2
8ZL8°C
70882
0L88°C
VLL6 T
G066°2
GG00°€
7810 €
GELL'E
168L°€
ZG6L"€ -
80T8°€
€L18°€
62€8°€
€606 "€
6€26°€
£0€6°€
06¥76°€
£1G66°€
0996°€
TGLS ¥
L88S" ¥
1889°9
880L°9
2oL 9
LZHL 9
TI9L°9
TLLAT9
96LL"9
ZGLT L
P6LT L
0P6T"L
89671 L
A AYAN)
£8TZ L
G0vZ L
L8ZE"L
GZEE"L
ELVE L
ZIGE" L

ppm

! PEO T N F e
. =T3onE 3 - < 80

= [
= €0T"T [
™ [

o 080°T F

%

=" || oy
B

1
1
1

35
0
6.00 usec

300.0 K

2.00000000 sec
EM
0
0.00 Hz
0

27032014
20140327
22.39
spect
5 mm DUL 13C-1
zg30
32768
CcDC13
6410.256 Hz
0.195625 Hz
2.5559540 sec
25.4
78.000 usec
10.00 usec
-2.40 dB
400.1528010 MHz
16384
400.1500172 MHz
1.00

R Ph NMe2

10

F2 - Acquisition Parameters

F2 - Processing parameters

Current Data Parameters
SI

NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
SF

WDW

SSB

LB

GB

PC
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Current Data Faraseters B = % 5 g FREE % & a4 &

HAME BE-1-p-4-175

EXPNO i

PROCHO 1 1

Fi = Boquisition Faraseters

Date_ 20140327

Timg 17.42 . :

THETRM spect

PRIBED 5 == (NP 1N/

PULPROG 9

m IZTEE

SOLNERT coell

NS T

3 o

=55 45045.047 B2

FIDRES 1. 374666 Bz

] 0, 36XTT4E e

i 1048

] 11,000 wses

oE 6.50 msee

TE 0K

o 3. 50000000 s

dil 0.03D00000 sec

DELTA 1. 40000000 soc

HOREST 0.00D0D0D0 s

i 0.01500000 sec

rzzzzzzz (HAMMEL f] szsmaraz

) 13

Pl 480 usec

Ll 0.00 dB

Ml 1505597948 Mz

zazzzzze (HAMMEL £ seezsess

CPOFRaY waltzl | | ’ I [—

) 18 I

FCPOE 5200 usec

FL2 1.0 d8

PLi2 3.00 dB

FLLY 14.00 4B

5F02 5887009935 MHz

Fl - Processisg paramsters

51 5536

8F 1505432493 MHz

WM .}

558 o

LB 1.00 He

G [

= 1L.w

1D W plot paraseters

X 10.00 =

or 1.50 =

Flp 100,000 p=

Fl I0L04. 65 He

Fip 0.000 ppm

Fl 0.00 Hz

AN 1000000 pemem

H2H 150543237 He/=
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Current Data Faramsters
HAHE JATRIOL
EXFHG (}]
FROCHG L
F2 = Acquisibiss Paramatara
Date_ RG]
Ting 5.1
INSTRIR Igest
FRDBHE % =a DUL §3C-0
FULFROG 2q12 |
1] 1ITER
SELVENT enil N N
] L] pe
[ Q
Fa H410, 756 Hz
FIDRLS 0.19%62% N
A 2. 5555540 s
11 =
[] T 00D e
e 600 uiec
i1 0.0 K
i 2. 00000000 psc
T 1
snsmmens CHASHEL 1 ssmsmmee=
wucl iH
Fl 10.00 usea
FL1 =240 4B
Erl ARy, 1229000 HHz
FI - Frocessing paransters
a1 14384
ar o0, 1500172 oz
W ]
550 o
La 3.0% He
Gh o
rc L0
: : f - s
Side product
1 h i, "
Lo i e T T T T T T T T T T T T T T Y T T
10 9 B 7 B 5 4 1 ppm
Tl [ |
I .l I\
ol (o w e 2|
= |2 =!| e |
|1'- - o o wl
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T8
a7

w u'k
- (2 o et - =% =
a 5 ' ™S [=] =T —
= & ™ Sl - - .
L] SRy Pl = = 8 | - i
=1 = == = [l o - L] —r
Cureent Data Parameters
HAME 28082014
EXPHO 12
PROCHO 1
F2 = Acguisition Paramaters
Date_ 20140824
Time 20,03
[HETRUM EpECL
PROBHD 5 mm DUL 13C-1
PULFROG zqpgla
B354
SOLVENT ChEla
NS LE]
oS a
W 22927.273 H:
FLDRES 0. 3467%] Hz
AQ 1.4418420 sec
RG 57 J
[l 22.000 uaec
CE L8 usec
TE 300.0 K
Dl 2.000000] sec
dil 0. 03000000 ses
DELTA 1. 89999938 soc
DO 1
mmmmmmme CHANMEL f] sm=ms=es
Huel 13e
Bl .7 usec |
PLL -0.5%0 dB N N
SPO1 100. 6288560 MHz -~ j
mmmnmmee CHANBHEL §2 smesmees
CPDFRGE waltzl§
HUCE 1H
POPD2 90 .04 waeo
PLZ =2.40 di
PL12 15.10 da 4
PLL1Y 1&8.10 da
P02 2901516010 HHz
F2 = Frocessing PATAREECLS
51 32TE8
aF 1006178062 HHz
Wi EM
558 L]
LB .00 Hz
GR 0
PC 1.00
Side product
J
T |||| ||r| YT 1||| -||-|-||||-| I T || T |-|i|-||-|| |]||| ||I T || ||-|||-|||-|I|||| |||-|| ||-||| TTrT |-|||-||||||-| |||-||| ||r|r| |||| I ""'"I
210 200 190 180 4170 160 150 140 130 120 110 100 90 80 70 &0 S50 40 30 20 ppm
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P-5- NMe?Z2
Current Data Parameters
NAME 23032014
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140323
Time 21.12
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
Ds 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 4
oW 78.000 usec
DE 6.00 usec A ek
TE 300.0 X
D1 2.00000000 sec
D0 1 O e e i By L e ) R N S T B 3C
c £1 4.5 4.0 3+5 3.0 . 2.5 ppm
NUC1 1H
Pl 10.00 usec
PL1 -2.40 dB
00.1528010 MH:
SFO1 4 152 z o o/ o ~|=~)len © 8
F2 - P i t N n| [ ol (salli b N
E2 rocessing paiglggqers o olls ollolle o g
SF 400.1500175 MH: 2 % ' 2 2 . - :
WDW EM = — ] | ||| — <t
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
VRS TR 1 (N} N
.”xl....,....I,...|.'..l.........I..-......l...'..‘..‘.........I.........I..x.r.'.x‘[.........I......‘..I..‘..
10 9 8 7 6 5 4 3 2 1 ppm
- o N w|© O T T M| |© [=2]
ool (2 S S|S Sla|ela||w |2
b g 1o s e ~ ~ il ™
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urrent Data Parasetaca

AME Z3I0IT014
XPHO ]
ROCIO 1

e = Aogquisition Facamgiers
are_ 0140323

ime 21,33
RSTRUM APt
ROBHD % mem DUL 13C-1
ULPROG zqpg 30

o £5536
OLVENT CDELY

g 145

& a0

WH B2T27.271 Hz
‘IDRES 0.346791 He
Q 1.4418420 sec
Lr} 2.6

L 22,000 uses
£ & .00

E

1 2.00000000 aec
11 0.03000000 aec
ELTA 1.59999%%0 aac
oo 1

sesmmes CHANNEL [] =c=ss=es
uEl 13C

1 59.70 uaec
Ll =0.5%0 48
Ol 100, 6260660 MHz
smmssen CHANNEL [ sessssss
POPRGE waltzle

uc: 1H

CPDZ 20,00 uaac
L =2.40 4B
L1z 15.10 4B
L1l 1B, 10 4B

400, 1516010 MHz

2 - Processing parsmetécs

i o W ™ b4
(=] - U D o= L] ™ oo i~ Ll - e =
» = om " " DA - ) - e [=] E
=4 M —- e - o @ oW o =
- ™Mot N ™~ —
— el - n Eall ol ol o Al i i (4] (2]

I IZTER
F 100. 60 TELIS MH:z
i) EM
5B o
B 3.00 Hz
B o
G 1.00
I I I I I r--u-r-ri-u--rrr--r'!‘:--f'u-dr -|-|||--|-||| YT -||| T I-r T -|||| T Ilr || LA || T Ill I. T L I T I T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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P-4-4F

Current Data Parameters

NAME 02062014

EXPNO 1

PROCNO a

F2 - Acquisition Parameters

Date_ 20140602

Time 21.17

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zg30

TD 32768

SOLVENT CDC13

NS 31

Ds 0

SWH 6410.256 Hz

FIDRES 0.195625 Hz

AQ 2.5559540 sec

RG 101

DW 78.000 usec

DE 6.00 usec

TE 300.0 X T T T T T T T T T T T T T T T T T T

D1 2.00000000 sec

200 ! 4.5 4.0 3.5 3.0 ppm 3d
= CHANNEL fl ====s====

NUC1 1H

Pl 10.00 usec

PL1 -2.40 dB — Of | wn O| (o e}

SFO1 400.1528010 MHz N ™M (oo} ol | N

o of 1o o | (O o

F2 - Processing parameters . . . . . . .

SI 16384 — i | i (] | —

SF 400.1500168 MHz

WDW EM

SSB 0

LB 0.00 Hz

GB 0

PC 1.00

l'llllI||||AAul]llllll‘l-llllllvl‘lllllllllllllbll‘lllllllllllll]lllllllTT"l"Illlllllll[lll\lllllllll|l||l;]||ll|

10 9

8

7

o | [N
SIEE
| [

6
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P-4-4F

. o ol & o A e B
-~ -~ =1 el T W O ™ @ = ™ ~ @ ar
i - 4 o I A8 W B O i ” - -

B H E: :‘ :E:-—I—H—H—I-ﬂl r= =8 W ] [x) Ll &
- = - el (- (e [N S -] wh L o

Currant Data Paramatsrs

HAHE 0202014

EXPRO 2

PROCHD 1

F2 = hoquisition Parameters

Date_ 20140602

Time 21.23

INETRUM spact

PROBHD 5 mm DUL 13C=1

PULFROG :-Epg‘_'lﬂ

TD 4536

SOLVENT COCLY _ -

Lep-) oy o

0= ]

SWH 2I927.2791 Hz

FIDRES 0.346791 He

AD L. A4 18420 3anz

RG aT

& 22.000 wame

OE .00 wabe

TE 300.0 K

bl 2.00000000 aae

a1l 0.03000000 g

DELTA L.B999%998 s@c

T 1

wmmmmmme CHANMEL ] ===me===
UL 13C

Pl $.70 uasc

FL1 =0.50 48

p:33001 100. 6288660 HHz |I
semss=== CHANHEL [} ==s=s===

A stk 4 4
HUCZ EH

PCPD2 0. 00 uses

PLZ =2.40 4B

PL12 15.10 dB

PLL3 18.10 4B

P02 400. 1516010 HHz

F2 - Processing parameters

a1 A2TER

ar 100.8178048 HRz

WO EH

25R a

LB 3.00 Hz

GB L}

P 1.00

ST | W B H| .

oy "

PR T )

i P T " -y

AR Libbbbibi Lbhbbit LAbhibbihd Mttt bbbl b

NAARs LAl shild MARAL T |

BB AR bk AN ! | ] I I ! I 1 !

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 ppm
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R-4-C1

Current Data Parameters

NAME 31032014
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20140331
Time 16.17
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 27

Ds 0

SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec

I

RG 4

D 78,000 usec e
TE 300.0 K

D1 2.00000000 sec 4.5 4.0 35 3:0 ppm
TDO 1

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

§¥C1 10 ég usec 2 21 12 =1 ol|w L3
PL1 22740 dB — ol |m Ol [—H[|mn <
SFO1 400.1528010 MHz = e <l 1= <
F2 - Processing parameters — Ll L — Ml —
SI 16384

SF 400.1500172 MHz

WDW EM

sSB [

LB 0.00 Hz

GB 0

BC 1.00

N J 1 |

LR S A I G R ) R LR R e

[
10 9 8 T 6 5 4 3 2 1 ppm

TR I T O R N A S TR S S A I e L TS A T T IR ST B B A I R

ofw < - o o] [0 0 ’
cl|e < S (e el||ele| (e N
S e B o = ™ | = M| b o
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Current Data Parameters - e e o Lol oS a3 - i Zo

NAME 02042014

EXPNO s

PROCNO 1

¥2 -~ Acquisition Parameters

Date_ 20140402

Time 23.50

INSTRUM spect

PROBHD S mm DUL 1)C-1

PULPROG znglo

™ 3536

SOLVENT cDC13

NS 169

DS Q

SWH 22727.273 Hz

FIDRES 0.346791 Hz

M 1.4418420 sec

RG 4

oW 22.000 usec

LE 6.00 usec

TE 300.0 K

D1 2.00000000 sec

dl1 oo e~ s o

DELTA 1.89999998 sec

0 1

wommnwns CHANNEL £l wessssss

NUC1 13C

12} 9.70 usec

PLY =0.50 d8

sFO1 100.6208660 MMz

mamnnnes CHANNEL 12 wemnnann

CPOPRG2 waltzlé

NUC2 1K

pCPD2 90.00 usec

PL2 -2.40 dB

PL12 15.10 d8

PL13 18,10 a8

sro2 400.1516010 MMz

F2 - Processing parameters

sI 32768

SF 100.6178076 NNz 1

WOW ot Y ¥ <

SSB 0

La 3.00 Mz

GB 0

rc 1.00

il “JI

g &

1 1 I I I I

r .
210 200 190 180 170 160 150 140 130 120 110 100 90

s69
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R-4 Br

Current Data Parameters
NAME 25032014
EXPNO 1
PROCNO &

F2 - Acquisition Parameters
Date_ 20140325
Time 16.19
INSTRUM spect
PROBHD 5 mm DUL 13C-1

PULPROG zg30
TD 32768
SOLVENT CcDC13
NS 31
Ds 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 90.5

DW 78.000 usec

DE 6.00 usec R S e e T

TE 300.0 X I

D1 2. 00000000 sec

5o . 4.5 4.0 3. 5 3.0 ppm

m=mme==== CHANNEL f]l ==sssees

NUC1 1H

Pl 10.00 usec ) ISelilsa} o [ w0

PL1 -2.40 dB

SFO1 400.1528010 MHz g g S g ,‘_“(8 g

F2 - Processing parameters H :_" r__| |—I ™ H ‘_‘

SI 16384

SF 400.1500173 MHz

WDW EM

SSB 0

LB 0.00 Hz

GB 0

BC 1.00
J j ! PR

R i T e B T B e B L e e e e L e L

10 9 8 7 6 5 4 3 2 1 ppm

ol w0 2] 0|~ o|Y|0|Ww| (W @
3|2 S S o|e = =212l |2
i b o -~ b ol & o Al el ol Bl B A ol X
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R-4 Br

Cagrent Data PArametsrs o e . =
RAME 25032004 = i - " A3ER a2 A e @
EXRHO H 2 Pe. m T2 en : T
FROCHD L = — o - - o l": E [0 (] m g E g
F2 = BAsquisitisa Facamatars
Cata_ 20140325

Tlea LE. 23
IRFTRIM T
FROBHD 3 mm DOL 13C-1
FUILFR Eqpadl

I 5536
SOLVENT CECL

M5 LT

] o

EHH 22TEV.ITY He
FIDRES G METR] Bz
Ll 14410420 aec
RS

i ] 27,000 umec
of: .00 usec
TE Joo.0 K

o 200000000 ans
dail 0. 009000090 nes
DELTA 1.B9595958 aes
T 1
mmmmmsss CHRNKEL {1 ssssssss
HIRZ1 1

[ 9,70 uaes
FLl =0, 35 dB
arol 100, 6288650 MH:
10 T T T J——
CFOPRGE waltzlé
wuCz 1H
PERDZ 000 uses
PE2 =2.40 <8
PLLE 15.10 &8
FL1Y 18.10 &8
2P0 4001518010 HHz
Fi = Processing parameters
a1 J2T6R

13 LOD.GITEOER MRz
W EM

S50 []

L& 31.00 He
= @

P 1,60

L O e

ARiainhs Liakbbiaar Tr rre] T M B Rekbbihidd LAACAALAS) LEALERLALS Lhbaii bbbl RALALA L) RAALLARS) MbLLse) bibiabtl bbtbatas |

210 200 1%0 180 170 160 150 140 130 420 110 100 90 80 70 60 50 40 30 20 ppm
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NhDVVVOLEONMOMOMNOMMMMOMMMOO AN NNANTNNNTNANNNNNNANNNNNNAAAAAAAAAAAA

P-5-100
Current Data Parameters
NAME 01102014
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date_ 20141001
Time 23.21
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDC13
Ns 33
Ds 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec u
RG 80.6
DW 78.000 usec
DE 6.00 usec T -I { R s [ N R TR ) ] S B S A o QT TR [GER ] TR TR O |
TE 300.0 K
D1 2.00000000 sec
L 0 4.5 4.0 3:5 3.0 2.5 ppm
s=mm==== CHANNEL fl ====ss===
NUC1 1H
Pl 10.00 usec N w||m WMo N MO
PL1 -2.40 dB o < | (™M oo <t >SN
SFOl 400.1528010 MHz (@] ol —|O|O (@] oo
F2 - Processing parameters — || || — M|
SI 16384
SF 400.1500168 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0
PC 1.00

1 u | ,

xv'-.]-|--.---x]....,.;..lrvux1|x|.l..rrv-vrwl---r.-...l...r.-;--I-v.:-.:;vlt........I.........I;........I--vn-

10 9 8 7 6 5 4 3 2 1 ppm
-~ | o w0 rl\érﬂ'YI\N <
= = = Qe M o b b o O
& el = S el e Al el Rl Bl e A ol ~
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o b3 a2 an = oD w2 o @ - — ™
u B a . - =R R = fre) I - -
- = b= = - ™8 e u o o ow o -
= - = [ - e o 1 & ] el o~

Current Data Parasatess

HRAME OLEO2014 | \/ W/ i

EXPRO 2

PROCRO 1

F2 - Acquisition Parameters

pate 20141001

Time 20,29

IHSTRUM spect

FROBHD S ma DUL 13C-1

FULFROG 2qp=y 30

TD E5536

SOLVENT ChC13

ug £

bs 0

SWH FRTXY.270 Hz

FIGRES 0346791 Hz

f1e] 1.44184280 sec

RE 57

P, P — v S

DE 6,00 usac

TE 0.0

ol 2. 00000000 sec

dll 0. 02000000 sec

CELTA 1.69%39998 sec

TDG 1

memmmmm= CHAHHEL ]l ssssssss

MUICT 13C

Pl 9,70 uses

PL1 =0.5%0 dB

SFod 100, 6209660 HHEz

mmmmmmms CHANKEL 2 ==s======

CPOPRGE waltzlé

HUCZ 1H

PCPD2 90.00 usec

PLZ -2.40 dB

PLL2 15.10 4B

PL13 18.10 dB

ZEo2 400, 1516010 MHz

2 —__F::u:f:s:_:i._nq pACARELErs . _ 5 . -

3L . ) e . — —_

SF 100, G1 78088 MHz

WL EM

528 o]

LA 3.00 Hz

GE a

BC 1.00

P-5-meta Me
. | ‘\. " ad . . ._..F‘"lﬁ__ . -
i e o ¥ e i e e o g " d
e B Bl st s iy bt bikaattnn abbdaddin AbAALLLY bbALAAALL) Lk T T T T | ]

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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P-5-3,5 DiMe F

Current Data Parameters
NAME

~
~
n
~
(32}

3.7397
2.9298
2.9169
2.9021
2.8893
2.8747
2.7709
2.7424
2.7143
2.4575
2.4530
2.4451
2.4394
2.4328
2.4255
2.4203
2.4109
2.4045
2.3969
2.3916
2.3837
2.3786

17052014
EXPNO i1
PROCNO 1
F2 - Acquisition Parameters
Date_ 2014051
Time 20.23
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
32768
SOLVENT CDC13
NS 27
DS 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 287
DW 78.000 usec ] L A A B LA B B B B
DE 6.00 usec
TE 300.0 K
L 5 i aa 4.5 4.0 3.5 3.0 2.5 ppm
TDO 1
C £1
NUCL 1H o A O || [eol bl 1ip}
Pl 10.00 usec (32] 0| o |~ MmO
PL1 -2.40 dB o ol 1o ™M O [N
SFO1 400.1528010 MHz . s . . . o ]
i | | < [ <
F2 - Processing parameters
SI 16384
SF 400.1500172 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
N .
i e e e e e B e B T e e e e I R D I e ALy AR
10 9 8 7 6 5 4 3 2 1 ppm
N o« | (=10l Rt il 0
i = o i o ]l e e
| -~ S vl I il -~
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P-5=3 5 DiMe F

Current Data Parametsrs

HAHE 20052014
EXPRD 1
PROCHG 1

F2 = Bequisition Parasaters
201405320

i) i = il

= e W oo e e - ] @ ] —
i . . - 0N WD P i L o= i~ =]
= oo = =) ®oa e s * = e = = =
- ™ B e =~ = b3 (%] & W Eal —
il el 1 - - = -3 o " ) =]

Tise
IHETRUH Apaot
PROBHD 5 &a DUL 13C-1
PULPFROSG I9pg30
10 65536
s iy Ak PP AT T—
L
1] a
SHH 22927.273 Mz
FIORES B.346791 Hz
AQ 18418420 mec
BG 57
oW 22,0080 usec
OE 6,00 usec
TE I00.0 K
ol 2. 00000000 sec
dil 0. 03000000 sec
DELTA 1.05999558 sec
OO 1
-------- CHAMHEL {1 ssssss=s
HIXC1
Pl 9.70 usec
PL1 -, 50 4B
1 203 100, G2EREED MHE
e EMNELME‘.',::_:F'__ __ N L . L L - P g [ R
b d 18
PCPD2 S0.00 uasc
FL2 -2.40 4B
FL12 15%.10 48
FL13 18,10 48
SFO2 400, 1516000 MHz
F2 = Processing paraseters
- J2TER
5F D00, 6178007 MHz
W EM
558 o
La 1.00 Hz
L] 1]
FC 1.00
o e ‘11 R ﬂ‘._ﬂlu_“H_| I —
T T I I T T T T I T ey T I T T T T |
210 200 190 180 170 160 150 140 130 120 110 100 90 B0 70 60 S50 40 30 20 ppm
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Current Data Paramelers

RE
EXPND
FROCHD

ED-1463F
1
1

Fl - hoquisitiion Paraseters

Date_
Time
INSTHUM

AN
17,468

Epect

5 omm ORP HSL

001530000 sec

l i
i L v

ZSgcEEnCsETsRomoesFEgaaEaR
EEHRRE R R R LR R 2EZ
4 e R P e e e e s e e e g

553. 25915 M6z

F7 - Processing parssobers

4 13TER

= 534 . TODUZAL Mz

52 ] 9

A ]

H- 0.00 Hz

GE ]

B 1.00

1D NG plot parameters

cx .00 =

=4 LAl

R 10000 ppm

Fl 5487.00 Hz

r -0.500 ppm

2 -199.15 Hr

FAEM 052500 preien

i ] 31431750 Hrlem
= el kS i e (i
-1 e e | s | el |G |0
£ =2 =R | P
= i [t | [t i i = | [t
ST RUI T L L L
pom B G 4
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~ I LT B~ ™ = —d T LD & L ] on o =-e (Tl L=
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- i = o o W W Lot = | — Lan T T o B L T =]
E (¥ —i X3 o LY - ] = L U D un W el WD = _r -
. AR = - s B T |l ol el k-] = = M 4
Data Farasaters — — el e
PR pr— S - -
— PR M - - v NP i n——

W

paramcters

ceFsing P

65538
150, 5402090 Wiz
o -]
TiE 1
PE-} 1.00 Bz
o] 1
o 1.00

i

Ppm 180 160 140 120 100 &0 a0 40 20

(=-]
2]
p
R
] Hz F|'rr|r“|rrrrrrr|-rr|-|'l|rl1'r1'rr:'r:111'lrl1[l1rr'||r1|r1rl1|r1|ri||l|ll||1||'||r||r1||l||1|:1|| |IF'I'I'I'I'I'I'I'F1'I'I'I'I'I'I'I'I'I'I'|'I'I'I'1I'HT"I'I'I'I'I"'I'I'"""MI'Hri'|r'|lmmﬂm1rl1ll1r:1rllrllrlll1l
pesem
hziea
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1.5389
1.5316
1.5215
1.5167
1.3789
1.3606
1.3424
1.3237
0.9531
0.9348
0.9164

V=

P-4-N-Bu

Current Data Parameters

NAME 04072014

EXPNO &

PROCNO 1

F2 - Acquisition Parameters

Date_ 20140704

Time 21.55

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG 2g30

TD 32768

SOLVENT CcDC13

NS 39

Ds 0

SWH 6410.256 Hz

FIDRES 0.195625 Hz

AQ 2.5559540 sec L

RG 287 -

DW 78.000 usec

DE 6.00 usec T T T T T T T T T T T T T

TE 300.0 K

D1 2.00000000 sec

o 9 4.5 4.0 3.0 ppm

mmmumn== CHANNEL fl ====s===

NUC1 1H

Pl 10.00 usec o | |1 [@101%s] [e)) [ s

PL1 -2.40 dB o m| [ el N ™

SFOl1 400.1528010 MHz o of O O [ o i

F2 - Processing parameters — | | || — —

SI 16384

SF 400.1500172 MHz

WDW EM

SSB 0

LB 0.00 Hz

GB 0 - - - s e remiieee; = =it

PC 1.00

N J LLJL 1 L‘ A
e e e o o 2 T LT T LTI T T T A U T B U R ) L B B
10 9 8 4 6 5 4 3 2 1 ppm

= - o <| O[T o Dedlcli=] [=}
o o S Slal |el=lel=s] |2le]  |e|eN] (N
s ™~ I | Rl Bl ol B ol | | ™
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Current Dats Parameters

HAME 03072014

EXFHD &

FROCHRD 1

F2 - Acquisition Paramoters

Date 20140703

Timg 13.44

IHSTRUM apact

PFROBHD 5 ma DUL 13C-1

PULPROG a3l

T 5536

SOLVENT ol

HE E

b5 o

SuH 227T27.273 Hz

FIDRES 0.346791 Hz

A 1.4418420 agc

RG 57

Dl 22000 uses

DE L 4,0l users e _ P ' _ " ' T

TE ™ EL0 TR o oy o Y i A R 1

ol 2.00000000 sec

dlil 0. 0300000 sec

DELTA 1.E55999%%8 mec

TDD 1

ssssssss CHANNEL §] sesssse=

NUCL 13C

Pl 9.70 usec

PL1 -0.5%0 4B

SF01 100, 6288660 MHz

memmmmms CHANHEL 02 =e====———

CPDERG2 waltzli

HIR2 1H

PCPD2 B0.00 uwsec

PL2 =2.40 di

PL1Z 15.10 4B

PL13 18,10 ap

SFO2 400.151 6010 MHz

F? = Processing parameters

T FERTT . P e N M - e gL el e i il A A bl poivn

sF 100, 61716044 MHz i T o h

Wh EX

=58 a

LE 3,00 Hz

Gl Q

39 l.00

F-4-N-Bu
N - it = —_— I J_ - ‘_j' ‘JPL- - ey P Py | N oy l;_..l I_J.rl ‘ - i

] T WAl MRALALALLY LAl Lit LU LA LU L T ke Ltttk bbb |

bbb b Bt L AL LA T T

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Ex 0 i
PRIOCHD 1
Fl - Acquigition Perameters
B an
201
s
2 5 @
o #5045 M7
1= dLi L. L J-
i | Al i
T
= SDR.70200L% beE:
7l - Frocessing parsmeters
3 BRE1E
150. 5433404 Mz
™
]
.00 22
‘]
0.50
| bl .
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CUCrant DL PArameiers
MAME rean=01 3-p2
EXPHO 1
FROCHD 1

Fi - Acqaisicion
L1d ] 240610
14,29
pect
LN T

=g
12TER
cocll
16

a

B3R 252
B TEEDRD
L. 3530220
12

in
10.00
3. 00
EFQL 298, TN

538 Te00EA]
no

o
6.00
1]

i.00

1D HME piot paramerers
[+ ki

FarsBarars

Hi
Hz
L L=

L1 -]
L L=
Ll

U
dB
HHz

Présanaing parasstars
XETHB

HHE

TR0
T.152
6,978
6.976
6. 964
6. 962

%
-

I i

6.597
6.583

4.B27
4.817
4.213
4.203
4.192
4.180
4,169
4.159
2.99B8
Z.990
2.979
2.971
2.BlE
2.792
.71
2.756
Z.648
2. 644
2. 640

|
|

N

/

£.636
2.631
Z.62T
2 623
1.990
1.988
1.979
1.97%
1.965%
1.965
1.958
1.954
1,834
1.B21

10

=

s

1.813
1.B0E
1.800
1.787
1.272
1.262

Q.00
= ¥.00
rip 4908
Fl THRE. 02
Fip 1.549
Fi 3T, 48
FRHCH G iTEZ
HICH 10322723

| B |
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GGEZ°T
85921
09LZ"1
zveez 1
9662° 1
T1ZE° T
59€€° 1
609€ "1
€90 "1
zsze' 1
LBEYT
LESE" T
L99p° 1
9vLp 1
Zvep" 1
926b° 1
L8601
8905° 1
EPpS 1
€055 1
PELST
PI19°1
5¥29°1
8EP9° 1
1L99°1
69L9°1
¥169°1
1€0L° T
¥SZL T
SSEL"T
Z65L° 1
Zz9L 1
5¥50°2
§5L0°2
£980°2
9L0T°2
B122°2
T¥9b°2
569%°2Z
PLLY'Z
£E8Y "2
906%°2
Z86%°2
6€05°2
61152
9T8L 2
8808°2
L928°2
55€8°2
Zv58°2
0288°2
6v68°2
606 "2
9226°2
£V69° b
6LOL" Y
5085°9
£109°9
¥856°9
££56°9
169679
ZvL6°9
PYZI L
0621°L
£0P2°L

T | ] " 1
2 1 ppm

1

1

&

o

220
78.000 usec
6.00 usec

1

300.0 X

2.00000000 sec
>
0
0.00 Wz
°

0,0%
1,00

spect
== UL 13C-1
3

20140715

2930

32768

cocly
€610.256 M2
0.195625 Mx
.5539540 sec
100,1520010 Mz

16384
€00,1500172 Motz

DBR-E-2-cyclohexTHF-1M

>

« Processing parssaters

F2 - Aoquisition Perameters

Date

Current Data Parameters

KA
EXFNO
FROCNO
INSTRIM
PROBHD

Tine

AQ
RG
o
e
e
o1
TR0
NuC1
r
Pl
srol
¥z
s1
sr
Wom
134
iy
o
[

DBH-E-2-cyclohexTHF-1H
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Current Data Parameters

RAME DRH=-E-2-cyolobexTHR=13C

EXFHG L

FROCHD H

F - Aegquisition Parsssters

Date_ 20140715

Time

[RETRLM wpact

PROBHD 5 mm DUL 13C-1

FULPROG E 39

LEERE

SOLVENT CRCLY

K 2600

=3 -]

SWH F27TT.2VY Hz

FIDRES 0.3467%1 Hz

A 1,44 00430 ase

1] 57

=] 23.000 usen

DE 6,00 uses

T 300.0 K .

ot 200000000 see . - .

dll ey il o == = e Ll

CELTA L.B9%59998 mec

i) L

asmasmns CHAHNEL [] sssssses

WL 13

Pl 9,70 usss

FLl -0, 30 dB

Srol 100. §7EBEED MH2

memssess CHANNEL {] sesssses

CFDPFREZ waltzlé

(F ] 1R

FCRDE $0, 00 uses

FLZ =2.,40 4B

FL1Z2 15,10 4B

13 18.10 4B

SF02 430, 1516010 Mais

F2 - Processing parsssters

L3 Y278

5F 100, 6L TROLY po:

W EM¥

EH ] - P

LB T . 1 L LI

GB -]

2 1.0%

IBH-E-2-cyclohexTHF-13¢

| | “U

T 1 [T bl T RRAMAAMAAL AL Aetl Lasdabatls Lidk I T T T T M MAASALLes Labbbbdbds T T 1

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

NAME Jean—-1030331-37
EXPNO 1
PROCNO e

F2 - Acquisition Parameters
Date_ 20140408

Time 11.48
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zg

™D 32768
SOLVENT CDC13

NS 16

DS 0

SWH 9578.544 Hz
FIDRES 0.292314 Hz
AQ 1.7105396 sec
RG 512

DW 52.200 usec
DE 6.50 usec

295.3 K
2.00000000 sec
0 sec
0.01500000 sec

== CHANNEL f1

1H

10.00 usec
PL1 3.00 dB
SFO1 598.7035922 MHz

F2 - Processing parameters
32768

SF 598.7000257 MHz
WDW no
SSB 0

LB 0 Hz

GB 0

PC 1.00

7.240
7.190
7.188
7.178
7::175
7.156
7+ 153
7.143
7,141
24130
Ve d2
6.659
6.647
6.635
6.611
6.597
4.403
4.398
3.949
3.938
3.932
3.669
3.664
3651
3.647
3.632
3.628
3.532
3.514
3.495
2.947
2.942
2.930
2.924
2.878
2.148
2.142
2.135
2129
2.123
2.117
2.110
2.104
1.909
1.903
1.895
1.889
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1.881
1.879
1.873
1.870
1.867
1.857
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1.788
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Ls 190

o NN
<« T M
~r~ o~
~

TR T e

I /!

a -,

1.21
1.34

o

1.21

/

8 7

s90



77.32
7i.18
7.9
10
29.68

—22_5%

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

s91



- D e L E=Na1 (=] -
ool ] M= W [ ] e A
[=g =] WA ™ 9 5} = w0
= Wy L] Eal

=
s
<

ETAHDARD FROTON FARMMETERS
wEpl FROTON
ERMPLE
daLA Ay 27 Z014
Bolvent ChECL2
fila wEP
ACQUISITION
e £410.3
AL Z.556
fp 32768
i 4000
[T ] 4
a1 1.000
fit 100
[ a4
TRANEMITTER
Tn H1
wiryg IFP, T6Y
taf 9.4
Lz [11]
el T.100
DEDOUPLER
an €13 | |
dof Q
s _N N
ApEunid WiO_aLE
Afrug 35
dsf 2912
PRESANTURATION
BN
ot n
SFECIAL
L fat  ased 4'
@ain ot used
Epin not  used
hiet, o.o08
pulll 14,200
alfa 16,000
FLAGS
il n
in n
dp ¥
he nn
PROCESSING
n met  used
1b B.50 / / i
BIEPLY
=300.0
5974
3016
I902.3
=5.7
4.0
FLOT
F L
25
L1
7
odo Fh
1 JII. I J"q,___.l i

3.76
.00
2.09
12.02

w
[=+]
b |
=]
wm
-9
(5]
%]
-

0 ppm

s92



jean-dimer-DEPT b =

25

, oM -
o 0y =R
i R -
¥ W T N aF ap

N

190 180 170 160 150 140 130 1éﬂ 110 100 ﬁﬂ

s93

80 70 60 50 40 30 20

ppm



T
T
I
BELTT
LeL"T
LLL™T
SBL"T
GBLTT
FEL"T
pOa-T
SER'T
L
T98"'T
798" 1
0BT
Ze8" 1
68T
68T
EQO6TT
SI6"T
GT6°T
ERO'EZ
60T
ToT"Z
49
DIZT"Z
[ 1.4 4
orl"z
[ 1204
951"
-1 P4
058"z
L98"Z
69877
LLB"T
&L
.13 R
a8z
P0G Z
EER"E
[ 1
BEVE
PTS°E
0ZI"E
EF9 K
BFSTE
#95°C
SLITE
FEG"E
PFETE
156" E
T96°E
696"
4 L
ERE" ¥

(130 ]
L
EFE"D
BYE"D
FOE "G
6969
Qro"L
orIL

W T

Y/,

ETAHDARD PROTON FARRMETERE

PROTON

axpl

PRESATURATIOR

Eaymode

Wl

|

o
-

“fa |

8§

o
b
-

}

=]
-

B
-

) (3

5

0

uy
8

3 |

K

PROCESS
o

g

s94



32.e0

5]
22.53

190

180

170

160

150

140

130

120

110

100

s95

80



£E8°0
LB9E"T
PEE"T
PEZTT
il
i1
LER"T
b1
i3
F41 4
LSk
0ok
boP
L9k
L
063
ToL
0L
0L
ZIL T
STIL°T
aTL-1
SEZL”
GELTT
TEL"
ZEL"
9EL”
LEL"
OFL”
IkL"
akL"
aeL"
LSL"
LeL-
baL"
OLL
fLl
LLL
ka3
58
oca
658" 1
£98°1
Lo8
Ted
aLgt 1
SEOTE
o2
Zogtz
BEG "
GEG"T
k6T
-1

]

0 ppm

s96



pb-Spal il St Bulb i

o~ D HNTOND

@ ~ O e @ WRONYO ~ o O

& 0 oA e e e a O =t O~

™ ™ ' oSNNS e e e e e . . . =

. ) ) YN Y e N O Vi ™M
VIO VB NN P ™ o~

ste r wt 2
“- an 10
P
= i
- raLasmt
; 0742777
Lo 1
NETw .
r; e /)
W
4
(

e e

i Frav e ! L” J ki ;,J N, uLﬁ Lorons

1] dald ] N LM = | M T | 1 M I I

1]
190 180 170 160 150 140 130 120 110 100 90 80 70

s97



0Er"T
9€P "1
6EV"T
[4420"
9FF° 1
ISP T
[A1 2
6SV°T
09%°1
POV 1
S9F°1
2oL’ T
60L°T
PIL'T
6TL T
TL 1
9ZL'T
82L 1
9€L"T
8EL"T
TPL°T
PrL T
8vL"T
0SL"T
€SL°T
PSL T
LSL'T
09L"1
PoL"T
LoL"1
(44"
I68°1
098°1
€98°1
998°1
TL8°1
SL8'T
6L8°T
€88°1
L90°¢
€L0°C
180°¢
r80°¢C
160°¢C
660°C
698°C
LS6°C
856°¢C
€96°C
G96°C
SL6°¢C
LL6"C
286°¢C
v86°C
LER"E
SSp°€
€LY €
86G°€
€09°€
SI9E
LT "€
029°¢€
ce9°¢
PE9 €
6€9°€
8¥8°€
168°€
G687 €
LS8 €
298°¢€
798°€
L98°€
0L8 €
L8 €
9L8°€
8GE° P
€9€° P
8T€"S
0zE"S
2ze’"S
026°9
PEST9
L90°L
cLO L
280°L
L80"L
€CT°L
Let L

ppm

MHz

ters
Hz

1
1
0

9615.385

»
r

29
32768

Ccb2Cl2
16

128
52.000 usec

6.50 usec

301.6 K
2.00000000 sec

0 sec

8.24
spect

3.00 dB
598.7035922

1H/1
10.00 usec

20140707

Jean-1
1.7039860 sec

0.01500000 sec

5 mm QNP
CHANNEL f1

- Acquisition Parame

SFO1

P

Current Data Paral

NAME

S
=
4
5

EXPNO
PROCNO
FIDRES

m
o
&
[

Date.

F2

S T

=00

— e
8T T
6T°T
LZ T
F1°1T

mos, ——
00°'T

e
)

0 =

u 2

)

Dwo o

90 m e

EcN

EENES

amo

FR=

o ~

> ®

o =

5 @ 5

o =

@

0 coo

5

o

9

|
=@

NHEQO®

mnunznd

ppm

-~/

-

-

|

s98

s

10




e

129.13

—130.31
—_

o -
Mmoo
&
e

73.98

1.62

\:‘J 1
£1.46

53.80

67.42
3.9

— 3264
23.05

—— 30.08

—25.57

L

190

180

170

160

150

140

130

120

110

100

s99

80

80



7.240
6.933
6.927
6.918
6.912
6.835
6.830
6.820
6.815
6.806
6.801
6.482
6.475
6.467
6.460
4.391
4.386
3.880
3.861
3.644
3.639
3.628
3.624
3.623
3.620
3.609
3.604
3.474
3.455
3.438
3231
3.220
3.209
3.206
3.195
3.155
3.143
3.140
3.129
3.118
2.983
2.978
2.964
2.959
2.065
2.057

2.048
1.838
1.834
1.815
1..753
1.745
1..737
15733
1.728
1.725
1.720
1.718
1713
1.539
1.536
1.531
1.528
1.524
1.476
1.473
1.468
1.459
1.452
1.356
1.353
1.344
1.343
1..:331
1.327
1.319
1.308
1.306
1.300
1.295
1.288
1.283
1.274
1.269
1.267
0.904
0.893
0.880

Current Data Parameters

NAME Jean-129
EXPNO 1
PROCNO 1

F2 - Acquisition Para
Date_ 201408

Time 19.06

N spect
PROBHD 5 mm ONP 1H/1
PULPROG zg

D 33556
SOLVENT CDC13
NS 16
DS 0

SWH 8389.262
FIDRES 0.250008
AQ 1.9999876
RG 512
Dw 59.600 usec
DE 6.50 usec
TE 303.3 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

CHANNEL f1

1H

10.00 usec
)0 dE

0.00
598.7035922

F2 - Processing parameters
SI 32768

SF 598.7000259 MHz
WDwW no

SSB 0

LB 0.00 Hz
GB 0

PC 1.00

PPMCM ppm/cm
HZCM 52.88489 Hz/cm

N~
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P-5-178
Current Data Parameters
NAME 01092014
EXPNO 16
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140901
Time 23.41
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDC13
gg 3(4) T T T T T T T T T T T T T T T T
SWH 6410.256 Hz
ey S 4.4 4.2 4.0 3.8 3.6 3.4 3.2 ppm
AQ 2.5559540 sec
RG 228
DW 78.000 usec
DE 6.00 usec (@) n <t n — Te)
TE 300.0 K (el ()] = =x @ (e
D1 2.00000000 sec o o o o o o
TDO 1 . . . . .
— — — i i —
======== CHANNEL fl ===s====
NUC1 1H
Pl 10.00 usec
PL1l -2.40 dB
SFoO1 400.1528010 MHz
F2 - Processing parameters
SI 16384
SF 400.1500172 MHz
WDW EM
SSB 0 1 hoes b et = -_ - - e
LB 0.00 Hz
GB 0
PC 1.00
) L ) .25 .00 L A R T Y LT T A e it PR i e i ) ot A [ i S B e Rt
10 9 8 g 6 5 4 3 2 1 ppm
[=1h=] (=23 | (O]~ | (O Q| M|~
] < ali=i2l2l (122 a9l 1=2|1=2
bl & ol b | I~iv]| || M (~lMme
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2.7339
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2.6981
2.6852
2.6745
£.6607
2.2576
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Current Data Parameters

HRME 20140%03

EX P )

PROCHD 1

F2 - Acquisition Pafasaters

ate 20140903

Time 21.22

IKSTRUH spact

FROBHD 5 mm DUL 13C-1

FULPROG 2qpq0

o 65536

SOLVENT CoCly

HE L-Far)

0s o

S 22TX7.273 Hz

FTORES 0. 346791 Hz

RO 1. 4418420 sec

RS 57

s 22,000 uses

DE £.00 usec

TE 0.0 K

ol 20K dad

dll Q03000000 mas

DELTA 1.89999904 sec

D 1

cmmmam=s CHARNEL [] s=====ee

HUC] 138

Bl 3.70 usec

PL1 =0.5%0 dB

SF01 100 . 62886&0 HEZ

- mmm= CHAKHEL {2 s==samms

CPOFRGZ waltzlé

HUG?2 1K

PCPD2 90.00 usec

PL2 =2.40 d8

PLL2 15.10 d8

FL1Z 18.10 48

SP02 400, 1316000 MHz

F2 = Processing pasomguers

1 I2T6E

3F 1006170006 MHz

Wi EX

558 Q

L 3.00 Hz

GB L]

Pl 1.00
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Current Data Parameters

NAME 2014-08-27
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140827
Time 15.32
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2g30

TD 32768
SOLVENT CDC13

NS 39

Ds 0

SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 575

DW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1

=== CHANNEL fl ========
1H

P1 10.00 usec
PL1 -2.40 dB
SFO1 400.1528010 MHz
F2 - Processing parameters
SI 16384

SF 400.1500168 MHz
WDW EM
SSB 0

LB 0.00 Hz
GB 0

PC 1.00
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2.8456
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2.0121

n N
@ r~
[@Ne)}
~
N N

2.6876
2.6839
2.6740
26631
2.6591
2.6488
2.2481
22333
2.2283
2.2154
2.1971
2.1814
21761
21613
2+1523
2.1191
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Curremt Data Paramsters =

HAME tetrahydrothisphene =130

EXPHO 4

FRGCH H

Fi - Bcquisition Parsseters

Bare Z0olane2y

Tisg 21.12

INSTRUM apace

FROBHD  § s DUL L3C-1

ML FROG Egpgll

o &553%

SOLVERT £33

Ha 4318

(i s

S 2IT27. 2T M=

FIDRES C. JETI1 Hz

Ry PoddlBd20 sec

RG L

[ 22,000 usec

GE €00 wsec

TE 100.0 K

ol

41l - B L]

DELTA 1. W¥R95FFR aec

TOO 1

smamames CHARNEL (] ===aees
MUT] 13
Fl 5.70 uaee
FLl =0, 50 a8
SF0) 100, 62ERELD MOz
L {} sssssses
walezlé
T
#0. 00 uasc
=%.40 dh
L. 10 4B
L. 15 di .
BFO2 400. 1516010 HHz

FZ = Frocedding pariseters
IITER

| e o i R - PRpR—— T Pp— PP — "
wie * el rhapmn i A s - o e . P o s
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= b.00
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Current Data Parameters
NAME 21102014
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20141021
Time 22.57
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
32768

TD

SOLVENT CcDC13

NS 25 LS T R TN T T D I S S S (S N S N AR R S R
Ds 0

SWH 6410.256 Hz 4.5 4.0 3:5 3.0 ppm
FIDRES 0.195625 Hz

AQ 2.5559540 sec

RG .

DW 78.000 usec

DE 6.00 usec Q :: Q g 2

TE 300.0 X o =y o —

D1 2.00000000 sec " s 4 il 2

D0 % — o <o) (S B P

NUC1 1H

Pl 10.00 usec

PL1 -2.40 dB

SFOl1 400.1528010 MHz

F2 - Processing parameters

SI 16384

SF 400.1500172 MHz

WDW EM

SSB 0

LB 0.00 Hz =1 — e = =y = e
GB 0

PC 1.00

-.-n.l.‘---:.-xlvn...'..-]vxnnn-;..Ixux---n..l.r--..-‘xI-:-r-:‘--I--n..-...lv--:--x--I-:-»-....].........I.....
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Current Data Parameters
NAME 20102014
EXPNO 12 t /
PROCNO 1
FZ - Acquisition Parameters
Date 20141020
Time 23.44
INSTRUM pect
PROBUD 5 mm DUL 13C-1
PULPROG 299930
™ 65536
SOLVENT Ccocll
NS 200
s 0
SwWil 22727.273 Nz
FIORES 0.346791 H:z
AQ 1.4418420 sec
]G $7
o= 2.000 usec
DE 6.00 vaec
TE 300.0 X
134 2.00000000 sec g L
ir rOTototet e Lond Aan |
DELTA 1.8995999%8 sec
00 1
wemnense CHANNEL fl wwwwowws
RUC1 13¢
r 9.70 usec
PLl -0.50 d8
SFO1 100.6288660 MHz |
wemnnmnn CHANNEL {2 weancccns N
CPDPRG2 waltzlé H
NUC2 18
PCPDZ 30.00 usec Cl
PL2 -2.40 aB H
PL12 15.10 4B S
PLI3 18.10 ¢B
§¥02 400.1516010 Mifz 6¢c
¥2 - Processing parameters
sI 32768
SF 100.6177960 MHz ‘
WO 5. B d
SSB 0
L 3.00 Hz
GB 0
PC 1.00
P-4-4-Cl thiophene
I 1 I I I I I | 1 I I I I | | 1 1 I I I I 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Current Data Parameters

NAME KRK1-P-5-134

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date_ 20141118

Time 7.50

INSTRUM spect

PROBHD 5 mm QNP 1H/1

PULPROG zg

TD 33556

SOLVENT CDC13

NS 16

Ds 0

SWH 8389.262 Hz

FIDRES 0.250008 Hz

AQ 1.9999876 sec

RG 512

bR 59.600 usec

DE 6.50 usec

TE 295.9 K __)

D1 2.00000000 sec

MCREST 0 sec

MCWRK 0.01500000 sec | ' I y T T [ T T T I Y T

R R — 4.0 3.8 3.0 2.8 2.6 ppm

NUC1 1H

Pl 10.00 usec

PL1 0 dB

SFO1 598.6029930 MHz ~ - ~ © ) 0|
~ ~ 2] © < |~

F2 - Processing parameters o — N o N | |

SI 32768 . . - . . . .

SF 598.6000303 MHz i — —i ™ — ||

WDW no

SSB 0

LB 0 Hz

GB - 0

PC 0.10

1.00
1.01
1.00
1.07
1.08
118

1122\
13375
3124C
117
14.11
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Current Data Parameters
NAME

12112014
EXPNO 1
PROCNO b
F2 =~ Acquisition Parameters
Date_ 20141112
Time 0.45
INSTRUM spect
PROBHD 5 mm DUL 13C~1
PULPROG 2g30
TD 32768
SOLVENT cDCl3
NS 18
DS 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG . T T T T T T T T T T g T T T T T
bW 78.000 usec I I l I
DE 6.00 usec ’
> 5os90 0 4.0 35 340 2.5 ppm
Dl 2.00000000 sec
TDO 1
Cl £1 el \le} o] (o] = o |
NuUCl 1H [ \le} ) w [oe} Q| [
Pl 10.00 usec — — N ~N o AN O
PL1 -2.40 dB . . . . . . .
SFOl1 400.1528010 MHz i i — (3] ! | |
F2 - Processing parameters
SI 16384
SF 400.1500168 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
) v : JJ ) JU N
e B e B e B B L e W I B B L L R e B B L B B
10 9 8 7 6 5 4 3 2 1 ppm’
ol ™ @ I~ RiND|O|W0 o~
S« - | [ NIN|S(N|S N
= 0 =1 %= Rt el B od B ol b o A
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Current Data Paraneters
KAHE 12132014
EXPHNO 3
FROCRO H
F2 - Aoquisition Paramecers
Date_ 20141112
Tima 22,36
IHITRUM ISt
FROBKED 5 me DAFL 23C-1
FPULPROGE Tgpgid
TD 65534
SOLNENT coola
HE 309
0SE Q
5WH 22927.271 Hz
FIDRES 0.34679] Hz
Y 14418420 aac
RG 57
i 22.000 usec
LE €.00 usae
TE 300.0 K
D1 200000000 sec _ L . .
417 [ L m e o o M
DELTA L.A9OSS998 sas
T 1
memmmens DHAMHEL ] =sc=see=
RICL 13¢
El 9.7 usec
PL1 -6.50 4B
SEF01 100, 6288800 MHz
mmmmmmme CHANNEL [2 =s=mmmss Cl
CPOPRGE waltzlé
1 ) 1H
PCFDZ B0.00 usec
FL2 =Z.40 dB
PL1Z 15.10 4B
PL13 16.10 4B
BFO2 400.1516010 MHz
F2 = Processing paraseters
51 IXT648
F 100, E1TECE2 HHE e s Pr | R e
el _%EEH-.!L ke s aamamn k -
&hB 4
LB 1.040 Bz
GhR L1
BC 1.0:0
thpyran 4 cl
et . l H NSRS | N — ,
" " Nprnlel s sk ytr
'_ I I AT r-|r-r -y —r-I i r-||--|-||--||-|--||--| .1 A -|-r-|r1-||--|-|r-|r-r-|r-|r-| LA r-Ir-r-|r-|rr1-| T r il |-|r|-|r-||--r-||--r-r-|rr1r-|rr-|r1|.|--|r-| A 1 i T I ﬁlTT'mTP"'m""l'T""I'“'I
210 200 190 180 170 460 4150 140 130 4120 1410 100 90 80 70 60 50 40 30 20 ppm
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LEBL'T
SOT1Z" T
152 ¢
HEEZ 2
[-RN s
995" ¢
GERE"E
QRELEE
LEGRE
€005 2
G908 2
BETGE"Z
902" 2
Pl A
JFES"Z
CREL"Z
£99L° 2
BEGLE
PR s
fa9e " ¥
8ige "¢
3= 11
Ae00°E
L9SL"E
LZBLTE
FEBLTE
O¥0R"E
FOTRCE
LBERTE
ST06°E
LOT6°E
FEZE'E
ZLEG'E
YEPGTE
CESEE
GELC" |
FEESF
BZLDD
FEGD D
TeZL"D
ETEL"D
CLFLTD
LEFL"Y
0900
SFOT"L

IBOT"L:

Z981"L
8RBT L
SE0Z' L
5L02°L
SOFE" L
ZRTE" L
8TZE" L
B9EE" L
COVE"L

sRORER

ent Data Paramatoza
25112014

HAHE
FROCHD

Cug
EXFHD

ppm

0.89D
025D

X
Y

> >

o,
N
0

ds-3b

spect

% omm DL 1

E-1
Faih]
TH.ODD weT
6. 00 apas
300.0 X
1

LIRS ]
L. 00050000 sec

198625 He

G4l0 i858 He
81

20141129
0.

4001538010 Wou

FI - hogaisition Fazaceters

Date

THETRIM

PRONHD
FULFRIG

Time

b

T Em—

T

16354
400 15000TE pE
e Hz

0

P-4-156
1

Fi = Frocedding parasslecs

W
538
LR
e
B

a1
arF

80k

~F0'h
00’k
20
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= - - - ] ] [ h o=

= a8 43 = FRER  § & a2 A
Cureent Data Farametors
HA2EE Galz2014 f
EXFHO 11 f
PROCHO 1 i
F2 = hequisition Paramatecs
Dt 20141203
Time Z3.16
THETRUM spect
PROBHD % em DUL 13C-1
PULFROG zapgid
D B5336
SOLVENT copcla
NE 253
[ 0
SWH 2273T. 173 N:
FIDRES 0. 346791 MWz
AD 1. 4418420 sec
RG 57
e it ot o . - . i e ' Pl i i W e oy ’ e M s
bE .00 uses
TE 100.0 K
ol 2.00000000 sec
dil 0.03090000 sec
DELTA 1.&999;991 sec (|:X3
o0

N_Y
memmmme EHARHEL f1 mmem==== Y X=0.89D
HUCL 13 =
Pl 9.0 usec Y=025D
PL1L -0.%0 dB
SFO1 1006288660 MHz le}
semascns CHAMNEL f2 m===s==- -
CPOPRGE waltzld ds-3b
HUC2 1K
PCPDZ 9000 usec
PLZ =2.40 dB
BL12 15.10 4B
FLL3 18.10 48
SF02 400.1516010 MHz 1 _ i
g . ity - 4 —ty - e e enun il - e eyl apler gl =l s FRariey

F2 = Processing parameters
51 n2TeR
aF L00.6178033 MHE
Wi EM
558 a
LB 3.00 He
L] Q
PC 1.00

P-5-CD3CD3 F

s |

I T 7 cemareee : " - R L b e s L e At T  aiaaass Anddddiinl

210 200 150 180 170 180 150 14 15ﬂ 120 110 100 90 80 70 60 S50 40 30 20 ppm

s117



ZeeL°T
LOEL"T
09EL"T
96EL"T
ELPL™T
PPSLTT
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159871
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tempo




tempo

:9. N O ® N NO W~ ™
Current Data Param;gii o- MOW VW ~9 o w o - o
NAME 0711 (R0 y ae B ¢
EXPN0 2 S SRR $88 93 R8
PROCNO 1
F2 - Acquisition Parameters
Date_ 20141107
Time 11.36
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 29pg30
T 65536
SOLVENT copcls
NS 45
DS 0
SKH 22727.273 M2
FIDRES 0.346791 Hz
AQ 1.4418420 sec
RG 57
oW 22.000 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dlil 0.03000000 sec
DELTA 1.89999998 sec
00 1 (0]
wwwwmnmn CHANNEL (] ssssusus 8
NOC1 13C
3 9.70 usec
PLL -0.50 a8
SFOl 100.6288660 MH2
wemmmmne CHANNEL (2 sssswsm=
CPDPRG2Z waltzlé
NUC2 1H
PCPD2 90.00 usec
PL2 -2.40 48
PL12 15.10 d8
PL13 18.10 dB
$FO2 400.1516010 MHz
F2 - Processing parameters
s1 32768
SF 100.6178013 MHz
wow EM
SSB 0
L8 3.00 Hz
GB 0
PC 1.00
T T - T S ) 1 ] — " 1 T I T I
220 200 180 160 140 120 100 80 60 40 20
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9ZEL"T
GREL"T
DZEL"T
CEELTT
CRSLTT
SLSLTT
TROLT
0OLL"T
SETZ" 2
MBET T
AREL"E
LLEZ'Z
T18FE° 2
GEFE'Z
V6922
6592°2
ZLEF Z
Hh0S° 2
L0157 2
SLTIS° 2
Zhes 2
G0ES" 2
LLES 2
ZobL 2
BELL'Z
G008 2
098" 2
69L8°E
L2882
BEGE"T
BGLE'Z
LBEGT
2E00E
BITOE
HE9L°E
AFEL"E
606L"E
S908°E
LZ18"E
FREZEE
PROG €
A
£REZ6°E
GORE'E
FOFE £
Z1%6°F
FILS ¥
2585
12a9°9
BZ0L9
SEEL'S
FEEL"D
DESL™Y
PESL"
SOLLTS
HYLL™S
GEIT L
AELT"L
DO6T" L
vLOZ L
FIIZ L
DEZLTL
GEEETL
G0FE "L
OFFE L

ppm

|
<
—
!

5.7

Ke]
™

+

i

T

i

T
1
[}

1.0

LAl dB

11,4
A0, E528010 HHe

T
et
1=

1. 5 orl
Y s
(=0 =A%

UG 156 Hr
L, 0% usee
16384
103, 1500160 HH
M
a
6,00 Hz

DLIE
L1

THE d8&
10

- Acquisition Paraseters

FI = Processing parssstsrs

memmssss CHAMMEL [l ===sss=s

Curienr Data Faraselers

EXFD

FROCHD

BAHE

sRGRER

0Lk
~Z0F
=10k
-0’k
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Current Data Paramebers

KR 01122014 l

FEXPHD 3

FROCKHD 1

F2 = Acquisiticn Facamecars

Mata 20141201

Time 14.51

IHETRR apach

FROBHD 5 mm DUL 13C-1

FULPROG zgpq 0

D EL53E

SOLVENT CICLE

K5 116

o5 1]

GWH 22TIV,ETI Hz

FIDRES 0346791 Nz

fle] 1.4410420 sec

RG =27

[k 22,000 yaec

DE 6. 00 usec

TE m% i gl A & ks ¥ b b e el o s e bbbl g et - ma i opup gt

Dl 700000000 aec T e

dll 0, 03000000 Aec

DELTA 1.8999599%98 soc

T i

sememnen CHAMHEL ] wesssass |

wcl 13€ N

Fl 9. 70 uses

FL1 -{0.50 48 +

SF31 10, 6ZBHEE0 MHE

emmmen= CHAMHEL 2 =- o

CEDPRGR waltzlé

il lted iR 3b

FCPO2 50.00 usec

FL2 =2.40 4B

FL1Z 15,00 4B

PFL13 18,10 48

SR 400,151 6910 sz

F2
&1
SF 100.6178034 MH=
WD EM
L= ] Q
LB 2.00 H=z
B Q
B 1,00
THE d8
s sottpe, —— H;L”_.q; resesrssiaten] |,m_| 1 poremrepesmsoncitere

|
210 200 190

180 170

LAk e

160 150 140 130 120 110 100 90

peremre T T
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89TL T
LEZL T
186L°1
PSELTT
0ESL T
yO9L 1
BBOL T
PREBLT
V6L T
99612
021z°'2
L1z 2
YIEZ 2
S6Lc’ €
gabki €
EE3Z°2Z
10LZ°2
BY8Z°7
GREF"E
BI0S°Z
£805°2
BYIS'Z
9125°2
£825°2
BYES'E
LIKS"Z
PBES 2
PEELZ
9£9L° 2
09LL"Z
9£08°2
z7L8°2
spee‘z
19L6°2
= L
ZVo0'E
0LT0°E
FLLL'E
ZE6L'E
066L°E
ap18°E
1128°€ [
LOEB"E
0ET6 "€
£826°€
BEEE "€
98P6 "€ 00
SESEE
5696 €
6BLG b
5ZES' b
ST
150L"9
LEEL"O
9Z5L" 9
OEDL" 9
PIBL"9
ZELT" L
6ZHT" L
zopZ" L
1812 L
912Z" L
GOBZ" L
£SEE" L
6ESE"L

d,-3b

N

ku/kp = 2.8

ds-3b
I
5

J
PRt
=

4% ds

400, 1329000 i

12004
QR0 256 He
@ I35E2% He
T ¥RE0 gec
T
18, 097 ysas
£,00 yssc
300,00 K
iT
12,00 usec
€38
400, 1500076 M

P-5-156
10

r2
Can e
FU
™
K%
-]
St
FI
Al
REG
=
E
TC
=11
Tt

&

ar
Ll
aap
1B
GB
FC

Current Data Paraseters
HAKE 1]
EXFHG
FRCCHG

- hoquisitien Faramevers
Time™
IHSTHIM
FACHHD 5 mm IHM

LFRDG
SOLVERT

GHEE

2 0S5 ame

sassssss CHRMREL [l s===sss=
o
T2 = Procesding patanaletd
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Current Dats Parametars

HRME 27112014

EXEHO 12

FROCRD ]

F2 - Acquisitien Faramecers

Date 20541127

Time 22.30

INSTRLM apact

FROSHD 5 mm DUL 13C=1

FULPROG zgpgio

™ 65536

FOLVERT CLCE3

HE 160

=13 =]

Wi 22727.273 Hz

FILRES 2. 346791 Hz

) LoAd18420 sec

G aT

oW 27,000 uaec

A, =1 R I N P P TEIUN 1) R

ol 200000600 sec

4Ll 0,03000000 sas

DELTA L. 89999008 sec

TDD 1

smmmmmen CHAMHEL £l ======-=

KiM1 13C

Pl %.70 usec

PL1 =0.5%0 dB

SF01 100, 6288560 MH:z

=nsmmmes CHAMMEL (2 se===eo=

CPDFRGE waltzlé

RuC2 1H

PCPD2 90,00 usec

L2 =240 4B

PL12 15.10 dB

PL13 LE.10 dB

SFo2 400, 1516010 HHz

F2 - Processing parameters N " . - - I

=4 e iy i el e oy, " il YA . ¥ ¥ -

EL 100, 61TEQGS HH:

WhW Ep

=1 ¢

LE 3.00 He

GB o

BC 100

CD3CH3 F
— SR ﬂLJ S . ,

preeer T T

210 200 190 180

170 16

1 1 | I ]
150 140 130 120 110 100
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Jean-111-P1

File: 1lou0829.001M
Pulse Sequence: s2pul

T T T 7 T —p— B NG BEND [ SN GENN O LY men AYET pa
9 8 7 6 5 q 3
v el v
1.04 0.65
-10§.00
Affected
Irradiated
trans-3I|

L T L T LE=D | T % T ! T L T Lo

9 8 7 6 5 4 3

s124

1 0 ppm

v e
1 0 ppm



r T ™ T T T T T T T 1 T T T 1 T T -r T T T T T T ™ T T T T T T e 1t
9 8 7 6 5 4 3 2 1 0 ppm
v v
1.2 -100.00
1.49
Irradiated
|
Affected
trans-3I

- L ' T T ' Pr: & L y T T L I T T | T I T | A v Al 1’ T o r T v
9 8 7 6 5 4 3 2 1 0 ppm
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File: Y1ou0812.001H
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Fila: Proton
Pulse Sequenca: s2pul
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file: Proton
Pulse Sequence: s2pu)
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File: Proton

Pulse Sequence: s2pul
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