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General Experimental Details

IR spectra were recorded with FT-IR as a thin film or using KBr pellets and are expressed
in cm™. *H (400 MHz) and *C (100 MHz) NMR spectra were recorded using CDCls as a solvent.
Chemical shifts are reported in ppm downfield to tetramethylsilane. Coupling constants are
reported and expressed in Hz; splitting patterns are designated as s (singlet), d (doublet), t (triplet),
g (quartet), m (multiplet), dd (double doublet), dt (double triplet), dq (double quartet). Infrared (IR)
spectra were obtained on a Bruker Vector 22 spectrometer. Mass spectra were obtained from high
resolution ESI mass spectrometer. All reactions were carried out using freshly distilled and dry
solvents. Column chromatography was performed over silica gel (100-200 Mesh) using petroleum

ether and ethyl acetate as the eluent.



General procedure for the preparation of 1
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To a solution of 20 (3 mmol) in anhydrous THF (5 mL), at -10 °C under nitrogen atmosphere,
was added a solution of »-BuLi (2.1 mL, 1.6 M in hexane, 3.3 mmol). The solution was stirred for
1 h at the same temperature and then a solution of 21 (3.3 mmol) in anhydrous THF (2 mL) was
added dropwise. The reaction mixture was stirred for additional 30 mins, then was quenched with
saturated ag. NH,4CI (4 mL). The organic solvent was evaporated under reduced pressure and the
aqueous layer was extracted with ethyl acetate (3 x 5 mL). The combined organic layers were
washed with saturated brine, dried over sodium sulfate, concentrated under reduced pressure to
provide the crude product which was submitted to the next step without further purification.

The mixture of above-made crude product 22, CHsl (10 mmol), K,CO3 (9 mmol) and CH;CN
(5 mL) was stirred at 80 °C under nitrogen atmosphere for about 8 h. The reaction mixture was
filtered and the filtrate was concentrated to give the residue 17 which was submitted to the next
step without further purification.

To the solution of the above-made residue in THF (5 ml) was added TBAF (3.6 mL, 1 M in
THF). The reaction was stirred at room temperature about 30 mins. H,O (5 mL) was added to the
reaction mixture and THF was removed under reduced pressure. The resulting mixture was
extracted with AcOEt (3x 5 mL). The combined organic extracts were washed with brine, dried
over Na,SO,, filtered and concentrated. The residue was purified by flash chromatography on a

silica gel (using petroleum ether/ethyl acetate = 1:1 as the eluent) to give product 1.



General procedure for the preparation of 2
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To a stirred solution of 1 (0.3 mmol) in THF (3 mL) were added LiOsBu (48 mg, 0.6 mmol),

Pd,(dba); (14 mg, 0.015 mmol, 5 mol%), and XantPhos (17.3 mg 0.03 mmol, 10 mol %)
subsequently in a Schlenk flask under nitrogen atmosphere. The reaction mixture was heated at
100 °C until the disappearance of the starting material according to the TLC. H,O (5 mL) was
added to the reaction mixture. The resulting mixture was extracted with AcOEt (3x 5 mL). The
combined organic extracts were washed with brine, dried over Na,SO,, filtered and concentrated.
The residue was purified by flash chromatography on a silica gel (using petroleum ether/ethyl

acetate = 3:1 as the eluent) to give product 2.

Details of Control Experiments
Preparation of 18a
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To a stirred solution of 17a (0.3 mmol) in DCE (3 mL) were added K,COj3 (83 mg, 0.6 mmol),
Pd(PPhs3)4 (17 mg, 0.015 mmol, 5 mol %), and PPh; (8 mg, 0.03 mmol, 10 mol %) subsequently in
a Schlenk flask under nitrogen atmosphere. The reaction was heated at 80 °C until the
disappearance of the starting material according to the TLC. H,O (5 mL) was added to the reaction
and the resulting mixture was extracted with AcOEt (3x 5 mL). The combined organic extracts
were washed with brine, dried over Na,SO,, filtered and concentrated. The residue was purified by
flash chromatography on a silica gel (using petroleum ether/ethyl acetate = 15:1 as the eluent) to

give product 18a (94 mg, 85%).



Preparation of 19a
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To a solution of 18a (0.25 mmol) in THF (3 mL) were added TBAF (0.3 ml, 1 M in THF).
The reaction mixture was stirred at room temperature until the disappearance of the starting
material according to the TLC. H,O (5 mL) was added to the reaction mixture. The resulting
mixture was extracted with AcOEt (3x 5 mL). The combined organic extracts were washed with
brine, dried over Na,SO, filtered and concentrated. The residue was purified by flash
chromatography on a silica gel (using petroleum ether/ethyl acetate = 1:1 as the eluent) to give

product 19a (55 mg, 87%).

Transformation of 19a into 2a
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88% (2a:2a; = 1:3)

To a solution of 19a (0.2 mmol) in CH,CI; (3 mL) were added p-TsOH (68 mg, 0.4 mmol).
The reaction mixture was stirred at room temperature about 30 mins until the disappearance of the
starting material according to the TLC. H,O (5 mL) was added to the reaction and the resulting
mixture was extracted with CH,Cl, (3x3 mL). The combined organic extracts were washed with
brine, dried over Na,SO, filtered and concentrated. The residue was purified by flash
chromatography on a silica gel (using petroleum ether/ethyl acetate = 3:1 as the eluent) to give

product 2 (44 mg, 88%, 2a:2a; = 1:3).

Typical procedure for the preparation of 12
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To the mixture of aniline (6 mmol) in dry CH,Cl, (20 mL) was added furan-2-carbonyl chloride
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(1.16 g, 9 mmol) dropwise at 0 °C. After addition, the mixture was warmed to room temperature
and stirred until aniline was disappear according to the TLC. H,O (30 mL) was added to the
reaction mixture, and the organic phase was separated. The aqueous phase was extracted with
CH,CI; (3 x 10 mL), and the combined organic phase was washed with brine and dried over
anhydrous Na,SO,. The filtrate was concentrated, and the residue was purified by flash
chromatography on a silica gel (using petroleum ether : ethyl acetate = 14 : 1 as the eluent) to give

product 12.

Reaction conditions optimization for 13a®

BVQ [Pd] (5mol %), L (6mol %) H., [ @
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12a 13a
Entry Pd L Base Yield(%)
b
1° Pd(OAC), BINAP EtsN 85
2 Pd(PPhj), BINAP EtsN 70
3 Pd,(dba)s BINAP EtsN 49
4 Pd(PPhj),Cl, BINAP EtsN 82
5 Pd(MeCN),Cl, BINAP EtsN 80
6 Pd(OAc), BINAP K,COs ND
7 Pd(OAc), BINAP Cs,CO3 ND
8 Pd(OAc), BINAP DBU 38
9 Pd(OAc), BINAP N,N-Dicyclohexymethylamine 61
10 Pd(OAc), BINAP TMEDA 68
11 Pd(OAC), PPh; EtsN 54
12 Pd(OAC), PCy; EtsN ND
13 Pd(OAc), dppf EtsN 73
14 Pd(OACc), Xanphos. EtsN 65
15 Pd(OAc), Davepos. EtsN 60
16° Pd(OAc), BINAP EtsN 32
17" Pd(OAc), BINAP Et;N 35
18°  Pd(OAc), BINAP EtsN 38
19" Pd(OAc), BINAP EtsN 41
20° Pd(OAc), BINAP EtsN 47

& Reaction conditions: unless otherwise noted, [Pd] (5 mol %), L (10 mol %), base ( 200 mol %), and 12a (0.3
mmol) in MeOH (3 mL) at 100 °C under N, atmosphere for 18 h. BINAP
(2)-2,2'-bis(diphenylphosphino)-1,1'-binaphthalene; dppf = 1,1'-bis(diphenylphosphino)ferrocene; Xanphos
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4,5-bis-diphenylphosphanyl-9,9-dimethyl-9H-xanthene; Davepos = 2-dicyclohexylphosphino-2'-(N,N-
dimethylamino)biphenyl. ® The yield was determined by 'HNMR methods using dibromomethane as an internal
standard. ND = not detected. “Pd(OAc), (5 mol %), BINAP (6 mol %), CH;OH (200 mol %) in THF (3 mL).
9pd(OAC), (5 mol %), BINAP (6 mol %), Et;N (200 mol %), CH;OH (200 mol %) in MeCN (3 mL). ¢ The solvent
vi(MeCN ) : v, (CH30H ) =2: 1. *The solvent v; (MeCN ) : v, (CH3OH ) = 1 : 1. 9The solvent v; ( MeCN ) : v,
(CHOH)=1:2.

General procedure for the preparation of 13
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To a dried Schlenk tube were added Pd(OACc); (4 mg, 0.015 mmol) and BINAP (13 mg 0.018
mmol) under N, ROH (3.0 mL) was then introduced via syringe. The resulting mixture was
stirred at room temperature for 1 h, after which 12 (0.3 mmol) and EtzN (0.6 mmol) were added
and the tube was sealed using Teflon cap. The mixture was stirred at 100 °C for 18 h. The solvent
was then removed under vacuum and the residue was purified by chromatography on silica gel,

eluting with ethyl/petroleum ether 1:14 (v/v) to afford the products.

Characterization of 1

N-(2-bromophenyl)-5-(3-hydroxypropyl)-N-methylfuran-2-carboxamide (1a)

o
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Colorless oil, (638 mg, 63% over 3 steps), IR (KBr) 3655, 3321, 3096, 2979, 1695, 1470, 1237,
1061, 973, 746 cm™; *H NMR (400 MHz, CDCl,) 6 7.67 (d, J = 7.9 Hz, 1H), 7.37 (t, J = 7.5 Hz,
1H), 7.30 — 7.24 (m, 2H), 6.01 (s, 1H), 5.88 (s, 1H), 3.52 (t, J = 5.8 Hz, 2H), 3.33 (s, 3H), 2.55 (t,
J = 6.7 Hz, 2H), 2.46 (s, 1H), 1.73 — 1.61 (m, 2H); *C NMR (100 MHz, CDCls) 6 159.2, 158.5,
1455, 143.2, 133.7, 130.1, 129.6, 128.7, 123.4, 117.5, 107.2, 61.3, 37.1, 30.3, 24.2; HRMS (ESI)

m/z caled for C15H16BrNO3 [M + H]™: 338.0386; Found: 338.0386.

N-(2-bromo-4-fluorophenyl)-5-(3-hydroxypropyl)-N-methylfuran-2-carboxamide (1b)



o Br
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Yellow oil, (534 mg, 50% over 3 steps), IR (KBr) 3696, 3042, 2947, 1765, 1668, 1590, 1199, 967,
857, 700 cm™; *H NMR (400 MHz, CDCl3) & 7.43 — 7.41 (m, 1H), 7.28 (t, J = 7.1 Hz, 1H), 7.11 -
7.08 (m, 1H), 6.15 (s, 1H), 5.92 (s, 1H), 3.55 (t, J = 6.1 Hz, 2H), 3.32 (s, 3H), 2.57 (t, J = 7.0 Hz,
2H), 2.15 (s, 1H), 1.77 — 1.64 (m, 2H); **C NMR (100 MHz, CDCl,) 6 161.4, 159.2, 158.6, 145.5,
139.6, 130.9, 124.1, 120.8, 117.8, 115.7, 107.3, 61.4, 37.1, 30.3, 24.3; HRMS (ESI) m/z calcd for

C1sH1sBrFNOs: [M + H]": 356.0292; Found: 356.0295.

N-(2-bromo-5-fluorophenyl)-5-(3-hydroxypropyl)-N-methylfuran-2-carboxamide (1c)
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Colorless oil, (596 mg, 56% over 3 steps), IR (KBr) 3655, 3434, 2946, 1738, 1586, 1357, 1184,
861, 812, 746 cm™; 'H NMR (400 MHz, CDCl3) J 7.66 — 7.62 (m, 1H), 7.08 — 7.01 (m, 2H), 6.35
(s, 1H), 5.97 (s, 1H), 3.57 (t, J = 6.2 Hz, 2H), 3.36 (s, 3H), 2.58 (t, J = 7.2 Hz, 2H), 1.74 — 1.67 (m,
2H), 1.63 (s, 1H); B3¢ NMR (100 MHz, CDCl3) ¢ 163.3, 160.8, 159.0, 158.8, 145.3, 144.3, 134.3,
118.1, 117.3, 117.0, 107.4, 61.2, 36.9, 30.3, 24.3; HRMS (ESI) m/z calcd for C15H1sBrFNO3: [M

+ Na]": 378.0112; Found: 378.0115.

N-(2-bromo-4-methylphenyl)-5-(3-hydroxypropyl)-N-methylfuran-2-carboxamide (1d)
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Colorless ail, (548 mg, 49% over 3 steps), IR (KBr) 3321, 3042, 2946, 1636, 1429, 1266, 971, 744

cm’; *H NMR (400 MHz, CDCl3) & 7.49 (s, 1H), 7.17 (s, 2H), 5.90 (d, J = 5.3 Hz, 1H), 5.88 (d, J
= 5.3 Hz, 1H), 3.55 (t, J = 5.7 Hz, 2H), 3.31 (s, 3H), 2.60 (t, J = 7.1 Hz, 2H), 2.39 (s, 3H), 2.20 (s,

1H), 1.77 - 1.66 (m, 2H); **C NMR (100 MHz, CDCls) 6 159.4, 158.4, 145.5, 140.4, 140.2, 134.0,



129.5, 129.4, 123.0, 117.3, 107.2, 61.4, 37.0, 30.4, 24.2, 20.8; HRMS (ESI) m/z calcd for

C16H1gBrNO3: [M + H]" : 374.0362; Found: 374.0366.

N-(2-bromo-5-methylphenyl)-5-(3-hydroxypropyl)-N-methylfuran-2-carboxamide (1€)
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Colorless ail, (600 mg, 57% over 3 steps), IR (KBr) 3301, 2946, 1677, 1589, 1471, 1071, 958, 860,

763, 699 cm™; *H NMR (400 MHz, CDCl3) 6 7.53 (d, J = 8.1 Hz, 1H), 7.12 (s, 1H), 7.08 (d, J =
8.1 Hz, 1H), 5.98 (s, 1H), 5.89 (s, 1H), 3.55 (t, J = 6.1 Hz, 2H), 3.33 (s, 3H), 2.59 (t, J = 7.2 Hz,
2H), 2.33 (s, 3H), 1.76 — 1.66 (m, 2H); *C NMR (100 MHz, CDCl3) § 159.2, 158.4, 145.6, 142.7,
139.1, 133.2, 130.5, 130.4, 119.9, 117.4, 107.2, 61.4, 37.1, 30.4, 24.2, 20.7; HRMS (ESI) m/z

calcd for Cy6H1gBrNOs: [M + H]™ : 352.0543; Found: 352.0549.

N-(2-bromo-4,6-dimethylphenyl)-5-(3-hydroxypropyl)-N-methylfuran-2-carboxamide (1f)
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Yellow oil, (490 mg, 45% over 3 steps), IR (KBr) 3636, 3067, 2944, 1729, 1666, 1588, 1470,
1264, 963, 853, 746 cm™; 'H NMR (400 MHz, CDCl5) & 7.33 (s, 1H), 7.05 (s, 1H), 5.87 (s, 1H),
5.83 (s, 1H), 3.56 (t, J = 5.7 Hz, 2H), 3.26 (s, 3H), 2.62 (t, J = 7.4 Hz, 2H), 2.34 (s, 3H), 2.31 (s,
1H), 2.19 (s, 3H), 1.76 — 1.71 (m, 2H); **C NMR (100 MHz, CDCl3) 6 159.3, 158.5, 145.5, 139.9,
138.8, 138.1, 131.6, 131.0, 123.8, 116.6, 107.3, 61.4, 35.4, 30.4, 24.3, 20.8, 18.3; HRMS (ESI)

m/z calcd for C17H0BrNO3: [M + Na]': 388.0519; Found: 388.0514.

N-(2-bromo-4-methoxyphenyl)-5-(3-hydroxypropyl)-N-methylfuran-2-carboxamide (1g)
OMe

H Br@
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Colorless solid, (695 mg, 63% over 3 steps), m.p. = 103.2-104.8 °C, IR (KBr) 3635, 2920, 1734,
1641, 1595, 1426, 970, 866, 721 cm™; *H NMR (400 MHz, CDCl5) 6 7.21 (d, J = 6.9 Hz, 2H),
6.91 (d, J = 8.5 Hz, 1H), 5.94 (s, 1H), 5.90 (s, 1H), 3.86 (s, 3H), 3.57 (t, J = 5.9 Hz, 2H), 3.32 (s,
3H), 2.62 (t, J = 7.1 Hz, 2H), 1.91 (s, 1H), 1.80 — 1.66 (m, 2H); **C NMR (100 MHz, CDCls) ¢
159.7, 159.5, 158.3, 145.6, 135.9, 130.3, 124.0, 118.5, 117.3, 114.4, 107.2, 61.6, 55.8, 37.1, 30.4,

24.3; HRMS (ESI) m/z calcd for C16H1gBrNO,: [M + H]" 368.0492; Found: 368.0492.

N-(2-bromo-4-(tert-butyl)phenyl)-5-(3-hydroxypropyl)-N-methylfuran-2-carboxamide (1h)
tBu

'T' Br
o N
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Colorless oil, (613 mg, 52% over 3 steps), IR (KBr) 3636, 3301, 2952, 2846, 1726, 1568, 1428,
956, 839, 750, 694 cm™; 'H NMR (400 MHz, CDCl3) 6 7.66 (s, 1H), 7.38 (d, J = 8.2 Hz, 1H),
7.21 (d, J = 8.2 Hz, 1H), 6.06 (s, 1H), 5.90 (s, 1H), 3.55 (t, J = 6.0 Hz, 2H), 3.33 (s, 3H), 2.57 (t, J
= 6.7 Hz, 2H), 2.03 (s, 1H), 1.76 — 1.62 (m, 2H), 1.35 (s, 9H); *C NMR (100 MHz, CDCl5) 6
159.3, 158.2, 153.4, 145.7, 140.3, 130.5, 129.3, 125.7, 123.1, 117.4, 107.3, 61.4, 37.0, 34.8, 31.2,

30.3, 24.3; HRMS (ESI) m/z calcd for C19H24,BrNO3: [M + H]" : 394.1012; Found: 394.1012.

N-(2-bromo-4-(tert-butyl)phenyl)-N-ethyl-5-(3-hydroxypropyl)furan-2-carboxamide (1i)
tBu

lﬂ Br

L
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Colorless oil, (647 mg, 53% over 3 steps), IR (KBr) 3636, 3354, 2923, 1732, 1632, 1524, 1466,
968, 858, 828, 743, 697 cm™; *H NMR (400 MHz, CDCl5) & 7.66 (s, 1H), 7.34 (d, J = 8.2 Hz, 1H),
7.16 (d, J = 8.2 Hz, 1H), 5.98 (s, 1H), 5.88 (s, 1H), 4.25 — 4.15 (m, 1H), 3.55 (t, J = 5.9 Hz, 2H),
3.52 — 3.41 (m, 1H), 2.55 (t, J = 6.5 Hz, 2H), 2.00 (s, 1H), 1.74 — 1.63 (m, 2H), 1.35 (s, 9H), 1.22
(t,J = 7.1 Hz, 3H); *C NMR (100 MHz, CDCl3) ¢ 158.8, 158.1, 153.3, 145.9, 138.6, 130.6, 130.4,
125.3, 123.7, 117.2, 107.2, 61.5, 44.4, 34.8, 31.2, 30.4, 24.3, 12.7; HRMS (ESI) m/z calcd for

CaoH6BrNO3: [M + H]" : 408.1169; Found: 408.1169.
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N-(2-bromo-4-(tert-butyl)phenyl)-5-(3-hydroxypropyl)-N-isopropylfuran-2-carboxamide (1k)
tBu

g Br
O
S5
Colorless oil, (631 mg, 50% over 3 steps), IR (KBr) 3635, 3067, 2947, 1720, 1583, 1490, 1261,
971, 751, 696 cm™; *H NMR (400 MHz, CDCls) 6 7.64 (s, 1H), 7.39 (d, J = 8.3 Hz, 1H), 7.22 (d,
J = 8.3 Hz, 1H), 5.87 (s, 2H), 4.92 — 4.85 (m, 1H), 3.56 (t, J = 6.2 Hz, 2H), 2.56 (t, J = 7.3 Hz,
2H), 2.10 (s, 1H), 1.72 — 1.66 (m, 2H), 1.36 (s, 12H), 1.13 (d, J = 6.9 Hz, 3H); *C NMR (100
MHz, CDCIs) ¢ 158.9, 158.0, 153.5, 146.4, 136.5, 130.9, 130.6, 125.8, 125.1, 116.9, 107.2, 61.4,
49.6, 34.8, 31.2, 30.4, 24.3, 21.9; HRMS (ESI) m/z calcd for C,1HsBrNOs: [M + H]™: 422.1325;

Found: 422.1323.

N-(2-bromophenyl)-5-(4-hydroxybutyl)-N-methylfuran-2-carboxamide (1)

SN/

(0]
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Colorless oil, (473 mg, 45% over 3 steps), IR (KBr) 3635, 3043, 2946, 1741, 1677, 1584, 1479,
1185, 972, 857, 764, 692 cm™; 'H NMR (400 MHz, CDCl3) § 7.68 (d, J = 7.9 Hz, 1H), 7.37 (t, J =
7.5 Hz, 1H), 7.30 — 7.23 (m, 2H), 6.07 (s, 1H), 5.87 (s, 1H), 3.60 (t, J = 5.3 Hz, 2H), 3.35 (s, 3H),
2.47 (t, J = 7.0 Hz, 2H), 1.81 (s, 1H), 1.55 — 1.45 (m, 4H); *C NMR (100 MHz, CDCls) 6 159.2,
158.7, 145.5, 143.2, 133.6, 130.0, 129.5, 128.7, 123.5, 117.5, 107.1, 62.2, 37.0, 31.9, 27.6, 23.6;

HRMS (ESI) m/z calcd for C1gH1sBrNO; [M + H]*: 352.0543; Found: 352.0540.

N-(2-bromo-5-methylphenyl)-5-(4-hydroxybutyl)-N-methylfuran-2-carboxamide (1m)

H Br<©/
o 1

im ©
Colorless oil, (536 mg, 49% over 3 steps), IR (KBr) 3636, 3056, 2921, 1736, 1631, 1591, 1426,
1359, 939, 807, 741, 704 cm™; *H NMR (400 MHz, CDCl5) § 7.52 (d, J = 8.1 Hz, 1H), 7.11 (s,
1H), 7.07 (d, J = 8.1 Hz, 1H), 5.98 (s, 1H), 5.87 (s, 1H), 3.60 (t, J = 6.1 Hz, 2H), 3.31 (s, 3H), 2.49
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(t, J= 7.0 Hz, 2H), 2.32 (s, 3H), 1.55 — 1.45 (m, 4H): *C NMR (100 MHz, CDCl,) § 159.2, 158.8,
145.4, 142.7, 139.1, 133.2, 130.5, 130.4, 119.8, 117.4, 107.1, 62.1, 37.1, 31.9, 27.6, 23.7, 20.7;

HRMS (ESI) m/z calcd for C17H0BrNO3: [M + H]* 366.0699; Found: 366.0700.

N-(2-bromo-5-methylphenyl)-N-ethyl-5-(4-hydroxybutyl)furan-2-carboxamide (1n)

K Br<©/
o [
Cletne

in ©
Yellow oil, (591 mg, 52% over 3 steps), IR (KBr) 3635, 3044, 2946, 1742, 1586, 1475, 1192, 968,
857, 697 cm™; 'H NMR (400 MHz, CDCls) 6 7.53 (d, J = 8.6 Hz, 1H), 7.08 (d, J = 5.9 Hz, 2H),
5.92 (s, 1H), 5.85 (s, 1H), 4.20 — 4.10 (m, 1H), 3.60 (t, J = 6.1 Hz, 2H), 3.54 — 3.45 (m, 1H), 2.50
(s, 1H), 2.49 (t, J = 7.0 Hz, 2H), 2.33 (s, 3H), 1.59 — 1.45 (m, 4H), 1.22 (t, J = 7.1 Hz, 3H); °C
NMR (100 MHz, CDCls) & 158.8, 158.6, 145.6, 141.1, 138.6, 133.2, 131.5, 130.3, 120.6, 117.2,
107.1, 62.1, 44.5, 31.9, 27.7, 23.7, 20.7, 12.6; HRMS (ESI) m/z calcd for C1gH»BrNO3 : [M + H]":

380.0856; Found: 380.0856.

N-(2-bromo-4-methylphenyl)-5-(4-hydroxybutyl)-N-methylfuran-2-carboxamide (10)

i oBr

SR\
%N\

10O

Colorless oil, (525 mg, 48% over 3 steps), IR (KBr) 3635, 3317, 3044, 2933, 1736, 1594, 1494,
1120, 950, 868, 797, 746 cm™; *H NMR (400 MHz, CDCls) & 7.49 (s, 1H), 7.16 (s, 2H), 5.92 (s,
1H), 5.86 (s, 1H), 3.59 (t, J = 5.7 Hz, 2H), 3.31 (s, 3H), 2.50 (t, J = 6.4 Hz, 2H), 2.39 (s, 3H), 2.25
(s, 1H), 1.58 — 1.45 (m, 4H); **C NMR (100 MHz, CDCls) ¢ 159.4, 158.7, 145.4, 140.4, 140.1,
134.0, 129.5, 129.4, 123.0, 117.3, 107.0, 62.1, 37.0, 31.9, 27.6, 23.7, 20.8; HRMS (ESI) m/z calcd

for C17H20BrNO; [M + Na]': 388.0519; Found: 388.0516.

N-(2-bromo-4,6-dimethylphenyl)-5-(4-hydroxybutyl)-N-methylfuran-2-carboxamide (1p)

12



Ho B

CMN
(e} AN

1p ©
Colorless ail, (602 mg, 53% over 3 steps), IR (KBr) 3596, 3041, 2945, 1635, 1428, 1264, 930, 744,
701 cm™; *H NMR (400 MHz, CDCls) & 7.32 (s, 1H), 7.04 (s, 1H), 5.85 (d, J = 2.7 Hz, 1H), 5.83
(d, J = 2.7 Hz, 1H), 3.61 (t, J = 6.1 Hz, 2H), 3.25 (s, 3H), 2.53 (t, J = 6.6 Hz, 2H), 2.34 (s, 3H),
2.19 (s, 3H), 1.60 — 1.45 (m, 4H); *C NMR (100 MHz, CDCls;) § 159.3, 158.8, 145.4, 139.8,
138.8, 138.1, 131.6, 131.0, 123.8, 116.6, 107.1, 62.2, 35.3, 31.9, 27.7, 23.6, 20.8, 18.3; HRMS

(ESI) m/z caled for CigH»,BrNO; [M + H]': 380.0856; Found: 380.0855.

N-(2-bromo-4-(tert-butyl)phenyl)-5-(4-hydroxybutyl)-N-methylfuran-2-carboxamide (1q)

tBu

o
Cleyn

o]
1q

Colorless solid, (683 mg, 56% over 3 steps), m.p. = 77.8 — 78.4°C, IR (KBr) 3635, 3043, 2947,
1724, 1582, 1491, 1193, 968, 853, 750, 694 cm™; *H NMR (400 MHz, CDCly) 6 7.66 (s, 1H), 7.37
(d, J=8.2 Hz, 1H), 7.21 (d, J = 8.2 Hz, 1H), 6.02 (s, 1H), 5.87 (s, 1H), 3.61 (t, J = 5.7 Hz, 2H),
3.33 (s, 3H), 2.47 (t, J = 6.4 Hz, 2H), 1.82 (s, 1H), 1.58 — 1.45 (m, 4H), 1.35 (s, 9H); *C NMR
(100 MHz, CDCls3) ¢ 159.2, 158.6, 153.4, 145.6, 140.3, 130.5, 129.3, 125.7, 123.0, 117.4, 107.1,
62.2, 37.0, 34.8, 31.9, 31.2, 27.6, 23.6; HRMS (ESI) m/z calcd for CyHBrNO; [M + H]":

408.1169; Found: 408.1169.

N-(2-bromo-4-methoxyphenyl)-5-(4-hydroxybutyl)-N-methylfuran-2-carboxamide (1r)
OMe

i Br@

ety
0 AN

o]
1r

Colorless solid, (720 mg, 63% over 3 steps), m.p. = 91.5 — 92.8°C, IR (KBr) 3065, 2946, 1736,

1588, 1438, 1144, 949, 862, 749 cm™; *H NMR (400 MHz, CDCl3) § 7.23 — 7.07 (m, 2H), 6.93 —

6.83 (M, 1H), 5.91 (s, 1H), 5.86 (s, 1H), 3.84 (s, 3H), 3.59 (t, J = 5.7 Hz, 2H), 3.29 (s, 3H), 2.52 (t,
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J=5.7 Hz, 2H), 1.59 — 1.48 (m, 4H); **C NMR (100 MHz, CDCly) 6 159.6, 159.5, 158.7, 145.4,
135.8, 130.3, 123.9, 1185, 117.3, 114.4, 107.0, 62.1, 55.8, 37.1, 31.9, 27.7, 23.7; HRMS (ESI)

m/z caled for C17H20BrNO, [M + H]™: 382.0648; Found: 382.0648.

N-(2-bromo-4-fluorophenyl)-5-(4-hydroxybutyl)-N-methylfuran-2-carboxamide (1s)

Yellow oil, (610 mg, 55% over 3 steps), IR (KBr) 3634, 3041, 2946, 1735, 1668, 1591, 1489,
1241 971, 855, 742, 703 cm™; *H NMR (400 MHz, CDCl5) & 7.46 — 7.37 (m, 1H), 7.37 — 7.24 (m,
1H), 7.16 — 7.05 (m, 1H), 6.19 (s, 1H), 5.91 (s, 1H), 3.59 (t, J = 6.1 Hz, 2H), 3.31 (s, 3H), 2.54 (s,
1H), 2.48 (t, J = 7.0 Hz, 2H), 1.59 — 1.41 (m, 4H); **C NMR (100 MHz, CDCl5) 6 161.5, 159.2,
158.9, 145.4, 139.5, 130.9, 124.1, 120.7, 117.8, 115.7, 107.1, 62.1, 37.1, 31.8, 27.6, 23.7; HRMS

(ESI) m/z calcd for CiH17BrFNO; [M + H]': 370.0449; Found: 370.0449.

N-(2-bromo-5-fluorophenyl)-5-(4-hydroxybutyl)-N-methylfuran-2-carboxamide (1t)

F
oy
%N
o N

1t O
Colorless oil, (444 mg, 40% over 3 steps), IR (KBr) 3435, 3066, 2921, 1775, 1650, 1584, 1471,
1193, 967, 859, 746 cm™; *H NMR (400 MHz, CDCls) § 7.65 — 7.61 (m, 1H), 7.14 — 6.97 (m, 2H),
6.33 (s, 1H), 5.92 (s, 1H), 3.62 (t, J = 6.5 Hz, 2H), 3.34 (s, 3H), 2.48 (t, J = 7.0 Hz, 2H), 1.94 (s,
1H), 1.55 - 1.45 (m, 4H); BC NMR (100 MHz, CDCls) 6 163.3, 160.8, 158.9, 145.4, 134.3, 118.0,
1175, 117.3, 116.9, 116.7, 107.2, 62.2, 36.9, 31.9, 27.7, 23.7;, HRMS (ESI) m/z calcd for

C16H17BrFNO3: [M + H]™: 370.0449; Found: 370.0447.

N-(2-bromophenyl)-5-(5-hydroxypentyl)-N-methylfuran-2-carboxamide (1u)

(T
o N

1uo
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Yellow oil, (438 mg, 40% over 3 steps), IR (KBr) 3643, 3065, 2934, 1733, 1650, 1472, 1183, 917,
812, 746 cm™; 'H NMR (400 MHz, CDCl3) & 7.65 (d, J = 7.1 Hz, 1H), 7.35 (t, J = 7.1 Hz, 1H),
7.28 — 7.22 (m, 2H), 6.06 (s, 1H), 5.83 (s, 1H), 3.59 (t, J = 6.5 Hz, 2H), 3.32 (s, 3H), 2.48 (t, J =
7.0 Hz, 2H), 2.28 (s, 1H), 1.52— 1.49 (m, 2H), 1.47— 1.41 (m, 2H), 1.27— 1.25 (m, 2H); *C NMR
(100 MHz, CDCls) 6 159.2, 158.9, 145.4, 143.1, 133.6, 130.0, 129.5, 128.7, 123.4, 117.5, 106.9,
62.4, 37.0, 32.2, 27.8, 27.1, 25.1; HRMS (ESI) m/z calcd for C17H20BrNO; [M + H]": 366.0699;

Found: 366.0698.

N-(2-bromophenyl)-5-(6-hydroxyhexyl)-N-methylfuran-2-carboxamide (1v)

OH
I\
(0]

1v

Yellow oil, (530 mg, 46% over 3 steps), IR (KBr) 3615, 3206, 2945, 1660, 1584, 1473, 1187, 945,
747 cm™; 'H NMR (400 MHz, CDCls) 6 7.67 (d, J = 7.9 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 7.23 -
7.29 (m, 2H), 6.08 (s, 1H), 5.84 (s, 1H), 3.62 (t, J = 6.4 Hz, 2H), 3.34 (s, 3H), 2.48 (t, J = 7.0 Hz,
2H), 1.69 (s, 1H), 1.55 — 1.49 (m, 2H), 1.46 — 1.37 (m, 2H), 1.36 — 1.25 (m, 2H), 1.25 — 1.22 (m,
2H): 3C NMR (100 MHz, CDCls) § 159.2, 159.1, 145.5, 143.2, 133.6, 130.1, 129.5, 128.6, 123.5,
117.5, 106.8, 62.7, 37.0, 32.5, 28.6, 27.8, 27.3, 25.3; HRMS (ESI) m/z calcd for C15H,,BrNO3 [M

+ Na]": 402.0675; Found: 402.0671.

N-(2-bromophenyl)-5-(2-hydroxyethyl)-N-methylfuran-2-carboxamide (1w)

Colorless oil, (406 mg, 42% over 3 steps), IR (KBr) 3606, 3051, 2948, 1733, 1588, 1431, 1265,
945, 743 cm™; 'H NMR (400 MHz, CDCls) 6 7.67 (d, J = 7.9 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H),
7.27 (dd, J = 13.5, 6.9 Hz, 2H), 6.00 (s, 1H), 5.96 (s, 1H), 3.67 (t, J = 5.6 Hz, 2H), 3.33 (s, 3H),
2.72 (t, J = 5.6 Hz, 2H), 2.60 (s, 1H); *C NMR (100 MHz, CDCl5) 6 159.2, 156.0, 145.8, 143.0,
133.7, 130.0, 129.7, 128.7, 123.4, 117.5, 108.4, 60.0, 37.0, 31.6; HRMS (ESI) m/z calcd for

C14H14BrNO3[M + Na]™: 346.0049; Found: 346.0043.
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Characterization of 2

1'-methyl-spiro[2,3']Joxindole-spiro[2,2" ]tetrahydrofuran-2,5-dihydrofuran (2a)

Yellow oil, (63 mg, 82%), IR (KBr) 2944, 2847, 1730, 1609, 1490, 1348, 1001, 864, 751, 692
cm™; *H NMR (400 MHz, CDCls) 6 7.34 (t, J = 7.6 Hz, 1H), 7.13 — 7.06 (m, 2H), 6.83 (d, /= 7.8
Hz, 1H), 6.15 (d, J = 5.6 Hz, 1H), 5.87 (d, J = 5.6 Hz, 1H), 4.28 — 4.16 (m, 1H), 4.05 — 3.89 (m,
1H), 3.20 (s, 3H), 2.31 — 2.23 (M, 2H), 2.23 — 2.12 (m, 1H), 2.06 — 1.99 (m, 1H); *C NMR (100
MHz, CDCls) § 173.7, 144.0, 132.0, 130.7, 130.2, 127.7, 124.2, 122.9, 120.6, 108.4, 89.0, 69.0,

37.7,26.5, 24.7; HRMS (ESI) m/z calcd for C15HisNOs [M + Na]™: 280.0944; Found: 280.0951.

1'-methyl-spiro[2,3']5"-fluoro-oxindole-spiro[2,2' ]tetrahydrofuran-2,5-dihydrofuran (2b)

Yellow oil, (76 mg, 85%), IR (KBr) 2925, 2849, 1730, 1494, 1110, 980, 804, 747, 699 cm™; 'H
NMR (400 MHz, CDCls) 6 7.11 (d, J = 7.4 Hz, 1H), 7.03 (t, J = 8.8 Hz, 1H), 6.79 — 3.71 (m, 1H),
6.15 (d, J = 5.7 Hz, 1H), 5.84 (d, J = 5.7 Hz, 1H), 4.24 — 4.10 (m, 1H), 3.98 — 3.92 (m, 1H), 3.20
(s, 3H), 2.47 (g, J = 11.4 Hz, 1H), 2.29 — 2.15 (m, 2H), 2.05 (t, J = 11.3 Hz, 1H); **C NMR (100
MHz, CDCls) 6 174.3, 159.7, 139.2, 132.3, 130.2, 129.5, 121.0, 116.4, 113.5, 108.8, 89.0, 69.0,

37.0, 26.6, 24.7; HRMS (ESI) m/z calcd for CisH1.FNO3 [M + Na]*: 298.0850; Found: 298.0858.

1'-methyl-spiro[2,3']6'-fluoro-oxindole-spiro[2,2" " ]tetrahydrofuran-2,5-dihydrofuran (2c)
F

o

(0] N\
(e}
2c

Yellow solid, (68 mg, 83%), m.p. = 124.8-125.5 °C, IR (KBr) 2947, 2823, 1735, 1581, 1264, 1186,
965, 748 cm™; 'H NMR (400 MHz, CDCl;) 6 7.14 — 7.00 (m, 1H), 6.74 (t, J = 8.8 Hz, 1H), 6.57

(d, J=8.2 Hz, 1H), 6.16 (d, J = 5.7 Hz, 1H), 5.84 (d, J = 5.7 Hz, 1H), 4.23 — 4.18 (m, 1H), 3.98 (q,
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J = 7.4 Hz, 1H), 3.19 (s, 3H), 2.33 — 2.12 (m, 3H), 2.09 — 1.98 (m, 1H); *C NMR (100 MHz,
CDCly) § 174.0, 164.3, 145.7, 132.4, 130.4, 125.6, 123.0, 120.5, 109.4, 97.4, 88.4, 69.0, 37.7, 26.6,

24.7; HRMS (ESI) m/z calcd for C1sH14FNO3 [M + Na]*: 298.0850; Found: 298.0856.

1'-methyl-spiro[2,3']5'-methyl-oxindole-spiro[2,2'*]tetrahydrofuran-2,5-dihydrofuran (2d)

Yellow oil, (61 mg, 75%), IR (KBr) 2948, 2824, 1725, 1583, 1491, 1262, 947, 749 cm™; *H NMR
(400 MHz, CDCl3) ¢ 7.11 (d, J = 7.9 Hz, 1H), 6.91 (s, 1H), 6.70 (d, J = 7.9 Hz, 1H), 6.12 (d, J =
5.7 Hz, 1H), 5.84 (d, J = 5.7 Hz, 1H), 4.22 — 4.17 (m, 1H), 3.96 (q, J = 7.5 Hz, 1H), 3.16 (s, 3H),
2.31 (s, 3H), 2.26 (t, J = 6.9 Hz, 2H), 2.18 — 2.14 (m, 1H), 2.07 - 1.96 (m, 1H); *C NMR (100
MHz, CDCls) 6 173.7, 141.6, 132.5, 131.9, 130.9, 130.4, 127.6, 125.0, 120.5, 108.2, 89.2, 69.0,
37.7, 26.5, 24.7, 20.9; HRMS (ESI) m/z calcd for CiHi7NO; [M + Na]™: 294.1101; Found:

294.1105.

1'-methyl-spiro[2,3']6'-methyl-oxindole-spiro[2,2'"]tetrahydrofuran-2,5-dihydrofuran (2e)

Yellow oil, (65 mg, 80%), IR (KBr) 2946, 2845, 1728, 1582, 1466, 1262, 948, 835, 751, 699 cm™;
'H NMR (400 MHz, CDCl3) 6 7.00 (d, J = 7.5 Hz, 1H), 6.88 (d, J = 7.5 Hz, 1H), 6.65 (s, 1H),
6.14 (d, J = 5.6 Hz, 1H), 5.85 (d, J = 5.6 Hz, 1H), 4.27 — 4.17 (m, 1H), 4.00 — 3.95 (m, 1H), 3.19
(s, 3H), 2.40 (s, 3H), 2.28 — 2.13 (m, 3H), 2.07 — 1.96 (m, 1H); **C NMR (100 MHz, CDCl5) &
174.0, 144.1, 140.7, 131.9, 130.8, 124.7, 124.0, 123.4, 120.4, 109.3, 88.9, 68.9, 37.7, 26.4, 24.7,

21.9; HRMS (ESI) m/z calcd for C16H17NO3 [M + Na]*: 294.1101; Found: 294.1105.

1'-methyl-spiro[2,3']5',7'-dimethyl-oxindole-spiro[2,2""Jtetrahydrofuran-2,5-dihydrofuran (2f)
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Yellow oil, (60 mg, 70%), IR (KBr) 2944, 2828, 1725, 1678, 1585, 1473, 1264, 1161, 990, 746
cm; *H NMR (400 MHz, CDCl5) & 6.87 (s, 1H), 6.76 (s, 1H), 6.12 (d, J = 5.6 Hz, 1H), 5.84 (d, J
= 5.6 Hz, 1H), 4.24 — 4.19 (m, 1H), 3.98 (q, J = 7.5 Hz, 1H), 3.46 (s, 3H), 2.52 (s, 3H), 2.28 (s,
3H), 2.27 — 2.16 (m, 3H), 2.05 — 1.99 (m, 1H); **C NMR (100 MHz, CDCl5) § 174.4, 139.2, 134.3,
132.4, 131.7, 131.1, 128.3, 122.9, 120.4, 119.8, 88.7, 68.9, 37.7, 29.9, 24.7, 20.6, 18.7; HRMS

(ESI) m/z caled for Ci7H1oNO3 [M + Na]*: 308.1257; Found: 308.1264.

1'-methyl-spiro[2,3']5'-methoxy-oxindole-spiro[2,2" ]tetrahydrofuran-2,5-dihydrofuran (2g)
MeO

Yellow oil, (63 mg, 75%), IR (KBr) 2947, 2823, 1726, 1582, 1492, 1265, 1188, 924, 856, 743
cm™; *H NMR (400 MHz, CDCl3) & 6.85 — 6.82 (m, 1H), 6.78 — 6.65 (m, 2H), 6.13 (d, J = 5.6 Hz,
1H), 5.85 (d, J = 5.6 Hz, 1H), 4.28 — 4.16 (m, 1H), 3.96 (g, J = 7.4 Hz, 1H), 3.78 (s, 3H), 3.16 (5,
3H), 2.29 - 2.12 (m, 3H), 2.06 — 1.98 (m, 1H); **C NMR (100 MHz, CDCls) 6 173.4, 156.3, 137.4,
132.0, 130.7, 129.0, 120.6, 114.3, 111.7, 108.8, 89.3, 69.0, 55.8, 37.7, 26.6, 24.7; HRMS (ESI)

m/z caled for C1H17NO,4 [M + Na]™: 310.1050; Found: 310.1057.

1'-methyl-spiro[2,3']5"-(tert-butyl)-oxindole-spiro[2,2'"Jtetrahydrofuran-2,5-dihydrofuran (2h)

Yellow oil, (68 mg, 72%), IR (KBr) 2951, 2823, 1730, 1581, 1494, 1264, 1190, 947, 747 cm™; *H
NMR (400 MHz, CDCls) 6 7.34 (d, J = 7.4 Hz, 1H), 7.11 (s, 1H), 6.74 (d, J = 8.2 Hz, 1H), 6.14 (d,
J =57 Hz, 1H), 5.86 (d, J = 5.7 Hz, 1H), 4.23 — 4.18 (m, 1H), 3.97 (q, J = 7.5 Hz, 1H), 3.17 (s,

3H), 2.29 — 2.16 (m, 3H), 2.08 — 1.97 (m, 1H), 1.30 (s, 9H); **C NMR (100 MHz, CDCl3) J 173.8,
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146.2, 141.6, 132.0, 130.9, 127.3, 126.9, 121.2, 120.5, 107.9, 89.3, 68.9, 37.8, 34.5, 31.5, 26.5,

24.7; HRMS (ESI) m/z calcd for C19H2sNOs [M + Na]*: 336.1570; Found: 336.1577.

1'-ethyl-spiro[2,3']5'-(tert-butyl)-oxindole-spiro[2,2" ]tetrahydrofuran-2,5-dihydrofuran (2i)

Yellow oil, (64 mg, 65%), IR (KBr) 2960, 1730, 1620, 1599, 1469, 1210, 976, 878, 832, 744 cm™;
'H NMR (400 MHz, CDCls) § 7.33 (d, J = 7.5 Hz, 1H), 7.11 (s, 1H), 6.76 (d, J = 8.2 Hz, 1H),
6.13 (d, J = 5.7 Hz, 1H), 5.86 (d, J = 5.7 Hz, 1H), 4.24 — 4.19 (m, 1H), 3.97 (q, J = 7.4 Hz, 1H),
3.81 — 3.62 (M, 2H), 2.34 — 2.12 (m, 3H), 2.04 — 2.01 (m, 1H), 1.30 (s, 9H), 1.26 (t, J = 7.2 Hz,
3H): *C NMR (100 MHz, CDCly) § 173.3, 145.9, 140.7, 131.8, 131.0, 127.5, 126.9, 121.4, 120.5,
108.1, 89.4, 69.0, 37.8, 35.0, 34.5, 31.5, 24.8, 12.6; HRMS (ESI) m/z calcd for CooHpsNO3 [M +

Na]*: 350.1727; Found: 350.1735.

1'-methyl-spiro[2,3"]Joxindole-spiro[2,2" " ]tetrahydro-2H-pyran-2,5-dihydrofuran (2I)

2l
Yellow oil, (59 mg, 73%), IR (KBr) 2943, 2848, 1731, 1609, 1492, 1368, 1265, 1001, 976, 943,

866, 749 cm™; *H NMR (400 MHz, CDClg) & 7.33 (t, J = 7.6 Hz, 1H), 7.14 — 7.02 (m, 2H), 6.82
(d, J = 7.8 Hz, 1H), 6.15 (d, J = 5.7 Hz, 1H), 5.81 (d, J = 5.7 Hz, 1H), 4.04 (t, J = 11.8 Hz, 1H),
3.91 - 3.82 (m, 1H), 2.10 — 1.96 (m, 1H), 1.91 (d, J = 12.4 Hz, 2H), 1.80 — 1.60 (m, 2H), 1.53 (d,
J = 13.4 Hz, 1H); *C NMR (100 MHz, CDCls) § 173.8, 143.9, 134.4, 130.2, 130.1, 127.9, 124.4,
122.9, 112.1, 108.4, 89.9, 63.0, 35.3, 26.5, 24.7, 19.3; HRMS (ESI) m/z calcd for C1sH17NO3 [M +

Na]*: 294.1101; Found: 294.1108.

1'-methyl-spiro[2,3']6'-methyl-oxindole-spiro[2,2'*]tetrahydro-2H-pyran-2,5-dihydrofuran (2m)



Yellow oil, (57 mg, 69%), IR (KBr) 2943, 2849, 1733, 1619, 1465, 1370, 1213, 1003, 978, 944,
807, 702 cm™; *H NMR (400 MHz, CDCls) 6 6.91 (d, J = 7.5 Hz, 1H), 6.78 (d, J = 7.5 Hz, 1H),
6.57 (s, 1H), 6.06 (d, J = 5.7 Hz, 1H), 5.71 (d, J = 5.7 Hz, 1H), 4.02 — 3.92 (m, 1H), 3.79 (t, J =
9.7 Hz, 1H), 3.10 (s, 3H), 2.31 (s, 3H), 1.96 — 1.92 (m, 1H), 1.89 — 1.77 (m, 2H), 1.69 — 1.55 (m,
2H), 1.45 (d, J = 13.1 Hz, 1H); **C NMR (100 MHz, CDCl5) 6 174.1, 144.0, 140.7, 134.2, 130.4,
125.0, 124.1, 123.4, 111.9, 109.3, 89.8, 63.0, 35.3, 26.4, 24.7, 21.9, 19.3; HRMS (ESI) m/z calcd

for C17H1oNO3 [M + Na]™: 308.1257; Found: 308.1263.

1'-ethyl-spiro[2,3"]6'-methyl-oxindole-spiro[2,2""Jtetrahydro-2H-pyran-2,5-dihydrofuran (2n)

Na]
O, \

o N
(0]
2n

Colorless oil, (60 mg, 67%), IR (KBr) 2925, 2850, 1730, 1464, 1212, 1101, 947, 801, 748, 699
cm’; 'H NMR (400 MHz, CDCl,) 6 6.91 (d, J = 7.5 Hz, 1H), 6.77 (d, J = 7.5 Hz, 1H), 6.59 (s,
1H), 6.06 (d, J = 5.7 Hz, 1H), 5.71 (d, J = 5.7 Hz, 1H), 3.97 (t, J = 11.2 Hz, 1H), 3.79 (t, J= 7.5
Hz, 1H), 3.68 — 3.61 (m, 2H), 2.31 (s, 3H), 1.93 — 1.89 (m, 1H), 1.83 (d, J = 12.6 Hz, 2H), 1.67 (d,
J = 5.1 Hz, 2H), 1.51 — 1.39 (m, 1H), 1.20 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCl;) &
173.7, 143.1, 140.6, 134.0, 130.5, 125.2, 124.3, 123.1, 112.0, 109.4, 89.9, 63.0, 35.3, 34.9, 24.7,

21.9, 19.4, 12.6; HRMS (ESI) m/z calcd for C1gH,;NO3 [M + Na]™: 322.1414; Found: 322.1416.

1'-methyl-spiro[2,3']5'-methyl-oxindole-spiro[2,2'"]tetrahydro-2H-pyran-2,5-dihydrofuran (20)

Colorless oil, (59 mg, 72%), IR (KBr) 2950, 2823, 1735, 1582, 1264, 939, 855, 747 cm™; 'H
NMR (400 MHz, CDCls) ¢ 7.12 (d, J = 7.8 Hz, 1H), 6.90 (s, 1H), 6.70 (d, J = 7.8 Hz, 1H), 6.14 (d,
J=5.7 Hz, 1H), 5.80 (d, J = 5.7 Hz, 1H), 4.04 (t, J = 11.7 Hz, 1H), 3.87 (d, J = 10.5 Hz, 1H), 3.18
(s, 3H), 2.32 (s, 3H), 2.06 — 1.95 (m, 3H), 1.79 — 1.61 (m, 2H), 1.54 (d, J = 13.2 Hz, 1H); °C

NMR (100 MHz, CDCl3) ¢ 173.8, 141.5, 134.2, 132.5, 130.4, 130.4, 127.9, 125.1, 112.1, 108.1,
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90.0, 63.0, 35.3, 26.5, 24.7, 21.0, 19.4; HRMS (ESI) m/z calcd for Ci7H1oNOs; [M + Na]™:

308.1257; Found: 308.1264.

1'-methyl-spiro[2,3']5',7'-dimethyl-oxindole-spiro[2,2"Jtetrahydro-2H-pyran-2,5-dihydrofuran
(2p)

Colorless oil, (58 mg, 65%), IR (KBr) 2946, 2823, 1728, 1583, 1481, 1264, 944, 747 cm™; 'H
NMR (400 MHz, CDCls) 5 6.88 (s, 1H), 6.75 (s, 1H), 6.15 (d, J = 5.7 Hz, 1H), 5.80 (d, J = 5.7 Hz,
1H), 4.06 (t, J = 11.7 Hz, 1H), 3.89 (d, J = 10.5 Hz, 1H), 3.47 (s, 3H), 2.53 (s, 3H), 2.28 (s, 3H),
2.12 - 1.87 (m, 3H), 1.82 — 1.71 (m, 2H), 1.56 (d, J = 13.3 Hz, 1H); *C NMR (100 MHz, CDCls)
§174.5,139.0, 134.3, 134.0, 132.4, 130.7, 128.6, 123.0, 119.8, 112.0, 89.6, 63.0, 35.3, 29.9, 24.7,

20.6, 19.4, 18.7; HRMS (ESI) m/z calcd for CigH,;NO3 [M + Na]™: 322.1414; Found: 322.1416.

1'-methyl-spiro[2,3']5"-(tert-butyl)-oxindole-spiro[2,2" Jtetrahydro-2H-pyran-2,5-dihydrofuran
(20)

Yellow oil, (68 mg, 70%), IR (KBr) 2949, 2824, 1734, 1583, 1491, 1266, 942, 744 cm™; *H NMR
(400 MHz, CDCl3) 6 7.41 (s, 1H), 7.36 (d, J = 8.1 Hz, 1H), 6.77 (d, J = 8.1 Hz, 1H), 6.15 (d, J =
5.7 Hz, 1H), 5.85 (d, J = 5.7 Hz, 1H), 3.99 (t, J = 11.5 Hz, 1H), 3.85 (d, J = 8.9 Hz, 1H), 3.21 (s,
3H), 2.21 (d, J = 9.8 Hz, 1H), 1.96 (t, J = 9.5 Hz, 2H), 1.78 — 1.69 (m, 2H), 1.56 (d, J = 12.6 Hz,
1H), 1.32 (s, 9H); *C NMR (100 MHz, CDCl3)  174.8, 146.7, 141.0, 134.1, 130.6, 127.8, 126.5,
122.8, 112.1, 107.7, 90.3, 62.9, 34.6, 34.2, 31.4, 26.5, 24.8, 19.3; HRMS (ESI) m/z calcd for

CaoH5NO3 [M + Na]™: 350.1727; Found: 350.1730.

1'-methyl-spiro[2,3']5'-methoxy-oxindole-spiro[2,2""]tetrahydro-2H-pyran-2,5-dihydrofuran
(2r)
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MeO

Yellow oil, (64 mg, 72%), IR (KBr) 2924, 2849, 1728, 1589, 1496, 1353, 1269, 1116, 1027, 980,
795, 747 cm™; *H NMR (400 MHz, CDCls) 6 6.97 (d, J = 1.8 Hz, 1H), 6.92 — 6.79 (m, 1H), 6.75
(d, J = 8.4 Hz, 1H), 6.14 (d, J = 5.7 Hz, 1H), 5.82 (d, J = 5.7 Hz, 1H), 3.99 (t, J = 11.7 Hz, 1H),
3.85 (s, 1H), 3.80 (s, 3H), 3.20 (s, 3H), 2.21 (d, J = 9.1 Hz, 1H), 1.96 (d, J = 9.0 Hz, 2H), 1.79 —
1.76 (m, 1H), 1.69 (d, J = 14.1 Hz, 1H), 1.56 (d, J = 13.4 Hz, 1H); *C NMR (100 MHz, CDCl3) 6
174.4, 156.6, 136.8, 134.2, 130.4, 129.3, 114.9, 112.3, 112.2, 108.7, 90.3, 63.1, 55.9, 34.3, 26.5,

24.8, 19.3; HRMS (ESI) m/z calcd for C17H19NO, [M + Na]™: 324.1206; Found: 324.1212.

1'-methyl-spiro[2,3']5"-fluoro-oxindole-spiro[2,2'']tetrahydro-2H-pyran-2,5-dihydrofuran (2s)

Yellow oil, (70 mg, 80%), m.p. = 127.9 — 128.5 °C, IR (KBr) 2945, 2846, 1733, 1493, 1266, 1190,
1002, 980, 802, 700 cm™; *H NMR (400 MHz, CDCl3) ¢ 7.00 (d, J = 7.4 Hz, 1H), 6.95 (t, J = 8.8
Hz, 1H), 6.72 — 6.61 (m, 1H), 6.06 (d, J = 5.7 Hz, 1H), 5.71 (d, J = 5.7 Hz, 1H), 3.87 (t, J = 11.0
Hz, 1H), 3.75 (d, J = 7.8 Hz, 1H), 3.12 (s, 3H), 2.09 (d, J = 8.1 Hz, 1H), 1.85 (p, J = 13.1 Hz, 2H),
1.68 (d, J = 11.0 Hz, 1H), 1.61 (t, J = 7.1 Hz, 1H), 1.47 (t, J = 12.8 Hz, 1H); *C NMR (100 MHz,
CDClg) 6 174.4, 159.7, 139.2, 134.6, 129.9, 116.3, 113.5, 112.5, 108.9, 108.8, 89.9, 63.1, 34.2,

26.6, 24.7, 19.3; HRMS (ESI) m/z calcd for C15H1sFNO3 [M + Na]™: 312.1006; Found: 312.1014.

1'-methyl-spiro[2,3']6"-fluoro-oxindole-spiro[2,2'']tetrahydro-2H-pyran-2,5-dihydrofuran (2t)

Yellow oil, (67 mg, 78%), IR (KBr) 2947, 2823, 1736, 1581, 1265, 932, 839, 746 cm™; *H NMR
(400 MHz, CDCl) 6 7.29 — 7.27 (m, 1H), 6.87 — 6.65 (m, 1H), 6.63 — 6.50 (m, 1H), 6.14 (d, J =

5.7 Hz, 1H), 5.79 (d, J = 5.7 Hz, 1H), 3.95 (t, J = 10.7 Hz, 1H), 3.83 — 3.80 (m, 1H), 3.21 (s, 3H),
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2.16 (t, J = 10.4 Hz, 1H), 1.93 (q, J = 13.1 Hz, 2H), 1.77 (d, J = 11.5 Hz, 1H), 1.69 — 1.64 (m, 1H),
1.56 (d, J = 12.8 Hz, 1H); *C NMR (100 MHz, CDCl3) 5 174.9, 164.3, 145.1, 134.5, 130.0, 126.8,
1235, 112.3, 109.3, 97.2, 89.4, 63.1, 34.3, 26.6, 24.8, 19.3; HRMS (ESI) m/z calcd for

C16H16FNO; [M + Na]™: 312.1006; Found: 312.1011.

1'-methyl-spiro[2,3']Joxindole-spiro[2,2"Joxepane-2,5-dihydrofuran (2u)

Ns
O, \

o N
o]
2u

Yellow oil, (41 mg, 50%), IR (KBr) 2941, 2848, 1729, 1580, 1468, 1349, 1268, 1153, 955, 864,
747 cm™; *H NMR (400 MHz, CDCl3) 6 7.31 (t, J = 8.7 Hz, 2H), 7.13 - 7.01 (m, 1H), 6.80 (d, J =
7.7 Hz, 1H), 6.27 (d, J = 5.7 Hz, 1H), 5.74 (d, J = 5.7 Hz, 1H), 4.00 — 3.86 (m, 1H), 3.78 (d, J =
12.7 Hz, 1H), 3.19 (s, 3H), 2.42-2.31 (m, 2H), 1.88 (d, J = 12.3 Hz, 1H), 1.78 (d, J = 7.2 Hz, 1H),
1.70 (d, J = 20.1 Hz, 2H), 1.61 — 1.36 (m, 4H); **C NMR (100 MHz, CDCl5) § 174.7, 143.4, 133.8,
130.0, 128.9, 128.2, 125.6, 123.2, 117.3, 108.2, 89.2, 64.1, 38.2, 30.9, 29.6, 26.4, 23.2; HRMS

(ESI) m/z caled for Ci7H1oNO3 [M + Na]*: 308.1257; Found: 308.1259.

Characterization of 15a

1'-methyl-spiro[2,3']Joxindole-spiro[2,2" tetrahydrofuran-tetrahydrofuran (15a)

15a
Yellow oil, (44 mg, 85%), IR (KBr) 2947, 2822, 1731, 1581, 1266, 936, 855, 746 cm™; 'H NMR
(400 MHz, CDCl3) 6 7.46 (d, J = 7.3 Hz, 1H), 7.27 (d, J = 6.7 Hz, 1H), 7.08 (t, J = 7.5 Hz, 1H),
6.76 (d, J = 7.7 Hz, 1H), 4.03 — 3.92 (m, 2H), 3.15 (s, 3H), 2.66 — 2.58 (m, 1H), 2.48 — 2.41 (m,
1H), 2.32 (dt, J = 19.9, 10.0 Hz, 2H), 2.23 (dd, J = 11.9, 7.1 Hz, 1H), 2.15 - 2.01 (m, 2H), 1.95
(dd, J = 20.7, 14.5 Hz, 1H); **C NMR (100 MHz, CDCls) ¢ 177.2, 143.5, 131.1, 129.4, 124.6,
123.3,117.1, 108.0, 83.1, 67.2, 35.7, 35.3, 34.3, 26.0, 24.2; HRMS (ESI) m/z calcd for C;15H;17NO3

[M + Na]": 282.1101; Found: 282.1105.
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Characterization of 16a

1'-methyl-spiro[2,3']Joxindole-spiro[2,2"" Jtetrahydrofuran-tetrahydrofuran-3,4-diol (16a)

R Ao
HO:!-
0]

o™

16a
white solid, (45 mg, 78%), m.p. = 168.1 — 169.7 °C, IR (KBr) 2947, 2846, 1713, 1610, 1469, 1352,
1185, 1013, 967, 693 cm™; *H NMR (400 MHz, CDCl5) § 7.61 (d, J = 7.3 Hz, 1H), 7.29 (t, /= 7.8
Hz, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.76 (d, J = 7.7 Hz, 1H), 4.63 (d, J = 4.8 Hz, 1H), 4.42 (s, 1H),
4.16 — 3.99 (m, 1H), 3.95 — 3.73 (m, 2H), 3.22 (t, J = 17.7 Hz, 1H), 3.10 (s, 3H), 2.35 — 2.29 (m,
1H), 2.18 — 2.07 (m, 1H), 2.06 — 1.96 (m, 1H), 1.90 (s, 1H); **C NMR (100 MHz, CDCls) § 176.8,
144.2, 130.0, 127.3, 126.0, 122.9, 116.7, 108.2, 85.3, 75.9, 75.8, 68.5, 32.5, 26.4, 23.6; HRMS

(ESI) m/z calcd for C15H17NOs [M + Na]™: 314.0999; Found: 314.1003.

Characterization of 20a

N-(2-bromophenyl)-5-(3-((tert-butyldimethylsilyl)oxy)propyl)-N-methylfuran-2-carboxamid

(20a)
e
TBSOW N
0 N

20a ©

Yellow oil, (903 mg, 68%), IR (KBr) 2923, 2849, 1734, 1582, 1475, 1264, 1155, 969, 747 cm™;
'H NMR (400 MHz, CDCls) 6 7.65 (d, J = 7.9 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 7.29 — 7.16 (m,
2H), 6.08 (s, 1H), 5.85 (s, 1H), 3.48 (t, J = 5.7 Hz, 2H), 3.33 (s, 3H), 2.50 (t, J = 6.9 Hz, 2H), 1.66
— 1.53 (m, 2H), 0.86 (s, 9H), 0.00 (s, 6H); **C NMR (100 MHz, CDCl5) ¢ 159.2, 158.6, 145.6,
143.3, 133.6, 130.0, 129.4, 128.6, 123.5, 117.4, 107.0, 61.8, 37.0, 30.2, 25.9, 24.4, 18.2, -5.3;

HRMS (ESI) m/z calcd for C,1H3oBrNO3Si [M + Na]*: 474.1071; Found: 474.1058.

Characterization of 21a

5-(3-((tert-butyldimethylsilyl)oxy)propylidene)-1'-methyl-5H-spiro[furan-2,3'-indolin]-2'-one
(21a)
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Yellow oil, (94 mg, 85%), IR (KBr) 2948, 2823, 1728, 1578, 1266, 945, 747 cm™; *H NMR (400
MHz, CDCl3) 6 7.38 (t, J = 7.7 Hz, 1H), 7.21 (d, J = 7.2 Hz, 1H), 7.09 (t, J = 7.4 Hz, 1H), 6.87 (d,
J=17.7Hz, 1H), 6.50 (d, J = 5.6 Hz, 1H), 5.91 (d, J = 5.6 Hz, 1H), 4.65 (t, J = 7.4 Hz, 1H), 3.67 (t,
J=5.7 Hz, 2H), 3.23 (s, 3H), 2.48 — 2.35 (m, 2H), 0.90 (s, 9H), 0.06 (s, 6H); *C NMR (100 MHz,
CDCl3) ¢ 173.1, 158.8, 143.6, 130.6, 129.9, 129.0, 126.8, 125.0, 123.2, 108.5, 96.7, 90.9, 62.8,
29.2, 26.5, 25.9, 18.3, -5.2; HRMS (ESI) m/z calcd for C,1H,0NO5Si [M + Na]*: 394.1809; Found:

394.1810.

Characterization of 22a

5-(3-hydroxypropylidene)-1'-methyl-5H-spiro[furan-2,3’-indolin]-2'-one (22a)

22a O

Yellow oil, (55 mg, 87%), IR (KBr) 2948, 2825, 1726, 1580, 1471, 1348, 1265, 944, 857, 750
cm™; *H NMR (400 MHz, CDClg) 6 7.36 (t, J = 7.7 Hz, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.08 (t, J =
7.5 Hz, 1H), 6.86 (d, J = 7.8 Hz, 1H), 6.50 (d, J = 5.7 Hz, 1H), 5.92 (d, J = 5.7 Hz, 1H), 4.64 (t, J
= 7.6 Hz, 1H), 3.67 (t, J = 5.7 Hz, 2H), 3.21 (s, 3H), 2.49 — 2.37 (m, 2H), 1.89 (s, 1H); *C NMR
(100 MHz, CDCl3) § 173.0, 159.8, 143.6, 130.8, 130.4, 128.9, 126.5, 125.0, 123.4, 108.7, 96.1,
91.0, 62.4, 29.1, 26.6; HRMS (ESI) m/z calcd for CisHisNOs [M + NaJ*: 280.0944; Found:

280.0945.

Characterization of 12

Furan-2-carboxylic acid (2-bromo-phenyl)-ethyl-amide (12a)
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White solid (747mg, 85%), m.p. = 70.3-72.8 °C, IR (KBr) 2986, 2833, 1730, 1620, 1453, 1260,
1020, 758 cm™; *H NMR (400 MHz, CDCl5) 6 7.60 (d, J = 7.9 Hz, 1H), 7.33-7.28 (m, 1H), 7.19
(t, J = 7.7 Hz, 3H), 6.12 (br, 1H), 5.78 (br, 1H), 4.17 - 4.08 (m, 1H), 3.46-3.41 (m, 1H), 1.14 (t, J
= 7.1 Hz, 3H); °C NMR (101 MHz, CDCls) 6 158.7, 147.2, 144.4, 141.1, 133.8, 131.1, 129.7,
128.4, 124.1, 1157, 111.0, 44.4, 12.5; HRMS (ESI) m/z calcd for Ci3H:,BrNO, [M+Na]*:

315.99585, Found: 315.99585.

Furan-2-carboxylic acid (2-bromo-4-methyl-phenyl)-ethyl-amide(12b)

12b
White solid (810 mg, 88%), m.p. = 106.2-108.8 °C, IR (KBr) 2976, 1735, 1640, 1458, 1250, 880

cm™; *H NMR (400 MHz, CDCl3) 6 7.51 (s, 1H), 7.33 (s, 1H), 7.18-7.12 (m, 2H), 6.20 (br, 1H),
5.81 (br, 1H), 4.25-4.18 (m, 1H), 3.55-3.47 (m, 1H), 2.40 (s, 3H), 1.21 (t, J = 7.0 Hz, 3H); *°C
NMR (101 MHz, CDCls) & 158.8, 147.1, 144.3, 140.2, 138.4, 134.2, 130.7, 129.2, 123.7, 115.6,
111.00, 44.4, 20.8, 12.6; HRMS (ESI) m/z calcd for C14H:14BrNO, [M+Na]": 330.01151, Found:

330.01151.

Furan-2-carboxylic acid (2-bromo-5-methyl-phenyl)-ethyl-amide (12c)



White solid (801 mg, 87%), m.p. = 106.7-108.5 °C, IR (KBr) 2945, 1745, 1650, 1240, 1040, 885
cm®; 'H NMR (400 MHz, CDCl3) 6 7.54 (d, J = 8.5 Hz, 1H), 7.32 (s, 1H), 7.08 (s, 2H), 6.20 (br,
1H), 5.81 (br, 1H), 4.21-4.12 (m, 1H), 3.57-3.52 (m, 6.8 Hz, 1H), 2.34 (s, 3H), 1.23 (t, J = 7.2 Hz,
3H); *C NMR (101 MHz, CDCls) § 158.7, 147.2, 144.3, 140.8, 138.8, 133.4, 131.6, 130.6, 120.6,
115.6, 111.0, 44.5, 20.8, 12.6; HRMS (ESI) m/z calcd for C14H14BrNO, [M+Na]*: 330.01166,

Found: 330.01169.

Furan-2-carboxylic acid (2-bromo-4,6-dimethyl-phenyl)-ethyl-amide (12d)

12d
White solid (869 mg, 90%), m.p. = 108.7-109.8 °C, IR (KBr) 2978, 1764, 1620, 1458, 1265, 1002.
865 cm™; *H NMR (400 MHz, CDCls) 6 7.35 (s, 2H), 7.05 (s, 1H), 6.37-6.09 (m, 1H), 5.72 (d, J
= 3.1 Hz, 1H), 3.90-3.95 (m, 1H), 3.74-3.79 (m, 1H), 2.35 (s, 3H), 2.20 (s, 3H), 1.24 (t, J = 7.2
Hz, 3H); *C NMR (101 MHz, CDCl3) ¢ 159.1, 147.3, 144.4, 139.9, 138.8, 137.4, 131.9, 131.2,
124.6, 114.8, 111.1, 44.6, 20.8, 18.8, 12.7; HRMS (ESI) m/z calcd for CysH1sBrNO, [M+Na]":

344.02728, Found: 344.02728.

Furan-2-carboxylic acid (2-bromo-4-tert-butyl-phenyl)-ethyl-amide (12¢)
t-Bu

12e

White solid (932 mg, 89%), m.p. = 106.1-108.3 °C, IR (KBr) 2965, 1729, 1646, 1475, 1121, 1019,
931, 830 cm™; *H NMR (400 MHz, CDCl3) 6 7.67 (d, J = 2.1 Hz, 1H), 7.37 (dd, J = 8.2, 2.2 Hz,
1H), 7.32 (s, 1H), 7.17 (d, J = 8.2 Hz, 1H), 6.20 (br, 1H), 5.75 (br, 1H), 4.19-4.24 (m, 1H),

3.47-3.52 (m, 1H), 1.35 (s, 9H), 1.23 (t, J = 7.2 Hz, 3H); **C NMR (101 MHz, CDCl,) & 158.8,
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153.7, 147.3, 144.3, 138.4, 130.8, 130.5, 125.5, 123.7, 115.4, 111.0, 44.1, 34.8, 31.2, 12.7; HRMS

(ESI) m/z caled for Ci7H,0BrNO, [M+Na]*: 372.05856, Found: 372.05856.

Furan-2-carboxylic acid (2-bromo-4-methoxy-phenyl)-ethyl-amide (12f)
OMe

12f
White solid (853 mg, 88%), m.p. = 105.2-107.8 °C, IR (KBr) 2995, 1733, 1623, 1480, 1268, 1023.
872 cm™; *H NMR (400 MHz, CDCly) & 7.35 (s, 1H), 7.23 (s, 1H), 7.17 (d, J = 8.6 Hz, 1H), 6.91
(d, J = 85 Hz, 1H), 6.23 (br, 1H), 5.82 (br, 1H), 4.19-4.24 (m, 1H), 3.86 (s, 3H), 3.45-3.50 (m,
1H), 1.23 (t, J = 7.0 Hz, 3H); **C NMR (101 MHz, CDCl;) 6 159.8, 159.0, 147.3, 144.4, 133.8,
131.5,124.6,118.8, 115.5, 114.1, 111.0, 55.8, 44.4, 12.6; HRMS m/z (ESI) calcd for C14H14BrNO;

[M+Na]": 346.00625, Found: 346.00625.

Furan-2-carboxylic acid (2-bromo-4-fluoro-phenyl)-ethyl-amide (129)
F

White solid (774 mg, 83%), m.p. = 126.2-127.5 °C, IR (KBr) 2942, 1721, 1610, 1435, 1253, 1045,
875 cm™; 'H NMR (400 MHz, CDCl3) § 7.43 (d, J = 7.3 Hz, 1H), 7.29 (s, 1H), 7.27-7.23 (m, 1H),
7.10 (t, J = 8.1 Hz, 1H), 6.25 (br, 1H), 6.08 (br, 1H), 4.24-4.16 (m, 1H), 3.52-3.57 (m, 1H), 1.22
(t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl3) 6 161.6, 158.8, 147.3, 144.5, 137.6, 132.0, 124.7,
121.0, 116.0, 1155, 111.1, 44.5, 12.6; HRMS (ESI) m/z calcd for Ci3HyBrFNO, [M+Na]':

333.98642, Found: 333.98654.

Furan-2-carboxylic acid (2-bromo-5-fluoro-phenyl)-ethyl-amide (12h)
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12h
White solid (784 mg, 84%), m.p. = 125.9-127.8 °C, IR (KBr) 2972, 1746, 1650, 1433, 1273, 885
cm™; *H NMR (400 MHz, CDCl3) & 7.65-7.61 (m, 1H), 7.29 (s, 1H), 7.03 (dd, J = 5.6, 3.2 Hz,
2H), 6.27 (br, 1H), 6.20 (br, 1H), 4.21-4.12 (m, 1H), 3.60-3.55 (m, 1H), 1.25 (d, J = 7.1 Hz, 3H);
3C NMR (101 MHz, CDCls) 6 161.9, 158.5, 147.2, 144.6, 142.6, 134.5, 118.5, 118.3, 117.1,
116.5, 111.2, 44.6, 12.7; HRMS (ESI) m/z calcd for Cy5H1;:BrENO, [M+Na]": 333.68957, Found:

333.68957.

Characterization of 13

1'-Ethyl-5-methoxy-5H-spiro[furan-2,3'-indolin]-2'-one (13a)

qu,, - ,‘&Q
MeQ ©O NEt

13a ©

Yellow oil, (53 mg, 72%), IR (KBr) 2986, 2928, 1724, 1608, 1463, 1201, 943, 857, 757 cm™"; *H
NMR (400 MHz, CDCl3) § 7.32 (t, J = 7.6 Hz, 1H), 7.12 (d, J = 7.2 Hz, 1H), 7.04 (t, J = 7.4 Hz,
1H), 6.85 (d, J = 7.8 Hz, 1H), 6.20 (s, 2H), 5.95 (d, J = 5.4 Hz, 1H), 3.78-3.72 (m, 2H), 3.55 (s,
3H), 1.28 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCls) ¢ 173.2, 143.0, 132.5, 130.3, 129.9,
127.7, 1245, 122.9, 1105, 108.7, 89.6, 54.1, 35.0, 12.5; HRMS m/z (ESI) calculated for

C14H1sNO3z [M+Na]*: 268.09558; Found: 268.09558.

1'-Ethyl-5-methoxy-5'-methyl-5H-spiro[furan-2,3'-indolin]-2'-one (13b)

H, ™\ o

2,

MeO O NEt
(e}

13b
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Yellow oil, (54 mg, 70%), IR (KBr) 3087, 2977, 1726, 1615, 1494, 1372, 1210, 948, 875, 747
cm™®; *H NMR (400 MHz, CDCls) ¢ 7.11 (d, J = 7.9 Hz, 1H), 6.95 (s, 1H), 6.74 (d, J = 7.9 Hz,
1H), 6.19 (d, J = 7.1 Hz, 2H), 5.94 (d, J = 5.7 Hz, 1H), 3.75-3.70 (m, 2H), 3.55 (s, 3H), 2.30 (s,
3H), 1.27 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl3) 6 173.1, 140.5, 132.7, 132.5, 130.5,
129.7, 127.6, 125.2, 110.5, 108.4, 89.7, 54.1, 35.0, 20.9, 12.5; HRMS m/z (ESI) calculated for

Ci1sH17NO3z [M+Na]™: 282.11124; Found: 282.11124.

1'-Ethyl-5-methoxy-6'-methyl-5H-spiro[furan-2,3'-indolin]-2"-one (13c)

H,//’ T\
MeO O NEt

(@)
13c
Yellow oil, (47 mg, 60%), IR (KBr) 2977, 1727, 1619, 1455, 1203, 947, 816, 748 Cm'l; 'H NMR

(400 MHz, CDCl3) 6 7.00 (d, J = 7.4 Hz, 1H), 6.85 (d, J = 7.5 Hz, 1H), 6.67 (s, 1H), 6.18 (s, 2H),
5.93 (d, J = 5.8 Hz, 1H), 3.76-3.70 (m, 2H), 3.54 (s, 3H), 2.38 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H);
3¢ NMR (101 MHz, CDClg) ¢ 173.5, 143.1, 140.7, 132.7, 129.7, 124.7, 124.2, 123.3, 110.4,
109.5, 89.5, 54.1, 34.9, 21.9, 12.6; HRMS m/z (ESI) calculated for CysHi7sNO3; [M+Na]™:

282.11108; Found: 282.11115.

1'-Ethyl-5,5'-dimethoxy-5H-spiro[furan-2,3'-indolin]-2"-one (13d)

H, 7\ o
MeO O NEt

@)

13d
Yellow oil, (41 mg, 50%), IR (KBr) 2985, 2925, 1722, 1645, 1473, 1342, 1266, 1224, 949, 862

cm™®; *H NMR (400 MHz, CDCls) 8 6.87 (s, 1H), 6.77 (s, 1H), 6.25 — 6.08 (m, 2H), 5.91 (d, J =
5.5 Hz, 1H), 3.98-3.92 (m, 2H), 3.55 (s, 3H), 2.47 (s, 3H), 2.25 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H);
3C NMR (101 MHz, CDCls) 6 174.2, 138.3, 134.5, 133.0, 132.4, 129.4, 128.5, 123.0, 119.4,
110.4, 89.3, 54.0, 36.8, 20.5, 18.6, 14.6; HRMS m/z (ESI) Calculated for CisH;sNO; [M+Na]":

296.12686; Found: 296.12692.
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5'-(Tert-butyl)-1'-ethyl-5-methoxy-5H-spiro[furan-2,3'-indolin]-2'-one (13e)
t-Bu

H/,/’ —\ o
MeO O NEt

(0]
13e
Yellow oil, (58 mg, 64%), IR (KBr) 2962, 2915, 1728, 1619, 1494, 1372, 1206, 948, 876, 744

cm™; *H NMR (400 MHz, CDCl3) § 7.35-7.33 (m, 1H), 7.14 (d, J = 1.9 Hz, 1H), 6.78 (d, J = 8.2
Hz, 1H), 6.21 (d, J = 5.6 Hz, 2H), 5.96 (d, J = 5.4 Hz, 1H), 3.75-3.72 (m, 2H), 3.56 (s, 3H), 1.29
(d, J = 8.2 Hz, 12H); *C NMR (101 MHz, CDCl3) § 173.3, 146.2, 140.6, 132.8, 129.8, 127.2,
127.0, 1215, 110.5, 108.2, 89.9, 54.3, 35.0, 34.5, 315, 12.6; HRMS m/z (ESI) calculated for

C1gH23NO3 [M+Na]": 324.15839; Found: 324.15839.

1'-Ethyl-5-methoxy-5',7'-dimethyl-5H-spiro[furan-2,3’-indolin]-2'-one and (13f)

OMe

H, [\ o

MeO O ) NEt
0

13f

Yellow oil, (52 mg, 63%), IR (KBr) 2936, 2836, 1723, 1603, 1492, 1344, 1279, 1103, 1031, 946,
862, 703, 627 cm™’; 'H NMR (400 MHz, CDCl3) J 6.86-6.83 (m, 1H), 6.76 (d, J = 8.5 Hz, 1H),
6.73 (d, J = 2.5 Hz, 1H), 6.20-6.19 (m, 2H), 5.96-5.94 (m, 1H), 3.77 (s, 3H), 3.77-3.71 (m, 2H),
3.55 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCls) 6 172.9, 156.3, 136.2, 132.6,
129.8, 128.9, 115.0, 111.4, 110.6, 109.2, 89.9, 55.9, 54.2, 35.1, 12.5; HRMS m/z (ESI) calculated

for C15H17NO4 [M+Na]": 298.10620; Found: 298.10617.

1'-Ethyl-5'-fluoro-5-methoxy-5H-spiro[furan-2,3'-indolin]-2'-one (139)
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H —\ «

2,

MeO O NEt
O

13g
Yellow oil, (52 mg, 66%), IR (KBr) 3086, 2936, 1728, 1615, 1489, 1343, 1266, 1102, 1024, 946,

878, 734 cm™’; *H NMR (400 MHz, CDCls) 6 7.02 (t, J = 8.8 Hz, 1H), 6.87 (d, J = 7.4 Hz, 1H),
6.80-6.77 (M, 1H), 6.26-6.17 (m, 2H), 5.94 (d, J = 5.8 Hz, 1H), 3.73-3.75 (m, 2H), 3.55 (s, 3H),
1.28 (t, J = 6.8 Hz, 3H); *C NMR (101 MHz, CDCl;) ¢ 173.0, 159.3, 138.8, 132.1, 130.27,
129.38, 116.5, 112.6, 110.66, 109.3, 89.5, 54.2, 35.2, 12.4; HRMS m/z (ESI) calculated for

C14H14FNO3 [M+Na]": 286.08615; Found: 286.08606.

1'-Ethyl-6'-fluoro-5-methoxy-5H-spiro[furan-2,3'-indolin]-2'-one (13h)

Yellow oil, (57 mg, 72%), IR (KBr) 2980, 2937, 1733, 1614, 1499, 1545, 1374, 1200, 953, 830,
742 cm™; *H NMR (400 MHz, CDCly) § 7.13 - 7.03 (m, 1H), 6.72 (t, J = 8.8 Hz, 1H), 6.59 (d, J
= 8.9 Hz, 1H), 6.21 (d, J = 5.8 Hz, 1H), 6.17 (s, 1H), 5.92 (d, J = 5.8 Hz, 1H), 3.71-3.75 (m, 2H),
3.54 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCls) 6 173.5, 163.13, 144.64,
132.23, 130.15, 125.9, 122.97, 110.50, 108.9, 97.6, 89.1, 54.3, 35.3, 12.5; HRMS m/z (ESI)

calculated for C14H1sFNO3;[M+Na]": 286.08618; Found: 286.08615.

5-Ethoxy-1'-ethyl-5H-spiro[furan-2,3'-indolin]-2'-one (13i)

H, [7\ o

EtO° O ) NEt
o

13i
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Yellow oil, (54 mg, 69%), IR (KBr) 2977, 2932, 1728, 1611, 1463, 1359, 1290, 940, 859, 753
cm™®; 'H NMR (400 MHz, CDCl3) § 7.31 (t, J = 7.3 Hz, 1H), 7.12 (d, J = 7.1 Hz, 1H), 7.04 (t, J =
7.3 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H), 6.26 (s, 1H), 6.21 (d, J = 5.6 Hz, 1H), 5.93 (d, J = 5.6 Hz,
1H), 3.88-3.83 (dd, J = 13.4, 6.7 Hz, 2H), 3.75 (q, J = 7.1 Hz, 2H), 1.28 (t, J = 7.0 Hz, 6H); °C
NMR (101 MHz, CDCls) § 173.2, 143.0, 132.2, 130.2, 130.2, 127.8, 124.5, 122.8, 109.6, 108.6,
89.6, 62.6, 35.0, 15.4, 12.6; HRMS m/z (ESI) calculated for C;5H:;NO; [M+Na]*: 282.11115,

Found: 282.11121.

5-Ethoxy-1'-ethyl-5'-methyl-5H-spiro[furan-2,3'-indolin]-2’-one (13j)

H///, TS
Eto° O NEt

0

13j
Yellow oil, (44 mg 54%), IR (KBr) 2978, 2930, 1728, 1633, 1493, 1372, 1251, 1105, 943, 812,
738 cm™; 'H NMR (400 MHz, CDCl3) 6 7.11 (d, J = 7.9 Hz, 1H), 6.94 (s, 1H), 6.73 (d, /= 7.9
Hz, 1H), 6.26 (s, 1H), 6.19 (d, J = 5.8 Hz, 1H), 5.92 (d, J = 5.8 Hz, 1H), 3.86-3.83 (m, 2H),
3.76-3.70 (m, 2H), 2.30 (s, 3H), 1.29-1.25 (m, 6H); *C NMR (101 MHz, CDCl,) 6 173.2, 140.5,
132.4, 130.4, 130.0, 128.3, 127.7, 125.2, 109.6, 108.4, 89.7, 62.5, 35.0, 20.9, 15.4, 12.6; HRMS m/z

(ESI) calculated for C15H1o0NO3 [M+Na]": 296.12701; Found: 296.12695.

5-Ethoxy-1'-ethyl-6'-methyl-5H-spiro[furan-2,3'-indolin]-2'-one (13k)

Yellow oil, (46 mg, 56%), IR (KBr) 2977, 2930, 1728, 1619, 1452, 1212, 1024, 944, 833, 752
cm™; *H NMR (400 MHz, CDCls) 6 7.00 (d, J = 7.5 Hz, 1H), 6.84 (d, J = 7.5 Hz, 1H), 6.66 (s,

1H), 6.24 (s, 1H), 6.18 (d, J = 5.8 Hz, 1H), 5.91 (d, J = 5.8 Hz, 1H), 3.85-3.83 (m, 2H), 3.73 (q, J
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= 7.1 Hz, 2H), 2.38 (s, 3H), 1.27 (t, J = 7.1 Hz, 6H); **C NMR (101 MHz, CDCl;) 5 173.5, 143.1,
140.6, 132.4, 130.0, 124.8, 124.2, 123.3, 109.5, 109.5, 89.5, 62.5, 34.9, 22.0, 15.4, 12.6; HRMS

m/z (ESI) calculated for C1sH19NO3 [M+Na]": 296.12689; Found: 296.12704.

5-Ethoxy-1'-ethyl-5",7*-dimethyl-5H-spiro[furan-2,3'-indolin]-2*-one (13I)

H//,, —\ o
Et0° O NEt

@)
13|

Yellow oil, (35 mg, 40%), IR (KBr) 2979, 2933, 1730, 1619, 1488, 1266, 1020, 942, 879, 758
cm™®; *H NMR (400 MHz, CDCls) J 6.86 (s, 1H), 6.77 (s, 1H), 6.25 (s, 1H), 6.17 (d, J = 6.0 Hz,
1H), 5.89 (d, J = 5.8 Hz, 1H), 3.97-3.90 (m, 2H), 3.88 — 3.68 (M, 2H), 2.47 (s, 3H), 2.25 (s, 3H),
1.27 (t, J = 7.0 Hz, 6H); *C NMR (101 MHz, CDCls) ¢ 174.3, 138.3, 134.5, 132.7, 132.4, 129.7,
128.6, 123.0, 119.4, 109.6, 89.3, 62.5, 36.8, 20.5, 18.6, 15.4, 14.6; HRMS m/ (ESI) calculated for

C17H2NOs [M+Na]™: 310.10264; Found: 310.10274.

5'-(Tert-butyl)-5-ethoxy-1"-ethyl-5H-spiro[furan-2,3'-indolin]-2'-one (13m)

t-Bu
H, 7\ o
Et0° O NEt
O
13m

Yellow oil, (54 mg, 57%), IR (KBr) 2977, 2934, 1724, 1639, 1494, 1275, 1209, 1030, 942, 878,
742 cm™; 'H NMR (400 MHz, CDCl3) 6 7.33 (d, J = 8.2 Hz, 1H), 7.13 (s, 1H), 6.78 (d, J = 8.2
Hz, 1H), 6.28 (s, 1H), 6.21 (d, J = 5.8 Hz, 1H), 5.94 (d, J = 5.8 Hz, 1H), 3.87-3.83 (m, 2H), 3.73
(@, J = 7.1 Hz, 2H), 1.28 (d, J = 10.4 Hz, 15H); *C NMR (101 MHz, CDCls) 6 173.3, 146.2,
140.6, 132.5, 130.1, 127.3, 126.9, 121.5, 109.6, 108.1, 89.9, 62.7, 35.0, 34.5, 31.5, 15.4, 12.6;

HRMS m/z (ESI) calculated for C19H,sNO3 [M+Na]": 338.17411; Found: 338.17440.
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5-Ethoxy-1'-ethyl-5'-methoxy-5H-spiro[furan-2,3'-indolin]-2'-one (13n)

OMe
H, 7\ o
EtO° O ) NEt
0
13n

Yellow oil, (49 mg, 56%), IR (KBr) 2975, 2928, 1723, 1649, 1540, 1472, 1266, 1017, 946, 863,
740 cm™; *H NMR (400 MHz, CDCls) & 6.88-6.85 (m, 1H), 6.80 — 6.66 (m, 3H), 6.28 (s, 1H),
6.22 (t, J = 4.6 Hz, 1H), 5.95 (d, J = 5.8 Hz, 1H), 3.89-3.86 (m, 2H), 3.79 (s, 3H), 3.78-3.71 (m,
2H), 1.32-1.27 (m, 6H); *C NMR (101 MHz, CDCls) ¢ 173.0, 156.3, 136.3, 132.3, 130.1, 129.0,
115.0, 111.4, 109.7, 109.1, 89.9, 62.5, 55.9, 35.1, 15.4, 12.6; HRMS m/z (ESI) calculated for

C1sH19NO,4 [M+Na]*: 312.12216; Found: 312.12238.

5-Ethoxy-1'-ethyl-5'-fluoro-5H-spiro[furan-2,3'-indolin]-2'-one (130)

F

H, [\ o

Eto° O NEt
(@)

130
Yellow oil, (60 mg, 72%), IR (KBr) 2979, 2936, 1734, 1614, 1498, 1375, 1202, 949, 831, 741
cm™; 'H NMR (400 MHz, CDClg) 6 7.06-7.00 (m, 1H), 6.90-6.88 (m, 1H), 6.80-6.78 (m, 1H),
6.27 (s, 1H), 6.25 (d, J = 5.9 Hz, 1H), 5.95-5.93 (m, 1H), 3.87-3.83 (m, 2H), 3.77-3.74 (m, 2H),
1.31-1.27 (m, 6H); B¢ NMR (101 MHz, CDCly) 6 1735, 165.4, 144.7, 131.92, 130.45, 125.8,
123.1, 109.3, 108.8, 97.4, 89.04, 62.72, 35.21, 15.37, 12.46; HRMS m/z (ESI) calculated for

C1sH16FNO3z [M+Na]": 300.10196; Found: 300.10202.

5-Ethoxy-1'-ethyl-5'-fluoro-5H-spiro[furan-2,3’-indolin]-2'-one (13p)
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13p
Yellow oil, (62 mg, 74%), IR (KBr) 3086, 2979, 2936, 1734, 1614, 1498, 1375, 1202, 949, 831,
741 cm™; *H NMR (400 MHz, CDCls) 6 7.01 (t, J = 8.8 Hz, 1H), 6.87 (d, J = 7.3 Hz, 1H),
6.78-6.75 (m, 1H), 6.26 — 6.22 (m, 2H), 5.92 (d, J = 5.8 Hz, 1H), 3.85-3.83 (m, 2H), 3.74 (q, J =
7.2 Hz, 2H), 1.27 (t, J = 6.9 Hz, 6H); *C NMR (101 MHz, CDCl5) 6 173.0, 159.3, 138.8, 131.8,
130.6, 129.4, 116.4, 112.5, 109.8, 109.2, 89.5, 62.7, 35.1, 15.4, 12.5; HRMS m/z (ESI) calculated

for C1sH16FNOs [M+Na]": 300.10205; Found: 300.10196.

1'-Ethyl-5-propoxy-5H-spiro[furan-2,3'-indolin]-2'-one (13q)

H, /—\ o

%,

n-Ppro O NEt
(e}

13q
Yellow oil, (37 mg, 45%), IR (KBr) 3082, 2976, 2884, 1727, 1613, 1466, 1356, 1279, 1146, 940,
850, 745 cm™’; *H NMR (400 MHz, CDCls) 6 7.31 (t, J = 7.6 Hz, 1H), 7.12 (d, J = 7.3 Hz, 1H),
7.04 (t, J= 7.4 Hz, 1H), 6.84 (d, J = 7.8 Hz, 1H), 6.25 (s, 1H), 6.21 (d, J = 5.8 Hz, 1H), 5.93 (d, J
= 5.8 Hz, 1H), 3.77-3.72 (m, 4H), 1.72-1.63 (m, 2H), 1.28 (t, J = 7.2 Hz, 3H), 0.96 (t, J = 7.4 Hz,
3H); BC NMR (101 MHz, CDCl3) 6 173.2, 143.0, 132.2, 130.2, 130.2, 127.8, 124.5, 122.8, 109.9,
108.6, 89.6, 68.9, 35.0, 23.1, 12.6, 10.6; HRMS m/z (ESI) Calculated for CigH:NO3 [M+Na]':

296.12714; Found: 296.12708.

1'-Ethyl-5-isopropoxy-5H-spiro[furan-2,3'-indolin]-2'-one (13r)

H, [—\
i-Pr0° O )\ NEt
@)
13r

36



Yellow oil, (39 mg, 47%), IR (KBr) 2972, 2921, 1730, 1649, 1525, 1486, 1364, 1209, 1107, 1022,
938, 850, 749 cm™; *H NMR (400 MHz, CDClg) 8 7.31 (d, J = 7.4 Hz, 1H), 7.12 (d, J = 7.2 Hz,
1H), 7.03 (t, J = 7.5 Hz, 1H), 6.83 (d, J = 7.7 Hz, 1H), 6.29 (s, 1H), 6.18 (d, J = 5.8 Hz, 1H), 5.91
(d, J = 5.7 Hz, 1H), 4.21-4.15 (m, 1H), 3.77-3.73 (m, 2H), 1.28 (s, 3H), 1.26-1.20 (m, 6H); °C
NMR (101 MHz, CDCls) & 173.2, 143.1, 131.9, 130.5, 130.2, 127.8, 124.4, 122.7, 108.5, 108.5,
89.6, 69.9, 35.0, 23.7, 22.5, 12.6; HRMS m/z (ESI) calculated for C1H1oNO3 [M+Na]*: 296.12686;

Found: 296.12686.
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X-Ray crystal structure of 2r (CCDC

Table S1.
Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

\Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 27.47
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA2

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

Largest diff. peak and hole

1476097 ):
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Crystal data and structure refinement for sad1l.

sadl

C17H1gNO,

301.33

571(2) K

0.71073 A

Monoclinic, P2(1)/n

a=14.349(3) A alpha =90 deg.
b=7.2477(14) A beta = 105.12(3) deg.
c=14.692(3) A gamma = 90 deg.
1475.1(5) A"3

4, 1.357 Mg/m"3

0.097 mm~-1

640

0.26 x 0.20 x 0.18 mm

3.16 to 27.47 deg.

-18<=h<=18, -9<=k<=9, -19<=I<=19
13577 / 3358 [R(int) = 0.1194]

99.4 %

0.9828 and 0.9753

Full-matrix least-squares on F2
3358/0/199

0.845

R; =0.0476, wR, = 0.0894

R; = 0.1560, wR, = 0.1202

0.203 and -0.237 e.A"-3



X-Ray crystal structure of 13h (CCDC 1476096):

#
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Table S2. Crystal data and structure refinement for sad.

Identification code sad

Empirical formula C14H14FNO;

Formula weight 263.26

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Orthorhombic, P2(1)2(1)2(1)
Unit cell dimensions a=8.2754(17) A  alpha =90 deg.

b=12.082(2) A beta = 90 deg.
c=13.332(3) A gamma = 90 deg.

\Volume 1333.0(5) A3

Z, Calculated density 4, 1.312 Mg/m”3

Absorption coefficient 0.102 mm~-1

F(000) 552

Crystal size 0.25x 0.20 x 0.20 mm

Theta range for data collection 3.06 to 27.45 deg.

Limiting indices -10<=h<=10, -15<=k<=15, -15<=I<=17
Reflections collected / unique 12993/ 3044 [R(int) = 0.0433]
Completeness to theta = 27.45 99.5 %

Max. and min. transmission 0.9800 and 0.9751

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3044/0/173

Goodness-of-fit on F*2 1.008

Final R indices [1>2sigma(l)] R;=0.0330, wR, = 0.0777

R indices (all data) R; =0.0513, wR, = 0.0902
Absolute structure parameter -0.1(9)

Extinction coefficient 0.0069(19)

Largest diff. peak and hole 0.139 and -0.120 e.A"-3
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Spectra of all the new compounds

s
B 180T FT— _
0859°1 Fe ]
96191 — - Feot ObLEDE— -
76891
L= LIEDLE— _
o
FrOrT
OLES T . — L0 | e
1455 — - Roz| ™
LOLS'T
| = 14SE 19— -
LRTEE ,
mgm_m/ e — - Fere -
$ET6°E _— - FTIT =
seses
©
- —
F = ...m
P
rd
S
Ve I’ m o
=z [ E +2 5=
2 o
M 0 ) <
=& -0
ar- - -
Ny r=
-0 > €197 L01—
- Z
Wi H
_ - SRESLII="
08485 — — - Fsor| _ 60SFETI_
LTI09— (u-J - TE = [
QS«EW
| = 0869 €51~
69ETL N
e o0zt thi~
8 = e,
SLOTL Fe TESSHI—
16tE'L - L ,
:wﬁ..m.\ S — = LT
9 CT w
mWM.wm/ wn_u” [ = 695 RS [~
—_— - SeET ]
1909°L~ 3 ¥ TE6T6S1
[=]
=

a0 20 10

1

]

70 60 5

A0

Ell]

40

£l (ppm)

150 140 130 120 110 100
3C NMR spectrum of 1a

160

170

150



-5
L=
LIEPT—
o L= 08LEDE— -
6£89'1 r -
NSEW — - £r'e e -
e POOTLE
L=
0s1'T— — Fort
9955 L=
EEW — - Firg| =
LI6ST
- LshP 19— -
TIEE -
06ESE - Fore . -
e — - L Ll R
$695°€ S
L= E s
, m w =
5
w =z — [ 87 o
=E ©
o <& 2 &=
o= - <
(o]
= e = -0
= =z
I-0O
I
- £66LLTT~
[ 05990
£916'0Z1
_ _ espivel
9PTOE— — - Wmo IL= £L98°0E1
LT — r--). _ _éf L986'0ET
| = 895°6€1
BLLOL < 1509°6€1
8960°L POKS Sh [ —
L
0911'L k=
€197 L — 8ol 0019'851
PISTL— — - FoTl L6ST 661
ﬂmwh — FEOT | = xx_m_cc_.\\.w
S0 L o CTE8'791
LEIFL e
9UTHL
6TEVL | =
=

6il 50 40 30 20 10

70

80

90

20 110 100
£1 (ppm)
41

160 150 140 130

170

180



3C NMR spectrum of 1b

=
- | - 6S67PT—
W _ wSUT| T
¥ —_— - Reper LE0EDE—
x.‘_oc.._w ~Ee
9L -
[ =i 05L69E—
£195°T L=
:_R.MW —_— - Frel | =
PLEST
=
_ LORT 19—
WSEE Fliye
WESE o e -
SCEW _— - ||+
PISSS o
—
w L= Y w
AY - o X
\ ../.TN\\ = m \\ /rN\.
) £ S S
=/ o =5 & f =0
mm =\ % mm =N
0 2 <
—
S
- Z ierion—
T
—
P — _ T....]=
LE9&'C ) FLOTIFZ
T6bE9— — Foot
Y [ | =
= 9EPEPE
£RTH L
—_— 5 Fooz [+
|_|.“
—_— Foul
=
[ =
L

a0

13C NMR spectrum of 1c

G0

42

110

130

n




z = = = 4
f=A] = =N wy —
= = 28 oo
| N [
.
{
( lr [
| |
r 1 | | I| -
| II| |I | [ /
J J M J J J [
H Br—[\ =
: )
~ Jl.l \ N
\q O’)\n" ~
(o]
1
i 2, o N
g = == g 2 222
-_ o == cioen —_ S
T T T T T T T T T T T T
8.0 .5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 1.5 3.0 2.5
1 {ppm)
1
H NMR spectrum of 1d
e cz2 2 = = 2 o
o a55 5 2 I o a0 §=
s mZd s o o g 59 ax
7% %ss A5 B - o2 34
N I~ [ | [
(k
H Br - ,-J
O N
oy
(]
]
| |
]
T - . . - T - T - - T - T - :
150 170 160 150 10 130 120 10 100 90 50 70 50 50 10

3C NMR spectrum of 1d

43



GTHO] \

s —_— —==—— F60T

8ETLL

LYCET~

89L5°T i =p1'E
SH6S'T - _ -
L219e - Fs0T
1STEE~ B0'c

LEEEE T
?E_mw _ - Lo
3241 LoT

9668 S~ — - SOl
98L6'S— — - 00'1

A - g
oL 1071
B1TS L, - _ .

s Foot

2.0

7]

=i

a0

4.0

I8FLOT—
STOTHT—

SH0F0E—

LPELE—

EOEP 19—

£l (ppm}

'H NMR spectrum of 1e

OTRTLOI—

SISHLIT—
Fole6ll—

18L70E ]
RCEGDE]
8Lzl
£EI6E1—
OLLL'THI~
LE6S SP I~

9OEFS [~
06£T°651~"

10 20 0

il

80

490

150 140 130 20 110 100
£1 (ppm)
3C NMR spectrum of 1e

160

Y

44



z £ £3 £ E 2
T v T P =
| ‘ |
f [ [
| . '
| ( I | | { ||
| | ' [

}l;—_
’ e

T T T T T
& 8 S5 s F 2238 =
= = = e el — S el i
T T . . . . . T - . . . . . T T :
g, 8.0 7. 7.0 6.5 B, 0 W B w0 1.5 1.0 35 3.0 i 2.0 1.5 1.0 0,
{ppm)
1
H NMR spectrum of 1f
S z &2 Z Fr 2 2 5 3
o o = & 8 i = F 3 4
L oo = = = L -4
N /o | | [

S
H Br |/J~\
S\ |
( f\o,)\ﬂf "

T T T T T T T T T
120 110 100 an 80 ik il 50

BC NMR spectrum of 1f

T T T
180 170 160 150 140 130

45



0LTL' -
66SLT -
806" 1 <+

L e —

LSSSE
.x_t....,.W —_— =
£68SE

LEER'g— E——

2909

E_ENW — —_——
91pT

_

=

CE06'E~ — _
rotre — Wﬂ\

BLOL L~ -
51T~ N

Feoz

=80°1

Fes1

Lsez
Fisl

Fo0E

P60
moo.o

Foot

Foe'l

1.0

BOITFT—

OFsFoe—

FEol’LE—

FESREE—

Gl 18—

(@]
—
[T
)
- >
E -
= 4=
=0
- @
-
)
o

P £897°L0T—
I

- RISHP1 1~

FEICLII~

ESO0HT |~

£T5E0E1—

06165E1—

£999 5 —

40 an

50

8

G0

3C NMR spectrum of 1g

100

110

160 150 110 130

170

46



65L9°1 W
0T6s°1

FET0T—

LaFET
_,..Em.mW
CERST

_ﬁ_cm.mv

LS —
CRE0G—

A

=06
Friz

=601

Eriz

E80°¢
Fsit

EH01

Foot

Reo
L

S0°1
¥

4.0

5.0

g0

£1 {ppm)

'H NMR spectrum of 1h

LEDEPT—
TREECDE~
Creaa (o
0P8 pE—
£1S0°LE—

L 19—

GTOE L0 —

EOLFLTT—

i m_/.
TOHOT 651~

10

T
10

a0

T
0

a0

T
an
£1 {ppm)

3C NMR spectrum of 1h

1040

110

47



S00T _V

1e65°1
TRen 1—

BOFST
0EST

LA
60ttE
[
LELEE
GlEEE

_:wm.nw
9L9E°L

6095 L—

SIS

=EIC
=116

Fire

=Tt]

Fare

Lol
SIe

For

o1l
001

L0
Forl

Feo'l

£1 {ppm)

'H NMR spectrum of 1i

I Tl—

6T FT—

ETER'PE—

SELFH—

56K 19—

19LT°001—

SERTLIT—

SETOREl—
OES6'SFI—

TIREES[—
xm_/

GLYS RG] —

10

20

an

10

0 B0

a0

100

110

120

130

140

i

160

]

£1 {ppm)

3C NMR spectrum of 1i

48



991171 .
mﬁ._._v -
W |-
Emc._W

_—
£E1L
6EO1T— -

ITHs'T
EE«..NW —
LBLET

G906'F
LETO'Y

FosE
TELS T
(LI —.W ﬁ/

LL9FE— —

/

= (OT'1

607

= 0T°Y

AT
J i)

£l {ppm)

'H NMR spectrum of 1k

£TTH'1T—
96T FT—

0Es9at—

LI8F 19—

LROILO—

LEs6'9]—

[15670E]

Inleael—

SELF O] —

LIDSTEET—"
STO0RET
mcﬂo.xm_u.l

T
100

110

120

1an

110

150

160

£1 {ppm)

3C NMR spectrum of 1k

49



. e—, el
reert - Feev usostd
089917
6TI8 1— — - Feet 05E6°1E—
L= £620°LE
o~
PO T~ — _ -1 e
EEred ) T_ Tr5
=
SE6T 79—
N e — Foot
5e85°¢ |
s — : v
—
\ L= Y
=z < o P
o m z
o[ 5 L= & ©
= Ta % & — o
- o
H —
I-Q - n
L= [ad I-0
. = FT01 L0 —
=z
L= I
= - PRTSLIT—
ige— _ T: G0Z8°ET1~
feess N | = S01LSTIy
6990°9— — TE; < 9£65°6T1 -k
! 1850061~
89L9°€51—
., ST0TEPI~—
L ¢
1£92'L - TLESSHI
9987'L L=
SS0EL
195€°L — =
_pﬁm.hur. — = SE'T POLLRS [~
7 N e ot
SE6EL AR 1sTas!
8699~y L paol
9689°L .
=
L2

50 40 30 20 10

60

a0

90

£1 (ppm)

3C NMR spectrum of 11
50

140 130 120 110 100

160

T0

1

180



0905 1— =

SITE T~
LOSE T~
18687

orlee—
HORS'E
H09'E

6598’ S~
06L6'C—

1£90°L
ﬁ.%_nw
SO11°L

THIS L~
SpEg L

ot

FII'E
00T

FLoe
Fric

0’1
00'1

1071
10l

Fro'1

3.0

f1 (ppm}

'H NMR spectrum of 1m

bERL ,cm.\
9E1L°ET

1689 LT~
6916 1€~
Sms.hm/

orel {9—

/600 LOT—

GESFLIT—
GRLEBI—

CTRF0EL
£808°0€
STrzeel~"

LRLOGET="
08TL' TP~
S8EFCh I~

THIR'REI,
LOFTES17"

30 20

40

0

70

11

El

100

110

120

130

140

150

160

0

17

£1 (ppm)

BC NMR spectrum of 1m

51



faliral
06171 W
ROET']

ELS =

SOEET
cc,;_m#
YIS T—F
$R6FT

gssh's
6l1LtE
068t°€
9505°
6725°€
WpsE—
f%.&.
7909°€
0301+
8STI'Y
bEpIE
0091t
9LLLY
€561t

LPSH'S~
Ire6's—

LOLOL
SERO'L

0ETS L,
Srre L

Fiee

Fooy

w6TE
y00e
60

£l
00°1

Forz

Fso1

20

6.0

£1 (ppm}

'H NMR spectrum of 1n

99T

656 TE~

SHSH—

LESTT9—

£E80°L0T—

WETLIT—
BELY0TI—

9TLE0El—
61651517
SORT'EE1

9099'8€1~"
10001817
PSP —

LORYRE]
LIERRET

10

20

a0

50

Gl

70

80

G0

100

110

120

130

140

150

160

170

180

f1 (ppm)

BC NMR spectrum of 1n

52



80T T, —_ & Tl
TRRET, - o Lors

6T6F T~ — B )
$80577 — iﬁ bzoz [ =

FeEol'To9—

£90§°E = — - Fooe

Sl68E— — - Fsoz

f
b
o

ROPELII—

Br
N
'H NMR spectrum of 10

i
)

168876~ — IIM 00°1
LETH'E~ - - o0 L=

[ GLEY Sk —

= SORLBE T~

6517 L— —_— J F60CT S10F 651"
1685 L— — - =00°1 1

20 10

an

G

T

A0

an
{ppm)

13C NMR spectrum of 10

120 10 100
53

130

140

160

170

180

140



GTTHE
o mx.mv
Feb8s

EChrL—

LITEL—

Foat

Fooz

L60
ﬂmo.:

Fron

F00'1

3.5

1.0

5

5.0

o
i
Y

o

S

: 2
2 =2
i (&)

(5]

o

w
[ad
=
Z
T

i

e
.ﬁ_NL_.\.
o

GOLG TE~
[06E°EE~,

061TT9—

el L0 —
L6991l —

TNt —

SN

L

REEF SR —

70 i) a0 n a0

B0

an

3C NMR spectrum of 1p

100

130 120

140

54



Felsl—

19T
mhhw.mv

YoTL L —

6T09°E
TL19°€

QELRE—
L G=—

N

LOSYL—

Fore

Feil

Foot

R0t
LNTE

m‘ho._

6,0

1 {ppm)

'H NMR spectrum of 1q

GTLTT9—

FRITLOT—

ES6ELTIT—

a0

90
£l {ppm)

3C NMR spectrum of 1q

100

110

140 130

150

55



Hs 11—

6605 T
FEsT

LOBT'E—

16s e —

I

Foor

Foot

fo.w
Ftoz

mio.m

Koo

Fool

Fooz

o3 o
—
S
>
o E =
w B =
=2 [&]
(3]
o
w
a ad
=
pd
e I
—

LOLIiE—

LOSREE—

£T61'T9—

IBLOTLOT—

OLEF R~

BOFOETI—

LIET0El—

COLE L] —

1Tat st =—

20

10

i

a0

90

100

110

130

B¢ NMR spectrum of 1r

56



L=
oncree’
i ) €169 Lt
A —— - Ferv OFE8 1 E—
5865 T— £680°LEY
F
. —_— 881 |
98657 — = 0’1
Fo £L90°T9—
STICE— R — £20°€
PLesE— — _ =0T [ = B )
Ve Y w =
w 4 L= © o
le] - m L
[ m
ol [~ (o]
o o | =2 w =
— — -
=% -0
-0 w
. x
zZ 6691°L01—
= I
Le 3
8806'S— _ru-J - Tc 1 - LTD9DT
’ P 14580214,
$T61'9— R = Foo 8E80'HT1
FIROL wmwxcw_v.
6680°L | = SP60EL
8T01°L <
w“hc_.__. ROLEBET=—
£SII'L -
—_— Eerr | = 9p0F SE1—
— al'l
.
i ot
GHRT'L - -
osC TL86'8ST
«‘.wm_r‘.\,. :cwow_v.
_MA_F,...; - chm.c.\:k\ﬁ
“EK Mo 980791
LEIFL
LhTh'L -
B o

10

a0 40 30

60

80

El
£1 (ppm}

3C NMR spectrum of 1s
57

160 150 140 150 120 110 100

gl




BLRPI—

SOp6 | =—

9Ly T—

BebtE-—

HEOS L

SFTe 6—

FLTE9—

F60t

el

ErIe

FLTT

8071

Foot

'H NMR spectrum of 1t

ELGTT—

EERTLOT—

TRPL9TL

v
TEBEFEL

L Sl —

G0%6RE [~

a0

10

50

70

a0

a0

1040

110

a0

130

3C NMR spectrum of 1t

58



ELgs—
EEOR—

CEET L
ETHTL
WESW
THITL
BESEL
LTeE A
HIE L k.
TTRL
st

_

——

—

!I.Ilhllll_
B

[Foot
Foot

e
£T1
Feant

4.5 4.0 33

.0

-]

T T
a0 T3 T.0

9.0

B0

B3

8.3

f1 (popm)

'H NMR spectrum of 1u

DOET ST~
LRLT LT-F
veisiz)
e
170 eE—

S08F 28—

alaa 01—

gles L T—
L0FhET]

et
BT AT I,
heonE1—
CThIEE[—

BLTERT—
STLFSRT—

1eRaEsl
mwm_m.mﬂv.

a0

IIUU
f1 (opm
3C NMR spectrum of 1u

T T T T T T T
160 150 140 130 120 110

170

180

10

20

an

59



B0PE —

PIR0 9= —

10ET'L
£6FT L
TILTL
SLOT'L
1ZFEL _—
809t°L

Fo0

FR0E

FLIT

Foot
T.:‘ 1

FETT
Lol

Foo'l

o

'H NMR spectrum of 1v

SOPEST,
SRPE LT~

_mv.x.:%

CRLLT9—

Frag a0l —

LI6TEFl—
ELPS SR

B0L0°BET
SOFT6EL

10

20

an

a0

il

0

T

70 160 150 110 130 120 110 100 2]

180

140

BC NMR spectrum of 1v

60



= g8 2
=] el el I
= o e ™
2w o el e er
AY4 ~
P
)
f s ‘ i
| | |
| l |
- i
| [ | Ir | {
[ | [ I
| | .I| | | I
J I A1 / J I
Br /J
OH
RS
J o T ~
0
I
|
1
L
W e vy SRR e
= W — D [ s -
[=R=N-] = = = = -
—_— —_— i [2e) [
T T T T T T T T T T T T T T T T
9.5 1.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0
1 {ppm]
'HNMR f1
spectrum of 1w
£ ] il o =
g = g g
- ~ = = 2
it = = 2 =
| | |
=
Br | =
OHJ W\ N
N -
{/o b
0
I
1
T T T T T T T T T T T T T T T T
0 190 180 170 160 150 110 130 120 110 100 an 50 0 ] 50 10 an

B¢ NMR spectrum of 1w

61



6T

]
L6
~60'C

Fe0e

860

Fool

B0

'H NMR spectrum of 2a

089 FT~
[ IS e

STPLLE—

SFI0es—

LT 6E—

L0FF 80T —

CLASOT] ./r

QLIOFFI—

EORLEL—

10

an

&=

150 110 130 120 110 100 ai

160

=

190

200

210

3C NMR spectrum of 2a

62



IRT6E
FRPGE
L996°€

HIER'S
_&wx.w.v
SR
L9519

CHTLY
o8 ._‘.‘W

har
mﬂhc._

Frog

Feot
Frorl

30

£l {ppml

'H NMR spectrum of 2b

666" 89—

190 68—

TTRIENL
TOnES1l

LEGTHEl—

QLSS G|~
L9967 1M -

GROEFL—

10

20

30

a0

(il¥]

70

9 80 T

100

£1 (ppm)
3C NMR spectrum of 2b

10

120

190 180 170 160 150

200

]

63



SOLTT

WElE—

CLENE
—u_w.x.r.v

GIElS

Firt

Fere

Fsot

Iz

'H NMR spectrum of 2c

f1 4

6L LE—

FLL 69—

GPLFRE—

SOET' L6

DL6E RO
LIT1601

GEFSOT I~

URI0FLI—

T
120

10

20

(]

a0

90

100

110

130

10

160 150

170

180

]

f1 {ppm)

13C NMR spectrum of 2¢

64



m:?_._.

SEFT
roar

/)

B
£ : A
2_:?% //(.l.&...

LBTTH ~

vad i
POl
=017
86T

Foo¢

Fsot

Fron

Fe6o

Foort

By
Flo1
rol’l

'H NMR spectrum of 2d

G 69—

96168 —

BEOTR0—

LOFHIET—

GETLELT—

[}

a0

an

170 160 150 110 130 120

180

190

3C NMR spectrum of 2d

65



=
B9T6' 1T~ -
TS9L HT~ -
= TELP 9T~ -
N - 9ESL LE— -
— hepp[=s
—_— = [t
— 90°€
S = ¥ -
J ) CRLGHI— -
= — = Fsoe
659688 —

— ..HU Feo1
z —_— dﬂx)/ = B0l
Veer NS, P

i o A 9LIE G0 =

£1 {ppm)

'H NMR spectrum of 2e

GUFFOTI
tLl W

RITLOF [ —

LIRS - i
2958°¢ Al - 1821kl —
£8T1°9: - E
vl .av N
BPS9 G . e
LO9R O -

—

— Fo ZI60tLl—

e

a0 10 a0 20 10

G

an 80

100

f1 {ppm)

13C NMR spectrum of 2e
66

120 1

130

180

190

200

210



FECOT
£T91°C
BERD'T
0s0TT
LFTTT
LILTT
LYSTTT
16LT°T

0615 T—

SOSEE—

Flse't
LA96E
HRR6'E

OR00F-"
LLOT P~

LA g
BRITT
SRFLT

LOER'E
-&wx.v.v
¢

[
-uyr_..wv

CESLG—
LELRO—

iz
£0e
e
m\?n..w

Eroe

Fsor
Fso

Feon

Fool

FL60
EE0'

'H NMR spectrum of 2f

fl

FSTLRI
atso0r/
£T6LVT"
LETH 6T~

[L8L°LE—

6P RI—

LESL'BE—

PN

919EFE 1
10761

FIRFFLI—

10

;]

T0

a0

100

BC NMR spectrum of 2f

110

180 170 160 150 140 130

190

67



1861
9L66'17
10T
SF10°T

12927
S1LTT

r

P91 E— —

[I8LE
TEEO'L
(115
CLG'E —

DHR6'E

LLLTY —

FRELF -

0961 h

PLOTH —\

81T / VIN\

Uy o~
_ /\L\\f/o

6IFES -
s r.V. N
| —
—
LT —
PEERY -
88189

S8’

EbI]
Fso¢

Eroe

Rgg
Ry
T.:u_

3.0

o

N

Y—

o

S

=

2 (3]
- 72
ad

=

Z

e

PELREE—

GRE0 69—

[£2E' 68—

FLIN B0 —

BEOLHE | —

EOLFELT—

20 10

an

[}

o0 80

100

3C NMR spectrum of 2g

160

0

190 180

0

68



SI0ET—

CE00°T
LOTO'T
LTHOE
91T

oxx_.m#

LIz Tf
6LrT T
969ZT

6E6T'T

LLlE—

HP6'E
1656°€
ORLE'E

YLOGE
ORI~

ai ]t
RLITF
LIETH

Enx.m
..z_hx.w.v.

0EETY:
[ )

F9l'e

Fog'l

Fooe

Foog

Feot
Feor

Fio

Foo'l

01
Eol'l

1.0

{ppm)

1

'H NMR spectrum of 2h

BTO6'RI—

8L 68—

BOTHLOT—

LO98EL]—

1o

0

50 0

il

90

100

19

180 170 160 160 110 130 120

190

fl

3C NMR spectrum of 2h

69



ed e el e

=
=]
- &
el
e

o
e

N

96T

GRIGE

BREG'E
Oise's
S9L6°E
FEO6'E
£E61F
CITr
LFTTF
Elaul o

el Om,_
0sLLG~"

w%.m
Feo

mluc._

660
ROt

6,0

£1 {ppm)

'H NMR spectrum of 2i

T —

FELELES

6P a9 —

Y66 6E—

ORTIB01—

SOTLOFL—

PERG SF [ —

GO9E EL]—

40

]

T
80

T
a0

T
100

110

120

130

140

150

160

0

T
180 1

T
190

£1 {ppm)

3C NMR spectrum of 2i

70



£00L714
GTIL T .

PIELTAL -
cusL1-E T

ISR l—
6F68°1 < —_
3?._% i
£506°14

£188'€
0£98°€
PSR8'E L

CloY's

LR00°F T
LREDF
9L90°F

m%m.m rI
pige

SOr1y .
LO91Y: T

F0E
85TR'O:
L (.

x,__z.._,.M

= 801
= 91T

J

e
Ll

Frot
Faon

FLoo

Foort
Aoy

Froz
m_‘mc._

£1 {ppm)

'H NMR spectrum of 2I

999E61~"
L5157 4
FROS™Y H.M

[L1ESE—

BI90E9—

rla'as—

1L0F 80—
CREITI—

g6 TTl—
068"
GELD

DLsH ekl —

PAORELT—

T
80 T fih

an

T
100
£1 {ppm)

3C NMR spectrum of 2I

130

10

160

71



FTTV 1
£99171

CE0ET—

£L0IE—

SETH'E

Sﬁ_‘,.,.
ﬁ_mm o.n.uwm
STE6'Y

105079
r.vc:..vv

1L9879~_
SELLY
1T6L°9
L9689,
£5169~"

L

Foot

ol

Ereo
oot

ot
POl
pLri

3.0

£1 {ppm)

'H NMR spectrum of 2m

F19v97"

S95EFE—

OTHl £9—

[RS8 68—
CISE o0l —
La6IT—

REOP T

m.rm_.wn_w
3} cl

CFRIPLI—

an a0 70 G a0 ] an 20 10

100

) 140 130 120 110 1 Copm)
BC NMR spectrum of 2m

190 180 170 1640

200

20

72



LLOET—

£LT9E
(U
RT99E

N

Foo

Foort

Reoy
Fsorl
STl

6,0

T980'E9—

LLDG GE—

ROSE B0 —~
Lygl =

c
N
Y

o

S

=}

-
=

13}

D

o

w
[ad
=
Z B~
I

— -

LLILELI=

10

200 150 180 170 L6 i 10 130 120 1o 100 a0 80 0 (i) an 10 an

210

BC NMR spectrum of 2n

73



1ol
UG
(IEG

LL90°F

15085

ety
_.“:w_..wv

BFEE O~
st
Ph69—

e

T.xc._

90T

Tcm.m
Fioe

Feoe

Frot

Fzon

Too.o
wcc._

Ts._
Fio

Tg._

1.0

1 {ppm)

'H NMR spectrum of 20

DSH) E9—

HRR0' 06—

1988 \.1

1T Ifl—

GITHELI—

10

20 10

an

Tl GO

L]

100

f1 {ppm)

13C NMR spectrum of 20

130 10

200 190 180 170 160 5

210

74



-
9561
=T
SH90°T
BFRTT

TTES'T

1T6Ls
-&:x.mv
ORELD
6LElY:

60
Feot

F160
o1

{ppm)

'H NMR spectrum of 2p

fl

LOSLRI=F
criFal *

7

1920°£9—

FLryeR—

BOZOTII—

BEFR A1~
890°ET 1~
GLOSTHET]
;mwm.sm_#
T BN
£A00FEL
OFLEFE]
DE80°BE 1~

GERSFL—

a0

120 11a 100 an &0
£1 {ppm)

130

140

160

170

180

190

]

3C NMR spectrum of 2p

75



£61E°1

WlTe—

FER'E
958°¢
LE96°E~

zmgo.mﬂ
HTTOF

SLER'C
1z08°¢>
SEp19
8651°0:

129179~
£TRLG"

Frees
hw.hm..hW
R0t L

!

UNOO.._.J
orl
hor-

1213

MH:.

- el

Ftre

o'l
£l

F86°0

=00°1
o0l

90°1
Mr..o._

4,0

6,0

'H NMR spectrum of 2q

cesral—
LSLRFT
wgw..ﬁ.M
FoSE 1L
mﬁ.ﬂ./
(R6E b

FhbR To9—

HTEE 06—

BLOLLOT—
oerTi—

GRENIFI—

SRTLOFI—

PWHEEL—

120 110 100 a0 &0 T G 50t 10 a0

130

180

1490

0

3C NMR spectrum of 2q

76



22174
f 1946
1.9706
j 1.9482
7
e
N\

o

P
-

T o i, an o b
o = % - = = o+ o=
s S S > SHT—S
- —_ - i L e e R
- - . - - . - - ; - . ‘ - .
7.5 6.5 6.0 5.5 50 {1 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
£1 {ppm)

'H NMR spectrum of 2r

- .
= £ i R e
— — =3 =] W oy
| | I |

T

T T T T T T T
210 200 190 180 170 160 150 10 130 120 10 100 an 8 T ) A 10 30 20 10 0 10
£1 {ppm)

B¢ NMR spectrum of 2r

77



9ETEHl—
LEBLBT
£9TH9L—

CEITrE—

COLIE9—

1556 68—
91T8 801
6668 _/.
RLTETII
966/

L

1007 ¢ _&.
FOSEO |
RLOSGT]="
1899°
SOLT 651~

OTLE 85 [~
LRLET0AT—

BCIFFLL—

a0 10 an 20 10

G0

an 80

100

ELU S U f1 {ppm)
'H NMR spectrum of 2s

110

160

180

190

200

f6ELE

BRELL
TOER

-.Ex.m%‘.
i i

ShOLS
881 :v.
8ES0°9
189079

TELOD
9Teuy
[§ 7R
QERYY

£L no..w./

LBFGO—¢
CILeS
SO66 D

D600°L

we._
a1l
w”cc_._

90T

ot

Fo6T

660
Feor

Fieo

£6°0
Khorl

6.0

8.0

1 {ppm)

3¢ NMR spectrum of 2s

78



1L0671
LEL6’l
1961
re6’l
I+91°C
LFRIT

150T°c—

mumx.mw

BOTH'E
LEFE'E
TFLO'E

TRESG
02659

SO9LY
xaxm.;V

FILTL
%hw.nw
TIRT'L
106T7°L

A

R0l
WS._
01l
00°¢

Feol

86T

el en
==

Fo60
Foo
ool

Lot

Fo60

1 {ppm)

'H NMR spectrum of 2t

SHPE61=—
P8
9LTY 9T~

GolFE—

Lley—

69T 68—

a7
BRSLLG

16£T601
LI9P601
wze T

GROSET |~
LERLOTI
_nzx.:m_k\.‘

9=~

Ea—

LTPEFLI—

an 20

ili]

50 140 130 120 110 100 an B0
£1 {ppm)

160

T

180 1

140

200

3C NMR spectrum of 2t

79



6lEr]
Bz
9aze'l
TLLEL
0ILel —

ORI T~=
TITET
HESET
H96L'T
[l o
LSEYT
DEsFT
] ==

£EOL°E
_....E.,V
BO6R €~
shle's

SLF6E

mmcm.:v

SLLTW

ElhL W

6167 L
_EE%
FSECL

Looy
10T
bl
ko

~10e

Fent

Feso
Err

oot

e

ppm!

'H NMR spectrum of 2u

LOFTET~_
LR AT~
£1T9°6T
SIERDE~"

CELIRE—

CLLTF9—

TEST 68—

DTRTEL]

vzl
rrm.xn_.%
LSPRTI—=
czeong <
ocpgeel”

YT R —

HOILPLI—

GO a0 an 20 10

70

B

140 130 120 1

150

200 190 180

210

3C NMR spectrum of 2u

100

80



99671
106671

€0l
FIT

SO°1
Kioz

Tmc‘ |
mrmc. I

Foet

Froc

Eioo

Re60
=60
m\:c. |

1 {ppm)

'H NMR spectrum of 15a

COST T~
GOLOGT

BRIUSE—=
zxv._...mmk.__.

LROTL9—

SEO0EOL—

GEOEET T~
TP~

LS Eh ] —

GIRTLLT—

10

a0

il 10

90 &0

1040

70 160 A0 140 130 120 110 .
fl {ppm)
13C NMR spectrum of 15a

180

190

81



SFILT

£09E°T

GTOVE~. .
—

.. _
mWﬂc.—qk —
::&.ww —
A
9L

SETF -~ —_

IO F L 1
SREDE —
I
On
(o]
I
FLELG -
oy ._uv B
G
xE:.nP —_—
OLLTL ) '
LOGT'L, —
SF09 L -
16790 Al

FL6D
R0l
Ao
BRIL

F66'0

Fro

Tco. |

Oul
i

Foort

1 {ppm)

'H NMR spectrum of 16a

IhsCTE—

[EFERE—
BLIREL
I

LBE'EL

1048 68—

e 80—

EreLO11—

TE600E ="

BEOFRI—

1T98°9L1—

a0 il 0 [ity]

100

3C NMR spectrum of 16a

180 170 160

190

200

fl

82



0£9¢'5— -
000 0— _ =019 - 2
M=
1£98°0— = - = =96 | _ 6897 81—
J -
— M Eprg| -
9P LE—
08LPT
_m%.NW — ¢ N == FS0T5
STIST ﬂ _/ o
. L=
o o o © LISY 19—
R6ZE £ =/ ﬂ
0LEE — J I
_ﬁ#.mw. — - BOIT G
LBOY'E A ) m
=E 2
2 =
= = 8
= =
- o 7 Nz’
L ) - -
o ,|ﬂ lo}
= 5[~
- @
[ 2 = o
T e '
LS 15E0°L01 v
[ »v
P -, u Feot = FT6F L= 2
07809 — f_ TE; < 605 €T I~ @
.
TLOTL
9tTL | =
e =
9£97°L — — -
— = 0re
6E8TL = = Bl
9zTEL L e
QIFEL ™ Thc I
1095 OZLYBE [~
F= TEETHE1
L

20 10

a0

Al

A0

£1 {ppm)

13C NMR spectrum of 17a
83

160 150 140 130 120 10 100 an

70




10900— —_—

Lae— —

—
—,
=
—/
PEETE— -— =
O
| ©
rr.llj... /
/
Q
@
@
BFEDT L
FESUF ~
x—h::L__ﬁ
r.r.
=
TRERD
GLLRG -
DELD'L i
~
~

=109

=016

Felg

Ol

F61'z

Feoo

F860

Foorn

mr__._

I
FRO0°L

Tm_._

0.0

a0

4,0

1 {ppm)

'H NMR spectrum of 18a

SFITE—

LOFRT—

S5ke’ 06—

BOFL 96—

e R0 —

LO9YERl—

OT98HEl—

GEOIETLl—

10

10 an

]

&l

a0

an
£l {ppm

13C NMR spectrum of 18a

130

140

a0

160

70

190 180

n

84



ORER 11—
191F°Z
mnm#.mw
LLPPT

LTe—

BlLYE—

BLl6S
GlEBS

arEe
9

=LI1

Fo0z

i

E660

EI00

ET01
i
EI0
EC0l

a0

'H NMR spectrum of 19a

T09F T9—

LLLD T6—

£001 96—

o

mw_m.cp._“

BILYEF]T—

ITI8hEl—

EIL0ELT—

i

i

70

(1)

190

13C NMR spectrum of 19a

85



6LpE
wmq_myf
£5pE
69PE
L80'F
SoLvy
Ly
61y
L5Lp
Pl

6LL'S—

L9

ELL'L
E6l'L
izt
6LT'L
GLT'L
86T°L
8GT'L
L1E°L
065'L
aLeL

-_

= =L0E

= 0l

0L

oot

=2 o0l

D0
Aol
- 001

20

wy
=]

3.0

35

4.0
1 (ppm)
'H NMR spectrum of 12a

45

v
i

6.0

9.0

i

Elrpr—

PLOLIL—
LLLSIl—

SELPE LA
TSP~
LhL6E1—
9pLLEL .\_m
GSR'EEL

SELLpL—
268 PRl
s6L°Lp1"

EEL'RS—

-10

30 20 10

10

130 120 110 100 90 80 70 60

140

1 (ppm)

13C NMR spectrum of 12a

86



LeET—

LI¥'E
ERP'E
00s'e
918'e
651°F
LLL'Y
el
LTy
8ZT'F
Bl

TI8'S—

£0T'9—

811y
LELLA,
SS1L
SLL'L
mmﬁ%

LOS'L

=0t

=20t

=o'l

=o'l

001

=501

=02
=101
=70l

33

T

=
=4 POSTI—

w SER'0Z—

L9 rP—

30

40
1 (ppm)

43

'H NMR spectrum of 12b

w)
wi SETFEL
ST 0k~
PEEPRL~
Lol'Lkl—

6.0

SLE'SS[—

-10

30 20 10

40

130 120 110 100 90 80 70 60
1 (ppm)

140

180 170 160

190

3C NMR spectrum of 12b

87



[AFAS
[Eral n/
08z’

GEET—

91Ey
€656y
=

%m_%
L2
b1,

E91'F
LEL'Y
8617

SLT'P

80 L—
DZE LA
8TS'L

prodraN

N

o

Br.

N

4

=50'¢

=101

Ep0°1

Foot

a0l

%

502
=501
SO0

0.0

wy
=]

30

wy

4.0

v

8.0

wy
]

f1 (ppm)

'H NMR spectrum of 12¢

88F Pr—

SLorLi—
£55511—
665021~
L65°0E 14
LS IELL
PObEEL~
86081 —
0E8 0pL~.
%m,vi%
607 'L

PRSI —

—’2\
B'ﬁi =

-10

120 110 100 90 80 70 60
£1 (ppm)

130

200 190 180 170

210

3¢ NMR spectrum of 12¢

88



Lzl
amm._W.
LST'1

LelT—
ECET—

Zs0'L—

GFEL—

3

=

E0E

=E0E
Lot

S0l
Ezon

0l
kot

3.0

35

4.0

=
wi

wy

T an

6.0

1 (ppm)

'H NMR spectrum of 12d

ShLTI—
SRL'AL~,
PLL'OZ—

L6S P —

€00 111 —
908'p11—
9z9'vE

261 E 1A
6LE'TE1L
cepLel

COUSEl L
hvx%_w
e

ezl

SIUGSL—

-10

110 100 90 80 70 60
£1 (ppm)

120

B3C NMR spectrum of 12d

89



LTt
mmm;V

T
Dmm,T\

ROp'E
SEP'E
zos'E
6l8'E

L8t
POT P
_Nm,dw
6Tt

SSLS—

L6199

LSLL
8LL'L
fm,b/

pSe'L
095 'L
cle'L
08€'L ,ﬁ

§99°LY
oLo'ed

I

ol

=C0'E
L0

901

ol

Foo

kTl

=L0°1
o'l
o'l
£0'1

"y

1.0

35 3.0

1 (ppm)

4.0

9.0

vy

'H NMR spectrum of 12e

#8921l —

G61'lE—
EFRpE—

01FFr—

96601 —
LIPSl —

c@.mﬁ\
o6wszL
608DE L

az80gl

zsemel’
LTEbPL
697'Lk17
659°E5 1 —
9188 [~

-10

110 100 90 80 70
f1 (ppm)

120

13c NMR spectrum of 12e

90



FSPE
:%MW
8BE'E

pos s
L98'E~,

6l
olzy
LITY
FrEy

LTRs—
RET9—

BER'Y
0z6'9
B&L'Lny
O81'L-7
umm,h.\
LSE'L

=0t

FLo'l
=70t

101

Foot

Foot

=S0'1

01
mwc._
50'1

wy

35 30

45 40
f1 (ppm)

g
i

6.0

9.0

'H NMR spectrum of 12f

8LSTI—

01¥'Fr—

E8LSS—

_\
sissil
ozLsll
SH9'bE L~

PEFLEL~

98Pl —
S9T°LPl—

FLO'6S L~
8ELBE1"

30 20 10

40

170 160 5 140 130 120 110 100 90 80 70 60
f1 (ppm)

180

3C NMR spectrum of 12f

91



FOT'L
gee'l W
GET'L

080°9—
£5To—
8LO'LA
S60°L
GLIL
SET'L
L
EN_%
88T'L &
GLb'L
Leved

=[]

€80

FESO

Foso
=£5

€5
AT

£5°0
Azso

40

1 (ppm)

43

50

w
i

6.0

'H NMR spectrum of 12g

GOF'Pr—

GPL'BSI-,
1091
998791

-10

30

40

130 120 110 100 90 80 70 60
1 (ppm)

140

170 160

180

3C NMR spectrum of 12g

92



gee'l
mmm.—W
wmm._

0ss'e
L9s'E
ERS'E
009 -

SZL'F
Il 'p—¢

091'%
LELF]
Pal

zizh)

E0T'9~
89Z'9~"

£20°Ly

ZenL
mmo.h%
ap’L

LT L

FLOL
xmu.hw
8EQ'L

425

=0t

L0

=L01

00'l
ﬁmoé

5

ik
501
S

0.0

)

10

'H NMR spectrum of 12h

009'%—

LrULLL
£p2°91 ;
3 L
850 EL_»
19z '811
98811
LSt

S0P PEL
cobbel
esb el
96572yl
mmmi_%
Gz il
PESRE L~
££9°091—
G11E91<"

-10

30

40

T

60

180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

190

3C NMR spectrum of 12h

93



¥9T 'L
mwm__w ==
00g'l

(£55 %
mNh.m./. _
LPLE
6SLE
LLLE

Ep6'S
986's

Sal9- o

LPR'9

0989
mmc.ng/v
ﬁvc.hw
680°L
siLf
EEL'L
86T'L
LIEL
9EE'L

||J =0

L0E
HIL 90

= 00'1
= FE0T

= =501
=00'1
0l
- 501

00

2.0

)

e

3.0

11 (ppm)

6.0

'H NMR spectrum of 13a

9EsTl—

LZ0'SE—

€T1PS—

065 68—

|PIROT~
0€5°011"

£o87z1
m#.qm_#
1S9z 1~
£58°621
szl
seczeld
PS6TH—

1T ELl—

U

-10

30 20 10

40

180 170 160 150 140 130 120 110 100 9 80 70 60
1 (ppm)

190

13C NMR spectrum of 13a

94



8P
umm._W
FRTL

LogT—

8bS'E
m%_w./
9lLE
vm..m.\\m
5L

9865~
086’5
LLL9~,
ve—.c.\

eL9

ﬁmh.@V
669~
L0 L~
Lzl .h\

-

=loe

00'e

o0
Fo0T

Foot
Floe

Bpot
00l
0l

0.0

wy

3.0

40
1 (ppm)

435

50

Y
w

6.0

i
-

8.0

'H NMR spectrum of 13b

0pS ===

T6R'0T—

S10sE—

GROPS—

EPLE8—

TPPR01~
£05'011-"

z0z'szl
109°LT %
PLY6E [~
sapos %
Losze 1
LoTELy

Z8porl

GELELL=—

MeQ” 07

/

-10

30 20 10

10

130 120 110 100 90 8 70 60
11 (ppm)

140

180 170 160

190

3C NMR spectrum of 13b

95



z9T’l
08’1
86Z'1

3~

GLET—

phs'e
_“E.m./
ZTLEA
SS.M
85L'E

8l6'S~
mmm.w\
8L1'9—

LL9'S
cvx.o/
G589
[66'9—F
o E.h\

FROE

=, FI0E

(]

F00'E
IM 9072

F00'1
rzoe

1071
101
P01

10

20

3.0

wy

40

11 (ppm)

6.0

80

'H NMR spectrum of 13c

GRS EL—

1§6'12—

£96'PE—

990 FS—

0£6'68—

625601,
FOF 0L

6rLeLl

EET'FE ﬁW
0L9'FEl Vs
Lag'agl

669°TE T\
E1L0PI~
Zs0'eErl—

TSELl—

-10

gl

130 120 110 100 90 80 70 60
1 (ppm)

140

180 170 160

190

13C NMR spectrum of 13c

96



1921

ooy —— m— =10%€
L62'L

99— -

free— ——————— FEO0E

§tpe— —————

Et

meg” O

906'S
0266 —

pela
%_.@W [ — _

06197

oot
Feoz

LIRG- 0

—
LIL 9~ T[J J

0.0

0s

1.0

il
ol

3.0

35
1 (ppm)

4.0

43

wi

n
Kal

6.0

7.0

il

80

'H NMR spectrum of 13d

Sa5'Pl~
GO9S~
GEST0T

T89E—

900°pSs—

LST 68—

STFOLL
£Troll
SLOETl
LES'STI
FZF6ZL
Trriel
606'ZE]
STEFEL
SOL'SEL

Hh s

il —

-10

20 10

30

130 120 110 100 90 80 70
11 (ppm)

140

180 170 160

190

3C NMR spectrum of 13d

97



LET'L
mhm.—W

962"l

098¢
VNh.w./.
8ILE
pLE
apL'E

NEL

t-Bu
==
=

o7

wa
¥

=90°¢L

=

p

=

=

1oe
0'z

00'1
z0'e

£0'1

iR
So'l

1.0

n L09Z1l—

S 16
55 PE~
0 920587

=]

3.0

1LEps—

40

096'68—

45
11 (ppm)

FLLSOI~
FES 011

815121—
TEE'OTL

RLT'LT ﬁw
OpL'GZ1 \
£9LTel

S OrL-"
6LT'9F—

'H NMR spectrum of 13e

6.0

QgL' Ll —

wy

80

-10

180 170 160 150 140 130 120 110 100 90 80 70 60
11 (ppm)

190

13C NMR spectrum of 13e

98



(AT
E.N._.W =

88T

Ira's
SF6'S

LSG'SH
096°¢
L3L9

ale
Dom.ow
Znz'e
6EL'Y
mmn.n/

LrL'9

=00t

+00°E
K@c.m
LOE

001
0T
Fo0l

iy
FO'L
urmo.—

0.0

wy

1.0

4.0

45
11 (ppm)

7.0

w
[

8.0

'H NMR spectrum of 13f

RISEL=—

6O0'SE—

TSP~
8LY'SS

LOG'68—

99160
096
LOF

198821,
o08'621
L197s]

zozos1

GST9S1—

ETO'TLI—

OMe

H,

(o]

MeQ'

NEE

Vi

-10

180 170 160 150 140 130 120 110 100 90 80 70 60
11 (ppm)

190

B3C NMR spectrum of 13f

99



G8TL
mhm._.W —
£6z'l

8FLE
LeLE-

P

=p0t

=H0E
gz

001
20T
001

101
Ap01

wy

35 30
1 (ppm)

40

43

'H NMR spectrum of 13g

arel—

GE1sE—

2L rs—

9TS H8—

2060 5_
(826014
Toool Tﬁ
gerpell

BEL'BS [~
PPS091-"

FRGTLL—

u

o

=

=]

&

]

¥

=

o

2

o

2

5

2

" (=)

e ™
—
—

=] o

g =

s
=
g O o

o8 D =]

S Q. -

=he 2

o o

A =

o pzd

= 8

o

(=] A

2

(=]

=

&

=

2

o

e

o

2

o

g

<

(=]

o

210



MNEL

MeQ” ©”

M

F90°€

FO0€
F10g

Lot
#0'l
wﬁmo__

ool
Foot

Fett

1.0

w
(2]

3.0

40

45
11 (ppm)

wy
i

6.0

80

)

'H NMR spectrum of 13h

SFFEL—

RPESE—

LS —

0LO'68—

ELE'LO

089°L6
TPRE01
L907601
Loy oLl £
EL6TEL
65L'ST ﬁW
098621

Lhl0EL-7
9zT'TE ,.\.

LESPPL—

GELEIT—

BIP'ELL—

o
=
=
=
o
=
=
o
-+
wy
o
2
o
g
<
™
= —
=
y—
o
g S
=
5
=
= W D o
= o -
w »
& @
(=]
a Z
o
2 —
°
=t
=
=
2
o
2
g
o
e
=
g
o
&
&
o
2
(=]



12L'ey

BEL'EA
95L'E
FLLE

GIR'E
apR'E
E9R'E

GLREY

£z6's
LE6'S
6619~
£1z97
sszo)
£€8'9
2589
810,

LED'L
Se0Ld

—e

.}

N e

=009

907
0T

=00'1

101
wmoo.—

=501
P01
=101
=201

n
B

3.0

40
11 (ppm)

L
wi

6.0

WG

80

'H NMR spectrum of 13i

£66°E 1~
LoF'Sl—

900'SE—
095°29—

LS GH—

P6S'80T~,
19601+
PR TIL
mmim%
LLLLZI
99101
czzoe1
££0 e
PG TEI—

8ETELL—

-10

180 170 160 150 140 130 120 110 100 90 80 70 60
11 (ppm)

190

13C NMR spectrum of 13i

102



BST'L
992°1
aLE'l /

L0ET—

669°€4

LILEA
mmn.m%
ESLE

OER'E
IPR'E
LFR'E

g9s’e”

916'S~
1e6's—
LELS

NDN.GV
bmm.ckﬁ

1hL'97"
bt 9~
960°L~,
gL

519

Froe
oo

10

20

"
=

3.0

40

wy
wi

6.0

)
-

80

'H NMR spectrum of 13j

zss'el—
LRESI
S8R'0L~

£106E—

PP eo—

LEL' 68—

1LE'BOT~
029'601~"

zngsel
ovL'Le ﬁ‘/
6FTREL
L00°0EL~#
60F'0E ﬁﬁ
LLETEL
SIS OpL—

89L'ELL—

N

4

H
E10'

-10

80

110 100

120

3C NMR spectrum of 13j

103



S8l

(48
cmm.—.\

SLET—

00L'E7
8LLE

3
cmp.mﬂﬁ
ESLE

STR'E
ZER'E
459

S

H
Sl

=509

=£0'E

#0072
0T

=001
01
Fout

0L
20l
=60’

v

20

A
o

3.0

)

40

wy

8.0

11 (ppm)

'H NMR spectrum of 13k

%09'21—
Lob's1<
6612~

PEGPE—

LSPZ9—

GoP 68—

9Lkail
80560 ﬁuv.

E626T0A
PLILF
%3&%
Loo'0¢ 17
zl
£€9°0p1—
LsoepLS

LESELL—

-10

0 160 150 140 130 120 110 100 90 80 70
11 (ppm)

17

180

B3C NMR spectrum of 13k

104



95e’l
S‘.m.—u/\u

L6zl

Bl
LLPT—

GTR'E
BER'ES
LFR'E
GERE
ELR'E
E06'E
LZ6'E
HEG'E
956'E
PLE'E

$88°s

sexe>
1919~
L9
srod

Et0” O

NEt

=Zl'9

I
=ELE

Feoe
Froz

001

i
W%._

00°1
L0

v
2l

30

40
11 (ppm)

4:5

i

wy
wi

6.0

o

-

80

wy

'H NMR spectrum of 13l

Gl9pl

w:m.mﬁV
1~
?m.ow.\

£08°9E—

SSEE9—

28268

BITFLL—

2

Et0" O

-10

180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

190

13C NMR spectrum of 13l

105



LOT' 1A,

eal’l

E0LE
LeLe
GEL'E
LsLe

9ZR'E
FPR'E
95R'¢

PLRE-

Zen's
ape's
E0Z9,

g&-ua
o

EtO

=061

¥ S0T

keoz|

e
=)
=}

=R

0.0

wy

10

v

20

w
ol

3.0

40

45
1 (ppm)

350

9.0

wy

'H NMR spectrum of 13m

2L~
LZFsl—

00816~
665 PE~
6667

£69°29—

REGER—

cl9enl-"

8057121 —
826921,
8IELL I\\
9p0'0E 1]
SLpTeld

FesopL-"
651°0p1—

Opeell—

-10

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

190

3C NMR spectrum of 13m

106



FLLE
TEL'E
PEL'E
08L'EN
eLe
OLLET
ZaL'e
E9R'E
89R'E
SLR'EA
LBR'E

£6'5A
HEG'S

6029
SN_GW
729
870
LhLD
poLo-
LLLOF
LP8
£68'9
8980
§L89

=809

=001
L'l
a0l

Leve

01

1.0

wy

20

w
=]

3.0

4.0

45
11 (ppm)

6.0 50

7.0

80

'H NMR spectrum of 13n

08§ E1—
GRE'S [

PSO'SE—

L68'Ss—

PESTI—

106'68—

Z60'601
F.o.m_E.V
ELFLLL

S

LLaFLL

BFZ9S1—

FOG'TLL—

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

200

3C NMR spectrum of 13n

107



TLT'l
BLT'L
062’1
96Tl
80E°1
FLEL

ThLEn

LbL'E
09L'E-
SOL'E

SPR'E
PER'E
£98'¢-]

zesed

1£6's
££6°5
Sra's
SK6'S
86T
z2679-F
0Lzo4
L9L0
LLLD
S8LOTF
86L 9
Lo

PRS0~

J

Ew0" O

=90'9

50T
Lagz

o011
0oL
o'l

#E0']
ool
801

1.0

n
o

3.0

40

£1 (pprm)

wy
wi

6.0

v

80

'H NMR spectrum of 130

POFTI~
89E'S1—

FLEZ'SE—

TTLEY—

9L0°68—
OLE"Lo
AESLA

ZEL'801A
L0060 ﬁ.‘v.
SLE'GOL
0L0'EL]
EELSTL
EER'ST ﬁv.
LPFOET-F
Zee'lel ¥
FPEY PRI
LSLPPL

060°€91
rssors
LOPELL~

-10

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

190

3C NMR spectrum of 130

108



LST'L
FLT'L
Zat’l

S~

80LEq
GZLE
FrL'E
oLe

GIR'E
FER'E
LPR'E

zesed

SL6'S
65
612
€579~
£62°9
£5L'9
£9L°9~
Eh.cw
PRLY
£98°9
188°9-
L6
£10°L
se0L)

NEt

Et0” O

=109

10T
5602

=00'1
=00
L0l

01
Eagy

e
=4

4.0 35 3.0

11 (ppm)

45

w)
i

6.0

wy

80

'H NMR spectrum of 13p

(B - FAR
SO S

GEL'SE—
169°29—

L1S'68—

om_.mg
bom.m: ﬁ#
EQL'G0L~>
[ora ANt

999 .NZN.
SHC91 ﬁk
BZS9LL

el1P'6tl V
068°0E L

6LLLE T\
GOR'BEL

FELRS [~
0ESN9L-"

SHETLL—

30

10

130 120 110 100 90 80 70 60
11 (ppm)

140

190 180 170 160

200

3C NMR spectrum of 13p

109



6lLE
u?.mV

-
ssLef
TLLE

AR
LEG'S S
8619
[4 E.@V —_—
FET

1€8'9
omm.}

L10'L S
S0~ —
pe0 L T
£l .&ﬁ

€L

06Z°L

608°L

RZEL

NEL

n-Pr

FLOR

=001

o'l
Wmc._

=£0'1
w0l
01
=101

40
1 (ppm)

45

'H NMR spectrum of 13q

TLSOl~
298721

8B0'ET—

£00'6E—

SEGRI—

£96° 68—

8LS'BOI~.
ESRARNL

SI8TLL
mvv.wEW
BLLLEL,

L
E1T0E ,..N\.
FOZTEL

[—

£96'Ch

PETELL—

NEt

nprg” 07

4

-10

30 20 10

10

130 120 110 100 90 8 70 60
11 (ppm)

140

180 170 160

190

3C NMR spectrum of 13q

110



92zl
bzl
95z 14

ErAE

8IL'E
9eL’E
vmh.mw
R
€5l .v./

691'%—¢
vx_;q.gﬂ
661

plzyd

1065~
L6
SELY
6819
2629

£ZR'Y
mvx.ck
010°LA

GEO'L
L0l
aLt .h\_\.m
8ZL'LY
FRT'L
£0E°L
zee'L:

-
NEL
(s]

i-Pro” 0

509
50°€

0071
rso'l
Lot

R0l
>0l
401
=S0'1

10

30

40

11 (ppm)

6.0

8.0

'H NMR spectrum of 13r

QLS gL~

PEFTTA
8LYET

E86'PE—

PrE69—

96 68—

69FR0L
En.mev
LELTTL

FCFPELAL
T84T »
891°0E 1~
£650E &
£r61E1

ELOERL—

SOL'ELL—

Hr.
-pro” O

NEL

-10

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

190

3C NMR spectrum of 13r

111



