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'H, ¥ C and *F NMR spectra of compounds 3 and 4

'H NMR spectrum of 3a (500 MHz, CDCl5)
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YF NMR spectrum of 3a (470 MHz, CDCls)
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'H NMR spectrum of 3b (500 MHz, CDCls)
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3C NMR spectrum of 3b (125 MHz, CDCls)
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F NMR spectrum of 3b (470 MHz, CDCl3)
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'H NMR spectrum of 3¢ (500 MHz, CDCls)
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F NMR spectrum of 3c (470 MHz, CDCls)
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13C NMR spectrum of 3d and 4d (125 MHz, CDCls)
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Y NMR spectrum of 3d and 4d (470 MHz, CDCl5)
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'H NMR spectrum of 3e (500 MHz, CDCls)
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3C NMR spectrum of 3fA (125 MHz, CDCls)
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'H NMR spectrum of 3fB (500 MHz, CD;0D)
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F NMR spectrum of 3fB (470 MHz, CD;0D)
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'H, ¥* C and **F NMR spectra of compounds 5

'H NMR spectrum of 5Aa (500 MHz, CDCls)
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3C NMR spectrum of 5Aa (125 MHz, CDCls)
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YF NMR spectrum of 5Aa (470 MHz, CDCl5)
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'H NMR spectrum of 5Bb (300 MHz, CDCl5)
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YF NMR spectrum of 5Bb (470 MHz, CDCl5)
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3C NMR spectrum of 5Bc (125 MHz, CDCls)
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'H NMR spectrum of 5Bd (500 MHz, CDCls)
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YF NMR spectrum of 5Bd (470 MHz, CDCl5)
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'H NMR spectrum of 5Ae (300 MHz, CDCl5)
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13C NMR spectrum of 5Ae (75 MHz, CDCls)
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'H, ¥ C and *F NMR spectra of compounds 6
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'H NMR spectrum of 6a (500 MHz, CDCls)
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YFE NMR spectrum of 6a (470 MHz, CDCls)

15F NMR
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'H NMR spectrum of 6b (500 MHz, CDCl5)
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3C NMR spectrum of 6b (125 MHz, CDCls)
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'H NMR spectrum of 6¢cA (500 MHz, CDCls)

13C NMR spectrum of 6¢A (125 MHz, CDCl5)
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YF NMR spectrum of 6¢A (470 MHz, CDCls)
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'H NMR spectrum of 6cB (500 MHz, CDCls)

ESI-24



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

3C NMR spectrum of 6¢cB (125 MHz, CDCls)
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'H NMR spectrum of 6d (500 MHz, CDCls)
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YF NMR spectrum of 6d (470 MHz, CDCl5)
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3C NMR spectrum of 6e (125 MHz, CDCls)
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'H, ¥ C and *F NMR spectra of compounds 7

'H NMR spectrum of 7a (500 MHz, CDCls)
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YFE NMR spectrum of 7a (470 MHz, CDCls)

ag to ! 19F NMR
H Cp,sph
N—Bn
0

-73.540

-74.012

_—265
2639 14

ESI-30




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

3C NMR spectrum of 7b (125 MHz, CDCls)
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'H NMR spectrum of 7c (500 MHz, CDCl5)
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Y NMR spectrum of 7¢ (470 MHz, CDCl5)
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13C NMR spectrum of 7d (125 MHz, CDCls)
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'H NMR spectrum of 7e (500 MHz, CDCl5)
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F NMR spectrum of 7c (470 MHz, CDCl5)
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'H, ¥* C and "*F NMR spectra of compounds 8

'H NMR spectrum of 8a (500 MHz, CDCls)
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3C NMR spectrum of 8a (125 MHz, CDCls)
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'H NMR spectrum of 8b (300 MHz, CDCls)

3¢ NMR spectrum of 8b (75 MHz, CDCls)
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F NMR spectrum of 8b (470 MHz, CDCl5)

| 1
19F NMR
l \\\CFZH
N—Bn
(0]
[
N
I L
= T — T T T
] 20 30 40 S0 60 70 80 -9%0 -100 110 120 130 140 150 pom

'"H NMR spectrum of 8c (500 MHz, CDCls)

|
I
|
(.
I |

|

IR (e S

y "H ,WlVLL_____)W{J\*WJV WU

| || | ] \‘J\H“,‘_‘J(

ESI-39



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

3C NMR spectrum of 8c (125 MHz, CDCls)
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'H NMR spectrum of 8d (500 MHz, CDCls)

H cpu
N—Bn
(6]
|
| |
IS5
Aﬁ’:‘ e (- 4 JL_J‘LJ}LH~ P—
i) F kB oA -
3C NMR spectrum of 8d (125 MHz, CDCls)
{
| A VA
H cpu
N—Bn
(6]

ESI-41



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

F NMR spectrum of 8d (470 MHz, CDCl5)
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'H NMR spectrum of 8e (300 MHz, CDCl5)
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3C NMR spectrum of 8e (75 MHz, CDCls)

169.301

\\\\\\\\\V%//

S0aT ey
2R

W

o
TRE
SEm
Saa
Gha

59.728
——— 45,425

36

1.007

T T T T T T
190 180 170 160 150 140 130

120

T
110

T T T
100 90 80 70 60 50 40 30 20 10 0 ppm

YFE NMR spectrum of 8e (470 MHz, CDCl3)
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3fA

Table 1. Observed correlations in the HMQC spectrum of 3fA (CD3;0OD).

Carbon oc (ppm) oy of correlated proton (ppm)
C-1 163.0 -
C-2a 120.7 -
C-2b 129.9 -
C-3 104.5 -
C-4 129.9 8.06 (dd, J=1.0, 7.8 Hz, H-4)
C-5 137.7 8.00 (dd, J =7.8, 7.8 Hz, H-5)
C-6 127.5 8.81 (dd, J=1.0, 7.8 Hz, H-6)
C-7 147.9 -

Table 2. Observed correlations in COSY (*H-'H) spectrum of 3fA (CDsOD).

on (ppm) oy (ppm) of correlated proton
8.00 (H-5) 8.06 (H-4), 8.81 (H-6)
8.06 (H-4) 8.00 (H-5), 8.81 (H-6)
8.81 (H-6) 8.00 (H-5), 8.06 (H-4)

Table 3. Observed long-range C-H correlations in the HMBC spectrum of 3fA (CDs;OD).

o (ppm) Carbon correlated with 5 (ppm)

8.00 (H-5) 120.7 (C-2a), 127.1 (CF), 129.9 (C-2b), 147.9 (C-7)
8.06 (H-4) 120.7 (C-2a), 127.1 (CF>), 147.9 (C-7)

8.81 (H-6) 120.7 (C-2a), 129.9 (C-2b), 127.9 (C-2), 163.0 (C-1)
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Table 4. Observed correlations in the HMQC spectrum of 3fB (CD3;0D).

Carbon oc (ppm) oy of correlated proton (ppm)
C-1 166.3 -
C-2a 131.5 -
C-2b 136.1 -
C-3 100.0 -
C-4 148.6 -
C-5 131.5 8.29 (dd, J =0.9, 7.9 Hz, H-5)
C-6 135.0 7.97 (dd, J=7.9, 7.9 Hz, H-6)
C-7 131.1 8.24 (dd, J=0.9, 7.9 Hz, H-7)

Table 5. Observed correlations in COSY (*H-'H) spectrum of 3fB (CD3OD).

on (ppm) oy (ppm) of correlated proton
7.97 (H-6) 8.24 (H-7), 8.29 (H-5)
8.24 (H-7) 7.79 (H-6), 8.29 (H-5)
8.29 (H-5) 7.97 (H-6), 8.24 (H-7)

Table 6. Observed long-range C-H correlations in the HMBC spectrum of 3fB (CD3;OD).

o (ppm) Carbon correlated with 5 (ppm)

131.1 (C-7), 1315 (C-2a, C-5), 136.1 (C-2b), 148.6 (C-4),
797 (H-6) 166.3 (C-1)

131.1 (C-7), 131.5 (C-2a, C-5), 136.1 (C-2b), 148.6 (C-4),
8.24 (H-7) 166.3 (C-1)
8.29 (H-5) 131.1 (C-7), 1315 (C-2a, C-5), 136.1 (C-2b), 148.6 (C-4)
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COSY-45 spectrum of 3fA (125 MHz, CDCIy)
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HMBC spectrum of 3fA (125 MHz, CDCls)
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