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General Remarks: Chemicals and solvents were purchased from commercial
suppliers and used as received. The benzene used for AIBN-initiated free radical
reactions was deoxygenated by passing a gentle stream of argon through for 20 min
before use. All flash column chromatography was performed with 230400 mesh
silica gel purchased from Sorbent Technologies as the stationary phase. Proton ('H),
carbon ("°C), and boron (''B) nuclear magnetic resonance spectra were measured on a
Bruker Avance 300 instrument at 300 MHz, 75 MHz, and 96.3 MHz, and Bruker
Avance spectrometer fitted with a BBFO probehead at 400, 100, and 128.4 MHz,
respectively. The chemical shifts in spectra were measured in parts per million (ppm)
on the delta (d) scale relative to the resonance of the solvent peak (CDCl; signal as
reference, 'H = 7.26 ppm, °C = 77.0 ppm). ''B chemical shifts are given relative to
BF3*OEt, (''B =0ppm). Unless noted, NMR spectra were recorded in CDCl; at 300
K. The resonance of the carbene carbon center connected to boron could not be
observed because of the quadrupole broadening. The following abbreviations were
used to describe coupling: s = singlet; d = doublet; t = triplet; q = quartet; br = broad;
m = multiplet. Infrared (IR) spectra were recorded on a Nicolet Avatar 360 FT-IR
spectrometer as thin films (CH,Cl,) on NaCl plates and Bruker Tensor 27 ATR
diamant PIKE spectrometer. Low and high resolution mass spectra were obtained
on a Micromass Inc. Autospec instrument with E-B-E geometry and also recorded by
Structure et fonction de molecules bioactives (UMR 7613) of Université Pierre et

Marie Curie (electrospray source).
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Table S1. Pilot reductions of adamantyl halides with 3

/
N
X [N>—BH3 H
E \ f
PhH or tBuPh
entry X  conditions time solvent [RX] T °C GC yield (%)
;1 EBBO 2h  benzene(1mL) 0.1M rt 21%
(1 equiv)
» 1 EBuBO 2h  benzene(1mL) 0.1M o 32% (25% SM)
(6 equiv)
3 1 AIBN 2h  benzene(1mL) 0.1M  80°C  31% (15% SM)
(1 equiv)
4 1 ACCN 2h  benzene(1mL) 0.IM  110°C  64% (14% SM)
(1 equiv)
ACCN 0.025 e 53% (20% SM)
5 I (1 equiv) 2h toluene (4 mL) M 110°C Pressure tube
toluene-dyg o o o
6 1 _ 2h 05 L) 0.IM  110°C 9% (80% SM)
7 Br FBBO 2h  benzene(1mL)  0.IM rt 9%
(1 equiv)
§ Br LBBO 2h  benzene(1mL) 0.1M o 12% (82% SM)
(6 equiv)
9 pBr AIBN 2h  benzene(1mL) 0.IM  80°C 2% (98% SM)
(1 equiv)
0 0
10 Br (‘?gcﬁfv) 2h tolene(dml) VP 110°C 418) r/gs(sfl ; e/illsé\g)
11 Br ACCN 2h  benzene(ImL) 0.M  80°C  12% (88% SM)
(1 equiv)
12 Br (fgqii) 2h  benzene(ImL) O0.IM  80°C  27% (78% SM)
benzene (0.1
tBuOOtBu mL) 400 60% (NMR
13 Br hv Zh tert-butylbenzene 0.08 M 60 °C tube)
(0.5 mL)
benzene (0.1
No mL) &N o o
14 Br tBuOOtBu Zh tert-butylbenzene 0.08 M 60 °C 0%
(0.5 mL)

ACCN is 1,1'-azobis(cyclohexane-1-carbonitrile)

Dr. Julien Monot also contributed to these results.

S3



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

1,2:5,6-Di-O-isopropylidene-3-iodo-a-D-glucofuranose (5a): Iodine (0.58 g, 2.28
mmol) was added to the solution of diacetone-a-D-glucose (0.5 g, 1.9 mmol),
triphenylphosphine (0.6 g, 2.28 mmol), and imidazole (0.26 g, 3.8 mmol) in of
toluene (12 mL). The brown mixture was reflux for 3 h, and followed by the addition
of sat'd NaHCOs3 (5) (10 mL). The byphase system was partitioned between ethyl ether
(70 mL ) and sat'd NaHCOs3 (4q) solution (30 mL). The org. layer was washed with
sat'd NaS,03 (aq) (30 mL), water (30 mL) and brine (30 mL), dried (MgSO4), and
concentrated to give a yellow oil. The yellow oil was purified by flash
chromatography (SiO,, elution with hexane : ethyl acetate = 85 : 15) to give the
desired iodide 5a as a white solid (0.38 g, 54 %). '"H NMR (CDCls, 300 MHz): § 5.82
(d, J=3.6 Hz, 1H), 4.61 (t, J = 4.1 Hz, 1H), 4.40-4.23 (m, 2H), 4.20-4.04 (m, 2H),
3.77 (dd, J = 9.9, 4.5 Hz, 1H), 1.56 (s, 3H), 1.50 (s, 3H), 1.38 (s, 6H). Data

correspond to those reported in the literature.’

1,2:5,6-Di-O-isopropylidene-3-bromo-@&-D-glucofuranose (Sb): Carbon tetra-
bromide (0.76 g, 2.28 mmol) was added to the solution of diacetone-a-D-glucose (0.5
g, 1.9 mmol), triphenylphosphine (0.6 g, 2.28 mmol), and imidazole (0.26 g, 3.8
mmol) in toluene (12 mL). The brown mixture was reflux for 3 h, and followed by the
addition of sat'd NaHCOs (q) (10 mL). The byphase system was partitioned between

ethyl ether (70 mL) and 30 mL of sat'd NaHCO; (q) solution. The org. layer was

' Kunz, H.; Schmidt, P. Liebigs Ann. Chem. 1982, 1245-1260.
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washed with sat'd Na>S;03 (oq) (30 mL), water (30 mL) and brine (30 mL), dried
(MgSO0y), and concentrated to give a yellow oil. The yellow oil was purified by flash
chromatography (Si0,, elution with hexane : ethyl acetate = 8 : 2) to give the desired
iodide 5b as a white solid (0.17 g, 28 %). "H NMR (CDCl3, 300 MHz): 8 5.75 (d, J =
3.6 Hz, 1H), 4.62 (t, J = 4.1 Hz, 1H), 4.35-4.23 (m, 1H), 4.15 (dd, J = 9.6, 3.3 Hz),
4.11-3.95 (m, 2H), 3.83 (dd, J=9.9, 4,5 Hz, 1H), 1.51 (s, 3H), 1.41 (s, 3H), 1.32 (s,

6H). Data correspond to those reported in the literature.

1,2:5,6-Di-O-isopropylidene-3-deoxy-&-D-glucofuranose (6): This was prepared
by the conditions listed in Table 1 with 0.1 mmol of starting halides 5a and Sb;
product 6 was isolated (hexane : ethyl acetate =85 : 15, 10.0-19.3 mg, 41-79 %) as a
colorless liquid. "H NMR (CDCl3, 300 MHz): & 5.81 (d, J= 3.7 Hz, 1H), 4.75 (t, J =
4.2 Hz, 1H), 4.23-4.03 (m, 3H), 3.87-3.75 (m, 1H), 2.18 (dd, J = 13.6, 4.2 Hz, 1H),
1.76 (ddd, J = 13.6, 9.6, 4.2 Hz, 1H), 1.50 (s, 3H), 1.42 (s, 3H), 1.35 (s, 3H), 1.31 (s,

3H). Data correspond to those reported in the literature.'

|
@)
A%%&Q/ OAc

OAc

1,2,3,4-Tetra-0-acetyl-6-iodo-B-D-glucopyranose (9): This was prepared following
the procedure that described the synthesis of Sa with 1,2,3,4-tetra-O-acetyl-
B-D-glucopyranose (0.2 g, 0.57 mmol). The crude product was purified by flash

chromatography (Si10,, elution with hexane : ethyl acetate = 7 : 3) to give iodide 9 as

a white solid (0.187 g, 72 %). "H NMR (CDCls, 300 MHz): 8 5.75 (d, J= 8.1 Hz, 1H),

2 Hodosi, G.; Podanyi, B.; Kuszmann, J. Carbohydrate Res. 1992, 230, 327-342.
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5.26 (t, J = 9.3 Hz, 1H), 5.13 (dd, J = 9.3, 8.1 Hz, 1H), 4.99 (t, J = 9.3 Hz, 1H),
3.65-3.51 (m, 1H), 3.33 (dd, J = 11.1, 3.0 Hz, 1H), 3.16 (dd, J = 11.1, 6.3 Hz, 1H),
2.13 (s, 3H), 2.06 (s, 3H), 2.03 (s, 3H), 2.01 (s, 3H). Data correspond to those

reported in the literature.’

Q
Ag‘goﬁ& OAc

OAc
1,2,3,4-Tetra-0-acetyl-6-deoxy-B-D-glucopyranose (10): This was prepared by the
conditions listed in Table 2 with 0.1 mmol of starting halides 9; product 10 was
isolated (hexane : ethyl acetate = 7 : 3, 22.2-23.6 mg, 67-71 %) as a colorless oil. 'H
NMR (CDCls, 300 MHz): 6 5.68 (d, J= 8.1 Hz, 1H), 5.19 (t, /= 9.5 Hz, 1H), 5.09 (t,
J=9.0 Hz, 1H), 4.84 (t,J=9.5 Hz, 1H), 3.78-3.63 (m, 1H), 2.14 (s, 3H), 2.04 (s, 3H),
2.01 (s, 3H), 2.00 (s, 3H), 1.23 (d, J = 6.3 Hz, 3H). Data correspond to those reported

in the literature.”

CCx,

3-Iodo-3,4-dihydrocoumarin (11): "H NMR (CDCls, 300 MHz): 6 7.42-7.32 (m,
1H), 7.25-7.15 (m, 2H), 7.15-7.08 (m, 1H), 4.95 (dd, J=4.5, 3.0 Hz, 1H), 3.49 (dd, J
=174, 4.5 Hz, 1H), 3.11 (dd, J = 17.4, 3 Hz, 1H). Data correspond to those reported

in the literature.’

LA,

3,4-Dihydrocoumarin (12): A solution of 3-i0do-3,4-dihydrocoumarin 11 (27.4 mg,

3 Kaszynski, P.; McMurdie, N. D.; Michl, J. J. Org. Chem. 1991, 56, 307-316.
4 Zercher, C. K.; Fedor, L. R. Carbohydrate Res. 1987, 165, 299-305.

5 Murakata, M.; Jono, T.; Shoji, T.; Moriy, A.; Shirai, Y. Tetrahedron: Asymm. 2008, 19, 2479-2483.
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0.1 mmol) and dimethylimidazolylidene borane 3 (11.0 mg, 0.1 mmol) in of
benzene-ds (1 mL ) was placed in a NMR tube, and the reaction progress was
monitored by "H NMR spectroscopy until the conversion of the starting material was
complete. 1,3,5-Trimethoxybenzene (11.8 mg, 0.07 mmol) was added to the reaction
solution as the internal standard, and the yield was determined by 'H NMR
spectroscopy analysis (70 %). The resulting product was purified by flash
chromatography (Si0,, pentane : ethyl ether = 8 : 2) to give 12 as a colorless oil (8.9
mg, 60 %). "H NMR (CDClz, 300 MHz): & 7.32-7.15 (m, 2H), 7.11 (d, J = 7.5 Hz,
1H), 7.05 (d, /= 8.7 Hz, 1H), 3.01 (dd, J=17.5, 6.9 Hz, 2H), 2.79 (dd, J = 6.9, 5.4 Hz,

2H), Data correspond to those reported in the literature.’

KOH
BuyNBr Ts Ts
TsHN 1-Bromo-2-chloroethane N Nal N
z\ THF, rt CIS z\ DMF, 80 °C |§ 1\
| 73 % Il 55 % 15a

N-Allyl-N-(2-chloro-ethyl)-4-methyl-benzenesulfonamide dn: Tetrabutyl-
ammonium bromide (0.6 mmol) was added to a solution of I (6.0 mmol), potassium
hydroxide (9.0 mmol), and 1-bromo-2-chloroethane (9.0 mmol) in THF (30 mL). The
white mixture was stirred at room temperature for 16 h, and then partitioned between
ethyl ether (100 mL) and water (40 mL). The organic layer was washed with water
(40 mL), brine (40 mL), dried (MgSO,), and concentrated. The crude product was
purified by flash chromatography (SiO,, ethyl acetate : pentane = 1 : 9 then 2 : 8) to
afford the chloride II as a colorless oil (1.2 g, 73 %). IR (neat, cm™) vmax 2930, 1710,
1598, 1451, 1340, 1156, 1091; 'H NMR (CDCl3, 400 MHz) & 7.71 (d, J = 8.3 Hz, 2H),

7.32 (d, J = 8.3 Hz, 2H), 5.75-5.57 (m, 1H), 5.25-5.12 (m, 2H), 3.83 (d, J= 7.5 Hz,

6 Hwu, J. R.; Wein, Y. S.; Leu, Y.-J. J. Org. Chem. 1996, 61, 1493—-1499.
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2H), 3.62 (t, J = 7.4 Hz, 2H), 3.37 (t, J = 7.4 Hz, 2H), 2.44 (s, 3H); °C NMR (CDCl;,
100 MHz) & 144.4, 137.0, 133.5, 130.5, 127.9, 120.3, 52.8, 49.5, 42.4, 22.2; HRMS

calcd. for C1,H;s0,NCINaS ([M+Na]") 296.0482, found 296.0483.

N-Allyl-NV-(2-iodo-ethyl)-4-methyl-benzenesulfonamide (15a): Sodium iodide (15
mmol) was added to a solution of chloride II (3.0 mmol) in DMF (7 mL). The
colorless solution was stirred at 80 °C for 16 h, and then cooled to room temperature.
The white resulting mixture was partitioned between ethyl ether (100 mL) and water
(40 mL). The organic layer was washed with water (40 mL), brine (40 mL), dried
(MgS0y), and concentrated. The crude product was purified by flash chromatography
(S10,, ethyl acetate : pentane = 1 : 9) to afford the 1odide 15a as a colorless oil (0.6 g,
55 %). '"H NMR (CDCl3;, 400 MHz) § 7.76-7.65 (m, 2H), 7.32 (d, J = 8.5 Hz, 2H),
5.76-5.60 (m, 1H), 5.27-5.12 (m, 2H), 3.85-3.73 (m, 2H), 3.50-3.35 (m, 2H),

3.30-3.15 (m, 2H), 2.44 (s, 3H). Data correspond to those reported in the literature.’

N-Allyl-N-(2-bromo-ethyl)-4-methyl-benzenesulfonamide (15b): Bromide 15b was
prepared following established procedures.*” "H NMR (CDCls, 400 MHz) & 7.70 (d, J
= 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 5.76-5.60 (m, 1H), 5.26-5.13 (m, 2H), 3.81
(d, J = 6.6 Hz, 2H), 3.50-3.35 (m, 4H), 2.43 (s, 3H). Data correspond to those

reported in the literature.’

Ts
N

ol

3-Methyl-1-(toluene-4-sulfonyl)-pyrrolidine (16): This was prepared by the

7 Ohmiya, H.; Wakabayashi, K.; Yorimitsu, H.; Oshima, K. Tetrahedron 2006, 62, 2207-2213.

8 Miyata, O.; Ozawa, Y.; Ninomiya, 1.; Naito, T. Tetrahedron 2000, 56, 6199-6208.
? Rai, K. M. L.; Hassner, A. Heterocycles 1990, 30, 817.

S8



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

conditions listed in Table 2 with 0.1 mmol of corresponding substrate; product 16 was
isolated (pentane : ethyl acetate = 9 : 1 then 8 : 2) as a colorless liquid. '"H NMR
(CDCl3, 400 MHz) & 7.70 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 3.42 (dd, J =
9.6, 7.2 Hz, 1H), 3.38-3.30 (m, 1H), 3.28-3.15 (m, 1H), 2.74 (dd, J = 9.6, 7.9 Hz,
1H), 2.43 (s, 3H), 2.16-2.05 (m, 1H), 1.95-1.80 (m, 1H), 1.42-1.28 (m, 1H), 0.91 (d,

J= 6.6 Hz, 3H). Data correspond to those reported in the literature.'”

o8
Brj/ <
N-Allyl-N-(2-bromo-acetyl)-4-methyl-benzenesulfonamide (17): NaH (60 % in
mineral oil) (92 mg, 2.31 mmol) was added to the solution of I (0.325 g, 1.54 mmol)
in THF (10 mL) at room temperature in one portion, before the addition of
bromoacetyl bromide (0.37 g, 1.85 mmol). The yellow mixture was stirred at room
temperature for 18 h, and then the yellow reaction mixture was partitioned between of
ethyl ether (70 mL) and water (30 mL). The org. layer was washed with water (30
mL), brine (30 mL), dried (MgSQ,), and concentrated to give a yellow oil. The yellow
oil was purified by flash chromatography (SiO,, ethyl acetate : pentane =1 : 9) to give
the desired product 17 as a colorless oil (0.25 g, 49 %). 'H NMR (CDCls;, 300 MHz) 8
7.83 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 5.95-5.75 (m, 1H), 5.33-5.18 (m,
2H), 4.46 (d, J = 6.6 Hz, 2H), 4.23 (s, 2H), 2.46 (s, 3H). Data correspond to those

reported in the literature."’

1% Tang, J.; Shinokubo, H.; Oshima, K. Tetrahedron 1999, 55, 18931904
" Ozaki, S.; Matsushita, H..; Ohmori, H. J. Chem. Soc., Perkin Trans. 1 1993, 2339-2344.
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4-Methyl-1-(toluene-4-sulfonyl)-pyrrolidin-2-one (18): This was prepared by the
conditions listed in Table 2 with 0.1 mmol of 17; product 18 was isolated (hexane :
ethyl acetate = 9 : 1 then 7 : 3, 2.8-10.6 mg, 11-42 %) as a colorless oil. '"H NMR
(CDCls, 300 MHz) 6 7.91 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 4.03 (dd, J =
9.9, 7.2 Hz, 1H), 3.41 (dd, J = 9.9, 6.3 Hz, 1H), 2.57 (dd, J = 16.6, 8.1 Hz, 1H),
2.52-2.38 (m overlapped with s at 2.44, 4H), 2.06 (dd, J = 16.6, 7.2 Hz, 1H), 1.09 (d,

J = 6.6 Hz, 3H). Data correspond to those reported in the literature."’

O\\‘/LS

<
N-Acetyl-N-allyl-4-methyl-benzenesulfonamide (19): This was prepared by the
conditions listed in Table 2 with 0.1 mmol of 17; product 19 was isolated (hexane :
ethyl acetate = 9 : 1 then 7 : 3, 6.8—14.7 mg, 27-58 %) as a colorless oil. '"H NMR
(CDCls, 300 MHz) 8 7.81 (d, /= 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 5.98-5.80 (m,
1H), 5.33-5.20 (m, 2H), 4.46 (dt, J = 5.7, 1.5 Hz, 2H), 2.44 (s, 3H), 2.29 (s, 3H). Data

correspond to those reported in the literature."’

o ¢
¢
N-Allyl-N-(2-bromo-propionyl)-4-methyl-benzenesulfonamide (20): This was
prepared following the procedure described the synthesis of 17 with I (1.54 mmol)
and of 2-bromopropionyl bromide (1.85 mmol). The crude product was purified by

flash chromatography (SiO,, ethyl acetate : pentane = 15 : 85) to give the desired

product 20 as a white solid (0.38 g, 71 %). "H NMR (CDCls, 300 MHz) 6 7.87 (d, J =
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8.1 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 6.00-5.83 (m, 1H), 5.33-5.20 (m, 2H), 4.86 (q,
J=6.6 Hz, 1H), 4.70 (dd, J= 17.4, 4.2 Hz, 1H), 4.41 (dd, J = 17.4, 5.4 Hz, 1H), 2.45

(s, 3H), 1.74 (d, J = 6.6 Hz, 3H). Data correspond to those reported in the literature.'

trans-3,4-Dimethyl-1-(toluene-4-sulfonyl)-pyrrolidin-2-one (trans-21): This was
prepared by the conditions listed in Table 2 with 0.1 mmol of 20; product 21 was
isolated (hexane : ethyl acetate = 9 : 1 then 7 : 3, 6.8-14.7 mg, 36-44 %) as a
colorless oil. "H NMR (DMSO-ds, 300 MHz) 8 7.83 (d, J = 8.1 Hz, 2H), 7.44 (d, J =
8.1 Hz, 2H), 3.98 (dd, J = 9.3, 7.5 Hz, 1H), 3.28 (t, J = 9.6 Hz, 1H), 2.40 (s, 3H),
2.22-2.10 (m, 1H), 2.03-1.85 (m, 1H), 1.03 (d, J = 6.3 Hz, 3H), 0.96 (d, J = 6.9 Hz,

3H). Data correspond to those reported in the literature.'?

O _f8

%
N-Allyl-4-methyl-N-propionyl-benzenesulfonamide (22): Following corresponding
conditions with 0.1 mmol of 20, a mixture of compounds 22, I, and rest of the AIBN
was isolated (hexane : ethyl acetate =9 : 1 then 7 : 3) as a colorless oil. The percent
yield of amide 22 was determined by '"H NMR spectroscopy analysis as 17-28 %. 'H
NMR (CDCls, 300 MHz) & 7.82 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H),
5.98-5.82 (m, 1H), 5.33-5.20 (m, 2H), 4.48 (d, J = 8.4 Hz, 2H), 2.56 (q, J = 7.3 Hz,
2H), 2.45 (s, 3H), 1.04 (t, J = 7.3 Hz, 3H). Data correspond to those reported in the

. 12
literature.

12 Ozaki, S.: Matsushita, H.; Emoto, M.; Ohmori, H. Chem. Pharm. Bull. 1995, 43, 32-36.
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N/ I, (0.5 equiv) N/
[ >—BH; < > [ »—BH
\ NaBH, N
84 %
3 23a
unidentified
species @ﬁ
(a)
Lo S e
(b)
\

T T T |
0 20 -40 -60 ppm

Figure S1. Partial ''B NMR spectra [96.3 MHz, Benzene-ds, 298 K] displaying (a-b)
the formation of the 1,3-dimethylimidazol-2-ylidene borane 3 from monoiodide
intermediate 23a under the treatment with NaBH, over time—(a) 0 min, (b) 30 min,

after addition of 2 equiv of NaBHa.
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o) hv, 15 min O
©)$<Br d-Benzene, 60 °C ©)H/

/ /

N NaBH, N

[ >—BH, <———— [ >—BH,Br

N 77 % N

\ \

3 23b

RUNI

(a)

(b)

(c)

(d)

|

T T T T
0 -20 -40 -60 ppm

Figure S2. Partial ''B NMR spectra [96.3 MHz, Benzene-ds, 298 K] displaying (a-d)

the formation of the 1,3-dimethylimidazol-2-ylidene borane 3 from monobromide

intermediate 23b under the treatment with NaBH,4 over time and the loading scale of

NaBH;—(a) 0 min, after irradiation for 15 min (b) 10 min, 0.5 equiv of NaBH4 (c) 20

min, 1.5 equiv of NaBHy, and (d) 180 min, 2 equiv of NaBHs.

S13



Supplementary Material (ESI) for Organic & Biomolecular Chemistry

shu2 HEdEmal 5 &) The Reye Socisty ghGhemistry 2011

—7.260
5.8
4.136
4.115
4.093
4.070
4.065
4.042
3.796
3.781
3.763
3.748

. . I .MJLM

L L O ) L L ) L B R

8.0 75 7.0 6.5 60 55 50 45 40 35 3.0 25 2.0 1.5 1.0 0.5 ppm

z 2833 4 8




Supplementary Material (ESI) for Organic & Biomolecular Chemistry

shu?2 mféogrnal 5 é¢) '516 Rcyg Soc:fté ﬁ)_flghemlstry 2011

DA MM AdoOoONd M ANOFEMUOITMmOAOLWN oML O ™M < O
kO NI MAONHOONLOVWU>TWVFEFMOUOUULMANOOD™L I N — -
(9 DLV VOUMMMANNNAAAAOOOOOOO O W O n <t ™M
o~ NI F A I IIIIIIIITITOOOOONO OO ™M —

e N

vvvv‘vvvv‘vvvv‘vvvv‘vvvv‘vvvv‘vvvv‘vvvv‘vvvv‘vvvv‘vvvv‘vvvv‘vvvv‘vvvv vvvv‘vvvv‘vvvv‘vvvv‘

8.0 75 7.0 6.5 60 55 50 45 40 35 3.0 25 2.0 5 .0 0.5 ppm

s g [ 5@%




Supplementary Material (ESI) for Organic & Biomolecular Chemistry

shu? "@'h;s@yr,nal g &) DsRyd ISoc'@i@ 9ffshemistry 2011

cot”
L6E"
9TV
(A%
0s¥%-
¥8¥% -
(40
8TG"
TTL”
LcL’
YvL-®
9gL”
ooL”
cLL”
68L"
S08°
9vT”
09T~
¢6T”
soc
LLL
86L"
908"
918"
€¢8’
Te8
9¥8"
990"
TLO"
980"
€0T"
¢TIT”
YIT®
9cC¢T"
octT”
a4
TST*
9¢T~
OLT"
68T"
TeL”
YL’
ooL”
€8L”
008"
€T8”

(0}
L0
[Q\

= == T

I I IS ISTO O NN ANANAAAA A A A AA A A A A A A A

T

<

<

< <
I S Sy S S S

<

e

1

T T T

T
6.5 60 55 50 45 40 35 3.0 25 2.0 1.0 0.5

7.0

T
7.5

I

8.0

T

ppm




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
shu3 UsHarpal I 1c)- e Reyd) SocRig dfdhemistry 2011

— Ao A O NS>0 0N a0 NN dOd MM <A >
e} OMOUANWOUMMOTrd 0L OIS WL t MO wwWwMNANMWOWM >
AN D ANANNAAAAOOOLWN LW LW LW LWL MM A A ddd oo oLwn
o~ nmomommmmomummumununEgdFOmOmmmmmm MM MOMmMMmOMmMMmMANNNN A

[ alh

L I e L I L L L L B

80 75 70 65 6.0 55 50 45 40 35 3.0 1.0 0.5 ppm

25 20 1.5
T s 88 g5
- rel=1{=) - (== DM




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
shu3 OQarpal & 1c)-The REY8 Socigty dflShemistry 2011

BA D -

L I e 1 O ) I L L L L

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
T8 8
AN/ANIANIAN o

5




2}

upplementary Material (ESI) for Organic & Biomolecular Chemistry

shu 3 Dds5dorpal ik 1c)-Thg RS pociRiY dfhemistry 2011

NLOVNONIM>WWOO MO NO>EMOMAN N> NDAND>D><FANOO O NN o~
ME MO ANANNOINFITMANODOONNOTOO>IINNUOANOWVWINTHEM NANO WLV F MO > <
MM OO MmO ANNANANNNAAAAAAAANONO O noNIIFF A OO LN
[ R T T T e e A A T S B i e B L U MmO Mmoo omomom —
CCC
o "0
e ) L
L e L L e B I B s Ly s L B BN A BB L
80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 ppm
Qe e N -
| Q| - - -




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
shu 3 Usdaarpal I 2} T Reys) SocRi@ dfdhemistry 2011

A MmN O M I U O) O < N < = N
0 WOWM~AdoWoNOTI>< ™M — o O > o~ ™M
NANANNHAAAOO O O O o >~~~ N <t N
[ e R Sl Sl e e M ™M AN N AN N — =

5N
Z2820
<

- SN M e

L I e L I L L L L B

8.0 75 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 ppm

1.96
1.59



shu2112a

0659S'T —

SCLT'S
LSIT'S
06.1°'S
TL6T'S
666T'S
T€0C°S
650C'S

0€TC’S
€9T¢C'S
96T¢'S
6¢¢C’S

06T9'S
¥5€9'G
LEV9'G
£679'G
£159'G
7099'G -
£299'G
69/9'G
18/9'G—
6989'G |
2569'G
ve0L'S
€6TL'S
0092 L —

880€ L
G8ze'L
TOES'L

6869°L
€€0L°L
8YT.L'L
L6TL'L

=

——

i
SCIA

D g———

€¢c0e

55

0000°T L

6.5

7.0

— €0.6°T

{ cora Tl
6876'T

|eJBbayu|

Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2011

4.0
(ppm)

4.5

T
5.0



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

shu2112a N 2233 2 v <o 0o o o
LaNES I 223 58 & &
I 5885 § SER 83 S S
A AAdAAd N~~~ o< < N
SN ~— .
Ts
;N
DR
|
|
] | |
| o
Ll e
‘26‘30‘ ‘24‘10‘ ‘2‘20‘ ‘2(‘)0‘ | 15‘30‘ | 1f‘50‘ ‘140‘ | 1é0 ‘1(‘)0‘ 8‘0 | 6‘0 | 4‘0 Zb
(ppm)




61599'T — - :

L9EY'C
LETCE
€GTC'E
6¢eC’e
0sece
68EC°¢
69GC°€
yov'e
coer'e

89¢v'e o
6riy'e = —_—= 7998'T
€/8L°¢

T06L°€
8€08'€ —— —=="08€8'T

" oro0' |
8v88'¢C

g ——

CEE8'T

SRAGREEREE
|
|

€0.LT'S
0€LT'S
€9.T°S
6V6T'S
¢86T'S
0T0C’S
[A{VAC] —
2602'S % 16002
0€TC'S B

€9T¢'S

G86¢°S

MMWWN —E ‘IWM 0000°T
6€99°G
129G
61,9
9889°G
€T69'G

9669' ~F
/\/I

55

%L%u

09T4° & =

G09¢'L — — = ;
5605 [ — = 50|
ommms%
clee’s

2169, —===""TT06'T

9569°L

§00L°L
2 9/0L'L
X 0CTL’L
£ ereLl [esBaquj

Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2011

45 4.0 35 3.0 25 2.0 15 1.0 05 0.0
(ppm)

5.0

7.0 6.5 6.0

7.5

8.0



This iﬂhﬁ%\iﬁe(c) The Royal Society of Chemistry 2011

¢SLT'S
0T0C'S
9¢0¢'S
LSTC'S

mwﬁm.mul

G8T9'G——
67€9'G kw
TEY9'S
8069'G
9659'G
G9/9'G
9//9'G-]
¥989'G
T769°'G
£20.°G—
18TL'G-

689¢°L —
660€°L /"
96¢€’L

8269, ——
16100/

)
J%

— 0otV e

= V9%07¢

T |

AAAAS |
0000°¢

|eJBbayu|

0.8T'Y

_cenns]
§500°C

P —

¥500°T

6€C0°C

7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 05 0.0
(ppm)

7.5

8.0



shu2122c

60060 — r
80T6'0— [
¥.16°0
S0SC'T L
1862'T — ] r
96TE'T r
00€E'T i
607E'T L
80S€'T :
ZT9E'T
9TLE'T
2687
1858'T—
1698'T —
/68T
9988'T
L268'T |
€006'T —|
€506'T —|
89T6'T
6€¢6'T
eve6'T
L180°¢C
600T'¢
¥81T'¢C
T8ET'¢C
8G¢v'¢
G6TL'C
A S6T.LC
9ev.L'¢
€€9/.°¢ Nmmn.NW
26.T°E 9evL'e %
2.6T'S— €€9/.°¢
¥66T°€ .
mmmm.mL ¢6LTE
18T2°€ ¢l61 €~
6T2z'6 | vmmﬁ.m a
Trzze | wmow.mJ
Jzvze T18TZ°€
6TCC€

680£°€ )
. 722 '€ —
VEIE'E leres ——

€6¢E°¢ )
1888c mmom.mK‘
16sse vmﬂm.m\\
gepee €6eee
gesee Hmmm.mu
y79¢° Nmmm.mL
056 mmvm.mL
1eTY's - 6EGEE
16TH'E Y79€°E
2lspe 0S6€'€ -
1ETV'e
16TV'€

0.0

0.5

m mmr

LTI LT
|

¥2.6°0

2.8

3.0

4.0
(ppm)

=

(ppm)
45

IULRLLL
3.4

LITOT [

\
5.0

3.6

\
55

eabau) L

3.8

\
6.0

\
6.5

0092'L — ‘ .
500€'L —ov86T|
90", -
€02€'L .
6Tee — —oooer
9569'L \

YOTL'L -

75

8.0

|eJBbayu|

Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2011



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
shu3 UETarpal I 1c)- Thd Reyd) SocRig dfhemistry 2011

2.455
2.044
1.560

L I e L I L L L L B

8.0 75 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 ppm

8

2.43



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
shu3 Thsddyrnal 15 26)- The R@y8) Soc(g af Chemistry 2011

o M O 0 o O dod>~o~vwvwd MO dMNMLOVULANWAHD>ELOVONOOOWHO
NN O < -0 MMM ANOANMAOWMOOONANATAAEMOM>NEHNOO I O
[ NNe) I ™M ™M AN oooowkoq*q*q*m&ommmmﬂ*wq*\—iooo&ommﬁo
o>~ o~ oS o~ <ﬁ<ﬁﬂ*mmmmmmNNNNNNNNNNNNHHHHH

O
R D T e L L R I
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
g g 8 BrE 3
- ] < Q Qe e ]
(3] N - - - < - N




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
shu 3 fesjoyrnal ip 42) The Reya) Socigty gfiGhemistry 2011

VLoOgdmomuwoandMNMOTdImoOoANOYFLOWUONHNLWOWUAITNOOTMOMOOWMSH O LW [eNe]
OO 0O N HOONO>TLOINUOMHOOOWNINIEANAAD>™LOLOLWMLWN < O
l.\l\l\(")(ﬂM(\]mO\O\mCDCOCDCDCD(DCDd)MMMNNNNNﬂ‘ﬂ'<|"<l“<l"<ﬂ < N
l\L\L\L\L\l\hmmmmmmmmmmmmmmmmmmmm<ﬁ<ﬂ<ﬁ<ﬁ<ﬂ<ﬂ (SN

T ey == ——

Oﬁ/LS
\

M?L Jt Mo

L I e 1 O ) I L L L L

8.0 75 7.0 6.5 60 55 50 45 40 35 3.0 25 2.0 1.5 1.0 0.5 ppm

L g 38

2.06



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
shu 3 Hus4qurnal is {c) The Reya Socigty §f Chemistry 2011
! 7

mMomMmddadd>orN>IO0OONWN A AM
W W MmMWOWWHN
l\MMNO\O\mO\

LDL(')LOLﬂ

5. 92
5.91
5.90
5.88
5.87
5.85
5.30
5.29
5.27

O O o WV
Mm O o O
(\](\](I)CD
l\l\l\l\ LﬂLﬂﬂ"ﬁ"

L I e L I L L L L B

8.0 75 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 ppm

LR 3 [




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
shu3 Oigldumnd is (c1 The Rayal §ekiety 3 Cheistry 2011

n o~ AN UOVOAMIFTANNOFTOM AN HNOANANNAHNOWOOSLOTETANH LN
<+ 0N oo~ MMOdF oMo o~Too>~vVVEMANOOMOAN>TLVLOUFEMANHO TN O
o 00 < < ommmmmmmmmmwﬂ*ﬂ*mﬁ.—i.—h—i.—iﬁﬁmmmmmmmmmoomm
o~~~ Q"MMMMMMMMMNNNNNNN(\](\]N(\](\]H\—|H|—|H|—||—||—||—|\—||—|OO
Ts
0)3
M, M J I e .
A e s B L B 5 I B e B B B B B B S
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
S |- S N @ |5 |8 S|o
N N - - [+ IR R o ™mm




Supplementary Material (ESI) for Organic & Biomolecular Chemistry

shu3 Opjeyrnal i {c) The Rqyd Society of Chemistry 2011

8TO"
A4V
990"
€60 °
LTIT"
9T
A4
006G~
AN
896"
999°
VL9
cecL”
vL”
9sL”
YLL®
0v6 "
IV
Sev’
LYY
8¢S -
28§’
9LG"
T09°
T8c-
AR
e9v”
89%°
LY’
8%
98%"
T6¥ "
€6T"
L6T"
€ce’
Lec:
ovc-
sy
6vC’
LST"
19¢"
Lec-
coe”
90¢”
a¥8°
6L8°
8g¢C-
cre”
6ce’
€08°
TE8”
068"
968"
AN
816"

A ddddd A A A A A A A

—

S G, I —

SO OWOOOWOOOLN SIS IIFITANANNNNNNN

\

o

o>~~~ >

( + TSHN A~
\

Ts
N

by

L O L L O L I ) I I B L L

I

T

ppm

0
o
o —
=8It
0
-
1G°GE
Q
AN
10 6179
N €6°L
Q
(+2]
1
o
Q
<
Go’L
0 96°L
<
Q
0w~
90'¢€
S
ol
NN
o ev'L
©
0
({e]
Q
N~
gcv
0
N~
00°¢

o . 90¢

8





