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| . General Information

All solvents were dried and distilled according to standard methods before use. Au(PPhs)Cl was
prepared according to the literature procedures.® Commercially available reagents were used as received
without further purification. Experiments were performed in a flame-dried glassware with a rubber
septum under a positive pressure of nitrogen. Reactions were monitored by thin-layer chromatography
carried out on 0.25 mm E. Merck silica gel plates (60F-254) using UV light as a visualizing agent and
acidic p-anisaldehyde, and heat as developing agent. Flash chromatography was carried out on Merck 60
silica gel (230 — 400 mesh). *H and **C NMR spectra were recorded with Bruker (300 MHz and 75 MHz)
spectrometer. *H NMR spectra were taken in CDCly and were referenced to residual TMS (0 ppm) and
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet).
Chemical shifts of the *C NMR spectra were measured relative to CDCl; (77.00 ppm). Mass spectral data
were obtained at the Korea Basic Science Institute (Daegu) on a Jeol JMS 700 high resolution mass
spectrometer. Elemental analysis were performed on a Perkin ElImer EA 2400 analyzer. Melting points
were determined by Barnstead-Electrothermal / Thermo Scientific Digital IA9100X1. Single crystal data
for 1b, 1c, 11a and [Au(PPh3)]JOPOF, were collected on an Enraf-Nonius CCD single crystal X-ray
diffractometer at room temperature using graphite-monochromated MoK o radiation (A= 0.71073A).
Structures were solved by direct methods using SHELXS-97 and refined by full-matrix least-squares with
SHELXL-97. 1,52 252 5152 g [S3] 14 1581 15 [541 17 [S5] 14 1381 53 1571 63181 and Au(PPhs)NTHEY were

known compounds.

Il . Synthesis of Au(PPh3;)OPOF..

PhsP-Au~Cl + AgPFg ot CruCh, PhsP-Au-OPOF,
RT,1hr
To a flame-dried Schlenk tube capped with a rubber septum, Au(PPh3)CI (99mg, 0.2 mmol) in wet
CH,CI, (10 mL) and AgPFg (51mg, 0.2 mmol) were added. Immediately a white precipitate of AgCl was
formed. The resulting solution was stirred for an hour at room temperature. The solution was filtered
through a Celite pad and washed with CH,Cl,. The filterate was concentrated in vacuo. White solid
(106mg, 95%). *'P NMR (121.5 MHz, CDCl3) & -20.1 (t, J (**P-'°F) = 972 Hz), 31.6 (s) Hz. Elemental

analysis calcd (%) for CigH:sAUF,0,P,: C 38.59, H 2.70; found : C 38.33, H : 2.69. m.p. dec.
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NMR study of the transformation of Au(PPh3)PFginto Au(PPh3)PF,0,

According to the paper, Inorg. Chem. 1994, 33, 2309, the amount of water seems to be meaningless
because they said that “It has not been possible to completely eliminate the water from AgPF¢ even after
drying under P,Os and a vacuum higher than 10”mmHg during 5 days.” In order to verify the above
statement, we carried out some NMR experiments: (a) We first took *H NMR spectrum of Au(PPh3)PFs
prepared in a glove box. We only observed the peak due to the phenyl group, not due to water. (b-f) *P
NMR spectra vs time: -144.1 ppm (PFs), 20.1 ppm (PF,0,), and P, 31.6 ppm (PPhs). Even though no
water was detected, we could see the transformation of PFg into PF,0, as time passed. As expected, when

we use wet dichloromethane as a solvent, we could shorten the reaction time.

Jl |
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0.1 mmol of Au(PPh3)Cl and 0.1 mmol of AgPF¢ in 1 mL of CDCls.

() *H-NMR.

(b-f) **P-NMR, phosphine : 31.6 ppm, PF,0, : -20.1 ppm, PFg : -144.1
(b) 5 min. (c) 35 min. (d) 70 min. (¢) 100 min. (f) 130 min.
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I11. General Procedure for the Synthesis of Dienynes.

N-(p-Tolylsulfonamide) tethered dienynes were prepared as follows. To a flame-dried 100 mL
schlenk flask capped with a rubber septum, 20 mL THF was injected via syringe under N, flow. 1.2 mL
(1.2 eq.) of diisopropyl azodicarboxylate and 1.57g (1.2 eq.) of PPh; were added to the schlenk flask.
After the solution was stirred for 10 min, 1.15 g (1.1 eq.) of 4-methyl-N-(prop-2-
ynyl)benzenesulfonamide was added. Then, an alcohol (5 mmol) with (a) substituent(s) in a diene moiety
was added, and the solution was stirred for 5 hours. After the resulting solution was concentrated, the
mixture was purified by flash chromatography on silica gel (n-hexane/EtOAc = 10:1) to afford pure
dienyne.

Compounds 3 and 4 were prepared as follows: To a flame-dried 100 mL schlenk flask equipped with a
stirring bar, a suspension of LiAlH, (190 mg, 5 mmol) in 20 mL THF was stirred at 0°C. A solution of
dimethyl 2-(penta-2,4-dienyl)-2-(prop-2-ynyl)malonate (2) (1.181g, 5 mmol) in 20 mL of THF was added
slowly. The flask was removed from the bath, warmed to room temperature, and allowed to stir at room
temperature for 12 hours. Then the solution was then cooled to 0°C and quenched with H,O (10 mL) and
1N NaOH (10 mL). The The aqueous phase was extracted three times with Et,O. The organic layers were
combined, dried (Na,SO,), and concentrated. The mixture was purified by flash chromatography on silica
gel (n-hexane/EtOAc = 1:1) to afford 766 mg (85% vyield) of 2-(penta-2,4-dienyl)-2-(prop-2-
ynyl)propane-1,3-diol (S1).

To a stirring suspension of NaH (425 mg, 60% disp. in mineral oil, 2.5 eq.) in 30 mL THF at 0°C, S1
(766 mg, 4.25 mmol) was slowly added. After the solution was stirred for 1 hour at 0°C, iodomethane (0.8
mL, 3eq.) was slowly added, and it was slowly warmed to room temperature, and allowed to stir at room
temperature for 12 hours. The reaction was quenched with 30 mL of saturated NH4CI solution. The
organic layer was separated, and the aqueous phase was extracted twice with Et,0. The combined organic
phases were dried (MgSO,4) and concentrated. The mixture was purified by flash chromatography on
silica gel (n-hexane/EtOAc = 15:1) to afford 673 mg (76% yield) of 6,6-bis(methoxymethyl)nona-1,3-
dien-8-yne (3).

To a 100 mL schlenk flask, S1 (766 mg, 4.25 mmol) and 20 mL acetone were added. The resulting
solution was stirred at room temperature and then a few drops of H,SO, were added. The solution was
stirred for 12 hours. After the solution was concentrated, the mixture was purified by flash
chromatography on silica gel (n-hexane/EtOAc = 15:1) to afford 328 mg (35% vyield) of 2,2-dimethyl-5-
(penta-2,4-dienyl)-5-(prop-2-ynyl)-1,3-dioxane (4).

MeO —

MeO N\ /
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6,6-bis(methoxymethyl)nona-1,3-dien-8-yne (3)
'H-NMR (300 MHz, CDCly) § 1.98 (t, J = 2.6 Hz, 1 H), 2.20 (m, 4 H), 3.24 (m, 4 H), 3.32 (s, 3 H), 3.33
(s,3H),4.99 (d, J=10.1 Hz, 1 H), 5.12 (d, J = 16.8 Hz, 1 H), 5.67 (td, J = 7.8, 15.2 Hz, 1 H), 6.11 (dd, J
=10.5, 15.0 Hz, 1 H), 6.33 (td, J = 10.2, 16.9 Hz, 1 H) ppm. *C NMR (75 MHz, CDCl,) 5 22.0, 34.8,
42.2,59.2,70.2, 74.2, 81.1, 115.3, 129.8, 134.3, 137.0 ppm. HRMS (EI) calc. for [C13Hx0,]" 208.1463,
found 208.1465.

><O —

© ;\ J
2,2-dimethyl-5-(penta-2,4-dienyl)-5-(prop-2-ynyl)-1,3-dioxane (4)

'H-NMR (300 MHz, CDCls) § 1.40 (s, 3 H), 1.41 (s, 3 H), 2.04 (t, J = 2.7 Hz, 1 H), 2.21 (d, J = 7.8 Hz,

2H),2.35(d, J=2.7 Hz, 2 H), 3.65 (s, 4 H), 5.02 (dd, J = 1.3, 10.2 Hz, 1 H), 5.14 (dd, J = 1.4, 16.5 Hz, 1

H), 5.63 (td, J = 7.8, 15.3 Hz, 1 H), 6.14 (dd, J = 10.5, 14.9 Hz, 1 H), 6.31 (td, J = 10.2, 16.8 Hz, 1 H)

ppm. °C NMR (75 MHz, CDCls) & 21.9, 22.3, 25.4, 35.4, 35.8, 66.6, 71.0, 80.5, 98.0, 116.1, 128.0,
134.9, 136.6 ppm. HRMS (EI) calc. for [C14H2,0,]" 220.1463, found 220.1467.

4-methyl-N-(4-methylpenta-2,4-dienyl)-N-(prop-2-ynyl)benzenesulfonamide (7)
'H-NMR (300 MHz, CDCls) § 1.80 (s, 3 H), 2.04 (t, J = 2.3 Hz, 1 H), 2.42 (s, 3 H), 3.89 (d, J = 6.8 Hz,
2 H), 4.09 (d, J=2.3 Hz, 2 H), 4.97 (s, 1 H), 5.00 (s, 1 H), 5.51 (td, J = 7.0, 15.6 Hz, 1 H), 6.30 (d, J =
15.6 Hz, 1 H), 7.30 (d, J = 8.1 Hz, 2 H), 7.74 (d, J = 8.2 Hz, 2 H) ppm. **C NMR (75 MHz, CDCl,) &
18.4,21.4,35.7,48.3,73.7, 76.5, 117.4, 122.8, 127.6, 129.4, 136.0, 137.6, 140.9, 143.5 ppm. HRMS (EI)
calc. for [C16H;sNO,S]" 289.1136, found 289.1139.

4-methyl-N-(3-methylhexa-2,4-dienyl)-N-(prop-2-ynyl)benzenesulfonamide (E: Z=3:7) (8)
'H-NMR (300 MHz, CDCl3) § 1.71-1.81 (m, 6 H), 2.00 (m, 0.7 H), 2.04 (s, 0.3 H), 2.43 (s, 3 H), 3.94 (d,
J=7.3Hz, 2 H),4.06 (d, J =23 Hz, 0.6 H), 410 (d, J = 2.3 Hz, 1.4 H), 5.25 (t, J = 6.9 Hz, 1 H), 5.50
(qd, J=7.1,11.9 Hz, 0.7 H), 5.70 (m, 0.3 H), 5.78 (d, J = 11.6 Hz, 0.7 H), 6.05 (d, J = 15.7 Hz, 0.3 H),
7.30 (d, J = 8.0 Hz, 2 H), 7.75 (d, J = 8.3 Hz, 2 H) ppm. *C NMR (75 MHz, CDCls) § 12.5, 14.7, 17.0,
18.2, 21.5, 35.6, 35.7, 43.86, 43.94, 73.5, 76.7, 77.2, 121.8, 122.3, 125.4, 125.6, 127.8, 129.4, 132.6,
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134.9, 136.1, 138.6, 143.5 ppm. HRMS (EI) calc. for [C17H,,NO,S]* 303.1293, found 303.1291.

TsN/—_
s

(E)-4-methyl-N-(2-methylpenta-2,4-dienyl)-N-(prop-2-ynyl)benzenesulfonamide (9)
'H-NMR (300 MHz, CDCl3) § 1.79 (s, 3 H), 1.97 (t, J = 2.2 Hz, 1 H), 2.42 (s, 3 H), 3.76 (s, 2 H), 4.01 (d,
J=1.8Hz,2H),5.13(d, J=10.4 Hz, 1 H), 5.19 (d, J = 17.2 Hz, 1 H), 6.01 (d, J = 10.8 Hz, 1 H), 6.56
(td, J=10.5, 16.9 Hz, 1 H), 7.29 (d, J = 8.0 Hz, 2 H), 7.74 (d, J = 8.1 Hz, 2 H) ppm. *C NMR (75 MHz,
CDCl;) 5 14.4,21.5, 35.4,53.9, 73.8, 76.2, 118.0, 127.7, 129.4, 130.0, 131.9, 132.3, 135.9, 143.5 ppm.
HRMS (EI) calc. for [C16H1sNO,S]" 289.1136, found 289.1138.

/—:
TsN

\—\\—<//Ph

4-methyl-N-((2E,4E)-4-methyl-5-phenylpenta-2,4-dienyl)-N-(prop-2-ynyl)benzenesulfonamide (10)
'H-NMR (300 MHz, CDCls) § 1.95 (s, 3 H), 2.04 (t, J = 2.2 Hz, 1 H), 2.43 (s, 3 H), 3.95 (d, J = 6.8 Hz,
2 H),4.12 (d, J=2.3 Hz, 2 H), 5.62 (td, J = 7.5, 15.5 Hz, 1 H), 6.40 (d, J = 15.5 Hz, 1 H), 6.49 (s, 1 H),
7.19-7.37 (m, 7 H), 7.76 (d, J = 8.2 Hz, 2 H) ppm. *C NMR (75 MHz, CDCl;) & 13.8, 21.5, 35.8, 48.5,
73.7, 76.6, 122.0, 126.8, 127.7, 128.1, 129.1, 129.4, 132.3, 134.6, 136.1, 137.4, 140.1, 143.5 ppm.
HRMS (EI) calc. for [Cy,H»3NO,S]* 365.1449, found 365.1448.

(E)-N-(3-cyclohexenylallyl)-4-methyl-N-(prop-2-ynyl)benzenesulfonamide (11)
'H-NMR (300 MHz, CDCl3) 6 1.56-1.70 (m, 4 H), 2.00 (t, J = 2.3 Hz, 1 H), 2.02-2.15 (m, 4 H), 2.42 (s,
3 H), 3.85(d, J = 6.9 Hz, 2 H), 4.08 (d, J = 2.2 Hz, 2 H), 5.37 (td, J = 7.3, 15.6 Hz, 1 H), 5.74 (t, J = 3.7
Hz, 1 H), 6.18 (d, J = 15.6 Hz, 1 H), 7.29 (d, J = 8.1 Hz, 2 H), 7.73 (d, J = 8.2 Hz, 2 H) ppm. *C NMR
(75 MHz, CDCls) 6 21.5, 22.3, 22.4, 24.4, 25.8, 35.6, 48.6, 73.5, 76.7, 118.4, 127.8, 129.4, 130.8, 134.9,
136.2, 138.7, 143.4 ppm. HRMS (EI) calc. for [C1gH23NO,S]" 329.1449, found 329.1454.

/—_
TsN :

N-(cyclohexa-1,3-dienylmethyl)-4-methyl-N-(prop-2-ynyl)benzenesulfonamide (12)
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'H-NMR (300 MHz, CDCl3) § 1.96 (t, J = 2.2 Hz, 1 H), 2.17-2.10 (m, 4 H), 2.43 (s, 3 H), 3.79 (s, 2 H),
4.07 (d, J = 2.2 Hz, 2 H), 5.78-5.83 (m, 1 H), 5.84-5.89 (m, 2 H), 7.30 (d, J = 8.1 Hz, 2 H), 7.74 (d, J =
8.2 Hz, 2 H) ppm. *C NMR (75 MHz, CDCl) § 21.5, 22.6, 23.4, 35.4, 51.8, 73.7, 76.3, 123.7, 124.0,
126.8, 127.7, 129.4, 131.7, 135.9, 143.4 ppm. HRMS (EI) calc. for [C1H1sNO,S]* 301.1136, found
301.1134.

J

TsN

N\ 7

(E)-N-(but-3-ynyl)-4-methyl-N-(penta-2,4-dienyl)benzenesulfonamide (13)
'H-NMR (300 MHz, CDCl3) § 1.97 (t, J = 2.5 Hz, 1 H), 2.43 (s, 3 H), 2.45 (dt, J = 2.5, 7.8 Hz, 2 H),
3.29 (t, J = 7.5 Hz, 2 H), 3.89 (d, J = 6.7 Hz, 2 H), 5.18 (d, J = 16.2 Hz, 1 H), 5.10 (d, J = 9.5 Hz, 1 H),
5.50 (td, J = 7.1, 15.0 Hz, 1 H), 6.07-6.32 (m, 2 H), 7.30 (d, J = 8.1 Hz, 2 H), 7.71 (d, J = 8.2 Hz, 2 H)
ppm. C NMR (75 MHz, CDCl,) 5 19.4, 21.5, 46.0, 50.3, 70.1, 81.0, 118.3, 127.2, 127.8, 129.7, 134.8,
135.7, 136.9, 143.4 ppm. HRMS (EI) calc. for [C1H1sNO,S]" 289.1136, found 289.1133.

MeO,C =—TMS
MeO,C :\ /
(E)-dimethyl 2-(penta-2,4-dienyl)-2-(3-(trimethylsilyl)prop-2-ynyl)malonate (16)
'H-NMR (300 MHz, CDCl3) 8 0.14 (s, 9 H), 2.81 (s, 2 H), 2.82 (d, J = 8.0 Hz, 2 H), 3.73 (s, 6 H), 5.03
(d,J=9.5Hz,1H),514 (d,J=16.2 Hz, 1 H), 5.49 (id, J = 7.7, 15.1 Hz, 1 H), 6.09-6.35 (m, 2 H) ppm.

3C NMR (75 MHz, CDCI3) 8 0.0, 24.2, 35.5, 52.7, 57.3, 88.4, 101.2, 116.7, 127.2, 135.5, 136.5, 170.0
ppm. HRMS (EI) calc. for [CysH240,Si]" 308.1444, found 308.1440.

IV. General Procedure for Au(PPhs)(OPOF,)-Catalyzed

Intramolecular [4+2] Cycloaddition Reaction of Dienynes

[Au(PPhg)OPOF;] (25 pmol) and THF (2 mL) were added to a flame-dried Schlenk tube equipped
with a stirring bar. To the solution was added a dienyne (0.5 mmol) along with 3 mL of THF. The mixture
was stirred until the dienyne was completely disappeared (as checked by TLC) at room temperature. The
mixture was purified by flash chromatography on silica gel (n-hexane/EtOAc = 10:1) to afford the desired
[4+2] cycloaddition product.
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TsN -

:A =z
3-tosyl-7-vinyl-3-aza-bicyclo[4.1.0]hept-4-ene (1b)

'H-NMR (300 MHz, CDCls) § 1.17-1.27 (m, 2 H), 1.58 (m, 1 H), 2.44 (s, 3 H), 3.07 (dd, J = 3.0, 12.0

Hz, 1 H), 3.94 (d, J = 12.0 Hz, 1 H), 4.79 (dd, J = 1.6, 9.9 Hz, 1 H), 4.84 (dd, J = 1.6, 3.8 Hz, 1 H), 5.29

(m, 1 H),5.42(dd, J=5.3,8.0Hz, 1 H),6.35(d, J=8.0Hz, 1 H), 7.33(d, J=85Hz,2H),7.65(, J =

8.3 Hz, 2 H) ppm. *C NMR (75 MHz, CDCl3) & (1 16.5, 21.5, 26.7, 30.9, 40.1, 110.7, 113.1, 121.4,

127.0, 129.8, 134.8,138.2, 143.7 ppm. HRMS (EI) calc. for [Cy5H17sNO,S]* 275.0980, found 275.0983.

m.p. 98-100°C.

TsN \

\
A

(E)-3-allylidene-1-tosyl-1,2,3,6-tetrahydropyridine (1c)
'H-NMR (300 MHz, CDCI3) § 2.41 (s, 3 H), 3.78-3.82 (m, 2 H), 3.82 (s, 2 H), 5.17 (d, J = 10.2 Hz, 1 H),
5.25 (d, J = 16.8 Hz, 1 H), 5.74 (m, 1 H), 5.86 (d, J = 11.1 Hz, 1 H), 6.47-6.67 (m, 2 H), 7.28 (d, J = 8.0
Hz, 2 H), 7.66 (d, J = 8.2 Hz, 2 H) ppm. *C NMR (75 MHz, CDCl;) & 21.8, 45.9, 49.6, 119.1, 122.9,
125.4, 127.4, 128.0, 129.1, 129.7, 131.0, 133.9, 143.8 ppm. HRMS (EI) calc. for [Ci5H:7NO,S]*
275.0980, found 275.0984. m.p. 134-136°C.

MeO,C

dimethyl 3,3a-dihydro-1H-indene-2,2(6H)-dicarboxylate (2a)
'H-NMR (300 MHz, CDCl3) & 1.81 (t, J = 12.4 Hz, 1 H), 2.61-2.69 (m, 3 H), 2.81-2.94 (m, 1 H), 2.94-
3.00 (m, 2 H), 3.71 (s, 3 H), 3.75(s, 3 H), 5.47-5.52 (m, 1 H), 5.73-5.78 (m, 2 H) ppm. *C NMR (75

MHz, CDCl,) 8 26.9, 38.1, 38.3, 40.0, 52.6, 52.7, 57.1, 115.8, 125.1, 126.2, 138.4, 172.2, 172.8 ppm.
HRMS (EI) calc. for [C13H160,4]" 236.1049, found 236.1051.

MeO
Meo><:©
2,2-bis(methoxymethyl)-2,3,5,7a-tetrahydro-1H-indene (3a)
'H-NMR (300 MHz, CDCl3) § 1.00 (t, J = 12.1 Hz, 1 H), 1.90 (dd, J = 8.4, 12.5 Hz, 1 H), 2.07-2.10 (m,
2 H), 2.52-2.60 (m, 2 H), 2.73-2.86 (m, 1 H), 3.09 (s, 2 H), 3.23 (s, 2 H), 3.24 (s, 3 H), 3.28 (s, 3 H), 5.32-

5.38 (m, 1 H), 5.59-5.72 (m, 2 H) ppm. **C NMR (75 MHz, CDCls) § 27.0, 37.5, 37.6, 38.7, 44.5, 59.1,
59.2, 76.7, 77.2, 114.7, 124.3, 128.0, 141.1 ppm. HRMS (EI) calc. for [Cy3sH»00,]" 208.1463, found
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208.1460.

O
% XD,

'H-NMR (300 MHz, CDCl;) 6 1.00 (t, J = 12.0 Hz, 1 H), 1.35 (s, 6 H), 1.99 (dd, J = 8.3, 12.6 Hz, 1 H),
2.07-2.28 (m, 2 H), 2.53-2.62 (m, 2 H), 2.68-2.83 (m, 1 H), 3.42-3.53 (m, 2 H), 3.52-3.69 (m, 2 H), 5.34-
5.44 (m, 1 H), 5.59-5.74 (m, 2 H) ppm. *C NMR (75 MHz, CDCls,) & 23.4, 24.3, 27.0, 37.3, 38.6, 38.9,
39.3,69.4, 69.5, 97.7, 115.4, 124.7, 127.7, 140.2 ppm. HRMS (EI) calc. for [C1,H200,]" 220.1463, found
220.1465.

1)

6-methyl-2-tosyl-2,3,3a,6-tetrahydro-1H-isoindole (6a)
'H-NMR (300 MHz, CDCl3) § 1.04 (d, J = 7.4 Hz, 3 H), 2.42 (s, 3 H), 2.66 (dd, J = 8.9, 11.1 Hz, 1 H),
2.75(m, 1 H), 2.93 (m, 1 H), 3.73 (d, J = 13.2 Hz, 1 H), 3.83 (t, J = 8.3 Hz, 1 H), 4.01 (m, 1 H), 5.37 (m,
1 H), 5.57-5.65 (M, 2 H), 7.32 (d, J = 8.0 Hz, 2 H), 7.71 (d, J = 8.2 Hz, 2 H) ppm. *C NMR (75 MHz,
CDCl,) 6 21.4, 21.5, 30.9, 38.0, 50.6, 52.8, 121.9, 123.5, 127.5, 129.7, 133.3, 133.9, 134.1, 143.4 ppm.
HRMS (EI) calc. for [C16H1sNO,S]* 289.1136, found 289.1139.

5-methyl-2-tosyl-2,3,3a,6-tetrahydro-1H-isoindole (7a)
'H-NMR (300 MHz, CDCl3) & 1.66 (s, 3 H), 2.41 (s, 3 H), 2.49 (t, J = 5.5 Hz, 1 H), 2.61 (dd, J = 8.8,
11.3 Hz, 2 H), 2.88-3.03 (m, 1 H), 3.68-3.75 (m, 1 H), 3.80 (t, J = 8.3 Hz, 1 H), 3.96-4.05 (m, 1 H), 5.31-
5.36 (m, 1 H), 5.51-5.56 (m, 1 H), 7.31 (d, J = 8.1 Hz, 2 H), 7.71 (d, J = 8.3 Hz, 2 H) ppm. *C NMR (75
MHz, CDCls) 6 21.4, 22.7, 31.6, 33.0, 50.5, 53.1, 117.0, 117.5, 127.4, 129.6, 133.7, 134.4, 134.8, 143.3
ppm. HRMS (EI) calc. for [CyH1oNO,S]* 289.1136, found 289.1139.

4,6-dimethyl-2-tosyl-2,3,3a,6-tetrahydro-1H-isoindole (syn : anti=3:7) (8a)
'H-NMR (300 MHz, CDCl5) 5 0.90 (m, 3 H), 1.57 (s, 3 H), 2.33 (s, 3 H), 2.53-2.69 (m, 2 H), 2.82 (m, 1
H), 3.65 (d, J = 12.9 Hz, 1 H), 3.78 (t, J = 8.1 Hz, 1 H), 3.94 (dd, J = 1.3, 13.0 Hz, 1 H), 5.19 (m, 0.3 H),
5.30 (m, 1 H), 5.47 (m, 0.7 H), 7.23 (d, J = 8.0 Hz, 2 H), 7.63 (d, J = 8.1 Hz, 2 H) ppm. **C NMR (75
MHz, CDCl,) 6 20.7, 21.1, 21.4, 21.6, 31.8, 32.7, 41.5, 41.6, 50.6, 50.7, 52.2, 123.6, 127.2, 127.3, 127.5,
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129.2, 129.4, 129.6, 133.5, 133.6, 133.7, 133.8, 143.3 ppm. HRMS (EI) calc. for [Ci/Hx:NO,S]*

303.1293, found 303.1289.
TSN::]@

3a-methyl-2-tosyl-2,3,3a,6-tetrahydro-1H-isoindole (9a)
'H-NMR (300 MHz, CDCl;) § 0.91 (s, 3 H), 2.33 (s, 3 H), 2.46-2.54 (m, 2 H), 2.78 (d, J = 8.7 Hz, 1 H),
3.32(d, J = 8.7 Hz, 1 H), 3.63-3.71 (m, 1 H), 3.97-4.05 (m, 1 H), 5.42 (s, 1 H), 5.57-5.66 (M, 2 H), 7.22
(d, J=8.0 Hz, 2 H), 7.62 (d, J = 8.1 Hz, 2 H) ppm. *C NMR (75 MHz, CDCl) & 21.4, 25.4, 26.3, 41.0,
49.9, 585, 116.8, 124.6, 127.3, 129.5, 129.6, 133.8, 138.8, 143.2 ppm. HRMS (El) calc. for
[C16H19NO,S]" 289.1136, found 289.1139.

5-methyl-6-phenyl-2-tosyl-2,3,3a,6-tetrahydro-1H-isoindole (10a)
'H-NMR (300 MHz, CDCI3) § 1.40 (s, 3 H), 2.44 (s, 3 H), 2.77 (dd, J = 8.9, 11.3 Hz, 1 H), 3.02 (m, 1 H),
3.73(d, 3= 8.7 Hz, 1 H), 3.79 (d, J = 13.4 Hz, 1 H), 3.89 (t, J = 8.3 Hz, 1 H), 4.01 (m, 1 H), 5.40 (m, 1
H), 5.50 (m, 1 H), 6.90-6.97 (m, 2 H), 7.18-7.27 (m, 3 H), 7.33 (d, J = 8.0 Hz, 2 H), 7.73 (d, J = 8.2 Hz, 2
H) ppm. °C NMR (75 MHz, CDCls) § 21.5, 21.9, 39.0, 47.3, 50.7, 53.5, 118.1, 122.0, 126.6, 127.4,
128.4, 129.7, 133.1, 134.1, 136.6, 143.4, 143.5 ppm. HRMS (EI) calc. for [C,H»3NO,S]* 365.1449,
found 365.1453.

2-tosyl-2,3,4a,5,6,7,8,9a-octahydro-1H-benzol[flisoindole (11a)
'H-NMR (300 MHz, CDCl3) & 0.93 (dq, J = 3.0, 12.8 Hz, 1 H), 1.16 (m, 1 H), 1.40 (m, 1 H), 1.70-1.79
(m, 2 H), 1.84 (m, 1 H), 1.97 (t, J = 13.3 Hz, 1 H), 2.23 (m, 1 H), 2.42 (s, 3 H), 2.51 (t, J = 12.0 Hz, 1 H),
2.67 (dd, J = 8.9, 11.2 Hz, 1 H), 2.93 (m, 1 H), 3.70-3.84 (m, 2 H), 3.97 (m, 1 H), 5.26-5.33 (m, 2 H),
7.31(d, J = 7.9 Hz, 2 H), 7.71 (d, J = 8.1 Hz, 2 H) ppm. *C NMR (75 MHz, CDCl;) § 21.5, 26.1, 27.2,
35.0, 35.1, 38.1, 38.9, 50.6, 53.3, 114.6, 122.7, 127.5, 129.7, 133.4, 134.3, 141.3, 143.3 ppm. HRMS (EI)
calc. for [C1gH23NO,S]" 329.1449, found 329.1454.

TSN(:@ (12a)

'H-NMR (300 MHz, CDCl;) & 1.24-1.34 (m, 4 H), 2.44 (s, 3 H), 3.46 (d, J = 9.6 Hz, 1 H), 3.59 (dd, J =
1.9, 13.7 Hz, 1 H), 3.64 (m, 1 H), 3.76 (d, J = 9.6 Hz, 1 H), 4.08 (dd, J = 1.3, 13.6 Hz, 1 H), 5.93 (m, 1 H),
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6.07 (d, J = 7.3 Hz, 1 H), 6.25 (m, 1 H), 7.34 (d, J = 8.0 Hz, 2 H), 7.73 (d, J = 8.1 Hz, 2 H) ppm. ©*C
NMR (75 MHz, CDCl;) § 21.5, 26.4, 30.0, 38.5, 49.1, 50.8, 55.2, 122.6, 128.0, 129.6, 132.1, 134.9,
135.2, 143.7, 145.8 ppm. HRMS (EI) calc. for [C17H1NO,S]* 301.1136, found 301.1134.

TsN >:

2-tosyl-1,2,3,4,6,8a-hexahydroisoquinoline (13a)
'H-NMR (300 MHz, CDCls) § 1.94 (t, J = 11.3Hz, 1 H), 2.13-2.24 (m, 2 H), 2.33 (d, J = 11.6 Hz, 1 H),
2.41 (s, 3 H), 2.57-2.67 (m, 2 H), 2.92 (m, 1 H), 3.82-3.92 (m, 2 H), 5.39-5.49 (m, 2 H),5.75 (m, 1 H),
7.30 (d, J = 8.0 Hz, 2 H), 7.63 (d, J = 8.1 Hz, 2 H) ppm. *C NMR (75 MHz, CDCl5) § 21.4, 26.5, 33.8,
36.5,47.8,52.4,118.4,124.3, 126.3, 127.5, 129.6, 133.3, 133.4, 143.4 ppm. HRMS (EI) calc. for

[C16H1sNO,S]" 289.1136, found 289.1140.
TsN :

2-tosyl-1,2,3,4,4a,7-hexahydroisoquinoline (14a)
'H-NMR (300 MHz, CDCls) § 1.46 (m, 1 H), 1.79 (m, 1 H), 2.34-2.51 (m, 5 H), 2.61-2.71 (m, 2 H), 2.83
(d, J=11.9 Hz, 1 H), 3.86 (m, 1 H), 4.11 (d, J =12.0 Hz, 1 H), 5.49 (d, J = 9.9 Hz, 1 H), 5.59-5.69 (m, 2
H), 7.32 (d, J = 7.8 Hz, 2 H), 7.66 (d, J = 8.0 Hz, 2 H) ppm. *C NMR (75 MHz, CDCls) § 21.5, 26.5,
32.7,35.4, 46.8,52.7, 120.9, 123.9, 127.1, 127.8, 129.5, 130.8, 133.1, 143.4 ppm. HRMS (EI) calc. for
[C1sH1sNO,S]" 289.1136, found 289.1137.

TsN o >_<
=
6-methyl-3-tosyl-7-vinyl-3-aza-bicyclo[4.1.0]hept-4-ene (17b)

'H-NMR (300 MHz, CDCl5) & 1.08 (s, 3 H), 1.19 (m, 1 H), 1.32 (m, 1 H), 2.43 (s, 3 H), 3.05 (dd, J = 2.5,
11.8 Hz, 1 H), 3.92 (d, J = 11.8 Hz, 1 H), 4.82 (dd, J = 1.3, 16.9 Hz, 1 H), 4.94 (dd, J = 1.5, 10.3 Hz, 1 H),
5.21 (d, J =8.1 Hz, 1 H), 5.39 (ddd, J = 9.1, 10.1, 17.0 Hz, 1 H), 6.32 (d, J = 8.1 Hz, 1 H), 7.32 (d, J =

8.0 Hz, 2 H), 7.65 (d, J = 8.2 Hz, 2 H) ppm. *C NMR (75 MHz, CDCl5) & 18.1, 19.5, 21.5, 32.3, 35.0,
40.0,115.5,117.1, 120.3, 127.1, 129.8, 134.7, 135.5, 143.7 ppm. HRMS (EI) calc. for [CsH1sNO,S]*
289.1136, found 289.1135.
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V. X-ray analysis

Diffraction data were measured by a Bruker-Nonius CCD single-crystal X-ray diffractometer at room
temperature by using graphite-monochromated Mo Ko radiation (L = 0.71073 A). Preliminary
orientation matrices and unit cell parameters were obtained from the peaks of the first 10 frames and then
refined using the whole data set. Frames were integrated and corrected for Lorentz and polarization
effects using DENZO. The structure was solved by direct methods using SHELXS-97, and refined by
full-matrix least-squares with SHELXL-97. All non-hydrogen atoms were refined anisotropically and

hydrogen atoms except some were treated as idealized contributions.

Table S1. Crystal data and structure refinement for 1b.

Empirical formula CisHi7NO,S

Formula weight 275.36

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, P121/n1

Unit cell dimensions a=11.4368(9) A o =90 deg.
b =9.3232(4) A B = 103.023(3) deg.
¢ =13.8085(11) A =90 deg.

Volume 1434.50(17) A®

Z, Calculated density 4, 1.275 Mg/m®

Absorption coefficient 0.223 mm™

F(000) 584

Crystal size 0.1x0.1x0.1 mm

Theta range for data collection 2.09 to 27.50 deg.

Limiting indices -14<h<14, -12<k<10, -17<I<17

Reflections collected / unique 5731/ 3274 [R(int) = 0.0404]

Completeness to theta = 27.50 99.5 %

Absorption correction None

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 3274/0/173

Goodness-of-fit on F? 1.105

Final R indices [I>2sigma(1)] R1 =0.0576, wR2 = 0.1406

R indices (all data) R1=0.1103, wR2 = 0.1754

Largest diff. peak and hole 0.339 and -0.483 e. A™
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Figure S1. An ORTEP drawing of 1b with 30% probability of thermal ellipsoids.

Table S2. Crystal data and structure refinement for 1c.

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
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

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

Absolute structure parameter

Largest diff. peak and hole

CisHi7NO; S

275.36

293(2) K

0.71073 A

Orthorhombic, P 212121
a=28.0592(2) A a = 90 deg.
b =10.6389(4) A B =90 deg.
c=16.7180(7) A v =90 deg.
1433.42(9) A3

4, 1.276 Mg/m®

0.223 mm™*

584

0.10 x 0.10 x 0.10 mm

2.81 t0 27.47 deg.

-10<h<10, -13<k<13, -21<I<21

3269 /3269 [R(int) = 0.0000]

99.2 %

Empirical

0.9780 and 0.9780

Full-matrix least-squares on F?
3269/0/172

1.101

R1 = 0.0376, wR2 = 0.0989

R1 = 0.0443, wR2 = 0.1034

-0.13(7)

0.237 and -0.311 e. A
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Figure S2. An ORTEP drawing of 1c with 30% probability of thermal ellipsoids.

Table S3. Crystal data and structure refinement for Au(PPhz)PF,0,.

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
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

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

Extinction coefficient

Largest diff. peak and hole

Cis His AuF, 0, P,
560.21

293(2) K

0.71073 A

Monoclinic, P 21/c

a=10.9034(6) A
b =9.1653(5) A
¢ =18.9173(10) A

o =90 deg.
B =100.487(3) deg.
v =90 deg.

1858.88(17) A®

4, 2.002 Mg/m®

8.113 mm™

1064

0.2x0.1x0.1 mm

3.24 t0 27.51 deg.

-14<h<14, -11<k<10, -24<I<24
7191 / 4232 [R(int) = 0.0501]
99.0 %

Empirical

0.4975 and 0.4975

Full-matrix least-squares on F?
4232 /01227

1.062

R1=10.0478, wR2 = 0.1156
R1=0.0670, wR2 = 0.1261
0.0008(3)

0.960 and -1.686 e.A™
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Figure S3. An ORTEP drawing of Au(PPh3)OPOF, with 30% probability of thermal ellipsoids.

Table S4. Crystal data and structure refinement for 11a.

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
Index ranges

Reflections collected / Independent reflections
Completeness to theta = 27.40°
Absorption correction

Max. and min. transmission
Refinement method

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

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

Largest diff. peak and hole

C19H23NO2S

329.44

293(2) K

0.71073 A

Monoclinic, P -1
a=10.7154(6) A

b =12.3673(8) A

¢ =13.3603(9) A

1750.68(19) A3

4, 1.250 Mg/m?3

0.194 mm-!

704

0.4x0.2x0.1mm3

1.65 to 27.40°.

-13<h<12, -15<k<15, -14<I<17
11188 / 7851 [R(int) = 0.0306]
98.7 %

o = 90.017(3)°.
B= 98.585(4)°.
v = 90.014(4)°.

Empirical

0.9809 and 0.9264

Full-matrix least-squares on F2
7851/0/415

1.094

R1 =0.0949, wR2 = 0.2341
R1=0.1678, wR2 = 0.2662
0.348 and -0.377 e.A3
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Figure S3. An ORTEP drawing of 11a with 30% probability of thermal ellipsoids.
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VII. *H NMR and **C NMR spectra

MeO

\ 7 (3)

MeO

ol

86'T
86'T
66T
8T'¢ [/

0ce

vZ'e
N
GZ'e

gee —

167
10°G
60'G
vT's
29'
59'
19°
0L
2Ls
109
01’9
zT9
§T9 ——

92'9
0€'9
ze'9
€e'9
9e'9
6€'9
L —

=\

= 0.99
> 3.98

Y

ow
ow©
e

> 1.01
I 1.00

7 1.00

T 0.99
F 1.00

ppm (t1)

0ce

8VE

[444

2’65

2oL
[AZA
9'9L
0LL
VL
T18

2

\

€611

8'62T
EVET ———_
0'LET

I
100

ppm (t1)

- 516 -



\ 7 ()

%

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

. —= — =
000000 2
r 612 ——
. =S £ze
ov'T
i L v'az
w1 % i
€0T - =805
| v'se
v0Z ~
S0z - t gse
0zz 074
R 0 Q
2z ~ [ - 200 |
— - 2.00
sez—— r
98z L
o
@
| 999 ——_
so'e L 0TL
e - — 400 | N
106 J Rl 99L
vo's | o 0L ——\
1§ < v ——
| -
TS i 508
TS
85°G r
09 r
€9'G —= > 100 3
G9'5 = 3100 | 0'86
89°G \ |
019 N ~ === ti00
€19 |
ST'9 °
. N _ o
oT'g —— S~ == 1l | T9TT
79— T~ === }100 |
629 \
€9 .
29 L 0’8zt
) | o
ve'9 ~ 6'VET ———_
8e'9 I 99T

T
ppm (t1)

o

"

o "
oty

e

i)
50

"

Lkl

mw

L el

- S17 -

100

Ll b e ot il

ppm (1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

08T

€0¢ M
v0'c U

S0¢

e

Bl

I M

1

ppm (t1)

= 3.00

3 0.80

= 3.00

= 2.02
= 2.00

3 201

J 1.02

I 1.01

3 2.00

3 2.00

8T
a4

L'S€

€8y

50

- 518 -

100

ppm (t1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

0000000

€11
£LT
SLT
01
8,1
08T ———\
66'T
00z
002
102

e

v0C
ev'e

£6'€
G6'€
S0Y
90y
oTy ——\
oty —
A

S2's

128

ov's

8v's

6v'S

056 ——
€66

€L'G
9,6
08's
209
109

2 W

N\

971
821 ——\
€L ——

1L

9L°L

%

)

7 6.03
= 838

= 3.02

T 1.00
F o070
0.30
071

7 0.30

I 2.01

1 2.00

ppm (t1)

S€L
9'9L \
L9L

Q')

cLL
VL

8121
€22t
'Szt
96zt
821
7’621
9'Z€T
Ve ——
T9eT
98eT ——

)

SEVT

\
100

ppm (t1)

- 519 -



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

TsN

0000070~

6LT
16'T

e

91'e ———__

20y

= 3.02
= 0.79

= 3.02

=201

= 2.02

T 180

7 1.00

3 2.01

7 2.00

ppm (t1)

a4’

S'TC

v'se

6'€S

0'8TT

L02T
7621 [/
0oeT — N\
6'TET
€ZET
6'SET

\

SEVT

50

\
100

ppm (1)

- 520 -



(10)

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

00000°0 - — 2

L g€l
=S §Te
66T | g'se
vo'e [/V — —301 | o
v0Z - = 0.76 ~
507 —— L
£v'z 300 | e
= 0 |
o
&

L'EL

L 99L

=N

2T —— = =200 | o T#
<

ETY — = 2.02 |

\

18°S

09's % - 0zet

296 — N\ = | 8'921

S95 —— SRSS) T Lzt

19°S 1821

169 1621
] 7’627 — N\ ==

9 ——— — 3101 | £2eT ——

679 — > 1.00

L oOveT
T9ET —

sl V'LET
8z'L 2
62, % | TovT

)\
L

W

1€ T 7.01 SVt
wer—7 -
9L rog
vl K\ 3-2.00 | nmu
11 2

50

- 521 -

100

ppm (t1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

(11)

00000°0-

65T
29T \
v9'T \
99T —— N\
002

107 ——\

. —
s —7
o1z

e K

=201
= 2.03

J-1.01

3 2.01

3 2.00

7.0

ppm (1)

9'Ge

98y

SeL

0'LL
Vil

2% N\
-

50

\
100

ppm (1)

- 522 -



(12)

50

TsN

- 523 -

100

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

. _ o
00000°0 -2
| STz [/
| o 92 ——
-
| vee ——
S6'T | v'Ge
96'T AN
67— — =072 -2
6T¢C — = 402 L
ev'e —3.03
81
L€l
61— _ — 203 €9L \
107 —— ° 99, ——\
107 - =200 ¥ 01—
r an
o
s
08's
28'S % I
. 0 ™
98's =+ 368
88'G - e
| 1'€eT
0'veT
T 8'92T N\
T 1’12t N
L 7’62 ———
o .
9zL 2 L'TET
821 ——\ o 202 H 6'GET
€L ——
£1°1 L g ..
. 2 vert
9/, = 2.00 £
Q
Q

ppm (t1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

/_//

TsN

st

000000

96'T
16T
86'T
ev'e
Sv'e

)

o'z
e
8v'z
12°€
62'€
e
88'c
06'€
60'S
FAXC]
ST'S
128
Sv's
'S
05'S
25'S
S5'g
80'9
9
£T'9
91’9
619 — N\
€29 —— 7
sz'9
9z'9
82'9
z€'9
9L ——
62'L

2L
69, ——
2w —

)\

N

\

3 2.02

= 2.02

T 204

F 1.00

% 201

3 2.01

7 2.00

7.0

ppm (t1)

Y'6T ———_
[n 4

o9
€08

€8T ——

[Ara
8.2 [/
1621 [/

8vET
L'GET M

69T ——

v'evt

50

\
100

ppm (1)

- 524 -



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

v Sgal
YUY

6.34
6.31
6.29
6.28
6.25
6.22
6.19
6.15
6.14
6.10
5.54
5.52
5.49
5.47
5.44
517
5.11
5.05
5.02
3.73
2.83
2.81

[

/s

‘ T i

0.14

T—— 0.000000

e Ly i ¥ L

N I PR 2} » ©

o o [=Y=) o Q o

] o oo @ Y] ]

T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ ‘ T T ‘
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)
— n 0 N ™~ o~
o © o~ © o < YIe < «©~ o . o
~ ® M — o o) ~[~ © ~ oo %) < S
- - - — - e M~ ~ [Te} n ™ ~N T
|

\ \ \ \
150 100 50 0

ppm (t1)

- 525 -



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

TsN

2\

(1a)

)

000000

e
5T
vz
152
85z
19

ve'e N
187 — 2\
06z —
29
99°¢
e
vLe
e
68°€
v6'e

L

)/

'S
v§'S
jeiepe]
85'G
89S

99°5 &
99'G
69'G
0L'G

T2L —~
ve'L

9L

v9'L

Wy
ol
[olele]
ooo

ppm (t1)

eEVT

€Te

§'9¢

9.8

90§ ———_
12

50

\
100

ppm (t1)

- 526 -



Z (1b)

TsN

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

0000000 ———— -

0.0

8T'T
6T'T
0c'T
12T
€1
Vet
9’1
1S'T
85T
65T
09T
e
v0'e
S0'€
80°¢
60°€
26°€
96°¢
LLY
8LV
87
12274

S9T

S'Te

\
1.0

J- 2.00 T 192

6'0€
7 1.00 -

20

Tov

= 3.00 r

3.0

7 1.00

9'9L

5 1.00 01

50

€8y viL
8%
€2'S
92's
9z'S
62'S

5.0

N
MmN
0w o

L I L)
L

[]
i
i
Loy
joy=)
oo

T

se's
6e's L LOTT ————
MM.M TETT

s r
oo —— > 100 | —
9e'9 L

6.0

\

02T
8'6¢T

SNJ \ w.qmﬁ‘
yeL ———— —-= =-2.00 T'8eT

V9L ~
— 3-2.00 [

19, ———— =

7.0

L'EVT

f
ppm (t1)

- 527 -

100

ppm (f1)




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

TsN

M(Le)

e -

08 ——

[4:2

ST'S
8T'S
[4Ac]
12'S
cL'S
VLS
VLS
SL°S
9.'S
v8'S
88'G ——

059
59
1S9
659
199
€99
99'9
90 L —~

6¢'L

oL ——

JAA

gt

P

\

=- 3.00

F 288

ppm (t1)

S'TC

9'sv
£6v

99.
072/

V'L

6'8TT
L'ect
TSt
T2t
8'.¢T

2

6'82T ——\
62T ——

8'0€T

L'EET
9'EVT

\

50

\
100

\
150

ppm (f1)

- 528 -



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

5.76
5.50
3.75
0.00000

Py P Yoy ks
N - o N W [=3
o [=] o (e =] o o
o o (9] HO S o
T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)
0 N < N «©
INEN 5} © 1 10 N < ~ o omn+d o
N~ o~ [32] N N - ~ I~ O ~NooNoN o © © ©
— - — - - - N~~~ n wnw < Mmm N
|
|
|
I
|
|
I I I I
150 100 50 0

ppm (t1)

- 529 -



(3a)

MeO
MeO

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

0000000

+ g€
| 976 ——
7 1.00 Jge _—

<
= 2.03 N
T Sy

I 2.00

//fw 7100 +— S
T 02
—_ =

—_— =
—_ =

F1.00 -

176G
— 2 z6g >

60°¢ - =2.01

£2'e - = =863 |
ge—7 I
8z'c T 99,

| o 022 ——2\
< T —
r an K
| o
SE'S o
09'S \ r
19°S H/ —_ 3 1.00 |
79’ ——— N\ _ L
T === 2.00
Jog s I
g — o
[ © LpTT
r €T
- 0'82T
| o
N
0z'L - +
~ T
r g
L £
I3

50

L

- 530 -

100

itk
M

ppm (t1)




XD,

O

X

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

000000

960 [/
00T T
o
v0'T - |J,., .
Ge'T .
G6'T L
v'eg
86'T ~
. + €9
20 L 0.2
602
. ~—== T 1.02 — S
ST'¢C — ele
02z _ 601 r 9'8g
€ze = b r 6'8¢€
[T L €68 —
95z L
95°¢ —_— = 7 1.03 <
65°C = o
. _— = | |
vz = 3201
1T [/ +
08¢ [/ —_— = 3 2.02 L
8 [/J — =< F100 L
vr'e | o 769 ——
a ™ 5’69
8r'e H/ I 9'9L
25— == =200 | 0Ll
vS'e Q S —= 13202 + v —
85°e .
65°E | o
19€ | ¥
v9'e
89'€ I
r 116
| o
n
68 — r
£€9°'G [/ ——= 7 1.00 -
89'G ——— — = q 200 + ¥'STT
s — L
| o
| “ LveT
1121
L2 ZovT

oc’L

I

——k

T T
ppm (t1)

50

- S31 -

100

ppm (t1)




(52)

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

000000 - —

eTT
STT
€87
€87
82
58z
987
987
20€
€0
s0e
80
e
£ze
sze
178 ——2\
62 —

9'Te

2

- 3.01

2'1e

o v'6€
o

Fioo T
Foes [

I 1.00

Vs

LTV
6TV
[4a4
€y
vev
82y
6EY
er'v
ey

V2

s ——
99°'G
0L'G ———2\
vrg ——

3 1.00 T

%

F2.00

0T

0¢cet

m | Lget

6'LET

1Z°L

T
ppm (t1)

50

- 532 -

100

ppm (t1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

TsN

(62)

)

0000000

€0T —~

SO0'T
€91
444
29'¢
S9°¢C
99¢
69¢C
vl'e
9.°¢
L2

b

162 ———_
v6e —
TL€
R
18°€
€8 — N\
08 —
66
€0y

\

LE°S
19'S

= 3.03

= 3.00

7 1.00
7+ 1.00

1 1.00

> 1.01
> 1.01

>+ 1.01

= 1.00
= 2.00

= 2.00

3 2.01

ppm (t1)

A
SN

6'0€

08¢

90§ ———_
875

99,
0'LL ——2\

v —

6'TCT
S'ecT
g'leT
L'6ct
€eeT

6'EET ——\
TYeT ——

)

V'EVT

50

\
100

ppm (t1)

- 533 -



(72)

-

TsN

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

. o
00000°0 - —a
° v ———
o L2
19T r
e -
91
8v'e _ — 301 [
05Z =
2se = 0'6e
N
852 L
19°C
292 Uv/ - 38 §0§ —
19z J 201 Tes
66T —— -
162 1ol |- Q
69'€ -

eLe
8¢
08¢ —\\
£8e —
66 ——

5 1.01 .
3100 99L —
+101 3 oL —

\

e0v

o
™ w
Ge'g > 1.00 |
¥S5'g > 1.00 |
L2
© 0LTT ——
r ST
L vLeT
L 9'62T [//
° L'EET [/
62, ~ PYET ———
L =
261 >~ o 201 8vEl
69'L —— L .
2Ll I 2.02 eert

T
ppm (t1)

50

- 534 -

100

ppm (t1)




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

TsN

(82)

P\

000000

180

060 ———\
260 —

%

LS'T
€eeC
144
9s¢

85z
657 ——
197

z9C
282
£9e
19
sLe
8Lg
18%€
e —
%'t

\

6T ———_
0£'S
'S

3-3.02

=3.03

= 3.00

7 2.00
71 1.00

3 1.02
T 1.00
I~ 1.00

= 0.30
3- 1.00

=-0.70

3- 2.00

3201

\
0.0

ppm (t1)

A

\
100

ppm (t1)

- 535 -



00000°0

(92)

TsN

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

160

s
19'S

= 3.02

=-3.00
= 2.02

- 1.01

- 1.01

- 1.01

3-1.01

3 1.00
32,01

3~ 2.00

- 2.01

ppm (t1)

0Ty

667

S'89

50

- 536 -

100

ppm (t1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

(10a)

000000°0-

= 3.00

oo
=gsters}

Yy
PR

= 1.01
=- 1.00

J-2.01

I 3.02
- 2.04

3 2.00

ppm (f1)

ST

6'T¢

0'6€

WA 4
105
jegos)

9'9L

0LL ——2\
v —

%

TVET

SEVT

50

\
100

ppm (t1)

- S37 -



or't

(11a)

2\

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

or's

69

ppm (t1)

00000°0-
060
160
S6°0
eT'T
8T'T
1£T
't
[
SIT
18T
e8'T
16T
12T
sze
e
152 O
197 ——_
897 ——
16'C
v6'C
zLe
1€
6.°€
z8'c
6 ——
66'€

Dzt

\

62'S

=
~
—
a—
/
=
/
/H

1 1.00

7 1.00
T 1.00

I 2.00
I 1.01
I 1.00

T 1.00

= 3.00
7+ 1.00

T 1.00

7} 1.00

J-2.00
I 1.00

I 2.00

7T 2.00

1 2.00

- 538 -

ppm (t1)




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

9'9L
Q'L

V'L

50

100

ppm (t1)

0g's

7 100.00

T 638

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

ppm (t1)

- 539 -



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

TsN

pr o N\

(12a)

L

)000000°0

9T ——

0€T

e ——
&>
>
16°€
1G°€
19°€
29
£9°
59’
s1e——
8¢
ER%
oTY
oT'Y

26'S
v6'S
909
809
€29 —

S2'9
829

\

8L ——

Se'L

el ——

SL°L

> 4.04

=-3.02

= 1.00
1 2.04
= 1.00

3 1.00

3 1.00
3 1.01

I 1.01

= 2.01

3 2.01

0.0

1.0

20

3.0

4.0

5.0

6.0

7.0

ppm (t1)

S'Te

92
oo

§'8¢

T6y ———_
805

[Aci]

50

\
100

ppm (t1)

- 540 -



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

TsN

(13a)

Y W\

000000°0-

06T
v6T
86T
STz
61C
T
T
187 ——
sez——

o

e
19'C
29
26C

G8'e
98¢
88'¢
68'¢

\

'S
€v's

17§ —— N\
8y ——

)

vL'S
LL'S

\

LZ'L
62°L —~
€L

QL

S9'L

)

3 1.00

T 2.00
=168

I 2.01

F 1.00

I 2.01

1 2.01

3 1.00

3 2.00

J2.00

ppm (t1)

Vet

v'1ic

9'9¢

8¢
§'9¢e

8Ly

v'es

o1\

Vi —

50

\
100

ppm (t1)

- 541 -



(14a)

TsN

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

00000

orT
W
A
SY'T
A
a
ST
€51
1T
181
vz ——— B
997 ——

82—

a8'c

S'1¢

T S'9¢

p

J-1.03 128 ———
'se

101

A\

8'91

3501 |

> 2.01 128
102 T

S8'e

)

68'€ —— L 99L
. 3 1.00 . .
601 - | © 0LL ——
eTy > 1.02 M viL——
| o
n
s [/ i
05's — > 100 |
v9's 201 [
o
o 6021
r 6'€2T \
L 12T \
| 821 \
| §'62T N
Lzl - 8'0€T
1L N\ L TEET ——
el 200 |
99°L ——
192 3200 [ vErT

f
ppm (t1)

50

- 542 -

100

o1 e o

ppm (t1)




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

TsN

Z (17b)

e\

000000~

80T
11
8T
BTT ———\
T —

P

9C'T
el

\

4

€0'¢
v0'e
L0°€
80°€

J

06'€
v6'€
08y
sy
S8y
26y
£6'v
%'y
0z's
£z's
ge'g
98'g —— N\
655 —— 7
or's
Zr's
Sv's

€9 ——

ve'9

A

9¢'L
€L
ve'L

vOL

192

J

=3.02
=-1.00

=-1.00

= 3.01

3~ 1.00

> 1.01

J-1.01
3- 1.02

3- 1.00
1 1.00

I 1.00

= 2.00

= 2.00

0.0

ppm (t1)

GGTT ———
T ————
£02T ——

TLeT ———
8'62T —

LT

GGeT ———

LEYT ——

\
100

ppm (t1)

- 543 -



