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General Information

The boiling point of petroleum ether is between 60-90 °C. Silica gel (200-300 mesh)
for purification was purchased from Tsingtao Haiyang Chemicals (China). Solvent
purification was conducted according to Purification of Laboratory Chemicals (Peerrin,
D. D.; Armarego, W. L. and Perrins, D. R., Pergamon Press: Oxford, 1980). Yields refer
to chromatographically and spectroscopically (IH NMR) homogeneous materials.
Reactions were monitored by Thin Layer Chromatography on plates (GF254) supplied
by Yantai Chemicals (China) using UV light as visualizing agent and basic aqueous
solution of potassium permanganate, and heat as developing agents..

'H-NMR and “C-NMR were recorded on 400.1 MHz and 100.6 MHz with Brucker
AVANCE III spectrometer. TMS was used as internal standard for "H NMR (0 ppm),
and solvent signal was used as reference for °C NMR (CDCls, 77.0 ppm). Infrared (IR)
spectra were recorded on a Thermo Nicolet Avatar 330 FT-IR spectrometer.
High-resolution mass spectra (HRMS) were recorded on a Bruker Apex IV FTMS mass
spectrometer using ESI (electrospray ionization). Cobalt bromide was purchased from
Alfa Aesar. Tetramethyl thiourea was purchased from Acros. Zinc dust was purchased
from Beijing Yili Chemicals (China).
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Experimental Data

Optimization of the reaction conditions:

To a mixture of anhydrous CoBr; (0.100 mmol, 21.9 mg, 10 mol%), TMTU (0.6
mmol, 79.3mg, 0.60 equiv) and zinc dust (2.0 mmol, 130 mg, 2.0 equiv) in flame-dried
10 mL-schlenk tube, dry solvent (1.5 mL) was added under N, balloon protection, then
degased with CO balloon, and the mixture was stirred under a balloon pressure of CO at
70 °C for 3h after the color of the reaction mixture was changed from original deep
green to colorless or yellowish (except DMF and CH;CN). To this solution enyne (0.5
mmol, 1.0 equiv) was added, and the formed mixture was stirred at 70 °C for additional
3-24 hours. After cooling to room temperature, the reaction mixture was purified by
column chromatography on silica gel with gradient solvent (petroleum ether and ethyl
acetate) to give the corresponding product. For the reactions with molecular sieves
(entries 13 and 17), their procedures are given in Page 6.

Table 1. CoBr2/TMTU/Zinc Catalyzed PK Reaction: Survey of Best Condition

nggg ‘R CoBr,zn, TMTU  meoOC .
CO(ballon pressure) MeOOC

R
entry solvent  CoBry/ligand (loading) condition time/h yield (%)

1 CH3CN 1/6 (20%) 70°C,R=H 12h N. R.
2 DMF 1/6 (20%) 70°C,R=H 12h N. R.
3 THF 1/6 (20%) 65°C,R=H 24h 18
4 PhH 1/6 (20%) 70°C,R=H 3h 86
5 PhMe 1/6 (20%) 70°C,R=H 3h 87
6 DCE 1/6 (20%) 70°C,R=Me  3h 70 (85)

PhMe 1/6 (20%) 70°C,R=Me  3h 88
8 PhH 1/6 (20%) 70°C,R=Me 3h 70 (73)
9 PhMe 1/1 (20%) 70°C,R = Me 3h N. R.
10 PhMe 1/2 (20%) 70°C,R=Me 3h N. R.
11 PhMe 1/4 (20%) 70°C,R=Me 3h 71 (77)
12 PhMe 1/10 (20%) 70°C,R=Me  3h 75 (79)
13 PhMe 1/6 (10%) 70°C,R=Me 3h 81
14 PhMe 1/6 (10%) 70°C, R =Me 3h 92

molecular seives
15 PhMe 1/6 (5%) 70°C,R=Me  3h 78 (84)
16 PhMe 1/6 (5%) 110°C,R=Me 1h 68 (84)
17 PhMe 1/6 (5%) 70°C,R=H 3h 86
molecular seives

18 PhH 1/6 (5%) 70°C,R=Me  3n 35 (71)

molecular seives

@ Reaction conditions: enyne (0.50 mmol), CoBr,, TMTU, Zn under CO (balloon pressure).
b Isolated yield. ¢ The yields in parentheses based on starting material recover.
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Triphenylphosphine (PPhs), Triphenyl phosphite (P(OPh)s), simple thiourea (TU)
and dimethyl thiourea (DMTU) ligands were all tested in the same condition. But no
reaction occurred when these ligands were used.

General procedure for the intermolecular reaction

To a mixture of dry molecular sieves (30 mg), anhydrous CoBr, (0.100 mmol, 21.9
mg, 10 mol%), TMTU (0.6 mmol, 79.3mg, 0.60 equiv) and zinc dust (2.0 mmol, 130 mg,
2.0 equiv) in flame-dried 10 mL-schlenk tube, dry toluene (1.5 mL) was added under N,
balloon protection, then degassed with CO balloon, and the mixture was stirred under a
balloon pressure of CO at 70 °C for 3h after the color of the reaction mixture was
changed from original deep green to colorless or yellowish. To this solution was added
alkyne (1.00 mmol, 1.0 equiv) and olefin (2.00 mmol, 2.0 equiv), and the formed
mixture was stirred at 70 °C for additional 3 hours. After cooling to room temperature,
the reaction mixture was purified by column chromatography on silica gel with gradient
solvent (petroleum ether and ethyl acetate) to give the corresponding product.

1c: Alkyne (93.6 mg, 0916 mmol); eluent: petroleum
ether/EtOAc = 30/1 to 25/1, product obtained 174.1 mg (0.776
mmol), yield 85%;mp 74-76 °C; "H NMR (400 MHz, CDCl;) &
= 7.71-7.68 (m, 2H), 7.62 (d, J = 3.2 Hz, 1H), 7.38-7.29 (m,
3H), 2.69-2.67 (m, 1H), 2.49 (d, J = 3.6 Hz, 1H), 2.35 (d, J = 5.2 Hz, 1H), 2.26 (d, J =
4.0 Hz, 1H), 1.74-1.56 (m, 2H), 1.39-1.26 (m, 2H) 1.12 (dt, J = 10.4, 1.6 Hz, 1H), 0.99
(dt, J = 10.4, 1.2 Hz, 1H) ppm; °C NMR (100 MHz, CDCl5) & = 208.9, 160.1, 146.1,
131.5, 128.3, 127.0, 54.9, 47.7, 39.4, 38.3, 31.2, 29.1, 28.4 ppm; IR (neat): 2955, 1694,
1296 (w), 1134 (w), 765, 690 cm™'; HRMS (ESI): m/z caled for C¢H;sNaO [M+Na]:
247.1093, found 247.1091."

1c O

2c: Alkyne (103.7 mg, 1.08 mmol); eluent: petroleum
2c O ether/EtOAc = 40/1 to 30/1, product obtained 218.8 mg (1.00
Mcsm mmol), yield 93%; "H NMR (400 MHz, CDCl;) & = 7.02 (s,

1H), 2.49 (br, 1H), 2.30 (br, 1H), 2.14-2.01 (m, 4H), 1.63-1.46
(m, 2H), 1.43-1.36 (m, 2H), 1.25-1.18 (m, 6H), 0.93-0.79 (m, 5H) ppm; *C NMR (100
MHz, CDCls) 6 = 211.0, 158.5, 149.4, 53.8, 48.0, 38.9, 38.0, 31.5, 30.9, 29.0, 28.4, 27 .4,

24.6, 22.3, 13.9 ppm; IR (neat): 2951, 2926, 2868, 1694 cm'l; HRMS (ESI): m/z caled
for C1sHa30 [M+H]": 219.1743, found 219.1740.2

” 5 3c: Alkyne (116 mg, 0.97 mmol); eluent: petroleum

ether/EtOAc = 35/1, product obtained 203 mg (0.84 mmol),
{M Ph'PF] yield 86%; 'H NMR (400 MHz, CDCl3) 8 = 7.72- 7.69 (m, 2H),
7.61 (d, J=2.8 Hz, 1H), 7.08-7.04 (m, 2H), 2.71-2.69 (m, 1H),

2.50 (d, J=3.6 Hz, 1H), 2.37 (d, J = 5.2 Hz, 1H), 2.28 (d, J = 4.0 Hz, 1H), 1.76-1.58 (m,
2H), 1.37-1.32 (m, 2H), 1,11 (d, J = 10.6 Hz, 1H), 1.02 (d, J = 10.6 Hz, 1H) ppm; °C

! Kobayashi, T.; Koga, Y.; Narasaka, K. J. Organomet.Chem. 2001, 624, 73.
2 Periasamy, M.; Reddy, M. R.; Devasagayaraj, A. Tetrahedron 1994, 50, 6955.
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NMR (100 MHz, CDCls) & = 209.0, 164.1 (d, J = 246 Hz), 159.8, 145.0, 128.9 (d, J = 8
Hz), 127.7, 115.4 (d, J = 22 Hz), 54.9, 47.7, 39.5, 38.4, 31.3, 29.2, 28.4 ppm; IR (neat):
2955, 1693, 1503, 1220, 870, 854, 844, 824, 809 cm™; HRMS (ESI): m/z caled for
CiH1FO [M+H]": 243.1180, found 243.1178.

4c: Alkyne (186 mg, 1.17 mmol); eluent: petroleum
4 o ether/EtOAc = 40/1, product obtained 248 mg (0.88 mmol),
LEZ &Ph'P'fB“ yield 75%; "H NMR (400 MHz, CDCl3) § = 7.65 (d, J = 8.4
Hz, 2H), 7.60 (d, J = 2.8 Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H),
2.69-2.68 (m, 1H), 2.49 (d, J = 3.6 Hz, 1H), 2.36 (d, J = 5.2 Hz, 1H), 2.26 (d, J = 4.0
Hz), 1.74-1.57 (m, 2H), 1.32 (s, 9H) , 1.12 (d, J=10.6 Hz, 1H), 0.99 (d, J = 10.6 Hz, 1H)
ppm; C NMR (100 MHz, CDCl3) & = 209.2, 159.6, 151.5, 146.0, 128.7, 126.8, 125.4,

54.9, 47.8, 39.5, 38.4, 34.6, 31.3, 29.2, 28.4 ppm; IR (neat): 2959, 1694, 844, 830, 816
cm'l; HRMS (ESI): m/z calcd for CyoH»50 [M+H]": 281.1900, found 281.1900.

5c: Alkyne (1199 mg, 0.94 mmol); eluent: petroleum
5 o ether/EtOAc = 15/1 to 12/1, product obtained 207.5 mg (0.83

Ph-pCNT - hmol), yield 88%; 'H NMR (400 MHz, CDCls) 5 = 7.85 (d, J
= 8.4 Hz, 2H), 7.79 (d, J = 3.2 Hz, 1H), 7.67 (d, J = 8.4 Hz,
2H), 2.78 (dd, J = 4.8, 3.2 Hz, 1H), 2.52 (d, J = 3.6 Hz, 1H), 2.41 (d, 5.2 Hz, 1H), 2.33
(d, 4.0 Hz, 1H), 1.78-1.60 (m, 2H), 1.43-1.31 (m, 2H), 1.10 (d, J = 10.8 Hz, 1H), 1.05 (d,
J =10.8 Hz, 1H) ppm; “C NMR (100 MHz, CDCls) § = 208.2, 162.5, 144.5, 135.9,
132.2, 127.6, 118.8, 111.9, 55.0, 48.0, 39.6, 38.4, 31.4, 29.2, 28.3 ppm; IR (neat): 2954,

2225, 1691, 871, 856, 849, 841, 822 cm’'; HRMS (ESI): m/z caled for Ci7H;sNO
[M+H]": 250.1226, found 250.1227.

6c: Alkyne (156.4 mg, 1.53 mmol); eluent: petroleum
M ether/EtOAc = 50/1, product obtained 257 mg (1.16 mmol),
/ Ph yield 76%; mp 77-79 °C; 'H NMR (400 MHz, CDCLy) & =
7.70-7.68 (m, 3H), 7.39-7.32 (m, 3H), 6.32 (s, 1H), 6.25 (s, 1H),
3.02 (s, 1H), 2.83 (s, 1H), 2.78 (s, 1H), 2.46 (d, ] = 4.0 Hz, 1H), 1.43 (d, J=9.2 Hz, 1H),
1.34 (d, J = 9.2 Hz, 1H) ppm; >C NMR (100 MHz, CDCls) & = 207.6, 159.8, 147.2,
138.5, 137.1, 131.6, 128.4(2), 128.3(5), 127.0, 53.5, 47.1, 44.1, 43.3, 41.3 ppm; IR

(neat): 2967, 1702, 757 cm’'; HRMS (ESI): m/z caled for Ci¢H;4NaO [M+Na]™:
245.0937, found 245.0935.°

7c: Alkyne (128.2 mg, 1.33 mmol); eluent: petroleum
M, ether/EtOAc = 60/1 to 40/1, product obtained 242 mg (1.12

/ Cshit ] mol), yield 84%: "H NMR (400 MHz, CDCl3) 6 = 7.16 (d, J
= 1.2 Hz, 1H), 6.29-6.27 (m, 1H), 6.21-6.18 (m, 1H), 2.90 (s,
1H), 2.70 (br, 1H), 2.66 (br, 1H), 2.28-2.27 (m, 1H), 2.17-2.13 (m, 1H), 1.51-1.44 (m,

2H), 1.38-1.26 (m, 6H), 1.22-1.20 (m, 1H), 0.90 (t, J = 6.8 Hz, 3H) ppm; *C NMR (100
MHz, CDCl;) & = 209.9, 158.6, 150.8, 138.3, 137.0, 52.5, 47.6, 43.6, 42.9, 41.1, 31.6,

3 Park, K. H.; Chung, Y. K. Adv. Syn. Catal. 2005, 347, 854.
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27.4,24.9, 22.4, 13.9 ppm; IR (neat): 2951, 2913, 2851, 1698, 1453, 1366 cm’'; HRMS
(ESI): m/z calcd for CsH,NaO [M+Na]+: 239.1406, found 239.1404.*

8c: Alkyne (116.4 mg, 0.97 mmol); eluent: petroleum
8¢ o ether/EtOAc = 40/1, product obtained 156.2 mg (0.650 mmol),

/ Ph-bF I vield 67%; 'H NMR (400 MHz, CDCls) 8 = 7.72- 7.69 (m, 2H),
7.66 (d, J=2.8 Hz, 1H), 7.08-7.03 (m, 2H), 6.34-6.32 (m, 1H),
6.26-6.24 (m, 1H), 3.01 (s, 1H), 2.84-2.82 (m, 1H), 2.78 (s, 1H), 2.47 (d, J = 5.2 Hz,
1H), 1.44 (d, J = 9.4 Hz, 1H), 1.32 (d, J = 9.4 Hz, 1H) ppm; “C NMR (100 MHz,
CDCl3) 6 = 207.6, 164.1 (d, J =247 Hz), 159.5, 146.1, 138.6, 137.2, 128.9 (d, J = 8 Hz),
127.8 (d, J = 4 Hz), 115.5 (d, J = 22 Hz), 53.6, 47.1, 44.1, 43.4, 41.4 ppm; IR (neat):
2980, 2967, 1688, 1507, 1230, 1165, 841, 715 cm; HRMS (ESI): m/z calcd for
Ci6H14FO [M+H]": 241.1023, found 241.1021.

General procedure for the intramolecular reaction

To a solution of dry molecular sieves (30 mg), anhydrous CoBr; (0.05 mmol, 10.9
mg, 10 mol%), TMTU (0.30 mmol, 39.7 mg, 0.6 equiv.) and zinc dust (1.0 mmol, 65 mg,
2.0 equiv.) in a flame-dried 10 mL-schlenk tube, dry toluene (1.0 mL) was added under
N, balloon protection, then degassed with CO balloon, and the mixture was stirred under
a balloon pressure of CO at 70 °C for 3h after the color of the reaction mixture was
changed from original deep green to colorless or yellowish. To this solution was added
enyne (0.5 mmol, 1.0 equiv.), and the formed mixture was stirred at 70 °C for additional
3-5h hours. After cooling to room temperature, the reaction mixture was purified by
column chromatography on silica gel with gradient solvent (petroleum ether and ethyl
acetate) to give the corresponding product.

It is worthwhile to mention that when the amount of zinc was reduced from 1.0
mmol to 0.2 mmol, the annulation of substrate 10a could also proceed smoothly under
the identical conditions listed above. However, further reduction of the zinc amount to
less than 0.1 mmol, no desired reaction occurred.

Meozc: i// TMTU, CoBr;, Zn Meozc>d;>:
> o
MeO,C — CO, toluene MeO,C

4 AMS, 70 °C
10a 10c
entry CoBr, loading Co:Zn yield
1 10 mol % 1120 91%
2 10 mol % 112 91%
3 10 mol % 1 trace

4 Billington, D. C.; Heps, I. M.; Pauson, P. L.; Thomson, W.; Willison, D. J. Organomet.Chem. 1988, 354, 233.
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9c: Substrate (89.5 mg, 0.426 mmol); eluent: petroleum
ngzg><1>: I ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc = 3/1,

2 product obtained 87.3 mg (0.366 mmol), yield 86%; "H NMR
(400 MHz, CDCl3) 6 = 5.94 (d, J = 1.2 Hz, 1H), 3.80 (s, 3H),
3.76 (s, 3H), 3.39 (d, J = 19.0 Hz, 1H), 3.30 (d, J = 19.0 Hz, 1H), 3.13-3.08 (m, 1H),
2.85(dd, J =128, 7.6 Hz, 1H), 2.66 (dd, J = 17.6, 6.4 Hz, 1H), 2.16 (dd, J = 17.6, 3.2
Hz, 1H), 1.78 (t, J = 12.8 Hz, 1H) ppm; °C NMR (100 MHz, CDCl;) & = 209.3, 185.1,
171.8, 171.1, 125.6, 60.6, 53.2, 53.1, 44.9, 42.0, 38.9, 35.2 ppm; IR (neat): 2956, 1731,
1707, 1636, 1254 cm™'; HRMS (ESI): m/z caled for Cj,H4NaOs [M+Na]™: 261.0733,
found 261.0731.°

MeO,C ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc = 4/1,
10c product obtained 298 mg (1.18 mmol), yield 91%; 'H NMR

(400 MHz, CDCls) 6 = 5.84 (d, J = 0.8 Hz, 1H), 3.81 (s, 3H),
3,74 (s, 3H), 3.53 (d, J = 17.6 Hz, 1H), 3.25 (d, J = 17.6 Hz, 1H), 2.62 (d, J = 13.6 Hz,
1H), 2.39 (s, 2H), 2.26 (d, J = 13.6 Hz, 1H), 1.16 (s, 3H) ppm; *C NMR (100 MHz,
CDCl) 6 = 208.7, 188.0, 171.8, 171.5, 124.1, 59.7, 53.1, 53.0, 51.6, 49.6, 44.3, 34.1,
26.3 ppm; IR (neat): 2956, 1732, 1710, 1636, 1252 cm™; HRMS (ESI): m/z caled for
C13H6NaOs [M+Na]": 275.0890, found 275.0888.°

MeO,C 11c: Substrate (222.5 mg, 0.777 mmol); eluent: petroleum
MeOZC><I>: ] ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc =

MeO,C ] 10c:> Substrate (289 mg, 1.29 mmol); eluent: petroleum
O
Me

4/1, product obtained 220 mg (0.700 mmol), yield 90%; mp
125-126 °C; 'H NMR (400 MHz, CDCl3) & = 7.57 (d, J =
7.2 Hz, 2H), 7.43 (dd, J = 7.2, 7.2 Hz, 2H), 7.35 (dd, J = 7.2, 7.2 Hz, 1H), 3.83 (s, 3H),
3.72 (s, 3H), 3.69 (d, J = 19.2 Hz, 1H), 3.33 (d, J = 19.2 Hz, 1H), 3.15-3.13 (m, 1H),
2.88-2.80 (m, 2H), 2.34 (dd, J = 17.6, 3.2 Hz, 1H), 1.80 (t, J = 12.8 Hz, 1H) ppm; °C
NMR (100 MHz, CDCls) 6 = 207.0, 178.6, 172.0, 171.1, 135.6, 130.8, 128.4(3),
128.4(0), 128.2, 61.2, 53.3, 53.1, 42.8, 42.6, 38.9, 36.0 ppm; IR (neat): 1732, 1702, 1653,
1276 cm'l; HRMS (ESI): m/z caled for C;sH;90Os [M+H]+: 315.1227, found 315.1229. >

MeO,C 12c: Substrate (130.9 mg, 0.436 mmol); eluent: petroleum

MeO,C 0 ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc =

i Ph-pMe 4/1, product obtained 134.2 mg (0.409 mmol), yield 94%;
c -

'H NMR (400 MHz, CDCl3) & = 7.47 (d, J = 8.0 Hz, 2H),
7.22 (d, J = 8.0 Hz, 2H), 3.82 (s, 3H), 3.71 (s, 3H), 3.68 (d, J = 19.2 Hz, 1H), 3.32 (d, J
=19.2 Hz, 1H), 3.13-3.11 (m, 1H), 2.86-2.79 (m, 2H), 2.36 (s, 3H), 2.31 (dd, J = 18.0,
2.0 Hz, 1H), 1.79 (t, 12.8 Hz, 1H) ppm; >C NMR (100 MHz, CDCl;) & = 207.1, 177.7,
172.0, 171.1, 138.1, 135.4, 129.1, 128.3, 128.0, 61.2, 53.3, 53.0, 42.7, 42.6, 38.9, 36.0,
21.3 ppm; IR (neat): 1732, 1701, 1653, 1275, 818 cm’; HRMS (ESI): m/z caled for
C1oH2,05 [M+H]": 329.1384, found 329.1382.

5 Tang, Y. F.; Deng, L. J.; Zhang, Y. D.; Dong, G. B.; Chen, J. H.; Yang, Z. Org. Lett. 2005, 7, 593.




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

MeO,C o 13c: Substrate (267 mg, 0.775 mmol); eluent: petroleum
MeO,C ether/EtOAc/CH,Cl, = 13/1/1 to  petroleum
13c Ph-pcO,Me|] ether/EtOAc/CH,Cl, = 3/1/1, product obtained 255 mg

(0.685 mmol), yield 88%; mp 115-117 °C; 'H NMR
(400 MHz, CDCls) & = 8.08 (d, J = 8.8 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 3.93 (s, 3H),
3.84 (s, 3H), 3.73 (s, 3H), 3.72 (d, J = 19.4 Hz, 1H), 3.34 (d, J = 19.4 Hz, 1H), 3.19 (m,
1H), 2.91 (m, 2H), 2.36 (dd, J = 18.0, 3.2 Hz, 1H), 1.82 (t, J = 12.8, 1H) ppm; *C NMR
(100 MHz, CDCls) 6 = 206.4, 180.5, 171.8, 170.9, 166.7, 135.2, 134.6, 130.0, 129.5,
128.2, 61.1, 53.3, 53.1, 52.1, 43.1, 42.5, 38.7, 36.1 ppm; IR (neat): 1731, 1707, 1277,
775 cm'l; HRMS (ESI): m/z caled for C,0H»,04 [M+H]": 373.1282, found 373.1282.

MeO,C 14c: Substrate (200.1 mg, 0.565 mmol); eluent: petroleum
MeO,C O ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc =
3/1, product obtained 199.8 mg (0.523 mmol), yield 93%;
mp 113-115 °C; '"H NMR (400 MHz, CDCl;) § = 7.70 (d,
J=12.0 Hz, 2H), 7.68 (d, J = 12.0 Hz, 2H), 3.84 (s, 3H), 3.73 (s, 3H), 3.71 (d, J = 19.4
Hz, 1H), 3.33 (d, J = 19.4 Hz, 1H), 3.20 (m, 1H), 2.91 (m, 2H), 2.36 (dd, J = 17.6, 3.2
Hz, 1H), 1.82 (d, J = 12.8, 1H) ppm; C NMR (100 MHz, CDCl3) & = 206.3, 180.6,
171.7, 170.9, 134.3(1), 134.2(6), 130.3 (q, J = 32 Hz), 128.6, 128.0 (q, J = 271 Hz),
125.3 (q, J =4 Hz), 61.0, 53.3, 53.1, 43.1, 42.4, 38.6, 35.9 ppm; IR (neat): 1734, 1705,
1653, 1617, 1325, 733 cm™'; HRMS (ESI): m/z caled for Ci9H;sF305 [M+H]": 383.1101,
found 383.1105.

MeO,C 15c: Substrate (128.6 mg, 0.573 mmol); eluent: petroleum
MeOZC><I?: I ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc =

14c Ph-pCF3

3/1, product obtained 120.8 mg (0.479 mmol), yield 83%;
'H NMR (400 MHz, CDCl;) & = 3.80 (s, 3H), 3.76 (s, 3H),
3.28 (d, J = 18.6 Hz, 1H), 3.21 (d, J = 18.6 Hz, 1H), 2.98 (br, 1H), 2.83 (dd, J = 12.6,
7.4 Hz, 1H), 2.68 (dd, J=18.0, 6.2 Hz, 1H), 2.11 (d, J=18.0 Hz, 1H), 1.72 (s, 3H), 1.69
(t, J =12.4 Hz, 1H) ppm; *C NMR (100 MHz, CDCls) & = 209.2, 177.3, 172.0, 171.4,
133.0, 60.8, 53.1, 53.0, 42.6, 41.3, 39.3, 34.1, 8.5 ppm; IR (neat): 1735, 1711, 1676,
1276 cm'l; HRMS (ESI): m/z caled for C;3H;705 [M+H]": 253.1071, found 253.1069. >

MeO,C 16¢c: Substrate (153.1 mg, 0.683 mmol); eluent: petroleum
MeOzc)©i>:o ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc =
16 2.5/1, product obtained 123.9 mg (0.491 mmol), yield 72%;
'H NMR (400 MHz, CDCl;) & = 5.97 (s, 1H), 3.77 (s, 3H),
3.72 (s, 3H), 3.52 (d, J = 14.0 Hz, 1H), 2.69 (d, J = 14.0 Hz, 2H), 2.61-2.50 (m, 2H),
2.20-2.14 (m, 1H), 2.00-1.91 (m, 2H), 1.33 (ddd, J = 26.0, 13.2, 3.2 Hz, 1H) ppm; "°C
NMR (100 MHz, CDCl3) ¢ = 208.1, 178.6, 171.3, 170.0, 129.6, 56.6, 53.1, 52.8, 41.8,

40.6, 35.4, 30.7(4), 30.6(8) ppm; IR (neat): 2955, 1733, 1706, 1627, 1250 cm’'; HRMS
(ESI): m/z calcd for Cy3H;6NaOs [M+Na]+: 275.0890, found 275.0887. >
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17c: Substrate (140.1 mg, 0.562 mmol); eluent: petroleum
I>: ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc = 1/1 (0.3%

Et;N added), product obtained 138.4 mg (0.501 mmol), yield 89%;
mp 158-159 °C; '"H NMR (400 MHz, CDCl3) & = 7.74 (d, J = 8.2 Hz, 2H), 7.36 (d, J =
8.2 Hz, 2H), 5.99 (s, 1H), 4.36 (d, J = 16.4 Hz, 1H), 4.05-4.01 (m, 2H), 3.16-3.14 (m,
1H), 2.65-2.56 (m, 2H), 2.44 (s, 3H), 2.09 (dd, J = 17.6, 3.2 Hz, 1H) ppm; *C NMR
(100 MHz, CDCl3) 6 = 207.4, 178.7, 144.2, 133.4, 130.0, 127.4, 126.2, 52.4, 47.6, 43.9,
39.8, 21.5 ppm; IR (neat): 2922, 1711, 1650, 1598, 1343, 1159 cm™'; HRMS (ESI): m/z
calced for C14HNO3S [M+H]+: 278.0845, found 278.0846. >

TSNCQZ Ol 18c: Substrate (126.7 mg, 0.481 mmol); eluent: petroleum
ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc = 1/1 (0.3%

18c __Me Et;N added), product obtained 102.4 mg (0.351 mmol), yield 73%;

mp 115-116 °C; '"H NMR (400 MHz, CDCl;) 6 = 7.74 (d, J = 8.0
Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 5.86 (s, 1H), 4.36 (dd, J = 16.4, 1.6 Hz, 1H), 4.08 (d,
J=16.4 Hz, 1H), 3.70 (d, J = 9.2 Hz, 1H), 2.85 (d, J =9.2 Hz, 1H), 2.44 (s, 3H), 2.39 (d,
J =17.6 Hz, 1H), 2.30 (d, J = 17.6 Hz, 1H), 1.18 (s, 3H) ppm; >C NMR (100 MHz,
CDCls) 6 = 207.0, 182.0, 144.0, 133.6, 129.9, 127.3, 124.6, 57.8, 49.0, 48.2, 46.3, 24.9,
21.5 ppm; IR (neat): 2972, 1714, 1653, 1598, 1345, 1170, 1154, 1093 cm'l; HRMS
(ESI): m/z calcd for CsH;7NNaO;S [M+Na]+: 314.0821, found 314.0824. >

19c: Substrate (144 mg, 0.443 mmol); eluent: petroleum
SN/\:Q:O ether/EtOAc/CH,Cl, = 13/1/1 to petroleum ether/EtOAc = 3/1,
1oc Ph product obtained 145.5 mg (0.412 mmol), yield 93%; 'H NMR
(400 MHz, CDCl3) 6 = 7.72 (d, J = 8.0 Hz, 2H), 7.46-7.34 (m, SH),
7.31 (d, J = 8.4 Hz, 2H), 4.65 (d, J = 16.8 Hz, 1H), 4.10-4.04 (m, 2H), 3.21-3.19 (m,
1H), 2.82 (dd, J=17.6, 6.4 Hz, 1H), 2.64 (t, J=10.2 Hz, 1H), 2.40 (s, 3H), 2.28 (dd, J =
17.6, 3.6 Hz, 1H) ppm; >C NMR (100 MHz, CDCl3) & = 205.4, 171.9, 144.0, 136.0,
133.6, 129.9, 129.8, 128.9, 128.6, 128.1, 127.3, 51.9, 48.3, 41.8, 40.6, 21.4 ppm; IR
(neat): 1708, 1662, 1598, 1345, 1158 cm'l; HRMS (ESI): m/z calcd for C,0HyoNO;3S
[M+H]": 354.1158, found 354.1160.°

20c: Substrate (129.9 mg, 0.763 mmol); eluent: petroleum
<:Qio ether/EtOAc = 40/1 to petroleum ether/EtOAc = 20/1, product

obtained 94.5 mg (0.477 mmol), yield 62%; 'H NMR (400 MHz,
CDCl) 6 = 7.60-7.58 (m, 2H), 7.41-7.38 (m, 2H), 7.32-7.28 (m, 1H),
2.94-2.86 (m, 2H), 2.85 (dd, J = 17.6, 6.8 Hz, 1H), 2.70 (m, 1H), 2.29 (m, 2H), 2.14 (m,
2H), 1.19 (m, 1H) ppm; C NMR (100 MHz, CDCl;) & = 208.6, 185.2, 134.5, 131.7,
128.2(2), 128.1(8), 127.6, 44.6, 42.9, 30.9, 27.2, 25.9 ppm; IR (neat): 1696 cm'l; HRMS
(ESI): m/z calcd for C14H;4NaO [M+Na]": 221.0937, found 221.0934. 5
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Spectrum of the synthesized compounds

1c: 'H-NMR
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3c: 'H-NMR
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PhptBu
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5¢: 'H-NMR

-pCN-pk

1
1

spect
0.125483 Hz
3.9846387 sec
60,800 usec
6.50 usec

8223.685 Hz
2974K

19.25

181
12.58899975 W
400.1324710 MHz

20111112
1.00000000 sec
1
CHANNEL f1
1H
14.50 usec

PROBHD 5 mm PABBO BB-
65536
32
2

Current Data Parameters
F2 - Acquisition Parameters
PULPROG

NAME 2011-11-12

EXPNO
INSTRUM

PROCNO
Date
Time
NUC1

P1

PLW1
SFO1

000°0-
1201
8¥0°1
690°[
9601
(483!
LIET
12€°1
PreE'l
69€'1
ELE]
66€°1
SIFl
STyl
0LVl
€651
66S°1
019°1
029°1
629'1
6€9°1
99’1
6v9°1
659°[
0L9°1
VA
61L°1
gcL'l
EEL’T
LEL'T
evL’l
ESL'l
CTLL']
91€’T
S‘ZE'ZJ
66EC
ClIvT
r1sTH
£T6°T
TSL'TA
6SL°TH
1LLT
99T'L
6v9°L
0L9°L
SLL'L
8LL
8T8'L
6V8'L

—_—\

.

19

F2 - Processing parameters

65536
400.1300073 MHz

SI

EM

0.30 Hz

WDW

0
0

SSB
LB
GB

1.00

PC

5¢c

PhpCN

ppm

2

I

o~
(o]

|

EEE




PhpCN

5¢c

5¢c: BC-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd | 0z oe o¥ 0s 09 0L 08 06 00 OL OCZk OEL OVl OSL 09 0LZL 08L O06L 002 Ol2
L 1

1 1 I 1 i { 1 1 i | 1 { { ] I i 1 1 { 1

[ 2d

0 €9

ZH 00’1 1

0 4SS

Wi Mam

ZHW 0ZLLTI9001 48

89LTE IS
sipwered Suissadold - ¢4

ZHW S0091€1°00% tO4S
M 000S+TOE0 £IMTd
M 0000FELE'O TIMNTd
M SL66688STI IMId

2351 0006 adod
HI TINN

9laEem OUdado

== 7] TANNVHD ===
ZHIW £6T8TT9 001 1048
M BP666811°08 IMId
235N 08°6 Id

D€l 1ONN

I3 TANNVHD ==—======

1 0aL

2935 000000ED 0 1a
235 00000000°T 1a

A 086T 4L

2SN 059 el

235N (}08°0T ma
£0T o

395 386 1£9¢°1 ov

ZH 86L99E0 SHEAL
ZH 19 8E0PT HMS

0¢3d3z DOUdINd
-46 0gdvd Ww § GHEO¥d
wads WMILLSNI

20T s,
oz Neq
siapweieg uonisinboy - 74 \ / 7 7
F ONDOWd \MM« Ly L \_/ _ _ _ 7 7 7 _
') -~~~ - - - -k b iy - ]
gn.zuu.mw__.__ow Omﬁ_wm QOO0 O h @~ = = o NDww b o o
i Wbt O w© Now = 3 .o, o N o
SIMAWRIE BIB(] JUALIND MNROoS® = © = = | @D MO = W INg
© o S o- © =] [N

20




Ph

6¢c: 'H-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

I

wdd o0 S0 0L SL 02 § € G¢
L 1 |

ZHW OE100E1 00 48
9£5S9 IS
siajawresed Suissanosd - 74

ZHW Q1LYTET 00F 1048
M SL66688S°T] IM1d

235N 05°v1 1d
HI 1ONN
=== [J TANNVHD
I 0dL
235 00000000°1 1a
A 0°66T N
292N 059 ad
295N 008'09 ma

LS o

295 LBEOPBE'E ov
ZH €8pSTI0 Saudld
ZH $89°€TT8 HMS

[4 sa

8 SN

£10ad INIATOS
9££59 al

0¢85z DO¥d1Nd

-4€ 0g4Vd Ww ¢ qHE0Ud
1ads INMALSNI

681 ouny

¥001110T aedg
sIapwRIRg uonismboy - z.4

L owow [ AN AN
1 ONdXd & © o 5 NN N W
T6-91-w|x ANVN el W W b d oo
SI21WRIEY BIBC] WALND mm mmmm m%mmm

21

€29 —

99—



Ph

6¢c

6¢c: BC-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd o} 0z o0 O 05 09 0. 08 06 O00Lb OLL 02+ OEL OPL OSL 09k 0L 08 06 00 Ol2
i ] 1

] i 1 1 I 1 1 1 L L i

o'l od

0 49

ZH 00'1 {1

0 €ss§

Wi Mam

ZHW B9LLT19001 4s
89LTE IS

suowesed Fuissaosd - 74

ZHW SO091€1°00F  TOdS
M 000S+Z0E0 EIMTd
M 0000VELED  TIMd
M SL66688S T1 TM1d

2951 00'06 <adod

HI TONN

9lAEm OUdadd
T TANNVHD

ZHW £6T8T79001 1048
M BP666811°05 IM1d
295N 08'6 Id

€l 12NN =
U TANNYHD

1 0aL
235 000000€0°0 1a
235 00000000°T (¢}
A 6°66T aL
335N 05°9 (]
235N 008°0T Mmda
€02 )|
235 §861€9¢°1 ov

ZH 86L99E0 STUAL
ZH 19%'8E0tT HMS

¥ sa

00T SN
£12a0 LNAATOS
9€559 aL

-H4 0ddvd Ww ¢ qHEOYUd
100ds WMALSNI

1°81 suny

0011102 Aeq
S1aweIRg uolsinbay - 74

L oNooud Ain% | /N oyl

01 ONdX3 .V.PW.VQ_ -~~~ B A I T S X - na
T6-91-Wx HNVN o o L0 o~~~ NRMOO A @ S
SRR T RN B8R B 88k pa®3a 3 g

22




CsH11

7¢: 'H-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

B GFR &9 GER &

wdd 00 S0 ol Sl 0e Se oe S'e ot Sy 0's 'S 09 59 0L S’ 08 S8 06 S'6

1 i N 1 W] [ 1 1 1 1 1 1 1 1 P | — 1 1 1 1 1 | 1 |

L

7c

00°1 od

0 €9

ZHOE0 a1

0 €8S

Wi MaM

ZHW L8666T100% as
9£559 1S
sumauwresed Sussa00id - 74

ZHW O1LYTEL 00F 104S
= M SL66688STI IMTd

295N 05 b1 1d

HI 12NN
===—— 1J TANNVHD

1 oaL

295 00000000°1 1a

M 9967 gL

295N (05°9 aa

2050 (0809 ma

€ ol

295 [ 8E9¥86'C ov

ZH €8pSTI0  STUALL

ZH S89°€7T8 HMS

[4 sa

91 SN

€10a0 LINAATOS

0€82 DO¥d'INd
- 0g8Yd Ww ¢ qHEO¥d
1ads WNYLSNI

SELI e A

gloL11oz aeq
B ereeras el ne e il Ny A = e
! 1 ONDOY¥d
OO0 A a S A LS A LSS S S NNNNRNNNNNON QRO ODON NNN 1 ONdXd
RO NNV WWWWWAABRBR A2 a2 NN N© A RNNNNN = aN
LR R R R A R - O T R o =] PODO N BB o BOI-OI-WIX  HWVN
WG9BQBZQQZZOZHL%SSLG%QLQGOZZQW G888 a28 B8 SIAIAWERIRG BIRC] UALIND)

23




CsH11

7c

7¢: BC-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd g V4 oe ov 0s 09 0L 08 06 00L OLL 02 O€EL OFL O0SL O09L O0LL 08L 06L 002 Ol2
saicl 1 [l

1 1 | 1 | | | | |

_

or'l od

0 49

ZHOO'1 1

0 €SS

W4 MaM

ZHW 6ELLTI9001 a8
89LTE IS

sipwered Suissadold - 74

ZHW S0091€1°00% To4s
M 000SHZOE0 EIMTd
M 0000FELE D TIMTd
M SLE668RS T TMTd

2951 0006 tadod

HI TINN

9laEm TDUdado
U TANNVHD

ZHW £6T8TTI 001 1048
M BP666811°08 IMTd

2950 08°6 1d
Pl 12NN =
U TANNVHD
I 0aL
235 )00000E0"0 1a
235 000000007 1a
N 0867 qL
295N ()5°9 aa
235N 00807 ma
€07 o
205 8861€9¢€| ov

ZH B6L99ED STAAL]
ZH 19% 8E0¥T HMS

“Hd 0ggvd ww ¢ qHdOdd
1ads WNMYLSNI

1§°L1 ouw]

1011102 Aeq
siawered uomisinbay - 74

I ONDOYd _ \:/ \\//J \_7 \/ * _
L) ~
so1o1wx  AAWR o RRNZ AJE38 S 88 a g 3
© gahry sohoa 288 S5 oo o o
SIdaWRIe ] BIR(] Juaun’) & h o — h nuzg% o] (%] %E m a..-.s... %

24




8c: 'H-NMR

§

2 &
= g 2 -

g o ~8s B £:§ g §
gg—— . BER8 as fe
S oe & 308 4
ggéé $“IEES§ %wwggooim =
SZHE ESFEEmegzme-cme[fnﬁ

000°0-—

IH

14.50 usec
12.58899975 W

400.1324710 MHz

CHANNEL fl

NUC1
PLWI

P1

SFOI

F2 - Processing parameters

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

0.30 Hz
1.00

65536

400.1300075 MHz
EM

0
0

SI

SF
WDW
SSB
LB

PC

GB

25

(0]
PhpF

8c
[ £
="
(=9
—_— e

J:
= ™
= o
— <t
—
— O
]

s
— o0
— O

(=]
cq
[=




wdd oL 0z o0c Or 05 09 0. 08 06 00L OLL OZL OEL OPL OSL 09L 0Ll 08L O06L 00Z Oz
1 i 1 A 1 1 1 | | 1

1 1 1 1 1 1 al al aad 1 1 1 1 sl

|
!

(0]
8c

orl od

0 ap

ZHOO'1 a1

0 4ss

W3 Mam

ZHI 069LZ 19001 48
SOLTE 1S

spunmd Suissasold - o

ZHI S0091€1°00% Z0ds
M 000SPZOE0 £IMTd
M O000FELED TIMTd
M SL66688S TI TMTd

294N 0006 adod
HI TONN
lTEm D¥4adO -
= U TINNYHD -

ZHW £628229°001 1048
M 866681105 M

N 086 Id

JEl 12NN
s====we= |} TANNVHD

1 0alL

235 000000E0'0D 1a

35 00000000Z 1

A 086T aL

N 059 aaq

338N 008'0T ma

£0T o

395 BROIE9E | oV

ZH 86L99€ 0 STAa
ZH 19¥'8€04T HMS

(nd v sa
zis SN
M £12a0 LNIATOS
9ECCO aL
2 06382 DowdINd
| 86 0HdVd Www s qHE0Yd
O 1wads WMHLSNI
o __w:: aung
LLILTIO
i N N AANNT /1)
O | ONDOHd .V.VW.PC._ ] =~ ~J D T T S VU Y - ek n
(o0} z ONdXT P A SR ) D~ == NN A 22 o
l4d-2uatpiou-11-11-1107  INVN B W= oo NS N NNo®ENE O © = 4
SIIUWRIR] BIR( JUALM) (= 1> 0 N N BN =] NbE I~ © DO 2]
D OO, = D = %]

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

26




MeOOC
MeOOC

9c: 'H-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

: :

oy S¥ 0§ G9 09
1 i

s

wdd o0 so O0OF St 02 GZ O0¢€
L

| 1 P 1 1 | |

ol |=
@] |
g'e

|

ZHW 01LYTET 008 104S

M SL66688STI IMId -
2950 06°p1 1d
H1 1ONN

=== |J TINNVHD

1 0aL
228 000000001 1d
ATL6T L
235N 059 Elel
225N 00809 ma
908 N
23S [BE9FR6'E ov
ZH €8¢ST10 STaard
ZH S89'€TT8 HMS
4 sa
91 SN
€120 LNIATOS
9£ES9 aL
0€3z 20¥dTNd

-84 O0gdvd ww ¢ qHHOYd
1ads WMALSNI

18 suiy

6101110 a1edg
siapuweIed uomsmboy - 74

1 ONDO¥d T 5=
_x,.Eﬂ ONdXH SE22RNPNNRNNNNNNNNNOWOOOOWOOWWWWRLWLWWWWaon
SI-¢ AWVN e e e 9.1_.89.30.0.L.L.L.L..L.Lrrrllzswszaﬁs
NWWOHOAODNO WD
wmmgwarany 2 3AF G2 ag ARES I BERERRRIZIDVNBRAZEERBEE

27

S62'L



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd gy 0z o€ or 05 09 0L 08 06 ©00L OLL OZF OEL OFL OSL 09L OLL 08L 06l 002 Ol2
1 1 1 1 1

L 1 1 1 L L al | | 1 | . 1 1 1 1 1 1

- - - " i bl bk - n o ot

o ¥ _ " _ vt~

9¢c

83
% o 0¥l od
® ® 0 €
s = ZH 00l a1
0 gss
Wi MAM
ZHW $SLLTI9001 S
89LZE 1S

siarawered Suissacold - 74

ZHI S0091€1°00% TOdS
M 000S¥TOE 0 £IMTd
M 0000FELED TIM1d
M SL66688S TI MTd

235N 00'06 adod
HI TONN
917EM OUdado
T TANNVH) =——=

ZHW €£678T79001 1048
M 8F666811°0S IMid

235N 08°6 Id
J£1 12NN =
U TANNVHO
1 0alL
935 000000E00D 1a
235 00000000T 1a
N 6'L6T 4l
2951 05°9 Ja
2351 080T Ma
€07 od
235 §861€9€ 1 ov
ZH 86L99€0  SHYUAIL
ZH 19" 8£04T HMS
[ sa
3Tl SN
g €100 LNIATOS
9£559 aL
M 0gadsz D0¥d1Nd
g€ 0gaVd ww ¢ qHIOUd
s 130ds WMILSNI
1 60'8 auny
O 61011107 e
) sIaoueIR uomsinboy - z.q
—
I o VAL A A
1 . ki ey —_ %]
% m_c.m.E uﬁ«z GERR B8 3 S N AN = 3
SIANAWRIR BIB(] JUALIND) m % m % % & % % m E m_..,_ ﬂ m ﬂu. &

28




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

o i ] P | 4
RO Rl
[ oe St 0

wdd po0 S0 Ol &1L O z ] : v G
L 1

10c

.

T

MeOOC
MeOOC

00°1 od

0 €9

ZHOE0 a1

0 €SS

W3 Mam

ZHW 0+000£ 1 00% 45
9£5C9 IS
ssajowesed Fuissasold - 74

ZHW 01LPTEL 00F 1048

MSL66688STI 1M
238N (S b1 1d
HI 10NN
U TANNVHO ===
1 0aL
235 00000000 | 1a
A 1667 qL
295N 059 qa
2351 00809 ma
8zl o
235 [BEOPR6'E ov
ZH g8pSTI0  SHUALS
ZH $89°€7T8 HMS
z sa
nd € SN
M £10ad LNFATOS
9£559 aL
= 0£8z 00dd1Nd
- -fg OgdVd Ww § GHEOHd
T wads WNYLSNI
wo L
A 77601107 areq
.PU. m..HuEHu& _.__um:w__._g{ -4
o I ONDOUd
— I ONdXd
SOO-1LI-T-M4  FWVN & = NN NN N W WL W WL
ST S 3 RREERENE53342
o - W~ = MOMNO=2NO~ A

29

€L2°L



MeOOC
MeOOC

BC.NMR

Electronic Supplementary Material (ESI) for Chemical Communications
10c

This journal is © The Royal Society of Chemistry 2012

wdd o oL 0z 0€ or 0S 09 0L og 06 00b OLL 0ZL OEL OvL O0SL 09L O0LL 08L 06 002 oOl2
1 1 I 1 1 1 1

1 1 1 1 1 1 1 | 1 1 | 1 1 1 1 |

Me

2 N )
o
A ol
o'l d
0o €9
ZH 00’1 a1
0 €ss
Wi MaM
ZHIN 069LT19001 ES
89L7€ IS
w._uﬂu:._m._un wn_wwquum i |
ZHIN S0091€1°00F  ZOAS
M 000SFZOE0  €IMTd
MO000YELED  TIMTd
M SL66688STI  TMTd
935N 0 06 70adod
HI TONN
9lAEM  TOWIAD
== T TANNVH) ——
ZHIN €6T8T29°001 1048
MBEGO6SI10S  IMTd
2251 03'6 1d
D€l 12NN
smmmmmms [J TANNYHD s -
1 0CLL
235 000000€0°0 11a
235 00000000 T 1a
N 70€ gL
238N (5°9 aa
2951 (080T md
€07 DY
235 §861£9€ 1 oV
ZH §6£99€0  SAUALS
ZH 9%'8E0+T HMS
_“ sd
95T SN
£10a0 LINFATOS
9£559 al
0gBdz 00dd1Nd
-84 0g98Vd Ww ¢ GHIOUd
1ads WMILSNI
80°T1 awip
S060110T aq
siMauweied _.__u_.__.m_:vu{_ -0d
1 ONDOYd ﬁ _ \ \ \ 7 / \7 > _
T ONdXd iy it A n
HSQUSIp-1* [-121S3p-S0-60-1 107 ANVN 8 8 252888 »3I3 R 3 8 8
SIAAWERIE BIBCT JU2LND b ] T3 ING ] N o © =% 2
w [ % e ]

30




Ph

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

i B e L

wdd g0 s0 0L S§L 02 SZ 0¢ ¢S¢ O¥ S+ 06 66 09 G9 0L &L 08 S8 06 66
(3] | 1 1 | | | | 1 1 1 PP | 1 1 1 | | | | 1 1 1
—
R
-
O 0
(O)N®)
o O
o O
= =
001 ad
0 €9
ZH 050 i1
0 €SS
WA MM
ZHIW T8000€1 00F e
9£559 1S
suapouresed Swissaoold - 74
ZHW OLLETEL00F  104S
MSL666SSSTI  IMId .
uo%om Pl Id
12NN
m—— ] ,_mzzf.zu —— e
1 0aL
225 00000000’ 1a
A I'862 EN
2251 59 qa
2950 (0809 ma
8zl o
235 L3€9PS6'E ov
ZH €8PSTI0  STUAN
ZH $89'€7T8 HMS
z Sa
9l SN
£1200 INAATOS
o 9€559 aL
0£82 DOUA TN
M -ff OFAVd Ww ¢ qHAOY
wads INOHLSNI
LD awn
N_ 91011107 g
T sIawERIRg uonismboy - 74
— ! ONOO¥d * _\\%&/ %/.Fﬁ. .&l%/.
- o_mu; Omﬁwm & SO ANNNRNNNNNNNWOOWW RO ROWW W ILIIIHHLI
o s G G el et & (=] M Lo w
3 ssEI R W) 8 BYBBEREEIRREIRAT 2582838 28888888
—

31




Electronic Supplementary Material (ESI) for Chemical Communications
Ph

This journal is © The Royal Society of Chemistry 2012

wdd o} 02 0€ ov 0S 09 0L 08 06 O00L OLL OZL O€b Ok 0OSL 09L 0L 08L 06l 002 Ole
I | I

L 1 aul 1 1 | I 1 Lisissannl 1 1 1 1 | 1 1 1 1

11c: BC-NMR

o . R i . i T
; _| _ _ : 7 7
o
—
—
[OJN©]
88
w ] or'l 2d
S S 0 49
ZH 001 {1
0 €SS
W3 Mam
ZHW $TLLTI9°001 as
89LZE IS
simawered Juissanold - 74
ZHW S0091£1°00% zods
M 000SPZOE0 £IMd
M 0000PELED TIMTd
M SL66688S'TI IMTd
225N 0006 adod
HI TINN
9lZiEen Toudado
T TANNVHOD
ZHW £6T8IT9 001 1048
M Bre66811°08 IM1d
25N 08'6 Id
Jfl 1DNN -
U TANNVH) =————
1 oaL
235 000000E0°0 1a
235 00000000°T 1a
A L86T dL
235N )59 aa
225N 080T Mma
£0T o
295 8861£9¢€°1 OV
ZH 86L99€°0 STEAld
ZH 19¥'3¢0¢T HMS
¥ Sa
00% SN
£12dD LINIATOS
9£5<9 aL
0gadsz D0¥dTINd
-HH Odgvd ww ¢ (HHOMd
1ads WMYLISNI
950 [wnp
91011102 aeq
T e N AT AN AN\ A |
1 ONJOYd e
o1 ONdX gegs B2 2 33y ERRan S 8
Geok  HWVN LoD Ow = @0 w B ®%Om = e P
SIAPWRIE Me(] Waun) OHOW == =~ @ON RW%W% _nwm 5 mm_

32




Ph-pMe

12¢: 'H-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

B &® ::m_ & g8

wdd g0 S0 ol gl 0Z ST (15 oq Sy oS g'S 09 g9 oL Gl 0g ]
1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 " | P,
o}
T
g wJ (
o
1d -4
N Yo
Q
O
80 Yorw
oo
[ON0)
s =S
001 aod
[1] 1D
ZHOL0 a1
0 dss
WH MAM
ZHW 8LOOOEL 00F 48
9e5co IS

siajourered Buissadold - 74

ZHW 01LYTEL00F 104S
M SL66688STI IM1d b

235N 05°¥1 Id
HI 1ONN

1} TANNYHO
! 0L
235 0000000071 1a
A 6'66T a4l
R8N 059 3a
2351 008°09 Mma
§06 o) |
995 LEEIPS6'E ov
ZH €8¥STI0 REL(OIE]
ZH $89°€TT8 HMS
T s
91 SN
£10a0 INAIATOS

9£5S9 aL

0£8z D0¥dINd
g6 0g4Vd Ww § qHEO0Yd
wads WMELSNI
sl o]
0011107 e
siajawesed uonismboy - 4
t ONJOd _ _\.\X rf/%% k/ 7
1 ONdX3 - NN ~ =~~~
e N 2 NEahheLgydzRERoSReRa s NRRES
d Bied D m QOIrmSB.V 9 906..69..&9..&909 W MWW

33




Ph-pMe

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd op o0z o0¢ O 0S5 09 0. 08 06 00L O 02k OEL OV OSL 09 0L 08k 06, 00Z O
1 1 1 1 | "

L 1 1 1 asanls | 1 | 1 | 1 1 1 L | 1 1

12¢: BC-NMR

G i pro '
o T
[3)
N
-~
(O]
O O or'l 2d
w w 0 €0
ZH 00’1 a1
== 0 dss
Wi Mam
ZHW TELLTI9001 as
89LT€ IS
sizawered Juissacold - 4
ZHW S0091€100¢  TO4S
M 000SPZOE0  EIMTd
MO000PELED  TIMT
MSL66688STI  TMTd
235N 00'06 7adod
HI TONN
glaEm  ZDYIAdD
T TANNVHD
ZHW £678729°001 1048
M8P6668110S  1MTd
2251 08°6 Id
O£l 12NN
U TANNVHO
1 0aL
235 000000£0°0 11a
235 ()0000000T 10
N $°00€ aL
235N 059 qd
238N 008'0T mda
£07 oy
235 §861€9¢' [ ov
ZH 86L99E0  SAUAIL
ZH 9% 8€0¥T HMS
[ sa
IS SN
£10a0 INAATOS
9£559 aL
0gadaz DO¥dINd
g6 0gdvd ww ¢ qHEI0Ud
Pads WMALSNI
0z'sl ],
T001110Z arq
T o /N /A |
A | U AL AN AN |
BB o VN N ooy gk 3 288 NeOG® = B> B
SI2Wered BiR(] uauny ~ o~ A MO © © [ %] %RH&H .vmm =

34




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd g

se¢ 0O
il B

) § BB

0's

S'S
I

09

S9
Lo

Ph-pCO,Me
o

13c

MeOOC
MeOOC

00°1 2d

0 €9

ZH0E0 i1

0 dss

E| Mdm

ZHW ZS000E1°00% 48
9£SE9 IS

siaurered Sussanold - 74

ZHW 01LYTET00F 1048
M SL66688ETI IMTd

295N 0S°p 1 1d

HI 20N

J TANNVHD =———

I odL

935 00000000° T 1a

N 1967 aL

2380 059 aa

2950 008°09 mda

871 oy

235 [8E9Y86'E ov

ZH €895T1°0 STAAIL

7H $89°€7T8 HMS

4 sd

€ SN

x €100 INFATOS

9559 alL

> 0€32 D0¥d'INd

= -g€ 0gdvd ww ¢ qHIO¥d

1 1ads INNALLSNI

T 00z aung,

B PZOL110T e

. siapwered uonisinboy - 74
Q

o™ I ONOO¥d

— 4 ONdXd

§-¢-01h HNVN

gﬁﬁ—ﬁdn— QEQ Juanmn’)

000°0-—
[A=70
vel'l
Sig'l
90¢€ee
riee
IGET
65€¢C
¥e8'e
198’2
GS8°C
08¢
€18°C
988°¢C
906°¢
LLLE

N

SLIL'E
6LLE
8lL°€

88lL'E

—

Z6L'E
£62°¢

999t
SLLE
gelL'e

Lve'e

|
|

ov8'e
626'¢

35

0L’ L—



Ph-pCO,Me

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd gp o0z o0 Or 05 09 0. 08 06 O00L OLL 0ZL OEL OFL OSL 094 O0LL 08L O06L 002 OI2
| | 1

1 | 1 | 1 1 1 L |

(@)
8]
™
-
or'l 2d
] a0
O ZH 00'1 a1
npuv o) 0 €SS
loXe) Wil MAM
O O ZHW 19LLT19°001 EHY
s =S BOLTE IS
ssawered Suissaold - 74
ZHW S0091€1°00% To4dS
M 000SHTOE0 £IMTd
M 0000FELED TIMTd
M SL66688STI IMTd
325N 00°06 Tadod
HI ZONN
9laEm 20ddadd
====ZJ TANNYHD
ZHW £6Z8TT9'001 1048
M BFE66B1108 IMTd
295N 08°6 Id
Jel 1ONN
=== lJ TANNVYHD
I 0aL
295 000000€0'0 la
29§ 00000000 T a
A §°66T qL
325N 05°9 aa
225N 0080 ma
£0Z oY
295 8861€9¢'| ov
ZH 86L99€°0 STl
ZH 9% 8E0YT HMS
14 sa
9¢T SN
£12d0 INFATOS
nd 9£559 aL
ogddsz D0¥dTINd
M -9 0gaVd W s AHEOMd
= wads IWMALSNI
sE0l uny
! ZI011102 a1(
@) sIAWRIER wonIsbay - 74
s INANL A AN A |
- _o— OMW._WMM %o&ﬁvfc__c..gg =~~~ .—uu.....?w..?wl.mu- l“.l..._v mm [~
.. @
o Sk AWVN carobbne @0 SBBRE s 3 >
B SINAWRIEY BIRG WALIND NRoOONON N @ o = N aak 383 8 4

36




Ph-pCF3

MeOOC
MeOOC

14c: 'H-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

3 B B

wdd poo 60 O} SV 0Z S2 0€ GS€ 0¥ S¥ 0
L 1 a "

| | I | . I 1 L e | 1.

14c

| Jé AR

ZH 0E0 g1

Wi Mam

ZHW S¥000€1°00% EN
Q£SO IS
simauresed Fuissanold - 74

ZHW O1L¥TEL 00F 1048

M SL666885TI IMTd

238N 0§ ¥ 1d

HI 12NN
=== [} TANNVHD

1 0aLL

335 000000001 1da

M LS6T AL

238N (59 aa

235N 008 09 ma

$'06 oY

935 [8EIPE6'E OV

ZH €8¥STI0 SAAAlL

ZH $89°€TT8 HMS

z sa

91 SN

£10dD LNAATOS

9£559 aL

0€8z D0¥d'INd

-Hd Oddvd ww ¢ qHIO¥d
10ads WMILSNI

806 awny

$¥Tol110z e
sIAPWRIR] uonismbay - 74

\\\nﬂ\\.&‘;ﬁ/?fﬁ

I . ONdXH & S S ANRNRNRNNNNNNNNNOOOWOWELWWLW
L1-€-o HNVN =~ =00 W W W OO == 2 NNWD
BIE BIEC] JUALIN = DDO2COIROOOOWD a®
SIDIAWEIE BIEC] WALIND S %%ﬂ&%&%RWWMZGS”L#BSLUZOO%ZL

37

>

Lol —
L¥9'L
L1192

669°L

699°L



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

Ph-pCF3

14c: BC-NMR

MeOOC

14c

(@] o
oF'l 2d
m 0 €9
3 ZHO0'] 1
s 0 dss
Wd Mam
ZHW SLLLT19001 48

89LTE 15
sumaurered Fuissanold - 74

ZHIN S0091€1°00% TOdS
M D00SHTOE0 £IMTd
M 0000FELEO TIMd
M SL66688STI TMTd

235N 0006 adod

H1 CTONN

glaEm TOUdadO
T TANNVHO

ZHW £678279'001 1048
M 8P666811°08 IMTd

295N 08'6 Id
Jtl [ONN

13 TANNVHO
! 0L
935 000000E00 1a
235 00000000T 1a
A 896T 4L
235N 059 q4a
935N (080T ma
£0T o
295 8R61E9E'| ov

ZH 86L99t0 STl
ZH 19¥'8€0¥T HMS

v sa

(489 SN
£10a0 LNAATOS
9€559 aL

0gddaz DOUdINd

49 0949vd ww ¢ AHIOHd
1ads WMHLSNI

£z e

$TOI110T awq
sialaweled :o_a._m__._._uu{ -od

1 ONDO¥d
0l ONdXd
L1-g-21K TNVN
SIdPWIRIR RIRC] JUALIND

wdd g

ov

1

0s

09

0L

08

06

00}
1

0Ll

|

ozl

|

ogl

|

ovL

I

051

1

e0Ll9—

89°9L
00°LL

(A ¥

06'6L1L
lgzel
8L'sel
eesel
9z'sel
62'S21

4

2082l —

T

§6'8¢1
LE62L
69'6Z1
20'0El
E0EL

LTVEL

/

06'0LF —_

38

yLWLL—
¥o08L —
62902



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

Me

@]
(&)
0
—
g8
00 Yoy
o QO .0 S—
s =
o™w
001 ad
0 €D
ZH 00 a1
0 €ss
Wi Mam
ZHN 8866671 00F ES
9£559 IS
sumawesed Suissasold - 74
ZHW O1LFTEL00F 1048
M SL66688STI  IMTd
235N 05 {1 1d
HI 10NN
U TANNVHD ===
1 oaL
295 000000001 1a
N T66T aL
2951 (059 aa
295N 008°09 ma
908 oY
235 LBEIPR6'E ov
ZHE8PSTI0  STUAI
ZH $89'€TT8 HMS
T sa
nd 91 SN
£10a0 INFATOS
M 9£559 aL
= 0£8z DOUd1Nd
: -9 0ggvd ww ¢ qHEO¥d
10ads WMYLSNI
I SI'b ounj,
— LO01110T e
. a sIdpWRIRg uonisnbay - 4
(@]
Lo 1 ONDOYd
—i 1 ONdXd
S61-7-214 FNVN
SIWeIR ] BlE(] WWaUn)

G bRl
L 02 G2 0t §

wdd gp G0 O} Gy 0S5 &S 09 ¢G9 0L &L 08 68 06 &6
1 | 1 L 1 1 1 | P | 1 1 1 L. 1 l
P I§Z Zzzzzzgﬂgaes u
: 999.}_ rrgg g....._:.._nonoﬁlrwzz:..!_
m ww%m umm 2393308249888 &

39




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd gp 0z o0 O 05 09 0L 08 06 00L OL. 0ZL OEL O¥L O0SL 094 0Ll om_: om_x 00z o_&
1 - 1

L 1 1 1 1 1 1 1 L " 1 al 1 1 L | L 1

O Dewsent - = s =
[0}
=
(8]
O
—
00
OO0
w w or'l um
0 d
= = ZH Q0’| a1
0 4SS
wa MAM
ZHW 6TLLTI9001 ELS
89LTE 1S
simaurered Fuissanold - 74
ZHW S0091€1°00F  TO4S
M 000SHZOE0  €IMTd
M O000VELED  TIMTd
M SL66688STI  TMId
235N 00'06 7adod
HI ZONN
gl@[Em 70ddadd
T TANNVHD
ZHW £678729°001 1048
M8P6668110S  IMTd
235N 08°6 1d
J£l 12NN
U TANNVHO
1 0aL
238 (00000E00 11a
235 00000000'T 1a
N 100 gL
295N (05°9 ad
235N 008 0T Ma
€07 ol
205 8861 €9¢ oV
ZH 86L99€0  STAUAI
o ZH 197'8£0¥T Fw_.m_
¥
95T SN
M €10a0 INAATOS
= 9€559 aL
0g8dsz DOUdNd
! -84 0g8Vvd W ¢ qHEO¥d
@) 0ads  WONLSNI
i 1€ sun
L001110T aw(
s swjpueIeg uonisnboy - 74
8 /N AT AN A |
1 ONJOUd a0 U da iy n
— ol ONdxd ® 8L 88 B >33 @ 3 3
S61-7-018  HWVN ] SRk B X > o w ™ - o
SIdaWeIR] RIR(] wauny) % [ =1 W o © (=] m N m % m mn =

40




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

B FEFY B

1dd 00 S0 0L gl (14 sz o€ %> oy Sy 06 09 S8 06 G'6
o | 1 1 1 | 1 1 1 ] | 1 1 1 1 ]
O gﬁéﬁ
® 8
= -
o)
o 00'1 ad
0 €o
ZH 0£0 €1
O 0 €SS
N Wa MM
@] ZHW 81000€1°00F S
o 9€559 IS
M simawered Swssanolg - 74
ZHN 01LbTE100F 1048
M SL66688STI  IMTd
295 (41 1d
HI 120N
= [J TANNVHD
I 0aL
235 000000001 1a
N LL6T 1L
295N 05°9 aa
2951 008°09 Mma
Pl oY
205 L8E9P86'E ov
ZHESPSTI0  SAUAIS
ZH $89°€78 HMS
z sd
[nd € SN
€0a0 LNIATOS
> 9€559 ar
0£82 D0¥d'1Nd
Z -g6 OgEVd W s QHIO¥d
: 1ads WNYLSNI
I 07T £
-~ cloliioz B
‘e spWeIRd uomsmbay - 74
O
S e N | onoow
— O S A A A A A A S A NNRNNNRNRNRNNRNNNNRNNNNDN WO OW o ~ o.mm.um ﬂ_ﬁﬂm
oMM WDOEEOEO AR I I A NNNDNNNDDD D O NN © () SIaRBIEg TR 1UALN))
= =y =N ~ -
SN BB R 8 2RE 883352 8288882882888 8 o 3

41




CO,Me

MeOgC

BC.NMR

16¢

wdd o oL 0e 0oe oy 0s 08 0L 08 06 00L OLL 0ZL OEL OFL OSL 09 0L 08k 06L 00Z OLZ
1 1 1 1 1 1 1 1 | 1 1 1

1 i 1 1 1 L 1 1 1 1

| [HRID | I

16¢

o'l Jd

0 €9

ZH 001 471

0 €Ss

W3 Mam

THW 069LT19°001 4s

ZHW S0091E1°00F 7048
M 000S¥TOE'0 £IMTd
M O000PELE'D  TIMTID
M SL6668RS T1 MTd

2950 0006 adod

HI TONN

9glEEm ID¥dadd
U TANNVHD .

ZHIN £6787T9°001 1048
M BPO6EE1 108 IM1d

298N 086 Id
JEl 12NN

13 TANNVHO
1 0aL
295 00000000 1a
325 00000000°T 1d
Acloe qL
M 05°9 aa
50 008°0T ma
€07 oY
295 BR61£9E°1 ov

ZH 86L99€ 0 sqdald
ZH 19 8E0FT HMS

¥ sa

Tls SN
£12a0 INIATOS
9E559 aL

ogddaz DO¥dINd
-f8l O"EVd W ¢ HHOYd

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

123ds INMTHLSNI \f 7
+0'1 ouny
1601102 ws._.z-n > _ \/ > _/
sk uomsinbay - 74 - n
886882 RIS 8 a3 3 8
NIOHd o ~NWw do 0 = . bt 3
or N 2388&8 8a8 a 88 8 &
=B U013 - X S 13 1SHD
ISP ANYN

42




17c

Ts—N

17¢: 'H-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

00°1 od

0 4o

ZHOE0 a1

0 dSs

WH Mam

ZHIN 8+000€1 00F 48
9£€C9 IS

s1apaurered Suissasond - 74

ZHW 01LbTEL 00F 1048
M SL66688ETI IMTd

2950 0S¥ Id
HI [ONN

13 TANNVHO
! 0dL
225 00000000°T 1d
A L96T qL
2350 0€°9 ad
2951 008'09 Ma
Lad! oY
235 [BE9V86'E ov
ZH €8¥STL0 SHudld
TH S89°€TT8 HMS
4 Sa
91 SN
€000 INIATIOS
9£6c9 aL

0£32 DOUL TN
-Hd OHHVd Ww ¢ qHEHOUd
10ads WMALSNI

LO'TI owiry
otz e
s1alaweLe uonisnboy - 7.
| ONDJO¥d

¥ ONdXH
§-¢-o1k HAVN

SIFRWRIR] BIR(] JUILINY

=

43

TN INTONS

8e0¢C
9¥0'e
280°¢C
I-GO 4
81672
665°C
L09¢
€29¢
099 (4
6¥L'E
LGL'E
900'F
LLO'Y
PAAVE 4
0s0'¥
6LEY
0sEv
066'S

0000~



17c

Ts—N

17¢: BC-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd g} 0e 0g or 0§ 09 0L 08 06 00, OLL OZL OEL OFL OSL 09L 0L 08L 06L 002 Ole
1 1 | 1

L L 1 | 1 1 1 1 1 1 1 | 1 1 1 1 | |

T Sk

. :_1 — ﬁ ,

oF’l od

0o g9

ZH OOl g1

0 dss

Wi Mam

ZHW IELLTI9001 N

89LTE 1S
suawered Fuissasold - 74

ZHIN S0091€1 00F 04s
M 000S¥TOE0 £IMTd
M 0000FELEO TIMNTd
M SL66688STI TMTd

2951 0006 zadod
HI TONN
9lARM  ZDUIAD
T TANNVHD

ZHW €628229°001 1048
MBP6668I10S  IMTd
235N )3°6 1d

€l 12NN -
====== ] THNNYH) ————
1 0a.L
235 000000ED'0 11a
935 (0000000'T 1a
N 8L6T qL
235N (S°9 4d
9351 (08°0T mda
€07 o
235 8861€9€'| ov

ZH 86L99E 0 PEE (U]
ZH 19¥'8€0FT HMS

0gddaz DOUdINd
-gd 0g4Vd W ¢ HIOUd
1ads WMYLSNI

Tl auny
20111102 ANRQ
Siaawered uonisinbay - 7.4
I ONDOUd _ 4 _ _ _ \_/ \‘ f / _
L oNia N 8533 H3 SEEE £ - S
§-€-014 ANVN o e 6 QW.E O~N©O® R © =
SIMNDWRIR] BIR(] JUaLInD) w DN O [7e] (%] m Wr % w m ..ﬁ....r._ w

44




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

(@)
0O
S o
-
z
_
(7]
[
a NS
ONsL
001 2d
0 €9
ZH 0£0 g1
0 dss
Wi Mmam
ZHW 98666T1°00F ETS
9€559 IS
simawesed w:mmmooem -2l
ZHW OLLPTELO0F  1OdS
M SL66688STI  IMTd
208N 05 | 1d
HI 12NN
1J TANNVHD ===
1 0aL
935 000000001 1d
M §867 q1
2351 5°9 ad
2351 ()08°09 ma
¥9 oyl
235 [8E9PR6'E ov
ZHE8YSTI0  SHUALS
ZH $89°€TT8 HMS
T sa
x 91 SN
€100a0 LINAATOS
> 9€559 al
0g8z DOUd1Nd
Z -g99 Ogdvd ww § qHEO0Ud
1 wads WMILSNI
T Ls11 ]
— ZI01110T aeQ
.. SIPWeIRd so.__mmw:_uoﬁ =7d
[&]
o0 1 ONOOYUd
— 1 ONdXH
f-g-0uh TNVN

SINAWRIR BIRC WALND

w =2 |2 21122 = NN
§ EHF  EEE § 5
ddoo S0 OL &L 02 S¢ 0¢ GS¢€ O¥ S¥ 0§ 6§ 09 G9 0L GL 08 S8 06 &6
" 1 . | 1 1 | 1 ] 1 1. ol L P | ] ] 1 I 1 1 L 1 |
| TN ﬁ
L Loghh dddy L
8 8  8854%8%3 FREEI3NY g g8§34

45




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd o4 0z oge  Oo¥ 0s 09 0L 08 06 00L OLL OZF OEL OFPL OSL O09L OLL 08FL 064 002 Olc

1 1 L 1 | PP 1 1 1 1 1 1

O ] 1 1 ] 1 . 1 | 1 1 Lisa
T T Al ro.
(O3}
S o©
-
T
n
-
o'l od
0o €9
ZH 00’1 a1
0 €ss
Wi Mam
ZHIN 9LLLT19°001 ES
89LTE IS
simawered Suissadold - 74
ZHW S0091€1°00F  TOAS
MO00SPZOE0  €IMTd
MO000PELED  TIMT
MSL66688STI  TMT
950 00’06 7addd
H1 ZONN
glARM  ZOWIAdD
T TANNVHD
ZHW €678T29°001  104S
MSP666811°0S IMTd
235N 08°6 1d
ofl 10NN -
U TANNVHD
1 0aL
95 (00000E0°0 11a
235 00000000°T 1a
N L667 qL
2350 059 aa
32510 008°0T Ma
€07 oY
995 §861€9€'| ov
ZH 86L99€0  STUALI
ZH 19%'8£04T HMS
e [ sa
154 SN
> €00D  INAATOS
9£559 aL
Z 0¢8diz  DONdINd
1 -gd 08dVvd ww ¢ aHIOUd
@) wads  WNYLISNI
%) €Izl auwnp
— T101110T e
Py sianwRIRd uoNIsinboy - 74
o) 1 ONDOYd __ \\/ _ \7 \_// _
P e Cp 4 - - (1]
- St R = 585 & 23 SSEE 3 2 S
MO =] Do w R L .
w o
SIdPWRIR BIR( WALND WW [ =1 I @O N wﬂﬁm % © S

46




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

Ph

19¢: 'H-NMR

Ts—N

19¢c

00°1 od

0 €D

ZH 0£'0 g1

0 dss

W3 Mam

ZHW 0L000€1 00% 48

Q£SO IS
ssarawesed Juissasold - 74

ZHW OLLYTEL OOY 1048

M SL66688STL IMTd
235N 05 b1 Id

HI 1DNN
=== |J TANNYH) =—————
1 oaL

335 000000001 1a
N 56T L

235N ()59 qa
2350 00809 ma
908 ol

235 [8E9P86'C ov
ZH £89ST1°0 SHAAId
ZH $89'€TT8 HMS
[4 sa

91 SN

€10a0 LINFATOS

-H8 O"8Vd ww ¢ gHEOUd
wads WNYLSNI

€16 aw,

yZOL110Z e
sialpweIRd uonismbay - z.g

1 ONDO¥d

€ ONdX3
pl-g-214 ANVN
SIajaweIRg BIe(] uauny

>eieie| |2 i = ey g fl E
wdd o0 S0 0L S+ 02 ST 0¢ oy G6¥ 06 59 0L S.L 08 S8 06 G6
| 5 1 1 | | | - 1 1 1 | — l 1 | 1 P I 1
=) %?VM? llllllllﬂﬁlﬂnuﬁ
P MMNNNBOOO N~ = =N o (=R} LS R [ ww
g R283283883852858F3858 SESLEEIEARAIRR

47




Ph

19¢c

Ts—N

19¢: BC-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd g 0z 0e o 0§ 09 0L 08 06 00, OLL 02 OEL OFPL OSL 09 O0LL 081 o_mw 002 oww
| I 1 ! i

L | 1 | | L. | 1 1 | 1 ] | 1 1 1

L o . o

o'l 2d

0 €9

ZHOo0'1 a1

0 dSs

Wi Mmam

ZHW 06LLTI9°001 EN)
89LTE IS

simawered Fuissanold - 74

ZHW S0091€1°00% T04s
M 000SYTOE0 £IMTd
M 0000FELE D TIMTd
M SLO6688S T mid

2350 00'06 tadod

H1 CTINN

9laEm TOUdAdD
T TANNVHO

ZHW £6T8TT9 001 1048
M 8r66681108 IMTd

298N 086 1d

JEL 120NN -
U TANNVHD

1 0aL

235 000000E0"0 1a

295 00000000'T 1a

NTL6T aL

2250 0S'9 q

2981 (08 0T ma

€07 oY

295 8861 €9¢€1 ov

ZH B6L99E 0 BER(UE]
ZH [9%'8£0¢CT HMS

L sa

14 SN
£10a2 LNIATOS
9ESE9 al

0gddiz 00¥d'1Nd

-4€ 0g98Vd Ww ¢ qHHEOYUd
1ads WMALSNI

171 oup

6lollioz aeq
sialaweseg uonisinboy - 74

1 ONDO¥d

01 ONdXH
t1-€-214 HNVN
SIPWIRIE BIR(] U2LIND

S90r —_
8L \Ww—"
628y —
€615 —

S¥'le—
89'9L
00°LL
2e’LL
oeLeL
LL'8ZL
og'eet
88'8¢!
28’6zl
v6'62L
09°€EEl
96'GE1
LEBEYL
L8'LLL
L¥'S02

48




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

1 Ph
20c: "H-NMR
o)
i : 5 20¢
i . 8 |
£ 5 9 n - BF @ g
2 - 2 0¥ g, ¥ Qs
D dalERE wis ot BN Dga:
£33~ E & *t@sgtecRy 7 =ig _§§§ g s
25 5 = - = s : =
Y g :'§§ s i ° o
E 28 o r.n:’ 5 g b 52 % 3
5358 3tERSedeutlonnneat (338 foslBase
’ -
_Fq
|
)

49

£

~ic
F:))q
—ld




Ph

20c: ®C-NMR

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

wdd 0z 0g or 0s 09 0L 0g 06 00L OLL 0ZL OEL O¥L 0S5k 09k 0L O08BL 06L 002 OLC
1 L 1 I 1 1 1 1 I I

] 1 1 1 | 1 1 1 1 1 1

20c

or'l 2d

0 g9

ZH 001 a1

0 €ss

W3 Madm

ZHW 069LZ19°001 45
89LTE IS

ZHW S0091€1°00¢ 204S
M 000S+T0E0 ElMTd
M 0000FELED Timd
M SL66688STI imd

2950 00°06 Tadod

HI TONN

9ITEM ID4dado

====== I} TANNVHD ===

ZHW £6I8TT9001 1048
M Br66681108 IMTd =

2950 086 Id

JEl 10NN

========lJ TANNVHD

I oaL

35 000000E0°0 11a

295 00000000°T 1d

A910€ aL

290 05°9 aa

2950 008°0T ad

£0T oy

35 BRGIEIE’] oV

ZH B6LI9E'D S3udld

ZH 19" 8E0+T HMS

¥ Sa

(45 SN

£12a0 INFATOS

9£559 aL
ogadiz 00¥d1Nd
-[l Omm<m uni ¢ (QHAOUd

WNHLSNI
85°0 e
60601102 Q]
T o A /N N\
1
:  oxa BNe B2 333 ReRes 3 8
yd-urmy-uoquE-{[E-60-60-1107  ANVN ﬂ H = oo Ay, NEBYE @ @
SIIAURR RIR 1UALN) 29 NN, w (2]
L o o NGO =0 = ~

50




