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General experimental methods:

All reactions were performed in reaction tubes under nitrogen atmosphere. Flash
column chromatography was performed using silica gel (60-A pore size, 32—63 um,
standard grade). Analytical thin—layer chromatography was performed using glass
plates pre-coated with 0.25 mm 230-400 mesh silica gel impregnated with a
fluorescent indicator (254 nm). Thin layer chromatography plates were visualized by
exposure to ultraviolet light. Organic solutions were concentrated on rotary
evaporators at ~20 Torr (house vacuum) at 25-35°C. Commercial reagents and
solvents were used as received. Nuclear magnetic resonance (NMR) spectra are
recorded in parts per million from internal tetramethylsilane on the o scale.
N'-(2-Alkynylbenzylidene)hydrazide was synthesized according to the literature
method (Anderson, P. N.; Sharp, J. T.; et al, J. Chem. Soc., Perkin Transactions 1:
Organic and Bio-Organic Chemistry (1972-1999), 1980, (6), 1331-1334.)

General procedure for AgOTf-catalyzed tandem reaction of

N'-(2-alkynylbenzylidene)hydrazide with alkyne:

R3
X. NHTs
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AN R2 R3 DBU, DCE/CC|4 | _ _ )
R
1 2 3

A mixture of N'-(2-alkynylbenzylidene)hydrazide 1 (0.20 mmol) and AgOTf (10
mol %) in anhydrous DCE (0.5 mL) was heated at 70 °C for 3 hours. The mixture was
then cooled to room temperature. A solution of DBU (0.6 mmol, 3.0 equiv) and
alkyne 2 (0.3 mmol, 1.5 equiv) in CCly (2.0 mL) was added subsequently. The
mixture was stirred at room temperature overnight. After completion of the reaction
as indicated by TLC, the solvent was evaporated. The residue was diluted with EtOAc
(10 mL), washed with H;O (10 mL), dried by anhydrous MgSQO,. Evaporation of the

solvent followed by purification on silica gel provided the corresponding product 3.
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3a. 2,5-diphenylpyrazolo[5,1-a]isoquinoline.

Yield: 80%; 'H NMR (400 MHz, CDCls): 7.05 (s, 1H), 7.32-7.35 (m, 1H), 7.38 (s,
1H), 7.41-7.44 (t, J = 7.3 Hz, 2H), 7.50-7.56 (m, 5H), 7.71-7.73 (m, 1H), 7.98-8.05
(m, 4H), 8.12-8.15(m, 1H); *C NMR (100 MHz, CDCls): & 94.7, 112.5, 123.5,123.9,
126.4, 127.2, 127.3, 127.9, 128.1, 128.6, 129.2, 129.3, 129.6, 133.4, 133.7, 138.4,
140.7, 152.2; HRMS calcd. for Co3H N, [M+H]": 321.1392, found 321.1383.

3b. 2-(4-methoxyphenyl)-5-phenylpyrazolo[5,1-a]isoquinoline.

Yield: 74%; "H NMR (400 MHz, CDCls): 3.85 (s, 3H), 6.96 (d, J = 8.3 Hz, 2H), 7.05
(s, 1H), 7.32 (s, 1H), 7.50-7.58 (m, 5H), 7.72-7.74 (m, 1H), 7.92-7.94 (m, 2H),
8.02-8.05 (m, 2H), 8.13-8.15 (m, 1H); °C NMR (100 MHz, CDCls): & 55.3, 94.2,
112.2, 113.9, 123.5, 123.8, 126.1, 127.1, 127.6, 127.9, 128.1, 129.2, 129.3, 129.6,
133.8, 138.3, 140.7, 152.1, 159.7; HRMS calcd. for Co4H;sN,O " [M+H]": 351.1497,
found 351.1497
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3c. 2,5-bis(4-methoxyphenyl)pyrazolo[5,1-a]isoquinoline.

Yield: 70%; 'H NMR (400 MHz, CDCls): 3.85 (s, 3H), 3.90 (s, 3H), 6.96-7.00 (m,
3H), 7.05-7.08 (m, 2H), 7.30 (s, 1H), 7.49-7.55 (m, 2H), 7.69-7.71 (m, 1H), 7.93-7.96
(m, 2H), 7.99-8.03 (m, 2H), 8.10-8.12 (m, 1H); °C NMR (100 MHz, CDCl3) & 55.4,
55.5,94.3,111.5, 113.7, 114.1, 123.6, 123.7, 126.3, 127.0, 127.1, 127.8, 127.9, 129.5,
131.1, 138.2, 140.9, 152.1, 159.8, 160.4; HRMS calcd. for CpsHyoN,O," [M+H]":
381.1603, found 381.1612.

3d. 5-butyl-2-phenylpyrazolo[5,1-a]isoquinoline.

Yield: 99%; "H NMR (400 MHz, CDCl3): 1.02 (t, J= 7.3 Hz, 3H), 1.50-1.53 (m, 2H),
1.89-1.93 (m, 2H), 3.21 (t, J= 7.3 Hz, 2H), 6.78 (s, 1H), 7.29 (s, 1H), 7.34-7.38 (m,
1H), 7.44-7.50 (m, 4H), 7.62-7.64 (m, 1H), 8.04- 8.08 (m, 3H); °C NMR (100 MHz,
CDCls) & 13.9, 22.5, 28.9, 30.5, 94.5, 109.3, 123.4, 126.3, 126.4, 126.5, 127.6, 128.1,
128.7, 129.2, 133.6, 139.6, 140.0, 151. 9; HRMS calcd. for CyHyN," [M+H]":
301.1705, found 301.1689.

3e. 5-butyl-2-(4-methoxyphenyl)pyrazolo[5,1-a]isoquinoline.

Yield: 94%; 'H NMR (400 MHz, CDCl3) ): 1.01 (t, J= 7.3 Hz, 3H), 1.49-1.55 (m, 2H),
1.87-1.94 (m, 2H), 3.20 (t, J= 7.3 Hz, 2H), 3.84 (s, 3H), 6.75 (s, 1H), 6.98 (d, J=8.7
Hz, 2H), 7.20 (s, 1H), 7.44-7.47 (m, 2H), 7.60-7.62 (m, 1H), 7.95-7.99 (d, J= 8.7 Hz,

2H), 8.02- 8.06 (m, 1H); *C NMR (100 MHz, CDCl3) § 14.0, 22.6, 28.9, 30.5, 55.3,
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94.0, 108.9, 114.0, 123.2, 123.3, 126.3, 126.4, 127.5, 129.2, 139.6, 140.0, 151.8,
159.6; HRMS calcd. for Co,H»N,O " [M+H]™: 331.1810, found 331.1811.

3f. 2,5-dibutylpyrazolo[5,1-a]isoquinoline.

Yield: 75%; 'H NMR (400 MHz, CDCls): 0.93-1.02 (m, 6H), 1.41-1.59 (m, 4H),
1.72-1.81 (m, 2H), 1.82-1.91 (m, 2H), 2.89 (t, J = 7.8 Hz, 2H), 3.15 (t, J = 7.8 Hz,
2H), 6.73 (s, 1H), 6.82 (s, 1H), 7.44-7.46 (m, 2H), 7.61-7.63 (m, 1H), 8.00-8.02 (m,
1H); >C NMR (100 MHz, CDCL3) & 13.9, 14.0, 22.5, 22.6, 28.5, 28.8, 30.4, 32.1, 96.1,
108.1, 123.2, 123.3, 126.1, 126.3, 127.4, 129.2, 139.3, 139.4, 154.9; HRMS calcd. for
C19H,4N, [M+H]": 281.2018, found 281.2018.

3g. 5-butyl-2-cyclopropylpyrazolo[5,1-a]isoquinoline.

Yield: 62%; '"H NMR (400 MHz, CDCl3): 0.88-0.92 (m, 2H), 0.97-1.02 (t, J = 7.4 Hz,
3H), 1.03-1.06 (m, 2H), 1.47-1.58 (m, 2H), 1.84-1.94 (m, 2H), 2.19-2.22 (m, 1H),
3.14 (t, J = 7.4 Hz, 2H), 3.86 (s, 3H), 6.62 (s, 1H), 6.72 (s, 1H), 7.44-7.47 (m, 2H),
7.61-7.63 (m, 1H), 7.96-7.99 (m, 1H); *C NMR (100 MHz, CDCl3) & 8.91, 9.70, 14.0,
22.5, 28.8, 30.4, 93.1, 108.1, 123.0, 123.3, 126.1, 126.3, 127.4, 129.2, 139.2, 139.5,
156.8; HRMS calcd. for C gHoN," [M+H]": 265.1705, found 265.1697.

OH
\
Y
N
=
n-Bu
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3h. (5-butylpyrazolo[5,1-aJisoquinolin-2-yl)methanol.

Yield: 64%; '"H NMR (400 MHz, CDCl3) ): 0.99 (t, J= 7.3 Hz, 3H), 1.44-1.54 (m, 2H),
1.81-1.88 (m, 2H), 2.69 (br, 1H), 3.12 (t, J= 7.3 Hz, 2H), 4.96 (s, 2H), 6.78 (s, 1H),
6.99 (s, 1H), 7.46-7.52 (m, 2H), 7.63-7.65 (m, 1H), 8.00- 8.03 (m, 1H); °C NMR
(100 MHz, CDCls) 6 14.0, 22.5, 28.8, 30.4, 59.5, 95.8, 109.2, 123.2, 123.4, 126.4,
126.5, 127.8, 129.1, 139.3, 139.7, 153.2; HRMS calcd. for CiH;sN,O * [M+H]":
255.1497, found 255.1492.

3i. 5-cyclopropyl-2-phenylpyrazolo[5,1-a]isoquinoline.

Yield: 90%; 'H NMR (400 MHz, CDCl3) &: 0.94-0.96 (m, 2H), 1.18-1.21 (m, 2H),
2.83-2.88 (m, 1H), 6.55 (s, 1H), 7.31 (s, 1H), 7.34-7.37 (m, 1H), 7.44-7.48 (m, 4H),
7.57-7.59 (m, 1H), 8.04-8.07 (m, 3H); *C NMR (100 MHz, CDCl3) & 7.78, 11.3, 94.9,
106.1, 123.3, 123.5, 126.5, 126.6, 126.7, 127.8, 128.3, 128.8, 129.4, 133.8, 140.2,
141.4, 152.3; HRMS calcd. for Co0H;¢N,  [M+H]": 285.1392, found 285.1390.

3j. 5-cyclopropyl-2-(4-methoxyphenyl)pyrazolo[5,1-a]isoquinoline.

Yield: 78%; '"H NMR (400 MHz, CDCls): 0.94- 0.97(m, 2H), 1.21- 1.25(m, 2H),
2.85- 2.88 (m, 1H), 3.86 (s, 3H), 6.56 (s, 1H), 6.99-7.01 (d, J=8.68 Hz, 1H), 7.26 (s,
1H), 7.46-7.48 (m, 2H), 7.57-7.61 (m, 1H), 7.98-8.00 (d, J= 8.72 Hz, 2H), 8.06-8.08
(d, J= 6.8 Hz, 1H); °C NMR (100 MHz, CDCl3) § 7.63, 11.1, 55.3, 94.2, 105.5, 114.1,
123.0, 123.4, 126.3, 126.4, 127.6, 127.7, 129.3, 140.1, 141.3, 152.1, 159.7; HRMS
caled. for C,;H;sN,O " [M+H]™: 315.1497, found 315.1491.
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3k. 9-fluoro-2-(4-methoxyphenyl)-5-phenylpyrazolo[5,1-a]isoquinoline.

Yield: 62%; 'H NMR (400 MHz, CDCls): 3.83 (s, 3H), 6.94-6.98 (m, 3H), 7.23-7.26
(m, 2H), 7.47-7.54 (m, 3H), 7.65-7.74 (m, 2H), 7.89 (d, J=8.68Hz, 2H), 7.98-8.01 (m,
2H); *C NMR (100 MHz, CDCl3) & 55.3, 94.7, 108.7(d, 2J ¢ = 22.9 Hz), 111.4,
114.0, 116.6(d, 2J ¢ = 23.8 Hz), 119.1, 125.0, 125.9, 127.6, 128.1, 129.2, 129.3,
129.6, 133.6, 137.7, 139.9, 152.1, 159.8, 161.5 (d, ' J cr = 246.0 Hz) ; HRMS calcd.
for Co4H7FN,O " [M+H]": 369.1403, found 369.1406.

3l. 9-fluoro-2,5-bis(4-methoxyphenyl)pyrazolo[5,1-a]isoquinoline.

Yield: 67%; 'H NMR (400 MHz, CDCls): 3.85 (s, 3H), 3.90 (s, 3H), 6.94-6.97 (m,
3H), 7.04-7.06 (d, J = 8.3 Hz, 2H), 7.23-7.25 (m, 2H), 7.65-7.73 (m, 2H), 7.90-7.97
(m,4H); *C NMR (100 MHz, CDCl;) & 55.4, 55.5, 94.8, 108.8 (d, %J cr = 22.9 Hz),
110.8, 113.7, 114.1, 116.7(d, 2J ce = 23.8 Hz),, 124.9, 126.0, 126.1, 127.7, 129.3,
131.1, 137.5, 140.1, 152.1, 159.9, 160.4, 161.5 (d, ' J cr = 246.0 Hz) ; HRMS calcd.
for CsHoFN,0," [M+H]": 399.1509, found 399.1522.
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3m. 7,8,9-trimethoxy-2-(4-methoxyphenyl)-5-phenylpyrazolo[5,1-a]isoquinoline
Yield: 83%; '"H NMR (400 MHz, CDCls): 3.84 (s, 3H), 3.99 (s, 3H), 4.04 (s, 3H),
4.05 (s, 3H), 6.94 (s, 1H), 6.97 (s, 1H), 7.20 (s, 1H), 7.27-7.31 (m, 2H), 7.48-7.56 (m,
3H), 7.91-7.94 (d, J= 8.8 Hz, 2H), 8.04-8.06 (d, J= 6.8 Hz, 2H); °C NMR (100 MHz,
CDCl3) & 55.4, 56.3, 61.3, 61.7, 93.7, 100.2, 106.5, 114.1, 118.9, 120.6, 126.3, 127.7,
128.2, 129.0, 129.8, 134.3, 136.6, 140.3, 142.1, 149.0, 152.0, 153.9, 159.8; HRMS
caled. for Co7HouN>O, [M+H]': 441.1814, found 441.1809.

3n. 5-butyl-9-fluoro-2-phenylpyrazolo[5,1-a]isoquinoline.

Yield: 88%; 'H NMR (400 MHz, CDCl3): 1.02 (t, J = 7.3 Hz, 3H), 1.49-1.59 (m, 2H),
1.85-1.93 (m, 2H), 3.18 (t, J = 7.3 Hz, 2H), 6.74 (s, 1H), 7.20-7.23 (m, 2H), 7.35-7.38
(m, 1H), 7.45-7.48 (m, 2H), 7.57-7.61 (m, 1H), 7.68 (dd, J1 = 0.7 Hz, J2 = 2.4 Hz,
1H), 8.02 (s, 1H), 8.03 (d, J = 1.4 Hz, 1H); °C NMR (100 MHz, CDCls) § 13.9, 22.5,
28.9, 30.4, 95.0, 108.5(d, 2J cr = 21.9 Hz), 108.6, 116.3(d, *J cr = 22.9 Hz), 124.5,
125.7, 126.3, 128.2, 128.6, 128.7, 133.4, 138.9, 139.3, 152.0, 161.1 (d, ' J cr = 245.0
Hz) ; HRMS calcd. for Co;H;oFN, [M+H]": 319.1611, found 319.1611.

30. 5-butyl-9-fluoro-2-(4-methoxyphenyl)pyrazolo[5,1-a]isoquinoline.

Yield: 64%; '"H NMR (400 MHz, CDCl3): 1.02 (t, J = 7.3 Hz, 3H), 1.48-1.58 (m, 2H),
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1.84-1.94 (m, 2H), 3.19 (t, J = 7.3 Hz, 2H), 3.86 (s, 3H), 6.74 (s, 1H), 6.97-7.01 (m,
2H), 7.16 (s, 1H), 7.21-7.25 (m, 1H), 7.59-7.62 (m, 1H), 7.68 (dd, J1 = 0.69 Hz, J2 =
2.4 Hz, 1H), 7.94-7.97 (m, 2H); *C NMR (100 MHz, CDCls) & 14.1, 22.7, 29.0, 30.6,
55.4, 94.6, 108.4, 108.6(d, 2J cr = 22.9 Hz), 116.3(d, *J cr = 23.8 Hz), 124.5, 125.7,
126.3, 127.7, 128.6, 139.0, 139.4, 152.0, 159.8, 161.1 (d, ' J c¢ = 245.0 Hz) ; HRMS
caled. for CooHa FN,O " [M+H]": 349.1716, found 349.1721.

3p. 5-cyclopropyl-9-fluoro-2-(4-methoxyphenyl)pyrazolo[5,1-a]isoquinoline.

Yield: 62%; '"H NMR (400 MHz, CDCls): 0.93-0.95 (m, 2H), 1.18-1.22 (m, 2H),
2.80-2.84 (m, 1H), 3.86 (s, 3H), 6.53 (s, 1H), 6.97-7.01 (m, 2H), 7.19-7.22 (m, 2H),
7.54-7.58 (m, 1H), 7.68 (dd, J1 = 0.69 Hz, J2 = 2.4 Hz, 1H), 7.96-7.98 (m, 2H); °C
NMR (100 MHz, CDCl3) & 7.52, 11.0, 55.3, 94.7, 105.0, 108.5(d, 2J c¢ = 21.9 Hz),
114.1, 116.3(d, 2J cr = 22.9 Hz), 124.1, 125.8, 126.2, 127.6, 128.6, 139.3, 140.5,
152.1, 161.0 (d, ' J ¢ = 2422 Hz) ; HRMS caled. for C,H7FN,O © [M+H]":
333.1403, found 333.1402.
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5294031

---- PROCESSING PARAHETERS --—--
dc_balance

SeXp = 0.2[Hz] : 0.0[8]
trapezoldd « 0[%] ¢ BO[%] : 100[%]
Zerofill = 1

wwﬂmnmnnm ¢ 0.004 [ppm] : O[ppm]

20,5144
21.02573
2051044
21.08083

T '“
9.86808

(Alillions)

-
-
)
=
-

3.1632
3.1437
31243
2212

21900

X : parts per Mil

---- ACQUISITION PARAMETERS —---
Derived frams: CIVO4004.1

Flle Name = CEYO04004.7

Author = delta

Sample ID - WI¥/080218/C5¥04004
Contant = WEY/000210/CEY04004
Creation Date = 18-FEB-2009 21:01:57

Reviglon Date 1g-FER-2009 21:26:18

Spec Site = ECA400

ac ] DELTAZ WMR
Wﬂw M.-M.WEWﬁ 1D COHFLEX
Dimensions X
Dim Title 1H
Dim 2ize 13107
Dim Tnits [ppm]

Fleld_strength
X malﬂ._—HNﬂFOH

9.389766 [T] (400 [HHZ]
2.1e365852[8]

X damain -1
X freq = 398.782198328[MHE]
X offset = 5 [ppm]
¥ points - 16384
X prescans -1
resolution = 0.45794685[Hz]
X aweep = T.503001% [(£Hz]
ITr domain -1E
Irr_rreq = 3185 .7821 9238 [HHZ]
Irr_offset = S[ppm]
Tri damain = 1H
Tri freq = 399.78219938[HHE]
Tri ofIget = E[ppm]
Mod return =1
Scans -8
Total scans -8
X 50 width = 10.55012 [us]
X a time = 2.183585852[3]
¥ angTe = 45[daT]
Xatn = 4.50005[dB]
X pulse = E.27E06[us]
Irr msds - Off
Tri mode = OIT
Dante presat = FAL3E
mit13al wait - 1[8]
RelaxatTon _delay = 5[s]
Repstition time = 7.18365852[s8]
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(Adillions)

=---- PROCESSING PARAHETERS ----
dc_balance
ZeXp « 2.0[HZ] « 0.0[2]
trapezoldd « 0[%] : BO[%] : 100[%]
gerofill : 1
It + 1 : TRUE
machinephase
= Ppm
= reference : 77.132 [ppm] : T7[ppm]
-
=0
@
= —
=
= o] ---— ACQUISITION PARAMETERS —-—-
- / [ar ] Derived froms CZY04004-CLl3.1
Flle Name = CET04004-Cl3.8
Mithor = delta
Sample ID = WIY /090218 CLY04004-C
Content = WEY /090218, CEY 04004 -C
Creatlon Date = 18-FEB-2009 21:28:1%
Eevision Date = 18-FEB-2009 Z1:45:04
=1 Spec Site = ECA400
=4
o e e - DELTA2 NMR
%ﬂw M_HM.WEWn = 1D CHFLEXK
Dinensions - X
Dim Title = 1lac
Dim 2ize - 26214
Dim Tnita = [ppm]
Fleld strength = 9.389746 [T] (400 [HHz]
X acg duration - 1.04333312[s=]
X damain = 110
X freq = 100.52530333[MHE]
X offset = 100 [ppm]
¥ points - 32768
X_prescans -4
resclutiom = 0.95846665 [HE]
X sweep - 31.40703518 [kKHz]
ITr_domain -1E
= Irr_freq = 389,782l 9836 [HHE]
= Irr _offsst = S[ppm]
Mod retum -1
Scalis - 45
Total scans - 46
X 90 wWidth = 8.235[us]
X ac] time = 1.04333312[3]
X angle = 30[deg]
X atn = 7[AB]
X pulss = 2.745[us=]
ITr_atn dec = 25.24891 [dB]
Irr_atn mee = I5.24881[4B]
Irrnoie - WALTZ
Decoupling - THEUE
Initial walt = 1[a]
| Hoe = THOE
" m | | Foe_tima = 2[3]
0 | RelExatlon delay = 2 [8]
O-EE%%:{E%%_;%,_._z%_i,;iizfi AN s e g i B S TR
| | [
w - o = Laclebed [T
= a3 a ] e aA 2
[ ] = ~ ke -]
@ EE @ 3 ee 3% A
- - - -
X : parts per Million : 130
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3j
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e 2 worg ey aod spaed
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70.0 0.0 90.0 100.0110.0120.0130.0140.0L

50.0 0.0

1000 20,00 30.0 40.0

(Alillions)
]

—10.0

---- PROCEZZING PARAMETERS —--—-
dc_balance

hammin

It =

FEm

phage : 96 : 185 & BO[%]

---- RCQUISITION PARAMETERS -—-—--
Derived fram: CI¥-45034 C copy.l

Flle Hame = CEY-4503h C_copy.7
Author = delta

B gample ID - dgp/20000113/CT¥-4503
Content - Agp/10090113/CZ¥ 4503

Creation Date 13-JAN-2009 10:50:45

Revigilon Date 13-JAN-2009 11:13:02

E Spac Site = ECA40D
ac L] = DELTA2 HME
%ﬂw MH.,W..WEWﬁ = 1D CHPFLER
E Dimenslons =X
Dim Title = 13C
J Dim 2ize - 286214
Dim Tnits = [ppm]
Fleld strength = 9.389766 [T] (400 HHz]
- X acg duration = 1l.04332312[3]
X dmmain =1
X freq = 100.52530333[MHZ]
3 X oftaet = 100 [ppm
¥ points - 32768
X prescans -4
= regolutiom = 0.95846665[HE]
X swesap = 31.40703512 [kHz]
ITr demain -1m
- Irr_rreq = 31895 .T7821 9838 [HHZ]
Irr_offset = 5[ppm]
Mod retum -1
] Scans = 142
Total scans - 14z
. X 80 width = 8.235[us]
X ac] time = 1.04333312[8]
E X angle = 30[deq]
X atn - THE]
¥ pulss - 21.745[u3]
3 ITr atn_dec = 25.24201 [dR]
Irr"atn"noe = 25.24891[dB]
Irr nolse = WALTZ
. Decoupling - TRUE
Initial wailt = 1[a]
LLJ Hoe - = TROE
N RN b/ 155 -3t
RelEXatlon delay = 2 [8]

mﬁﬁ@nrﬂrﬂp—”ﬂE 3.04333312[=]

L

162.6904
847655 —

)
-1~ @i
e » [
& o=
= i Ll
o e
LT -
Ao

X : parts per Wil 13

Supplementary Material (ESI) for Chemical Communications
3l

This journal is (c) The Royal Society of Chemistry 2009

S33




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

(Millions)
0 10 20 30 40 50 60 70 S0 o0 100 110 120 130 140 150
r 1 1 1 1 1 1 1 1 1 1 1 1 :;._!I
] BX
# 3;
E ] g&°
; ] 2
g ]
- i
= sos03~_
= £.0432 = | — —5
=] T.035T = — L. 1
3 el ] 20.90648
1 31.2187m
1 ——, 1981581
] _ BTOT13
] 12233784
1 DOl
wm 1
10854~ __ | _ o
10505 ] — ——(————
103957 =) 1026002 0440535
200187 — 1 . --
38301 ] w
]
0.0810 —— |
0.0004 ——= |

S34



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

3m

N

ot won gy Ao spaeed 2

1508104

1530276
1520111
1490173

1421228
140.3122
136.6414
134 2050
120.7765
1200233

1205566
115.9357

1140921

106.5026

100.2103

93 6786

T7.4603
TT.1456
T6.8214

617187
61.3182

56.2830
553072

(ALillioms)

SIJI.U

.ﬁﬂl.ﬂl

10:3.0 llIU.U l.‘.P.U 13|U.0 l-lilJ.El 1.:-'0.0

N g A g g b il

J\HMIW.M-‘.

o PSR R e A, o

s o

Cikde

BETI-TMRFAZD

CID-TEI8FAZ W II TaAZ AL

S35




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

3n

X

-..-.
3
®
&
#

8.0395
5.0360 =
s01777 =
74528, =
74644 =
74450
73636 —=
72330
72250
7210017
6.7405

&

»

$
3.2009
31814
31631

"
19076~ _=

lsss2——=

10359
1.0176 =
0.0003 -

0.0840 ——
0.0004—=

PR S T S S I S S S T S S S A S S S S S RS S S S T T B S ST S S S S | S SR S S ST TS S S T S S S S S S S S T S S S S S A NS S S S S S SR |

(Millioms)
10 2.0 3.0 40 £0 6.0 7.0 8.0 9.0 0.0 10 120
2010737
S 1Y
9.8 —
T 20.29803
— 383816l - :
22 20664
10.00261

3n

S36




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

3n

(Millioms)

g

- ]

2 ]

®

- b
& it
" ] a
2 — 7 =

R T

DEL

1622388 ——¢
1507854

b iy

e A o Y A ), o i

151 0986

13896458
13582362
1334062
128.6961
128 5012
1282003
126.2020
1257505
1257404
1244151

1164251
116.1963

3n

77.3238
76.0006
T6.6850

28.8505

&
30.4327 “_—rg

225476

) M g AR

i o

13.088¢ ——

S37




(Adillions)

=

CEYOIM2.T
WEY ORI 18 CZY 002

=---- PROCESSING PARAHETERS ----

1 %] ¢ 100[%]
gerofill « 1
It + 1 : TRUE
machinephase
Prm

reference s 0.006 [ppm] : O[ppm]

5411

3.

303

2007966
201197
20.4762

=
=
=
)
=~
=
2

20.14043

X : parts per N

LI e e

'
%

S

5

79448
G0

11—=
g
1647 —=

5
T.0078
6.0860
5323
5140 ==

1.8066 =
1.8771 —=
5

00787 ——

—0.000%

6.7400 —

‘e
]
5
-

1.0386
1.0203
1.0020

r
)
1
1

---— ACQUISITION PARAMETERS —-—-—
Derived froams: CIVO3002.1

Flle Name - £IY03002.7

Mmthor - delta

sample ID - WI¥,/000218/CL¥03002
Content = WZY/090218/CEY03002

Creation Date 18-FER-2009 21:08:06

Eevision Date 18-FEB-2009 21:30:38

Spec Site = ECh400

&g ) DELTAZ WNMR
%ﬂw H.._H._,W..WEwn 1D CHFLEE
Dimenglons X
Dim Title 1E
Dim 21iza 13107
Dim Tnits [ppm]

Field strength
X acg duration

2.382766 [T] {400 [HHz]
2.18345952[s8]
1m

X damain

¥ fregq 3559 .,78219838[MHE]
X offaset & [ppm]

¥ points 16184

X _prescans 1

resoclutim 0.4579468 5 [Hx]
X sweep 7.5030012 [KHE]
ITr_domain 1H
Irr_freq 389, 7821 9838 [HHE]
Irr offset S [ppm]
Tri damain 1H
Tri freq 399 .78219838[HHE]
Tri offsst & [ppm]
Mod return 1
o afia e
Total_scans 2

X 90 width = 10.55012 [uz]
X ai tims = 2.18365982[3]
¥ angTe = 45 [de]]

X atn = 4.50008 [dB]
X pulse = E.27E06&[us]
Irr meds = DI

Tri meode = DI

Dants presat = FALZE

Initidl wait = 1[s]
RelaxatTon delay = 5[2]

Pepstition tims T7.18365952[3]
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(Millions)

UHM2-C1 38 ---- PROCESSING PARAHETERE ----
¥ W2 IR 03M2-C13 dc_balance
e = 2.0[HZ] : 0.0[8]
nh%mﬁ.rﬂw g O[%] = B0[%] : 100[%]
Zermfill « 1
It « 1 + TROE
machinephase
= B
2 reference : 77.133[ppm] : 77.1 [ppm]
=
=]
-
=]
= e
= —=-=-- RACQUISITION PARAMETERS ----
=1 Derived fram: 02002-013.1
File Hame = D3002-C13.8
= Juthor - delta
= Sample ID - WIY/080218/03002-013
= Content - WZ¥/090218/03002-012
Creation Date = 18-FER-2009 21:21:32
= Reviglon Date = 18-FEB-2009 21:18:25
W Spac Site = ECh400
ac L] = DELTAZ WMER
= %ﬂw MH.,W..WEWn = 1D CCHFLEX
=] Dimensions - X
L Dim Title = 13¢C
Dim 2ize - 28214
- Dim Tnita = [ppm]
= Fleld strength = 2.385766 [T] (400 [MHZ]
Lo X acg duration - 1.04333312[s]
X damain = 13
X freq = 100.52530333[MHZ]
M: X offset = 100 [ppm]
2 X points - 32768
¥ _prescans -4
resclutim = 0.95846665 [H]
=) X awesp - 31.40703518 [KHZ]
] ITr_donaln = 1H
Irr freq = 399.782190828 [HHZ]
Irr_offset = E[ppm]
= Mod retum =1
= Scans = 187
= Total scams - 187
= X 80 width - 8.235[us]
=- X ac] time = 1.04333312(8]
L] X angle = 30([deg]
X_atn = T[dB]
= X pulss = 2.745[us]
=4 Ifr atn_dec = I5.24881[4B]
- Irr"atn noe = 25.24091 [4B]
IrrnoiFe = WALTZ
Decoupling = TEUE
= mitial wait - 1[8]
= Hos - = TEDE
| Hoe_time = 28]
RelExation delay - 2 [s]
) . | _ } | Fepetiticon time = 3.04333312[s]
= Ao g O e W ot e o o b s e P8 b | -
T T
o -t (=
LEL 2229 P g 2
eI =115 s =
29T LEad Fre M -
CEERCERE FRE i A
o i gy g iy
X : parts per Million @ 13
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(Millions)

£0 160 170 180 120 0.0
1 1 1 I 1 1 1 1 I I I

100 110 120 130 140 L

0.0
1 1 1

7.0 8.0

6.0
1

CEYD3004.7
WEY DI CZY 5004

2006728
19.68052

a
=

205

10

3132719

905985

-—-- PROCESSING PARAHETERS --——-
dc_balance

SEXP = 0.2[HZ] : 0.0[5]
trapezoidd : O[%] : 20[%] = 100[%]
Zerofill = 1

wwnm-mmmbnm ¢+ 0.004 [ppm] = O[ppm]

2.8356
28230
28002

U L

1.6480 —

20

s

0400

0387

935
0.0807 ———
0.0005—=

-—-— ACQUISITION PARAMETERS ---—-
Derived frams: CIY03004.1

Fille Name = CEY0300%4.7

Author = delta

Sample ID - WI¥/000218/CZ¥03004
Content = WZY/000218/CEY 02004

Creation Date 18-FER-2009 20:52:18

Reviglon Date 1g-FER-2009 21.:14:17

Spec Site = ECA400

ac e LDELTAZ HMR
%ﬂw HH-W..WHWH 1D CCHFLEX
Dimengions X
Dim Title 1H
[im 2ize 13107
oim Unita [ ppm]

Fleld strength
X hﬁlﬂﬁﬂmﬂﬁoﬁ

9.380766 [T] (400 [HHEZ]
21.18365852[8]

X dmmain 1H

¥ freq 395.78215838 [MHz]
X offset & [ppm

X points 16184

X prescans 1
0.45724625 [Ha]

resolution
X sweap T.5030012 [KHz]
ITr_domain 1H
Irr_freq 399,721 9638 [HH]
Irr_offset 5 [ppm]
Tri damain 1"
Tri freq 399.T2219838 [HHz]
Tri offsst & [ppm]
Mod return 1
Scafa )
Total scans 2
X 50 width - 10,5501 [us]
X a time = 2.1B385852[s]
¥ angle = 45[deag]
X atn = 4.50009[AB]
X pulse = E.27506[us]
Irr meds = Off
Tri mode = DI
Lante presat = FALZE
Initi walt = 1[a]
BelaxatTon delay - 5[2]
Repstition time - 7.18365852[s]
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(Millions)

:fi?;i__fg}_i..,_,,?i.ii%{?s.}fxr i b o RS

---- PROCESSING PARAHETERS ----

dc _balance

ZeXp : 2.0[HEZ] : 0.0[8]
trapezold? = 0[%] « 80[%] : 100[%]
Zarofill « 1

LIt « 1 « TRUE

machinephase

ppm

raference s« 77.137 [ppm] : 77 [ppm]

A A o

=

e

>

==

502
5280
E080
5430

504

-t
5 et
=] T
=1 mea
i e
=] -

0.7

130 3552

140

140
128.6258
128
127.6468
126.1

X : parts per Million :

-=-=-= RCQUISITION FPARMMETERS ----
Derived fram: CIY03004-C13.1

File Hames = CIY¥03004-Cl13.8
Anthor = delta

Sample ID = WI¥/080218/CIY03004-C
Content - WEY/080218/CEY02004-C

Creation Date 12-FEB-2009 21:37:12

Revigion Date 1g-FER-2009 21:53:49

Spac Slte = ECR400

ac ] = DELTAZ HME
%ﬂw MHM.WEWﬁ = 1D COHFLEX
Dinensions =X
Dim Title = 13T
Dim 21ize - 28214
Dim UTnits = [ppm]
Fleld gtrength = 9.388766 [T] (400 [HHz]
X acg duration - 1.04333312[83]
X danain = 13C
X freq = 100.52530333[MHz]
X offsat = 100 [ppm]
¥ points - 32768
X _prescans -4

resclutim = 0.958946665 [H]
X swesp - 31.40703518 [KHZ]
ITr_domain = 1H
Irr rreg = 359,78215838 [HHI]
Irr_offset = E[ppm]
Mod retum =1
Scans = 112
Total scans = 112
X 80 width = 8.235[us]
X acq time - 1.04333312(8]
X angTe = 30[dag]
X_atn = T[dB]
X pulss = 2.745[us]
Irr atn dec = I5.24881[4B]
Irr_atn moe = 25.24291 [4B]
Irr noiFe = WALTZ
Decoupling = TEUE
mitial wait - 1[8]
Noa - = THOE
Noe_time = 28]
Bel3xaticnm delay - 2 (8]
Repstitlon time = 3.04333312[3]
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