# Supplementary Material (ESI) for Chemical Communications

# This journal is © The Royal Society of Chemistry 2005 S

Total Synthesis of Buergerinin F
via Effective Construction of the Asymmetric Quaternary Carbons
Using Enantioselective Aldol Reaction

Isamu Shiina,* Y o-ichi Kawakita, Ryoutarou Ibuka,
Kazutoshi Y okoyama, Y u-suke Y amai
Department of Applied Chemistry, Faculty of Science, Tokyo University of Science,

Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan

Supporting Information

S1 Genera Information
S2-10 Experimenta Procedure
S11-46 1H and 13C NMR Data of Compounds

General Information. All reactionswere carried out under argon atmosphere in dried
glassware, unless otherwise noted. Dichloromethane was distilled from diphosphorus
pentoxide, then calcium hydride, and dried over MS 4A, benzene and toluene were
distilled from diphosphorus pentoxide, and dried over MS 4 A, and THF and diethyl
ether were distilled from sodium/benzophenone immediately prior to use. All reagents
were purchased from Tokyo Kasei Kogyo Co., Ltd., Kanto Chemical Co., Inc. or
Aldrich Chemica Co., Inc., and used without further purification unless otherwise
noted.

Column chromatography was performed on Silica gel 60 (Merck) or Wakogel B5F.
Thin layer chromatography was performed on Wakogel BSF. 1H and 13C NMR spectra
were recorded with tetramethylsilane (TMS), chloroform (in chloroform-d) or benzene
(in benzene-dg) asinterna standard.
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3-Benzyloxy-3,4,5-trihydrofuran-2-one: To a suspension of sodium hydride
(60%, 4.70 g, 118 mmol) in THF (60 mL) at 0 °C was added a solution of 3-hydroxy-
3,4,5-trihydrofuran-2-one (10.0 g, 98.0 mmol) in THF (40 mL). After the reaction
mixture had been stirred for 15 min at rt, benzyl bromide (15.2 mL, 128 mmol) and
DMF (10 mL) was added at 0 °C. The reaction mixture was stirred for 46 h at room
temperature and then saturated aqueous ammonium chloride was added. The mixture
was extracted with diethyl ether, and the organic layer was washed with water and brine,
dried over sodium sulfate. After filtration of the mixture and evaporation of the solvent,
the crude product was purified by column chromatography (AcOEt / hexane = 1/ 10) to
afford 3-benzyloxy-3,4,5-trihydrofuran-2-one (15.6 g, 83%) as a pale yellow oil.
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Methyl 2-benzyloxy-4-(t-butyldimethylsiloxy)butanoate (7): To a solution of
3-benzyloxy-3,4,5-trihydrofuran-2-one (3.00 g, 15.6 mmol) in methanol (23 mL) at
room temperature was added sodium methoxide in methanol (1.50 M, 22.0 mL, 33.0
mmol). The reaction mixture was stirred for 20 min at room temperature and then
solvent was removed under the reduced pressure. The reaction mixture was neutralized
with 1 M hydrogen chloride in diethyl ether at O °C. The residue was dissolved with
water and the mixture was extracted with cooled diethyl ether, and the organic layer was
washed with water and brine, dried over sodium sulfate. After filtration of the mixture
and evaporation of the solvent at 0 °C, the crude product was filtered again through a
short pad of silicagel 60N (neutral, Kanto Chemical Co., Inc.) with cooled diethyl ether.
Concentration of the filtrate by evaporation of the solvent at O °C afforded crude methyl
2-benzyloxy-4-hydroxybutanoate as a colorless oil. Above prepared methyl 2-
benzyloxy-4-hydroxybutanoate was instantly used in the following reaction without
further purification.

To asolution of t-butylchlorodimethylsilane (3.75 g, 25.0mmol) and imidazole (3.40 g,
49.9 mmol) in DMF (20 mL) at O °C was added the above prepared methyl 2-benzyloxy-
4-hydroxybutanoate in DMF (11.2 mL). After the reaction mixture had been stirred for
10 min at 0 °C, it was allowed to warm to room temperature. The reaction mixture was
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stirred for 2 h at room temperature and then phosphate buffer (pH = 7) was added at 0
°C. The mixture was extracted with diethyl ether, and the organic layer was washed with
water and brine, dried over sodium sulfate. After filtration of the mixture and
evaporation of the solvent, the crude product was purified by column chromatography
(ACcOEt / hexane =1/ 20) to afford ester 7 (4.20 g, 80%) as a colorless ail.
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(E)-2-Benzyloxy-4-(t-butyldimethylsiloxy)-1-methoxy-1-
(trimethylsiloxy)butene (6): To asolution of diisopropylamine (1.31 g, 12.9 mmol)
in THF (8.3 mL) at 0 °C was added n-butyllithium in hexane (1.66 M, 7.46 mL, 12.4
mmol). After the reaction mixture had been stirred for 10 min at 0 °C, a solution of ester
7 (4.00 g, 11.8 mmol) in THF (4 mL) was added at -78 °C. The reaction mixture was
stirred for 30 min at -78 °C and then a solution of chlorotrimethylsilane (1.67 g, 15.4
mmol) in THF (2 mL) was added. After the reaction mixture had been stirred for 10 min
a -78 °C, it was warmed to room temperature. The reaction mixture was stirred for 30
min at room temperature, and then it was concentrated by evaporation of the solvent.
Petroleum ether was added to the residue, and the suspension was filtered through a
short pad of Celite under argon atmosphere. The filtrate was concentrated by evaporation
of the solvent to afford ketene silyl acetal 6 (E/Z = 92/8, 4.71 g, 97%) as a pale yellow
oil. Above prepared ketene silyl acetal 6 was used in the following reaction without
further purification.

Methyl (2S,3R,4E)-2-benzyloxy-2-(2-[t-butyldimethylsiloxy]ethyl)-3-
hydroxyhex-4-enoate (5): To tin(l) trifluoromethanesulfonate (3.55 g, 8.52 mmol)
a room temperature were successively added a solution of (S)-1-methyl-2-(1-
naphthylaminomethyl)pyrrolidine (2.32 g, 9.65 mmol) in propionitrile (20 mL) and a
solution of dibutyltin diacetate (3.19 g, 9.09 mmol) in propionitrile (20 mL). After the
reaction mixture had been stirred for 5 min at room temperature, a solution of ketene silyl
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acetd 6 (3.50 g, 8.52 mmoal) in propionitrile (10 mL) and a solution of crotonaldehyde
(398 mg, 5.68 mmol) in propionitrile (10 mL) were added at -78 °C. The reaction
mixture was stirred for 41 h at -78 °C and then saturated aqueous sodium
hydrogencarbonate was added. The mixture was filtered through a short pad of Celite,
and the filtrate was extracted with diethyl ether. The organic layer was washed with
water and brine, dried over sodium sulfate. After filtration of the mixture and
evaporation of the solvent, the crude product was purified by column chromatography
(ACcOEt / hexane =1/ 10) to afford aldol 5 (1.72 g, 74%, 94% ee): [a]p2® = +25.1° (C
0.913, benzene); HPLC (CHIRALCEL OD, i-PrOH / hexane = 1 / 50, flow rate = 0.7
mL / min): tr = 11.5 min (3.2%), tr = 14.2 min (96.8%).

(2R,3R,4E)-2-Benzyloxy-2-(2-[t-butyldimethylsiloxy]ethyl)hex-4-ene-
1,3-diol (12): Toasolution of addol 5 (4.47 g, 10.9 mmoal) in toluene (186 mL) at -45
°C was added Red-Al® in toluene (65%, 32.8 mL, 109 mmol). The reaction mixture
was stirred for 20 min at -45 °C and 1 h at 0 °C and then methanol was added. The
mixture was allowed to warm to room temperature and then saturated agueous potassium
sodium tartrate was added. The mixture was extracted with ethyl acetate, and the organic
layer was washed with water and brine, dried over sodium sulfate. After filtration of the
mixture and evaporation of the solvent, the crude product was purified by column
chromatography (AcOEt / hexane = 1 / 5) to afford diol 12 (4.12 g, 99%) as a pale
yellow oil: [a]p?4 = +32.8° (c 1.10, benzene).
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(2R,3R,4E)-2-(2-[t-Butyldimethylsiloxy]ethyl)hex-4-ene-1,2,3-triol (13):
To asolution of 4,4'-di-t-butylbiphenyl (DBB) (26.6 g, 100 mmol) in THF (200 mL) at
0 °C was added lithium (694 mg, 100 mmol). The reaction mixture was stirred for 9 h at
room temperature. Thus prepared a solution of lithium di-t-butylbiphenylide (LDBB) in
THF (0.50 M) wasinstantly used in the following reaction.
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To asolution of diol 12 (2.22 g, 5.84 mmol) in THF (30 mL) at -78 °C was added
LDBB in THF (0.50 M, 164 mL, 81.8 mmol). The reaction mixture was stirred for 9 h
at -78 °C and then saturated aqueous ammonium chloride was added. The mixture was
extracted with ethyl acetate, and the organic layer was washed with water and brine,
dried over sodium sulfate. After filtration of the mixture and evaporation of the solvent,
the crude product was purified by column chromatography (AcOEt / hexane=1/2) to
afford triol 12 (1.69 g, quant.) as acolorless oil: [a]p23 = +21.6° (c 0.70, benzene).

(2R,3R,4E)-2-(2-[t-Butyldimethylsiloxy]ethyl)-2,3-dihydr oxyhex-4-enyl
acetate (14): To asolution of triol 12 (578 mg, 1.99 mmol) in dichloromethane (34
mL) a 0 °C were added a solution of triethylamine (1.00 g, 9.88 mmol) in
dichloromethane (3 mL) and a solution of acetic anhydride (305 mL, 2.98 mmol) in
dichloromethane (3 mL). The reaction mixture was stirred for 20 h at 0 °C and then
saturated aqueous sodium hydrogencarbonate was added. The mixture was extracted
with dichloromethane, and organic layer was washed with water and brine, dried over
sodium sulfate. After filtration of the mixture and evaporation of the solvent, the crude
product was purified by column chromatography (AcOEt / hexane = 1/ 5) to afford
acetate 14 (470 mg, 71%) asacolorless ail: [a]p23 = +25.8° (¢ 1.01, benzene).
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(2R,3R,4E)-2-(2-[t-Butyldimethylsiloxy]ethyl)-3-(cumyldimethylsiloxy)-
2-hydr oxyhex-4-enyl acetate: To a suspension of silver trifluoromethanesulfonate
(771 mg, 3.00 mmoal) in toluene (4 mL) at 0 °C was added chlorocumyldimethylsilane
(638 mg, 3.00 mmoal) in toluene (3.5 mL). The reaction mixture was stirred for 1 h at
room temperature and then it was allowed to stand. The top clear layer was instantly
used as a solution of cumyldimethylsilyl trifluoromethanesulfonatein toluene (0.40 M)
for the following reaction without further purification.

To asolution of acetate 14 (187 mg, 0.562 mmol) in pyridine (5.6 mL) at 0 °C was
added a solution of cumyldimethylsilyl trifluoromethanesulfonate in toluene (0.40 M,
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2.80 mL, 1.12 mmol). The reaction mixture was stirred for 2 h at 0 °C and then
saturated aqueous sodium hydrogencarbonate was added. The mixture was extracted
with diethyl ether, and organic layer was washed with saturated agueous copper(l1)
sulfate, water and brine, dried over sodium sulfate. After filtration of the mixture and
evaporation of the solvent, the crude product was purified by column chromatography
(AcOEt / hexane = 1/ 10) to afford (2R,3R,4E)-2-(2-[t-butyldimethylsiloxy]ethyl)-3-
(cumyldimethylsiloxy)-2-hydroxyhex-4-enyl acetate (265 mg, 93%) as a colorless ail:
[a]p?3 = +6.3° (¢ 1.09, benzene).

Si = PhMe,CMe,Si

[2-(1R,2E)-1-(Cumyldimethylsiloxy)but-2-enyl)](2R)-2,4-dihydr oxybutyl
acetate (10): To a solution of (2R,3R,4E)-2-(2-[t-butyldimethylsiloxy]ethyl)-3-
(cumyldimethylsiloxy)-2-hydroxyhex-4-enyl acetate (107 mg, 0.211 mmol) in THF (4.2
mL) at -19 °C was added 1 M hydrochloric acid (2.1 mL, 2.1 mmol). The reaction
mixture was stirred for 90 min at 0 °C and then saturated agueous sodium
hydrogencarbonate were added. The mixture was extracted with ethyl acetate, and the
organic layer was washed with water and brine, dried over sodium sulfate. After
filtration of the mixture and evaporation of the solvent, the crude product was purified by
thin layer chromatography (AcOEt / hexane =2/ 3) to afford diol 10 (81.8 mg, 98%) as
acolorlessoil: [a]p20 = +12.2° (¢ 2.13, benzene).

AcO \\)

Sio” :
e
Si= PhMeszEZSi

((1R,5S,7R)-7-(Cumyldimethylsiloxy)-5-methyl-4,8-

dioxabicyclo[3.2.1]octyl)methyl acetate: To a suspension of palladium(ll)
chloride (56.0 mg, 0.316 mmol) and copper(l) chloride (85.5mg, 0.864 mmol) in DME
(10 mL) at room temperature under oxygen atmosphere was added a solution of diol 10
(249 mg, 0.631 mmol) in DME (2.6 mL). The reaction mixture was stirred for 7 h at
room temperature and then the mixture was diluted with diethyl ether. After filtration of
the mixture through a short pad of Florisil® and evaporation of the solvent, the crude
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product was purified by column chromatography (AcOEt / hexane = 2 / 3) to afford
((1R,5S,7R)-7-(cumyldimethylsiloxy)-5-methyl-4,8-dioxabicyclo[ 3.2.1] octyl )methyl
acetate (218 mg, 88%) as acolorless oil: [a]p23 = —27.4° (c 2.66, benzene).

HO N\
Si0”:
H
15

Si = PhMe,CMe,Si

((1R,5S,7R)-7-(Cumyldimethylsiloxy)-5-methyl-4,8-
dioxabicyclo[3.2.1]octyl)methanol (15): To a solution of ((1R,5S,7R)-7-
(cumyldimethylsiloxy)-5-methyl-4,8-dioxabicyclo[ 3.2.1] octyl )methylacetate (218 mg,
0.555 mmol) in methanol (6.3 mL) at 0 °C was added potassium carbonate (95.9 mg,
0.694 mmol). The reaction mixture was stirred for 30 min at room temperature and then
water was added at 0 °C. The mixture was extracted with diethyl ether, and the organic
layer was washed with water and brine, dried over sodium sulfate. After filtration of the
mixture and evaporation of the solvent, the crude product was purified by thin layer
chromatography (AcOEt / hexane = 1/ 1) to afford alcohol 15 (194 mg, quant.) as a
colorlessoil: [a]p?l = —43.4° (¢ 2.19, benzene).

Si = PhMe,CMe,Si

((1S,5S,7R)-7-(Cumyldimethylsiloxy)-5-methyl-4,8-

dioxabicyclo[3.2.1]octyl)for maldehyde: To a suspension of MS 4A (97.7 mg),
potassium carbonate (136.6 mg, 0.988 mmol) and NCS (19.6 mg, 0.147 mmol) in
dichloromethane (0.3 mL) at 0 °C were added a solution of alcohol 15 (34.4 mg, 98.1
nmol) in dichloromethane (0.8 mL) and a solution of N-t-butylbenzenesulfenamide(2.5
mg, 13.8 mmol) in dichloromethane (0.4 mL). After the reaction mixture had been
stirred for 90 min at room temperature, the mixture was filtered through a short pad of
Cdlite and saturated agueous ammonium chloride was added to the filtrate. The mixture
was extracted with dichloromethane, and the organic layer was washed with saturated
agueous ammonium chloride, water and brine, dried over sodium sulfate. After filtration
of the mixture and evaporation of the solvent, the crude product was purified by thin
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layer chromatography (AcOEt / hexane = 1 / 6) to afford ((1S,5S,7R)-7-
(cumyldimethylsiloxy)-5-methyl-4,8-dioxabicyclo[3.2.1] octyl)formaldehyde (34.2 mg,
quant.) asacolorless oil: [a]p2l = —96.2° (¢ 1.45, benzene).
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Si= PhMeszEZSi

(1S,5R,6R)-6-(Cumyldimethylsiloxy)-1-methyl-2,8-dioxa-5-
vinylbicyclo[3.2.1]octane: To a solution of methyltriphenylphosphonium iodide
(880 mg, 2.18 mmoal) in THF (2.6 mL) at -78 °C was added KHMDS in toluene (0.50
M, 2.60 mL, 1.30 mmol). After the reaction mixture had been stirred for 30 min at -78
°C, a solution of ((1S,5S,7R)-7-(cumyldimethylsiloxy)-5-methyl-4,8-
dioxabicyclo[3.2.1] octyl)formaldehyde (40.0 mg, 0.115 mmol) in THF (1.0 mL) was
added. The reaction mixture was stirred for 30 min at room temperature and then the
mixture was diluted with hexane. After filtration of the mixture through a short pad of
Celite with hexane and evaporation of the solvent, the crude product was purified by thin
layer chromatography (AcOEt / hexane = 1 / 4) to afford (1S,5R,6R)-6-
(cumyldimethylsiloxy)-1-methyl-2,8-dioxa-5-vinylbicyclo[3.2.1]octane  (40.0 mg,
quant.) as acolorless oil: [a]p26 = —19.9° (¢ 1.58, benzene).

2"
o O

=
HO™ :
H

16

(1S,5R, 6R)-1-Methyl-2,8-dioxa-5-vinylbicyclo[ 3.2.1] octan-6-ol (16): To
a solution of (1S,5R,6R)-6-(cumyldimethylsiloxy)-1-methyl-2,8-dioxa-5-
vinylbicyclo[3.2.1]octane (13.1 mg, 37.8 nmol) in THF (0.5 mL) at 0 °C was added a
solution of TBAF in THF (1.0 M, 42.0 nL, 42.0 mmol). The reaction mixture was
stirred for 1 h at 0 °C and then phosphate buffer (pH = 7) was added. The mixture was
extracted with dichloromethane, and the organic layer was washed with water and brine,
dried over sodium sulfate. After filtration of the mixture and evaporation of the solvent,
the crude product was purified by thin layer chromatography (AcOEt / hexane=1/1) to
afford alcohol 16 (6.5 mg, quant.) asacolorless oil: [a]p24 = —17.5° (¢ 1.33, benzene).
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17
(1S,5R,7S)-2-1odo-7-methyl-4,8,11-trioxatricyclo[5.3.1.01.5]undecane
(17): Toasolution of alcohol 16 (3.0 mg, 17.6 mmol) in acetonitrile (0.3 mL) at 0 °C
were added iodine (6.7 mg, 26.4 nmol) and sodium hydrogencarbonate (9.0 mg, 0.107
mmol). The reaction mixture was stirred for 1 h at room temperature and then saturated
aqueous sodium thiosulfate was added. The mixture was extracted with diethyl ether and
the organic layer was washed with water and brine, dried over sodium sulfate. After
filtration of the mixture and evaporation of the solvent, the crude product was purified by
thin layer chromatography (AcOEt / hexane=1/1) to afford iodide 17 (4.2 mg, 80%) as
acolorlessail: [a]p23 = -131.4° (c 1.09, benzene).

7 o?o

i

(1R,5R,7S)-7-Methyl-4,8,11-trioxatricyclo[5.3.1.01.5]undec-2-ene: To a
solution of iodide 17 (3.1 mg, 10.5 nmol) in DMSO (1 mL) at room temperature was
added potassium t-butoxide (12.0 mg, 0.107 mmol). The reaction mixture was stirred
for 5 min at room temperature and then saturated agueous ammonium chloride was
added. The mixture was extracted with diethyl ether, and the organic layer was washed
with water and brine, and dried over sodium sulfate. After filtration of the mixture and
evaporation of the solvent, the crude product was purified by thin layer chromatography
(AcOEt / hexane = 1 [/ 1) to afford (1R,5R,7S5)-7-methyl-4,8,11-
trioxatricyclo[5.3.1.01.5]undec-2-ene (1.8 mg, quant.) as a colorless ail: [a]p?3 =
—44.4° (c 0.44, benzene).

Q
G-
H
(-1

(+)-Buergerinin  F  (1): To a solution of (1R,5R,7S)-7-methyl-4,8,11-
trioxatricyclo[5.3.1.01-°Jundec-2-ene (1.8 mg, 10.7 nmol) in ethyl acetate (1 mL) at
room temperature was added 10% palladium on activated carbon (10.4 mg). The
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reaction mixture was stirred for 30 min at room temperature under hydrogen atmosphere.
After filtration of the mixture and evaporation of the solvent at 0 °C, the crude product
was purified by thin layer chromatography (AcOEt / hexane =1/ 1) to afford buergerinin
F (1) (1.8 mg, quant.) asacolorless oil: [a]p23 = +38.1° (c 0.41, CHCl3).
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SPEED
CSPED
TEMP
CTEMP
TCOMP
SNO
HELEV
N2LEV
DATIM
PROBE
IRCODE
PRCODE
DFILE
MENUF
SHMFL
COMNT
SHMCM
SLVNT
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN
IRRPW
IRRNS
TRNUC
TRFRQ
TRSET
TRFIN
TRST2
TRFN2

12 Hz
13 Hz
80.0 ¢
21.2 ¢
1.00
1
88.40
100.00
Sat Aug 31 19:13:57 2002
TH5
146
1412
C: \WINNMR95\TEMPDATA\AUTO2BCM_E1_F'
BCM
TH5
Me 04-TBSO-2-BnO-butanocate
thS/2%age/CDC13/40mm/17JANO2
CDCL3
13c
67.80 MHz
135.00 KHz
5200.0 Hz
0.00 KHz
0.0 Hz
0.0 deg
511
1H
270.05 MHz
112.00 KHz
5800.0 Hz
50.00 KHz
3700.0 Hz
0.0 deg
511
40 us
0
1H
270.05 MHZz
112.00 KHz
5800.0 Hz
0.00 KHz
0.0 Hz
0.0 deg
511 "
70 us
0 .
3.7 us
10.0 us
10.0 us
1.0 us
1.0 us
1.000 ms
1.000 ms
1.00 ms
1.00 ms
1.00 ms

O

100.
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3.949
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3.922
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- ~-3.516
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TMSO
MeO'

OBn

—1.049
1.039
1.027
0.986
0.983
0.529

!/,,
u
-

OTBS
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Sun May 18 16:00:55 2003

C:\WINNMRI8\DATA\AutolNON_E1_FT.al

—

SPEED 12
CSPED 10
TEMP 20.0
CTEMP 22.4
TCOMP 1.00
SNO 1
HELEV 30.00
N2LEV 100.00
DATIM
PROBE THS
IRCODE 146
PRCODE 1412
DFILE
MENUF  NON
SHMFL THS
COMNT triol
SHMCM
SLVNT /#'C6D6
oBNnuc{: 1H ./
OBFRQ "=7,+7270.05
OBSET 112.00
OBFIN 5800.0
OBST2 0.00
OBFN2 0.0
OBPHS 0.0
OBATN 511
IRNUC 1H
IRFRQ 270.05
IRSET 112.00
IRFIN 5800.0
IRST2 50.00
IRFN2 3700.0
IRPHS 0.0
IRATN 511
IRRPW 50
IRRNS 0
TRNUC 1H
TRFRQ 270.05
TRSET 112.00
TRFIN 5800.0
TRST2 0.00

| TRFN2 0.0
TRPHS 0.0
TRATN 511
TRREW 70
TRRNS 0
PW1 5.5
PW2 10.0
PW3 10.0
PW4 1.0
PW5 1.0
PIl 1.000
PI2 1.000
PI3 1.00
PI4 1.00
PIS 1.00
Loorl 1
LOOP2 1
LOOP3 1
LOOP4 1
LOOPS 1
PS1 100.0

Hz
Hz

th5/2%age/CDC13/40mm/17JANO2

MHz
KHz
Hz

KHz

deg

MHz
KHz
Hz
KHz
Hz
deg

MHz
KHz
Hz
KHz
Hz
deg

us

5002 Ansiway) Jo A18100s [eAoy 8yl ® si [eunol siyl #
suoneaIuNWWOo) [eaiway Joj (1IS3) reusieN Areluswsa|ddnsg #

GT S



clarkec
# Supplementary Material (ESI) for Chemical Communications
# This journal is © The Royal Society of Chemistry 2005



128.290
128.215

-——139.013
T

39

127.498
122.800
72.997
57.666
32.295
260
18.381
0.000

BN

— -5.242

SPEED
CSPED
TEMP
CTEMP
TCOMP
SNO
HELEV
N2LEV
DATIM
PROBE

IRCODE
PRCODE

DFILE
MENUF
SHMFL
COMNT
SHMCM
SLVNT
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN
IRRPW
IRRNS
TRNUC
TRFRQ
TRSET
TRFIN
TRST2
TRFN2
TRPHS
TRATN
TRRPW

12 Hz
14 Hz
20.0 ¢
22.4 c
1.00
1
30.00
100.00
Sun May 18 16:26:19 2003
TH5
146
1412
C:\WINNMRQS\TEMPDATA\AutOZBCM_El_F
BCM
TH5
triol
th5/2%age/CDC13/40mm/17JANO2
C6D6
13C
67.80 MHz
135.00 KHz
5200.0 Hz
0.00 KHz
0.0 Hz
0.0 deg
511
1H
270.05 MHz
112.00 KHz
5800.0 Hz
50.00 KHz
3700.0 Hz
0.0 deg
511
40 us
[
1H
270.05 MHz
112.00 KHz
5800.0 Hz
0.00 KHz
0.0 Hz
0.0 deg
511 "
70 us
[
3.7 us
10.0 us
10.0 us
1.0 us
1.0 us
1.000 ms
1.000 ms
1.00 ms
1.00 ms
1.00 ms

O b

100.0 us
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C:\WINNMRI8\DATA\AutolNON_E1_FT.als
chiral 97 down
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I - IS o s S e ) L)) \ ) TCoMP 1.00
I ﬂ”lf T I i SNO 1
HELEV 92.C0
N2LEV 100.00
DATIM Tue May 27 17:17:52 2003
) PROBE THS
' IRCODE 146
PRCODE 1412
DFILE C:\WINNMR98\DATA\AutolNON E1_FT.al
MENUF ~ NON
C + SHMFL THS
\" &4 COMNT chiral 97 down
' A b SHMCM th5/2%age/CDC13/40mm/17JANO2
SLVNT CDCL3
tAe0 OBNUC 1H
1 /! OBFRQ 270.05 MHz
\ WO o OBSET 112.00 KHz
. OBFIN 5800.0 Hz
) OBST2 0.00 KHz
# ATBS OBFN2 0.0 Hz
d OBPHS 0.0 deg
b OBATN 511
L IRNUC 1H
I ) IRFRQ 270.05 MHz
b IRSET 112.00 KHz
IRFIN 5800.0 Hz
IRST2 50.00 KHz
o~ IRFN2 3700.0 Hz
B IRPHS 0.0 deg
N IRATN 511
/ IRRPW 50 us
IRRNS 0
TRNUC 1H
TRFRQ 270.05 MHz
TRSET 112.00 KHz
J TRFIN 5800.0 Hz
| TRST2 0.00 KHz
TRFN2 0.0 Hz
v TRPHS 0.0 deg .
" TRATN 511
8 TRRPW 70 us .
= TRRNS 0
. PW1 5.5 us
g2 T s 1070 ue
- - PW4 1.0 us
| ,f PW5 1.0 us
! PI1 1.000 ms
/" PI2 1.000 ms
Jd« J" P13 1.00 ms
\ i P14 1.00 ms
PI5 1.00 ms
LOOP1 1
| T T T | T T \ T T LOOP2 1
7 6 5 LOOP3 1
— LOOP4 1
LOOPS 1
Psl 100.0 us
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sl
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lobe tedesie d
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12 Hz
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TRFRQ
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13
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1
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BCM
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13C
67.80
135.00
5200.0
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0.0
511
1H
270.05
112.00
5800.0
50.00
3700.0
0.0
511
40
0
1H
270.05
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Hz
deg

us

MHz

5002 Ansiway) Jo A18100s [eAoy 8yl ® si [eunol siyl #
suoneaIuNWWOo) [eaiway Joj (1IS3) reusieN Areluswsa|ddnsg #

acs



clarkec
# Supplementary Material (ESI) for Chemical Communications
# This journal is © The Royal Society of Chemistry 2005



# Supplementary Material (ESI) for Chemical Communications
# This journal is © The Royal Society of Chemistry 2005

iy

wod

25 2002

03:
ho

14 Hz
80.0 ¢
50 us
0

12 Hz
0.0 deg

511
0.0 deg

1.00
146
1412
\WINNMRO5\DATA\AutolNON_El_FT.al
0.00 KHz
0.0 Hz
50.00 KHz
3700.0 Hz
511

21.9 ¢

74.80
100.00
270.05 MHz
112.00 KHz
5800.0 Hz
270.05 MHz
112.00 KHz
5800.0 Hz

DATIM Fri Sep 13 11

PROBE THS
IRCODE

1H

SHMCM th5/2%age/CDC13/40mm/17JANO2
1H

PRCODE
DFILE C
MENUF NON
SHMFL THS
COMNT triol
SLVNT CDCL3
OBNUC
OBFRQ
OBSET
OBFIN
0BST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
{ IRFN2
IRPHS
IRATN
IRRPW
IRRNS
TRNUC

270.05 MHz
112.00 KHz
5800.0 Hz
-0.00 KHz
0.0 Hz
0.0 deg
511
70 us
0
5.5 us
10.0 us
10.0 us
1.0 us
1.0 us
1.000 ms
1.000 ms
1.00 ms
1.00 ms
1.00 ms

1H

TRFRQ
TRSET
TRFIN
TRST2
TRFN2
TRPHS
TRATN
TRRPW
TRRNS
PWl

PwW2
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triol
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~_OTBS
HO SN
OH
HOTEN
H
13
1
.
1
.
PPM|
T | T ‘ [ T ’ T T T T T T T
: — !
175 150 125 100 75 50 JS é

SPEED
CSPED
TEMP
CTEMP
TCOMP
SNO
HELEV
N2LEV
DATIM
PROBE
IRCODE
PRCODE
DFILE
MENUF
SHMFL
COMNT
SHMCM
SLVNT
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN

Fri Sep 13 11:34:24 2002

TH5

C: \WINNMRI5\DATA\AutolBCM _El1_PFy.al
BCM

TH5

triol
th5/2%age/CDC13/40mm/17JANO2
CDCL3

13C

1H

1H

74.80
100.00

14€
1412

67.80
135.00
5200.0

0.00
0.0
0.0
511

270.05
112.00
5800.0
50.00
3700.0
0.0
511

40

0

270.05
112.00
5800.0
0.00
0.0
0.0
511

70

0

3.7
10.0
10.0

100.

Hz
Hz

MHz
KHz

KHz
Hz
deg

MHZ
KHz
Hz
KHz
Hz
deg

MHz
Kiz
Hz
KHz
Hz
deg

us
us
us
us
us
ms
ms
mns
ms
ms
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01 2002

12 Hz
14 Hz
80.0C c
1.00
:10:
146

1412
\WINNMR95\DATA\AutolNON El1_FT.al

22.1c¢
54.00

99.60

DATIM Sun Sep 29 10

PROBE TH5
IRCODE
PRCODE

SHMCM th5/2%age/CDC13/40mm/17JANO2
1H

SHMFL THS
SLVNT CDCL3

SPEED
CSPED
TEMP
CTEMP
TCOMP
SNO
HELEV
N2LEV
DFILE C
MENUF NON
COMNT
OBNUC

oM

4.0 -
o

0.0 deg
50 us
0

270.05 MHz
112.00 KHz
5800.0 Hz
0.00 KHz
0.0 Hz
511
270.05 MHz
112.00 KHz
50.00 KHz
3700.0 Hz
0.0 deg
511

5800.0 Hz

0.00 KHz
70 us

0
5.5 us
10.0 us
10.0 us

270.05 MHz
112.00 KHz
0.0 Hz
0.0 deg
511
1.0 us
1.0 us
1.000 ms
1.000 ms
1.00 ms
1.00 ms
1.00 ms

5800.0 Hz

TRATN
TRRPW
TRRNS
PW1
PW2
PW3
PW4
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1-OAc _
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1
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.
el N OTBS
OH
HOTENN
A
14
.
1
\
|
PPM|
l[ I \[1 T ‘ T II [ [ T T
175 150 125 100 75 50 25

SPEED 12 Hz
CSPED 13 Hz
TEMP 80.0 c
CTEMP 22.6 ¢
TCOMP 1.00
SNO 1
HELEV 51.60
N2LEV 99.60

DATIM Mon Sep 30 17:15:06 2002

PROBE TH5

IRCODE 146

PRCODE 1412

DFILE C:\WINNMR95\DATA\AutolBCM El_FT.al
MENUF BCM

SHMFL TH5

COMNT 1-OAc

SHMCM th5/2%age/CDC13/40mm/17JANO2

SLVNT CDCL3

OBNUC 13C

OBFRQ 67.80 MHz
OBSET 135.00 KHz
OBFIN 5200.0 Hz
OBST2 0.00 KHz
OBFN2 0.0 Hz
OBPHS 0.0 deg
OBATN 511
IRNUC 1H

IRFRQ 270.05 MHz
IRSET 112.00 KHz
IRFIN 5800.0 Hz
IRST2 50.00 KHz
IRFN2 3700.0 Hz
IRPHS 0.0 deg
IRATN 511
IRRPW 40 us
IRRNS 0
TRNUC 1H

TRFRQ 270.05 MHz
TRSET 112.00 KHz
TRFIN 5800.0 Hz
TRST2 0.00 KHz
TRFN2 0.0 Hz
TRPHS 0.0 deg
TRATN 511 -
TRRPW 70 us
TRRNS 0 *
PW1 3.7 us
PW2 10.0 us
PW3 10.0 us
PW4 1.0 us
PW5 1.0 us
PIl 1.000 ms
P12 1.000 ms
PI3 1.00 ms
PI4 1.00 ms
PI5 1.00 ms
LOOP1 1
LOOP2 1
LOOP3 1
LOOP4 1
LOOP5 1

PSl 100.0 us
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OTRS
o

/o
&4
N

N4
0.0 deg A
.

511

54 2002

Ao 7

12 Hz
14 Hz
80.0 c
0.0 Hz
0.0 deg
0.0 deg

22.5 ¢
1.00
112.00 KHz
0.00 KHz
511
0.00 KHz
0.0 Hz
70 us
0
5.5 us
10.0 us
10.0 us
1.0 us
1.0 us
1.000 ms
1.00 ms
1.00 ms

5800.0 Hz
112.00 KHz

5800.0 Hz
50.00 KHz

38.40
99.60
270.05 MHz
511
270.05 MHz
3700.0 Hz
50 us
0
270.05 MHz
112.00 KHz
5800.0 Hz
1.000 ms

DATIM Mon Oct 07 10

PROBE TH5

40
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1412
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1
1H

g
&

SPEED
CSPED
CTEMP
TCOMP
HELEV
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IRCODE
PRCODE
DFILE C
MENUF NON
SHMFL TH5
COMNT
SHMCM th5/2%age/CDC13/40mm/17JANO2
SLVNT CDCL3
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN
IRRPW
IRRNS
TRNUC
TRFRQ
TRSET
TRFIN
TRST2
TRFN2
TRPHS
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z
0

1.00 ms

P15
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-

! SPEED 12 Hz
2 P RN RR8RE B 3 REIRHENBAS SR8 CSPED 13 Hz
= i sonss MR B e i TEMP 80.0 ¢
E E §§§§§ .'I\.S;w’r;.‘fﬁ'ﬁ a SRRJIRAES TYe ;ggg ff{,ZC

| | / SNO 1
HELEV 38.40
' : N2LEV 99.60
DATIM Mon Oct 07 11:32:35 2002
PROBE THS
IRCODE 146
PRCODE 1412
R OTBS DFILE C:\WINNMR95\DATA\Auto2BCM_El_FT.al
AcO LN MENUF BCM
OH SHMFL THS
SIOTINATN COMNT
H SHMCM th5/2%age/CDC13/40mm/17JANO2
. . SLVNT CDCL3
o Si= PhMe,CMe,Si OBNUC 13C
' OBFRQ 67.80 MHz
OBSET 135.00 KHz
OBFIN 5200.0 Hz
OBST2 0.00 KHz
OBFN2 0.0 Hz
OBPHS 0.0 deg
OBATN 511
IRNUC 1H
IRFRQ 270.05 MHz
IRSET 112.00 KHz
IRFIN 5800.0 Hz
IRST2 50.00 KHz
! IRFN2 3700.0 Hz
IRPHS 0.0 deg
IRATN 511
IRRPW 40 us
IRRNS 0
TRNUC 1H
TRFRQ 270.05 MHz
S , TRSET 112.00 KHz
TRFIN 5800.0 Hz
I : TRST2 0.00 KHz
! TRFN2 0.0 Hz
TRPHS 0.0 deg
, TRATN 511 -
TRRPW 70 us
TRRNS 0 -
\ PW1 3.7 us
PW2 10.0 us
PW3 10.0 us
PW4 1.0 us
PW5 1.0 us
PI1l 1.000 ms
PI2 1.000 ms
PI3 1.00 ms
' PI5 1.00 ms
PPM| LOOP1 1
T T T | T T ’ T T T ‘ T T T T | T T T T ‘ T T T ‘ T T T ‘ T T LOOP2 1
175 150 125 100 75 50 25 0 LOOP3 1
LOOP4 1
LOOPS 1
PS1 100.0 us

5002 Ansiway) Jo A18100s [eAoy 8yl ® si [eunol siyl #
suoneaIuNWWOo) [eaiway Joj (1IS3) reusieN Areluswsa|ddnsg #

8¢S


clarkec
# Supplementary Material (ESI) for Chemical Communications
# This journal is © The Royal Society of Chemistry 2005



# Supplementary Material (ESI) for Chemical Communications
# This journal is © The Royal Society of Chemistry 2005

"*f"

—~
<
3]
19
& S =
\ =
« B B
=3 z = B
S b=t i .
« [ S o N~
~ 5 m b s [
- T
& < NS B
N N q./m M B ZMZMZM‘ Zﬂzmzm 0 ZMZ"MZM.. u nuuaa a a
mX 00 m W m WKHKHd WKHKHd =2 mKHKHd = uuuuummmmm =
NFOINO OO ["e} o NoOooOoOoOoCO Nooocoo-A0CO NOCOOOMOONOODOOOOOO O
o 2O oo 0N o N ~ QO +O ¢ ¢ QO +rO v 1IN OO +O ¢ e 1 e e P OO CO0O *
QN . s O 41m [ ¢ 10 OO WNn + 1O OO0 + O OO0 NOOH=SOO ¢ v (=]
0 N - n o - o oNO O ONOOO ONOC O — ooe o
Mmoo ¢ —~ © ™~ ~ = 0w~ ~ - @ — -
- U o0 N~ N - o0 N -
o] H N M
= ~d
T8 782 28=m = =
[ Cnm PO~ - —
=«

[SEagayaE w [)] oM SN
WWmBoomemmmmmMmmmmmcmmeMMm PURRENSRER IR
SRR VI P EEEREREE R PEEEEE ] EPRERERLERI
HNDPIPDMSCSSOOOOOOOOIIIIIIIIII 3] TPPPWWPPPPP A aa A

=
=L
A
9L20°0 ° r
. 8TET*0 —
0229 = °
z€20°0
99%2°0 T L
(-
HmmN.cF \Mu L
mmmmm{}f =T L
S69T°€ = — = |
€0ZT' T T = L
v560°0 | L
1:12 708 3 —
$I10°0 L
o -
5 £009°1T —= == = =
o
() L
=
h.nUJ_ F—m
(4]
= L
=
o
n -
%] L
¥V T =
—_— ES L
N _
e N— _ _
6TICTI € — [
mmz.o/ w L
€2€°6— |
82€°5—
08€°6—) L
98¢5
11775 i
9175
08Y°S +
Z05° G 0000°1T (f g =
$25°¢ o ==
096" 6—= 62660 | o
€8s s—"
860°L— L
£2T" L
6Z1°L e
TET" L
opT* L -
8vT"L—| |
vST"L—|
€227 L i
T€2° L
3240 L
§6T" L
09Z°L —r
9Lz L T0L6°0 T \w.\
Tez L Ly86°y T ===
862°L — <IJ L
TZEL

S29


clarkec
# Supplementary Material (ESI) for Chemical Communications
# This journal is © The Royal Society of Chemistry 2005



SPEED 12 Hz
3 2 2eR3Y gl 2 3 ] GR8ANS 88 CSPED 13 Hz
9 2 N Tqan 9 u NoSnaTen an TEMP 80.0 ¢
g g S8R[E3 ryed ¢ 8 3 8dR3&s 71 crene 2.3 c
o b1 PR R TCOMP 1.00
( / g sNO 1
| \ HELEV 35.60
N2LEV 100.00
DATIM Wed Oct 09 11:14:10 2002
PROBE TH5
IRCODE 146
PRCODE 1412
OH DFILE C:\WINNMR95\DATA\Auto2BCM_E1_FT.al
MENUF BCM
AcO g SHMFL TH5
Q COMNT
Sio% ¢ SHMCM thS5/2%age/CDC13/40mm/17JANO2
H SLVNT CDCL3
10 OBNUC 13C
OBFRQ 67.80 MHz
Si = PhMe,CMe,Si OBSET 135.00 KHz
OBFIN 5200.0 Hz
OBST2 0.00 KHz
OBFN2 0.0 Hz
OBPHS 0.0 deg
OBATN 511
IRNUC 1H
IRFRQ 270.05 MHz
. IRSET 112.00 KHz
IRFIN 5800.0 Hz
IRST2 50.00 KHz
IRFN2 3700.0 Hz
IRPHS 0.0 deg
, IRATN 511
! IRRPW 40 us
, I " IRRNS 0
| TRNUC 1H
TRFRQ 270.05 MHz
TRSET 112.00 KHz
TRFIN 5800.0 Hz
! TRST2 0.00 KHz
TRFN2 0.0 Hz
! ! TRPHS 0.0 deg
TRATN 511 "
! TRRPW 70 us
TRRNS 0 "
PW1 3.7 us
PW2 10.0 us
PW3 10.0 us
PW4 1.0 us
PWS 1.0 us
PI1 1.000 ms
PI2 1.000 ms
il L ‘ \ bt | 1 PI3 1.00 ms
“‘\‘% IRt L i i ‘w;““‘ Tl I LU L ! Lt LA I R i ! w‘ v AR | P14 1.00 ms
i T T T N Y il gt bl bl o Jlibidn L ke D0 bt L W p1s 1.00 ms
i | 1 ' PPM LOOPL 1
"‘ T T L | T T T ‘ T T T T ‘ Li T T T ‘ T T T T | T T T T T | H T T T | T T T L.OOP2 1
175 150 125 100 75 50 25 0 LOOP3 1
LOOP4 1
LOOP5 1
PS1l 100.0 us
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21 2002

:15
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0.0 Hz

0.0 deg
50 us
0

0.0 deg
511

80.0 c
22.4 ¢
1.00
38.80
99.60
0.00 KHz
50.00 KHz
3700.0 Hz
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1412
\WINNMR95\DATA\AutolNON_El FT.al

270.05 MHz
112.00 KHz
5800.0 Hz
511
270.05 MHz
5800.0 Hz

9107 up
SHMCM thS5/2%age/CDC13/40mm/17JANO2

SLVNT CDCL3
OBNUC
OBFRQ
OBSET

DATIM Mon Oct 07 09
1H
1H
1H

N2LEV
PROBE THS
IRCODE
PRCODE
DFILE C
MENUF NON
SHMFL TH5
COMNT
OBFIN
OBST2
OBFN2
OBPHS

| OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN
IRRPW
IRRNS
TRNUC

0.0 deg

270.05 MHz
112.00 KHz
0.00 KHz
0.0 Hz
511
70 us
0
5.5 us
10.0 us
10.0 us
1.0 us
1.0 us

5800.0 Hz

TRFRQ
TRSET
TRFIN
TRST2
TRFN2
TRPHS
TRATN
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9107 up
X SPEED 12 Hz
S 3 S8R 8 32883 B ¢ 2 SBoESHR Ry CSPED 14 Hz
9 4 aATh M nyewy % 0 N RS o oY TEMP 80.0 c
o ~ S 0 M~ 0N n o ~ AP mAo <« @ CTEMP 21.5 ¢
D : ﬁ:ﬁ S Lo © n <« NN~ o~ [ TCOMP 1.00
| J ) SNO 1
! / ( HELEV 38.40
N2LEV 99.€0
DATIM Mon Oct 07 10:07:02 2002
PROBE TH5
IRCODE 146
PRCODE 1412
DFILE C:\WINNMR95\DATA\Auto2BCM El1_FT.al
, MENUF BCM
1 SHMFL TH5
COMNT 9107 up
SHMCM th5/2%age/CDC13/40mm/17JANO2
Si= PhMe,CMe,Si St hets
OBFRQ 67.80 MHz
OBSET 135.00 KHz
OBFIN 5200.0 Hz
OBST2 0.00 KHz
OBFN2 0.0 Hz
OBPHS 0.0 deg
OBATN 511
IRNUC 1H
IRFRQ 270.05 MHz
, IRSET 112.00 KHz
| IRFIN 5800.0 Hz
i ! IRST2 50.00 KHz
IRFN2 3700.0 Hz
\ IRPHS 0.0 deg
. IRATN 511
IRRPW 40 us
IRRNS 0
TRNUC 1H
| TRFRQ 270.05 MHz
TRSET 112.00 KHz
, TRFIN 5800.0 Hz
{ TRST2 0.00 KHz
TRFN2 0.0 Hz
TRPHS 0.0 deg
' TRATN 511 -
TRRPW 70 us
1 TRRNS 0 -
PW1 3.7 us
PwW2 10.0 us
PW3 10.0 us
PW4 1.0 us
PW5 1.0 us
PI1 1.000 ms
PI2 1.000 ms
PI3 1.00 ms
LTS e Vo Wb 74 200 s
PIS 1.00 ms
PPM| LOOP1 1
LA B II‘WIT\[IIIW‘\ll!‘\lﬁrll}l\ T | LOOP2 1
175 150 125 100 75 50 25 [} LOOP3 1
—_— —— — — — LOOP4 1
LOOP5 1
Ps1 100.0 us
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12 Hz
12 Hz
80.0 ¢
1
37.20
100.00
50 us
0

DATIM Tue Oct 08 09

PROBE THS
IRCODE
PRCODE

0.0 deg

511
0.0 deg

21.6 ¢
1.00
0.00 KHz
0.0 Hz
50.00 KHz
3700.0 Hz
511
0.00 KHz
0.0 Hz
0.0 deg
511
70 us
0
5.5 us
10.0 us
10.0 us
1.0 us
1.0 us
1.000 ms
1.000 ms
1.00 ms
1.00 ms
1.00 ms
1
1
1
1
-0

33
146
1412
\WINNMR95\DATA\AutolNON_E1_FT.al

270.05 MHz
112.00 KHz
5800.0 Hz

270.05 MHz
112.00 KHz
5800.0 Hz

112.00 KHz

270.05 MHz
5800.0 Hz

9110-3
SHMCM th5/2%age/CDC13/40mm/17JANO2

SLVNT CDCL3
OBNUC
OBFRQ
OBSET
OBFIN
OBST2

SPEED
CSPED
MP
CTEMP
TCOMP
SNO
HELEV
N2LEV
DFILE C
MENUF NON
SHMFL TH5
COMNT
1H
1H
1H
| PI3
| P14
| PI5
ppM LOOPL
| LOOP2
| LooP3
——- LoOP4
L.OOPS
psi1

0zL 1= K T0%C"E
. . ~
€9L H/I 1969°T 6611°0 - -
~= T
958" 1—= €TL0°T
6L8°T
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9110-3
SPEED 12 Hz
I 223 3 aR8aly & 2 8 JIIZSR2 R3 CSPED 12 Hz
” ame ” R o Tnelas % TEMP 80.0 c
5 bR g AN N EEEERE A Srae 2:2¢
3 b P a TCOMP 1.00
SNO 1
HELEV 37.20
N2LEV 100.00
DATIM Tue Oct 08 09:59:09 2002
PROBE THS
IRCODE 146
PRCODE 1412
DFILE C:\WINNMR95\DATA\Auto2BCM E1_FT.al
MENUF  BCM
SHMFL TH5
COMNT 9110-3
SHMCM th5/2%age/CDC13/40mm/17JANOG2
SLVNT CDCL3
OBNUC 13C
OBFRQ 67.80 MHz
Si = PhMe,CMe,Si OBSET 135.00 KHz
| OBFIN 5200.0 Hz
i OBST2 0.00 KHz
OBFN2 0.0 Hz
OBPHS 0.0 deg
OBATN 511
IRNUC 1H
IRFRQ 270.05 MHz
IRSET 112.00 KHz
, " IRFIN 5800.0 Hz
IRST2 50.00 KHz
IRFN2 3700.0 Hz
IRPHS 0.0 deg
" IRATN 511
IRRPW 40 us
IRRNS 0
TRNUC  1H
TRFRQ 270.05 MHz
| . TRSET 112.00 KHz
TRFIN 5800.0 Hz
‘ ] TRST2 0.00 KHz
| TRFN2 0.0 Hz
| TRPHS 0.0 deg
| ‘ TRATN 511 -
TRRPW 70 us
\ TRRNS 0 -
H PW1 3.7 us
PW2 10.0 us
PW3 10.0 us
PW4 1.0 us
| PW5 1.0 us
PI1 1.000 ms
| P12 1.000 ms
PI3 1.00 ms
i PI4 1.00 ms
PIS 1.00 ms
PPM| LOOP1 1
T T T T T T T T I T T T T T T T ‘ T T T T | T T T | T T 1 T I T T T LOOP2 1
175 150 125 100 75 50 25 0 LOOP3 1
— LOOP4 1
LOOPS 1
PS1 100.0 us
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o
E]

7.184
7.146

—7.200

A

5.9449

———— 1.0521

| 0.0284

—_—7.071

-

—_ 1.0000

>

Si= PhMe,CMe,Si

T~ 1.0264

—

30557

0.0978
0.1697

73
1.258
1.246

1\%,

1.216
1.202
1.022
1.009
0.910
—0.880

-0.077
-0.112
——_0.168

—-0.300
-0.334

\0.518

__—0.107

\-
a\

\

1 0.0721
L 0.0497
\ 0.0880

\\0.1252
1

N

SPEED
CSPED
TEMP
CTEMP
TCOMP
SNO
HELEV
N2LEV
DATIM
PROBE
IRCODE
PRCODE
DFILE
MENUF
SHMFL
COMNT
SHMCM
SLVNT
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN
IRRPW
IRRNS
TRNUC
TRFRQ
TRSET
TRFIN
TRST2
TRFN2
TRPHS
TRATN

12
14
80.0
23.4
1.00
1

85.60
99.60

Mon Oct 28 18:55:25 2002

THS
146
1412

C:\WINNMR95\DATA\AutolNON_£1 pr.al

NON
THS5
down

th5/2%age/CDC13/40mm/17JANO2

C6D6

1H
270.05
112.00
5800.0
0.00
0.0
0.0
511

1H
270.05
112.00
5800.0
50.00
3700.0
0.0
511
50
0

1H
270.05
112.00
5800.0
0.00
0.0
0.0
511
70
]
5.5
10.0
10.0
1.0
1.0
1.000
1.000
1.00
1.00
1.00

O

100.

Hz
Hz

MHz
KHz

Hz AN

KHz >3 |

us
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down
SPEED 12 Hz
2 5 gsi:ma g g @2 2 = noeog 3g |cseen 13 Hz
o © EEE: I - © £ ' © whin o @ <« © | TEMP 80.0 c
o o R (N o ® ® a o~ ol o « < | cTEMP 22.9 ¢
S 3 R [ 3 @ ™ o - ay N ' ocome 1.00
) | SNO 1
( HELEV 85.60
N2LEV 100.00
| DATIM Mon Oct 28 19:47:07 2002
\. PROBE TH5
f ! . IRCODE 146
| ) PRCODE 1412
, DFILE C:\WINNMR95\DATA\Auto2BCM El_FT.al
, MENUF BCM
§ SHMFL TH5
COMNT down
SHMCM th5/2%age/CDC13/40mm/17JANO2
SLVNT C6D6
. " OBNUC 13C
Si= PhMe,CMe,Si OBFRQ 67.80 MHz
| OBSET 135.00 KHz
| OBFIN 5200.0 Hz
OBST2 0.00 KHz
OBFN2 0.0 Hz
OBPHS 0.0 deg
OBATN 511
] IRNUC 1H
| IRFRQ 270.05 MHz
IRSET 112.00 KHz
IRFIN 5800.0 Hz
IRST2 50.00 KHz
IRFN2 3700.0 Hz
IRPHS 0.0 deg
IRATN 511
IRRPW 40 us
IRRNS 0
TRNUC 1H
TRFRQ 270.05 MHz
TRSET 112.00 KHz
TRFIN 5800.0 Hz
TRST2 0.00 KHz
TRFN2 0.0 Hz
TRPHS 0.0 deg
TRATN 511 "
TRRPW 70 us
TRRNS 0 -
PW1 3.7 us
PW2 10.0 us
PW3 10.0 us
PW4 1.0 us
PW5 1.0 us
PIl 1.000 ms
P12 1.000 ms
PI3 1.00 ms
PI4 1.00 ms
PI5 1.00 ms
ppM LOOP1 1
T T T | LOOP2 1
0 LOOP3 1
LOOP4 1
LOOPS 1
PS1 100.0 us
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1
o

12 Hz
14 Hz
80.0 ¢
1
$36:31 2002
i

88.00
0.0 deg

1.00
511

23.4 ¢

146

1412

\WINNMRY5\DATA\AutolNON_E1_FT.al
270.05 MHz
112.00 KHz
5800.0 Hz
0

270.05 MH2
112.00 KHz
5800.0 Hz
50.00 KHz

99.60
DATIM Sat Oct 26 20
PROBE THS

IRCODE
PRCODE

SHMCM th5/2%age/CDC13/40mm/17JANO2
1H
1H
1H

TEMP

CTEMP

SNO

HELEV
N2LEV
DFILE C
MENUF NON
SHMFL THS
COMNT
SLVNT CDCL3
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2

TCOMP

270.05 MHz
112.00 KHz

5800.0 Hz

0.00 KHz
0.0 Hz
0.0 deg
511

70 us
0
5.5 us

10.0 us

10.0 us
1.0 us
1.0 us

1.000 ms
1.000 ms

1.00 ms
1.00 ms
1.00 ms

LOOP2
LOOP3

TRSET
TRFIN
TRST2
TRFN2
TRPHS
TRATN
TRRPW
TRRNS
PWl
PW2
PW3
PW4
PWS
PIl
P12
PI3
| PI4
PI5

12171
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Ls2°1 Ay
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26€° T
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S

LLs=% TV
T8L°T
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z08'T— =
¥8° T
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® < saes *? ” o o%can < Q Qunnas
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.
1
Si = PhMe,CMe,Si
.
1
<
.
\
.
1 i
’—r ‘ [ ll !;Illb‘ T [I\
175 150 125 100 75 50 25

PPM

] SPEED

CSPED
TEMP
CTEMP
TCOMP
SNO
HELEV
N2LEV
DATIM
PROBE
IRCODE
PRCODE
DFILE
MENUF
SHMFL
COMNT
SHMCM
SLVNT
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN
IRRPW
IRRNS
TRNUC
TRFRQ
TRSET
TRFIN
TRST2

12 Hz
13 Hz

Fri Nov 01 11:15:39 2002
TH5

146

1412
C:\WINNMR95\DATA\Auto2BCM_E1_FT.al
BCM
TH5

th5/2%age/CDC13/40mm/17JANO2
CDCL3
13c
67.80 MHz
135.00 KHz
5200.0 Hz
0.00 KHz
0.0 Hz
0.0 deg
511
1H
270.05 MHz
112.00 KHz
5800.0 Hz
50.00 KHz
3700.0 Hz
0.0 deg
511
40 us
0
1H
270.05 MHz
112.00 KHz
5800.0 Hz
0.00 KHz
0.0 Hz
0.0 deg
511 .
70 us
0
3.7 us
10.0 us
10.0 us
1.0 us
1.0 us
1.000 ms
1.000 ms
1.00 ms
1.00 ms
1.00 ms

OFR MR =R

100.
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S D 12 Hz
o WNIOOVAHNLNATONNVON AT HNIONNVONVNIVIVNFROMNITIOVINHONDIN FONO ngg’) 14 Hz
0 NMHAOANNNWVAXRTYVMAINOCOIHOEN A LVNHODYUMOFNHAVNINONOCODDAFPNONINO M N M~
N gaagatTanaNNaNNNYIqaaEaennnnnYYYYeggagagaaRenRbnynngesaNNN® TEMP 80.0 c
[N w Bk o CTEMP 24.5 ¢
TCOMP 1.00
SNO 1
HELEV 77.60
N2LEV 100.00
DATIM Tue Nov 05 09:21:43 2002
PROBE THS5
IRCODE 146
. Q PRCODE 1412
3 £ DFILE C:\WINNMR95\DATA\AutolNON_EI_FT.al
S ] MENUF  NON
~ N SHMFL THS
. COMNT
SHMCM th5/2%age/CDC13/40mm/17JANO2
SLVNT CDCL3
OBNUC 1H
OBFRQ 270.05 MHz
OBSET 112.00 KHz
0 OBFIN 5800.0 Hz
5 OBST2 0.00 KHz
5 OBFN2 0.0 Hz
OBPHS 0.0 deg
OBATN 511
IRNUC 1H
IRFRQ 270.05 MHz )
IRSET 112.00 KHz ,B/
o 8 g 8 2 IRFIN 5800.0 Hz ol Th
° 2 8 g 3 b=t IRST2 50.00 KHz
~ o
S | & . 2 = g IRFN2 3700.0 Hz
o 1 - —
. ° , IRPHS 0.0 deg
© [ IRATN 511
IRRPW 50 us
IRRNS 0
o TRNUC 1H
IS TRFRQ 270.05 MHz
H TRSET 112.00 KHz
) ° TRFIN 5800.0 Hz
/ TRST2 0.00 KHz
TRFN2 0.0 Hz
| S TRPHS 0.0 deg
| ] TRATN 511 i
J ° TRRPW 70 us .
™o ™ - TRRNS 0
b=y 2 g 8 PW1 5.5 us
S S } . { S | PW2 10.0 us
oo S J o || PW3 10.0 us
- S~ ) - M W4 1.0 us
" - ;‘ N . . PW5 1.0 us
! 1 ! PI1 1.000 ms
i i | PI2 1.000 ms
J JUL o ‘ PI3 1.00 ms
AN .| PI& 1.00 ms
PI5 1.00 ms
PPM LOCP1 1
T 1 T T T T I T T T T T T T T \ T T T | T T T | 1 T T LOOP2 1
[ 5 4 3 2 1 LOOP3 1
! Loor4 1
LOOPS 1
PS1 100.0 us
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———136.554

—116.812

105.264

85.894

77.470
17.000

76.530
75.088

™~

59.344

-46.370

=827
24,552
21.452

SPEED
CSPED
TEMP
CTEMP
TCOMP
SNO
HELEV
N2LEV
DATIM
PROBE
IRCODE
PRCODE
DFILE
MENUF
SHMFL
COMNT
SHMCM
SLVNT
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN
IRRPW
IRRNS

TRFRQ
TRSET
TRFIN
TRST2
TRFN2
TRPHS
TRATN
TRRPW

PWl
PW2
PW3
PW4
PWS
PI1
PI2
PI3
PI4
P15
LOOP1
LOOP2
LOOP3
LOOP4
LOOP5
PS1

12 Hz
14 Hz
80.0 c
24.2 ¢
1.00
1
77.60
100.00
Tue Nov 05 10:13:22 2002
TH5
146
1412
C: \WINNMROS\TEMPDATA\AUTO2BCM E1_F'
BCM
TH5

th5/2%age/CDC13/40mm/17JANO2
CDCL3
13c
67.80 MHz
135.00 KHz
5200.0 Hz
0.00 KHz
0.0 Hz
0.0 deg
511
1H
270.05 MHz
112.00 KHz
5800.0 Hz
50.00 KHz
3700.0 Hz
0.0 deg
511
40 us
0
1H
270.05 MHz
112.00 KHz
5800.0 Hz
0.00 KHz
0.0 Hz
0.0 deg
511 .
70 us
0
3.7 us
10.0 us
10.0 us
1.0 us
1.0 us
1.000 ms
1.000 ms
1.00 ms
1.00 ms
1.00 ms

O b b b

100.
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12 Hz

13 Hz

80.0 c

23.2 ¢
1.00
75.60
100.00

DATIM Thu Nov 07 11

SPEED
PROBE TH5
IRCODE
PRCODE

39 2002

:04:

6
0.0 deg
50 us
0
70 us
0
5.5 us
10.0 us
1.0 us
1.0 us

511
0.0 deg

4
1412
\WINNMR95\DATA\AutolNON_E1_FT.al
0.00 KHz
0.0 Hz
50.00 KHz
3700.0 Hz
511
0.00 KHz
0.0 Hz
0.0 deg
511
10.0 us

1
270.05 MHz

112.00 KHz
5800.0 Hz
270.05 MHz
112.00 KHz
5800.0 Hz
270.05 MHz
112.00 KHz
5800.0 Hz

1H
1H

SHMCM th5/2%age/CDC13/40mm/17JANG2
1H

SLVNT CDCL3

SHMFL THS
COMNT 9150

DFILE C
MENUF NON
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN
IRRPW
IRRNS
TRNUC
TRFRQ
TRSET
TRFIN
TRST2
TRFN2
TRPHS
TRATN
TRRPW
TRRNS
PW1
PW2
PI5
LOOP2
LOOP3
LOOP4
LOOP5
Ps1

PW3

2621

092" T—|

I-TAANY

80¢€°T
LETE T —X=

SeYV T ——

SGH T—7—=

ppM| LOOP1

T

E9VT 0 =

— 68ET°0 =
ogev' T T ————

¥y T -
T0S°T

ses 1/l
mhm.ﬂL\
Noo.ﬁL\\
mS.ﬁH\\\ i
ot.al\,,
8£0°2

—
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—

€v10°0 ° -

F220 {0 e ——
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6086°0 = ~——————— 920070~ ==—===—
125670

0000°T

S41


clarkec
# Supplementary Material (ESI) for Chemical Communications
# This journal is © The Royal Society of Chemistry 2005



4

3

9150
SPEED 12 Hz
2 § 22933 2 o g 88 CSPED 14 Hz
? AL L : © > en TEMP 80.0 ¢
~ o =~ o o P N CTEMP 24.2 ¢
2 @ 0o I~ M~ I~ o <« N NN TCOMP 1.00
SNO 1
HELEV 75.60
N2LEV 100.00
DATIM Thu Nov 07 12:21:54 2002
i PROBE TH5
IRCODE 146
PRCODE 1412
DFILE C:\WINNMR95 \TEMPDATA\AUTOZBCM;E 1F
! MENUF BCM
SHMFL THS5
COMNT 9150
SHMCM th5/2%age/CDC13/40mm/17JANO2
SLVNT CDCL3
OBNUC 13C
OBFRQ 67.80 MHz
OBSET 135.00 KHz
OBFIN 5200.0 Hz
OBST2 0.00 KHz
OBFN2 0.0 Hz
OBPHS 0.0 deg
OBATN 511
IRNUC 1H
IRFRQ 270.05 MHz
IRSET 112.00 KHz
IRFIN 5800.0 Hz
IRST2 50.00 KHz
IRFN2 3700.0 Hz
IRPHS 0.0 deg
IRATN 511
! IRRPW 40 us
IRRNS 0
TRNUC 1H
TRFRQ 270.05 MHz
TRSET 112.00 KHz
TRFIN 5800.0 Hz
TRST2 0.00 KHz
TRFN2 0.0 Hz
TRPHS 0.0 deg
TRATN 511 e
TRRPW 70 us .
TRRNS 0
PW1 3.7 us
PW2 10.0 us
PW3 10.0 us
PW4 1.0 us
PW5 1.0 us
PI1 1.000 ms
P12 1.000 ms
" " I J 1 PI3 1.00 ms
‘. i i I VELLE [T I T f P14 1.00 ms
] M | i e bt PIS 1.00 ms
i | LOOP1 1
T | I A | T LA I [T T T T LOOP2 1
175 150 125 100 (%)LOOP3 1
LOOP4 1
LOOPS 1
Psl 100.0 us
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SPEED 12 Hz
CSPED 14 Hz
S TEMP 80.0 c
8 CTEMP 23.4 ¢
a TCOMP 1.00
SNO 1
HELEV 72.80
N2LEV 99.60
DATIM Sat Nov 09 09:09:45 2002
PROBE THS
IRCODE 146
PRCODE 1412
DFILE C:\WINNMR9S\DATA\ V,pu,¢ftfHf «f_\Au
MENUF NON
SHMFL ~TH5
COMNT
SHMCM th5/2%age/CDC13/40mm/17JANO2
SLVNT CDCL3
OBNUC 1H
OBFRQ 270.05 MHz
OBSET 112.00 KHz
OBFIN 5800.0 Hz
OBST2 0.00 KHz
= OBFN2 0.0 Hz
- OBPHS 0.0 deg
o OBATN 511
IRNUC 1H
IRFRQ 270.05 MHz
IRSET 112.00 KHz
IRFIN 5800.0 Hz
IRST2 50.00 KHz
IRFN2 3700.0 Hz
IRPHS 0.0 deg
© IRATN 511
2 « IRRPW 50 us
B 5 IRRNS 0
-
<« TRNUC 1H
© s / - TRFRQ 270.05 MHz
2 s 8 9 o TRSET 112.00 KHz
e I 8 - @ TRFIN 5800.0 Hz
— s - s TRST2 0.00 KHz
- r 2 . 2 TRFN2 0.0 Hz
a TRPHS 0.0 deg
9 r J 2 TRATN 511
e ~ / a TRRPW 70 us
o ° 0 0 ¥ ° TRRNS 0
3 @ 3 g 83 . Pl 5.5 us
o ] < S s ihe / PW2 10.0 us
I ) Q i J ‘i ke Y, PW3 10.0 us
~ ~ - PW4 1.0 us
PW5 1.0 us
PIl 1.000 ms
PI2 1.000 ms
PI3 1.00 ms
N J .| PI4 1.00 ms
PIS 1.00 ms
PPM| LOOP1 1
T T T T T T T [ T T LOOP2 1
4 1 LOOP3 1
LOOP4 1
LOOP5 1
psl 100.0 us
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SPEED 12 Hz
8 223 & 3 2#3 2 3 53 3 CSPED 14 bz
b4 ~ o w o n <!.‘ “2 1": C' l\- Q: (\f TEMP 80.0 c
8 158 @5 Egs g $ R cremp 28.1c
- [ T TCOMP 1.00
| | SNO 1
i i HELEV 72.40

( N2LEV 100.00
. DATIM Sat Nov 09 11:05:12 2002
PROBE TH5
IRCODE 146
PRCODE 1412
, DFILE C:\WINNMR95\DATA\ V,u,¢ftfHSf f_\Au
MENUF BCM
, SHMFL TH5
| | COMNT
[ SHMCM th5/2%age/CDC13/40mm/17JANO2
| SLVNT CDCL3
| OBNUC 13C
, i OBFRQ 67.80 MHz
OBSET 135.00 KHz
OBFIN 5200.0 Hz
| OBST2 0.00 KHz
i OBFN2 0.0 Hz
| OBPHS 0.0 deg
OBATN 511
IRNUC 1H
IRFRQ 270.05 MHz
\ IRSET 112.00 KHz
IRFIN 5800.0 Hz
IRST2 50.00 KHz
IRFN2 3700.0 Hz
., | IRPHS 0.0 deg
T A - IRATN 511
N P “" IRRPW 40 us
2 | IRRNS 0
~ TRNUC 1H
TRFRQ 270.05 MHz
E TRSET 112.00 KHz
i TRFIN 5800.0 Hz
[ L TRST2 0.00 KHz
! ’ TRFN2 0.0 Hz
TRPHS 0.0 deg
TRATN 511 -
TRRPW 70 us
TRRNS [ -
PWl 3.7 us
PwW2 10.0 us
' PW3 10.0 us
PW4 1.0 us
PW5 1.0 us
| PI1 1.000 ms

| | PI2 1.000 ms

{ Ll i AU U A Al At bl I ! | P13 1.00 ms

T ELAAY AL T 5 A A AL ‘ Gkt pxa 1.00 ms

i ¢ LI i s ‘Mm"‘ | AT e i [ ] 1 i“ PIS 1.00 ms
» FTIAT ¥R T il N ikl I L ! ‘ T4 Loor1 1
F L | \”" ™ 1 T T ‘ I T T L T T 1T l ‘ i T T T V‘\ T !![‘}‘ ] 11T LOOP2 1
150 125 100 75 50 25 %;Loopa 1
R LOOP4 1
LOOP5 1

PS1 100.0 us
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(+)-(1R,55,89)-1

84.418
77.470

77.198
77-000 |

76.530
——68.757

61.298

44.722

———36.058

—30.577

24.230

SPEED
CSPED
TEMP
CTEMP
TCOMP
SNO
HELEV
N2LEV
DATIM
PROBE
IRCODE
PRCODE
DFILE
MENUF
SHMFL
COMNT
SHMCM
SLVNT
OBNUC
OBFRQ
OBSET
OBFIN
OBST2
OBFN2
OBPHS
OBATN
IRNUC
IRFRQ
IRSET
IRFIN
IRST2
IRFN2
IRPHS
IRATN
IRRPW
IRRNS
TRNUC
TRFRQ
TRSET
TRFIN
TRST2
TRFN2
TRPHS
TRATN
TRRPW
TRRNS
PW1
PW2
PW3
PW4
PW5
PIl
PI2
P13
PI4
PIS
LOOP1
LOOP2
LOOP3
LOOP4
LOOPS

12 Hz

13 Hz
80.0 ¢
21.6 ¢
1.00

1

71.60
100.00
Mon May 27 08:26:22 2002
TH5
146
1412
C: \WINNMRI5\TEMPDATA\AUTO1BCM E1_F
BCM
TH5
BG F
th5/2%age/CDC13/40mm/17JANG2
CDCL3
13C
67.80 MHz
135.00 KHz
5200.0 Hz
0.00 KHz
0.0 Hz
0.0 deg
511
1H
270.05 MHz
112.00 KHz
5800.0 Hz
50.00 KHz
3700.0 Hz
0.0 deg
511
40 us
0
hR:
270.05 MHz
112.00 KHz
5800.0 Hz
0.00 KHz
0.0 Hz
0.0 deg -
511 "
70 us
0
3.7 us
10.0 us
10.0 us
1.0 us
1.0 us
1.000 ms
1.000 ms
1.00 ms
1.00 ms
1.00 ms

o
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