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1. General Methods

Reactions involving air-sensitive agents and dry solvents were performed in glassware that had
been dried in an oven (150 °C) or flame-dried prior to use. These reactions were carried out with the
exclusion of air using an argon atmosphere. All microwave reactions were carried out using a
Biotage Initiator system. NMR spectra were recorded on a Bruker DPX-400 spectrometer ("H NMR
at 400 MHz and "°C NMR at 100 MHz) or a Bruker DPX-500 spectrometer ("H NMR at 500 MHz
and *C NMR at 125 MHz). Chemical shifts are reported in ppm. '"H NMR spectra were recorded
with CDCI; as the solvent using residual CHCI; (5 = 7.26) as internal standard, and for *C NMR
spectra the chemical shifts are reported relative to the central resonance of CDCl; (d = 77.16).
Signals in NMR spectra are described as singlet (s), doublet (d), triplet (t), quartet (q), quintet
(quint), septet (sept), multiplet (m), broad (br) or combination of these, which refers to the spin-spin
coupling pattern observed. Spin-spin coupling constants reported are uncorrected. Two-
dimensional (COSY, HSQC, HMBC, NOESY) NMR spectroscopy was used where appropriate to
assist the assignment of signals in the 'H and '*C NMR spectra. IR spectra were obtained
employing a Shimadzu FTIR-8400 instrument with a Golden Gate™ attachment that uses a type lla
diamond as a single reflection element so that the IR spectrum of the compound (solid or liquid)
could be detected directly (thin layer). High resolution mass spectra were recorded under FAB, ESI
and Cl conditions by the analytical services at the University of Glasgow. Flash column
chromatography was performed using forced flow of the indicated solvent system on EMD
Geduran® Silica Gel 60 as solid support and HPLC graded solvents as eluant. Reactions were
monitored by thin layer chromatography (TLC) on Merck silica gel 60 covered aluminum sheets.
TLC plates were developed under UV-light and/or with an acidic ethanolic anisaldehyde solution or
a KMnOg-solution. Liquid reagents were distilled prior to use where stated. All reagents were

purchased from commercial suppliers and used without further purification unless otherwise stated.
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2. Preparation of Substrates

K,CO3, DMF, DMF,
OH 26+C 16h o\)l\ 240 °C (MW), 2.5 h OH
— -
Cl/\[r

s1 S2 s3 s4

2-(2-methylallyl)phenol S4." To a stirred suspension of K,COj3 (8.8 g, 64 mmol) in DMF (160 mL)
was added phenol (81) (3.0 g, 32 mmol) followed by 3-chloro-2-methyl-1-propene (S2) (3.7 mL, 38
mmol). The resulting mixture was heated at 70 °C for 16 h then cooled to room temperature,
quenched with water (250 mL) and extracted with Et,O (2 x 100 mL). The combined organic
extracts were washed with brine (2 x 100 mL), dried (Na,SO,), filtered and concentrated in vacuo to
afford 1-(2-methylallyloxy)benzene (S3) as a colourless oil (4.7 g, quant.) which was used without
any further purification. Analytical data observed were in accordance with literature values.?

A solution of 1-(2-methylallyloxy)benzene (S3) (1.5 g, 10 mmol) in DMF (8.4 mL) under argon was
subjected to microwave irradiation at 240 °C for 2.5 h. The resulting mixture was extracted with
Et,O (3 x 50 mL) and the combined organic extracts washed with water (50 mL) then brine (2 x 50
mL), dried (Na,SOQ,), filtered and concentrated in vacuo. Purification by flash chromatography
(petroleum ether:EtOAc, 19:1) afforded the title compound (S4) as a yellow oil (1.2 g, 80%).

Analytical data observed were in accordance with literature values.’

BCls, CH,Cly,
K,COj3, DMF,
oH Todien o \)I\ -78°C10-20°C, 2 h oH

S5 S7
2-methyl-6-(2-methylallyl)phenol S7. To a stirred suspension of K,COj3 (5.1 g, 37 mmol) in DMF
(93 mL) was added o-cresol (85) (2.0 g, 19 mmol) followed by 3-chloro-2-methyl-1-propene (S2)
(2.2 mL, 22 mmol). The resulting mixture was heated at 70 °C for 18 h then cooled to room
temperature, quenched with water (150 mL) and extracted with Et,O (3 x 75 mL). The combined
organic extracts were washed with brine (3 x 50 mL), dried (Na,SO,), filtered and concentrated in
vacuo to afford 1-(2-methylallyloxy)-2-methylbenzene (S6) as a colourless oil (2.9 g, 97%) which

was used without any further purification. Analytical data observed were in accordance with
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literature values.?

To a cooled (-78 °C) solution of 1-(2-methylallyloxy)-2-methylbenzene (S6) (1.0 g, 6.2 mmol) in
CH.CI, (31 mL) under argon was added dropwise boron trichloride (1M in hexanes, 6.5 mL, 6.5
mmol). The solution was allowed to warm to -20 °C over 2 h then quenched with H,O (5 mL) and
allowed to warm to room temperature. The resulting mixture was basified with sat. ag. NaHCO3 (25
mL) and extracted with CH,CI, (3 x 50 mL). The combined organic extracts were dried (Na;SO,),
fitered and concentrated in vacuo. Purification by flash chromatography (petroleum ether:EtOAc,
39:1) afforded the title compound (S7) as a yellow oil (600 mg, 60%). 'H NMR (500 MHz, CDCl;) &
7.03 (1H, d, J = 7.5 Hz), 6.94 (1H, d, J = 7.2 Hz), 6.78 (1H, t, J = 7.5 Hz), 5.1 (1H, s, OH), 4.94 (1H,
s), 4.89 (1H, s), 3.39 (2H, s), 2.25 (3H, s), 1.75 (3H, s); *C NMR (125 MHz, CDCl;) & 153.3, 145.0,
129.6, 128.8, 124.8, 124.4, 120.4, 112.5, 40.5, 22.1, 15.9; IR (thin film) 3499, 1470, 1196; HRMS

(Cl) exact mass calculated for C11H150 [M+H]" m/z 163.1123, found m/z 163.1123.

K,COj, DMF, NMP, H
O/OH 70°C, 17h O\)I\ 200°C,85h m
cl
0N r N 0N
S8 s2 s9 s10

2-(2-methylallyl)-4-nitrophenol $10." To a stirred suspension of K,COs (1.0 g, 7.2 mmol) in DMF
(18 mL) was added 4-nitrophenol (S8) (0.50 g, 3.6 mmol) followed by 3-chloro-2-methyl-1-propene
(S2) (0.42 mL, 4.3 mmol). The resulting mixture was heated at 70 °C for 17 h then cooled to room
temperature, quenched with water (50 mL) and extracted with Et;O (3 x 50 mL). The combined
organic extracts were washed with brine (3 x 50 mL), dried (Na,SO,), filtered and concentrated in
vacuo to afford 1-(2-methylallyloxy)-4-nitrobenzene (S9) as a colourless oil (650 mg, 94%) which
was used without any further purification. Analytical data observed were in accordance with
literature values.™

A solution of 1-(2-methylallyloxy)-4-nitrobenzene (89) (650 mg, 3.4 mmol) in N-methylpyrrolidinone
(1 mL) under argon was heated at 200 °C for 8.5 h. The mixture was diluted with brine (25 mL) and
extracted with Et,O (3 x 25 mL). The combined organic extracts were washed with brine (3 x 25

mL), dried (Na,SOQ,), filtered and concentrated in vacuo. Purification by flash chromatography
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(petroleum ether:EtOAc, 9:1) afforded the title compound (S10) as a sticky brown solid (410 mg,

64%). Analytical data observed were in accordance with literature values."

DMF,

/©/O\)I\ s m
RN
MeO,C MeO,C

S11 $12
Methyl 4-hydroxy-3-(2-methylallyl)benzoate S12. A solution of methyl 4-(2-
methylallyloxy)benzoate (S11) (340 mg, 1.6 mmol) in DMF (1.4 mL) under argon was subjected to
microwave irradiation at 240 °C for 1 h. The resulting mixture was diluted with water (25 mL),
extracted with EtOAc (3 x 25 mL) and the combined organic extracts washed with brine (3 x 25 mL),
dried (Na,SO,), filtered and concentrated in vacuo. Purification by flash chromatography (petroleum
ether:EtOAc, 9:1 then 4:1) afforded the title compound (S12) as a white solid (190 mg, 58%). 'H
NMR (500 MHz, CDCl3) 6 7.85 (1H, dd, J = 8.4, 2.2 Hz), 7.82 (1H, d, J = 2.1 Hz), 6.85 (1H, d, J =
8.4 Hz), 5.79 (1H, s), 4.95 (1H, s), 4.88 (1H, s), 3.88 (3H, s), 3.41 (2H, s), 1.73 (3H, s); °C NMR
(125 MHz, CDCI3) & 167.2, 159.2, 144.3, 133.1, 130.3, 124.8, 122.8, 116.0, 113.1, 52.1, 39.9, 22.1;
IR (solid) 3302, 1682, 1601, 1424, 1306, 1287, 1123; HRMS (El) exact mass calculated for

C12H1403 [M]" m/z 206.0943, found m/z 206.0940.

oH  KoCOs DMF, DMF, oH
/©/ 70°C, 18 h o 240 °C (MW), 0.5 h /@E/U\
—_— —_—
. e /©/ Br
Br
s2
s13 s14 s15

4-bromo-2-(2-methylallyl)phenol S15." To a stirred suspension of K,CO3 (0.80 g, 5.8 mmol) in
DMF (15 mL) was added 4-bromophenol (S13) (0.50 g, 2.9 mmol) followed by 3-chloro-2-methyl-1-
propene (S2) (0.34 mL, 3.5 mmol). The resulting mixture was heated at 70 °C for 18 h then cooled
to room temperature, quenched with water (25 mL) and extracted with Et,O (2 x 25 mL). The
combined organic extracts were washed with brine (2 x 25 mL), dried (Na,SO,), filtered and
concentrated in vacuo to afford 1-(2-methylallyloxy)-4-bromobenzene (S14) as a colourless oil (660

mg, quant.) which was used without any further purification. Analytical data observed were in
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accordance with literature values.®

A solution of 1-(2-methylallyloxy)-4-bromobenzene (S14) (380 mg, 1.7 mmol) in DMF (1.4 mL)
under argon was subjected to microwave irradiation at 240 °C for 30 minutes. The resulting mixture
was diluted with water (25 mL), extracted with EtOAc (3 x 25 mL) and the combined organic
extracts washed with brine (3 x 25 mL), dried (Na,SO,), filtered and concentrated in vacuo.
Purification by flash chromatography (petroleum ether:EtOAc, 9:1) afforded the title compound
(S15) as a colourless oil (260 mg, 70%). Analytical data observed were in accordance with literature

values.”

oy KeCOs, DMF, DMF, oH
©/ 70°C,17h o\/\ 230 °C (MW), 3 h @/\
BI'M SN

S1 S16 S17

2-allyl phenol $17. To a mixture of phenol (S1) (1.0 g, 11 mmol) and potassium carbonate (2.9 g,
21 mmol) in DMF (53 mL) was added allyl bromide (1.1 mL, 13 mmol). The resulting mixture was
heated at 70 °C for 17 h then quenched with water (50 mL) and extracted with Et,O (2 x 50 mL).
The combined organic extracts were washed with brine (2 x 50 mL), dried (Na,SOQ,), filtered and
concentrated in vacuo. Purification by flash chromatography afforded 1-(allyloxy)benzene (S$16) as
a colourless oil (1.3 g, 88%). Analytical data observed was in accordance with literature values.®

A solution of 1-(allyloxy)benzene (8$16) (1.3 g, 9.3 mmol) in DMF (7.8 mL) under argon was
subjected to microwave irradiation at 230 °C for 3 h. The resulting mixture was extracted with Et,O
(2 x 50 mL) and the combined organic extracts washed brine (2 x 50 mL), dried (Na,SO,), filtered
and concentrated in vacuo. Purification by flash chromatography (petroleum ether:EtOAc, 19:1)
afforded the title compound (S17) as a yellow oil (1.0 g, 81%). Analytical data observed was in

accordance with literature values.’
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Br [MePPh;]Br, KOtBu, THF B i) nBuLi, THF, 0 °C oH
n,3h « |l i) CO, to rt
> (= —_—

(6]
S18 $19 S20

LiAlH4, E20
0°Ctort, 5h ©:”\/OH
P

S21

(2-(Prop-1-en-2-yl)phenyl) methanol S21.% To a stirred suspension of methyl triphenyl-
phosphonium bromide (7.2 g, 20 mmol) in THF (51 mL) was added a solution of potassium tert-
butoxide (2.3 g, 20 mmol) in THF (21 mL). The resulting bright yellow suspension was stirred at
room temperature for 15 minutes then a solution of o-bromoacetophenone (S$18) (3.4 g, 17 mmol) in
THF (34 mL) added dropwise. The resulting suspension was stirred at room temperature for 3 h
then quenched with sat. ag. NH,Cl (100 mL). The mixture was extracted with Et,O (100 mL then 2 x
50 mL) and the combined organic extracts dried (MgSQO,), filtered and concentrated in vacuo.
Purification by flash chromatography (petroleum ether) afforded 1-bromo-2-(prop-1-en-2-yl)-
benzene (S19) as a colourless oil (3.0 g, 91%). Analytical data observed were in accordance with
literature values.’

To a cooled (0 °C) solution of 1-bromo-2-(prop-1-en-2-yl) benzene (S19) (2.1 g, 11 mmol) in Et,O
(21 mL) was added dropwise a solution of n-butyllithium (2.1M in hexanes, 5.3 mL, 11 mmol). The
resulting yellow suspension was stirred for 15 minutes then added dropwise to a flask charged with
carbon dioxide pellets (ca. 50 g). The mixture was allowed to warm to room temperature over 2 h
then quenched with sat. ag. NaHCO; (100 mL). The mixture was extracted with Et,O (2 x 50 mL)
and the aqueous phase adjusted to pH 1 with 1M aq. HCI. The aqueous phase was then extracted
with Et,0 (3 x 100 mL) and the combined organic extracts dried (MgSO,), filtered and concentrated
in vacuo to afford 2-(prop-1-en-2-yl) benzoic acid (S20) as a sticky white solid (1.7 g, 99%).
Analytical data observed were in accordance with literature values.’

To a cooled (0 °C) suspension of lithium aluminum hydride (470 mg, 12 mmol) in Et,O (34 mL) was
added dropwise a solution of 2-(prop-1-en-2-yl) benzoic acid (S20) (780 mg, 4.8 mmol) in Et,O (20

mL). After 5 minutes, the reaction mixture was allowed to warm to room temperature and stirred for
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5 h. The mixture was re-cooled to 0 °C and aq. sat. potassium sodium tartrate (25 mL) added
slowly. The biphasic mixture was allowed to stir at room temperature for 16 h then extracted with
Et,O (50 mL). The organic extracts were washed with water (50 mL), dried (MgSO,), filtered and
concentrated in vacuo. Purification by flash chromatography (petroleum ether:EtOAc, 9:1) afforded
the title compound (S21) as a colourless oil (0.64 g, 90%). Analytical data observed were in

accordance with literature values.®

i) Pd(OAC),, PPhs, NEt3,
MeCN, reflux, 24 h I o | o}

o]
| o [MePPhs]Br, KOtBu, THF
Iy P ZoBu o” ", 35h ° o”
| A ) > >
ii) THF, HCI (10% aq.)
Z Br rt,3h
o]
s22 s23 S24

LiAIH,, Et,0,

I
-
S25

(5-methoxy-2-(prop-1-en-2-yl)phenyl)methanol S25. Following a reported procedure,® to a
suspension of Pd(OAc), (0.14 g, 0.62 mmol) and triphenylphosphine (0.32 g, 1.2 mmol) in
degassed acetonitrile (16 mL) was added n-butyl vinyl ether (5.3 mL, 41 mmol), triethylamine (1.5
mL, 11 mmol) and methyl 2-bromo-5-methoxybenzoate (S22) (2.0 g, 8.2 mmol). The resulting
mixture was heated at reflux for 24 h then cooled to room temperature, diluted with water (20 mL)
and EtOAc (20 mL) and filtered over Celite®, rinsing with EtOAc (25 mL). The filtrate was
concentrated in vacuo then dissolved in THF (51 mL) and 10% aq. HCI (51 mL) added. The mixture
was stirred at room temperature for 3 h then concentrated to low volume, poured into sat. aq.
NaHCO; (100 mL) and extracted with 10:1 EtOAc:DCM (4 x 50 mL). The combined organic extracts
were washed with brine (50 mL), dried (Na,SO,), filtered and concentrated in vacuo. Purification by
flash chromatography (petroleum ether:EtOAc, 7:3) afforded methyl 2-acetyl-5-methoxybenzoate
(S23) as a yellow oil (1.5 g, 90%). Analytical data observed were in accordance with literature

values.®
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To a suspension of methyl triphenylphosphonium bromide (2.4 g, 6.8 mmol) in THF (14 mL) was
added a solution of potassium tert-butoxide (760 mg, 6.8 mmol) in THF (7.0 mL). The resulting
bright yellow suspension was stirred at room temperature for 10 minutes then a solution of methyl
2-acetyl-5-methoxybenzoate (823) (1.2 g, 5.7 mmol) in THF (11 mL) added dropwise. The brown
suspension was stirred at room temperature for 3.5 h then quenched with water (10 mL) and
extracted with Et,O (2 x 50 mL). The combined organic extracts were washed with brine (50 mL),
dried (Na,SO,), filtered and concentrated in vacuo. Purification by flash chromatography (petroleum
ether:EtOAc, 19:1 then 9:1) afforded methyl 5-methoxy-2-(prop-1-en-2-yl)benzoate (S24) as a
yellow oil (610 mg, 52%). 'H NMR (500 MHz, CDCl3) 6 7.29 (1H,d, J=2.8 Hz), 7.16 (1H, d, J = 8.5
Hz), 6.98 (1H, dd, J = 8.5 Hz, 2.8 Hz), 5.07-5.06 (1H, m), 4.81-4.80 (1H, m), 3.85 (3H, s), 3.83 (3H,
s), 2.06-2.05 (3H, m); *C NMR (125 MHz, CDCI3) 6 168.5, 158.6, 146.2, 137.8, 130.8, 130.6,
117.8, 114.6, 113.7, 55.7, 52.1, 24.3; IR (thin film) 1724, 1285, 1244, 1069, 1034; HRMS (EIl) exact
mass calculated for C1,H1403 [M]" m/z 206.0943, found m/z 206.0941.

To a cooled (0 °C) suspension of lithium aluminum hydride (77 mg, 2.0 mmol) in Et,0 (4.0 mL) was
added dropwise a solution of methyl 5-methoxy-2-(prop-1-en-2-yl)benzoate (S24) (160 mg, 0.78
mmol) in Et;O (2.0 mL). The cooling bath was removed and the mixture allowed to warm to room
temperature then stirred for 3 h. The mixture was cooled to 0 °C, quenched by dropwise addition of
sat. aq. potassium sodium tartrate (10 mL) and stirred for 30 minutes then extracted with Et,O (2 x
25 mL). The combined organic extracts were washed with water (25 mL), brine (25 mL), dried
(NaxS0,), filtered and concentrated in vacuo to afford the title compound (S$25) as a colourless oil
(130 mg, 95%). "H NMR (500 MHz, CDCls) & 7.09 (1H, d, J = 8.4 Hz), 7.02 (1H, d, J = 2.7 Hz), 6.80
(1H, dd, J = 2.7 Hz), 5.21-5.20 (1H, m), 4.87-4.86 (1H, m), 4.69 (2H, d, J = 3.9 Hz), 3.82 (3H, s),
2.06-2.05 (3H, m), 1.70-1.69 (1H, m); 3C NMR (125 MHz, CDCI3) & 159.1, 144.7, 139.1, 135.6,
129.4, 115.5, 113.5, 113.3, 63.4, 55.5, 25.2; IR (thin film) 3343, 1607, 1497, 1288, 1233, 1161;

HRMS (El) exact mass calculated for C11H140 [M]* m/z 178.0994, found m/z 178.0995.
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B
L KH, THF, Mel, ' [MePPhs]Br, KOtBu, THF
0°Ctort,17h reflux, 68 h
| Z (0] EEEE——, o) >
s18
Br i) nBuLi, THF, 0 °C oH LiAIH,, Et,0 OH
i) CO; ot _0°Con3h
—_—

S27 S28 S29

(2-(3,3-dimethylbut-1-en-2-yl)phenyl)methanol S$S29. To a cooled (0 °C) suspension of potassium
hydride (30% suspension in mineral oil, 2.3 g, 18 mmol) in THF (25 mL) was added
2’-bromoacetophenone (S18) (1.0 g, 5 mmol). After 15 minutes, iodomethane (1.6 mL, 25 mmol)
was added and the mixture stirred at room temperature for 17 h. The mixture was quenched with
sat. aq. NH4CI (50 mL) and extracted with Et,O (3 x 50 mL). The combined organic extracts were
washed with brine (50 mL), dried (Na,SO,), filtered and concentrated in vacuo. Purification by flash
chromatography (petroleum ether:EtOAc, 19:1) afforded 1-(2-bromophenyl)-2,2-dimethylpropan-1-
one (826) as a colourless oil (2.4 g) containing residual mineral oil. The material was used directly
in the subsequent step.

To a suspension of methyl triphenylphosphonium bromide (4.3 g, 12 mmol) in THF (24 mL) was
added a solution of potassium tert-butoxide (1.4 g, 12 mmol) in THF (12 mL). The resulting bright
yellow suspension was stirred at room temperature for 15 minutes then a solution of 1-(2-
bromophenyl)-2,2-dimethylpropan-1-one (S26) (2.4 g) in THF (20 mL) added dropwise. The
resulting mixture was heated at reflux for 68 h then cooled to room temperature, quenched with sat.
ag. NH4CI (50 mL) and extracted with Et,O (2 x 50 mL). The combined organic extracts were
washed with brine (50 mL), dried (Na,SO,), filtered and concentrated in vacuo. Purification by flash
chromatography (petroleum ether) afforded 1-bromo-2-(3,3-dimethylbut-1-en-2-yl)benzene (S27) as
a colourless oil (2.5 g) containing residual mineral oil.

To a cooled (0 °C) solution of 1-bromo-2-(3,3-dimethylbut-1-en-2-yl)benzene (827) (2.5 g) in Et,O
(5 mL) was added dropwise a solution of n-butyllithium (2.0M in hexanes, 5.4 mL, 11 mmol). The
resulting mixture was stirred for 15 minutes then CO, bubbled through the mixture for 1.5 h. The

reaction was quenched with sat. ag. NaHCO; (50 mL) and extracted with Et,O (2 x 50 mL). The
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aqueous phase was adjusted to pH 1 with conc. aq. HCI then re-extracted with Et,O (2 x 50 mL).
The combined organic extracts were washed with brine (60 mL), dried (Na,SQ,), filtered and
concentrated in vacuo to afford 2-(3,3-dimethylbut-1-en-2-yl)benzoic acid (S28) as a pale yellow oil
(1.3 g, 62% over three steps). '"H NMR (500 MHz, CDCl3) & 11.7 (1H, s), 7.99 (1H, dd, J = 7.9, 1.2
Hz), 7.47 (1H,td, J=7.5,1.4 Hz), 7.35 (1H, td, J= 7.6, 1.3 Hz), 7.19 (1H, dd, J = 7.7, 1.0 Hz), 5.30
(1H, d, J = 1.1 Hz), 4.86 (1H, d, J = 1.1 Hz), 1.14 (9H, s); *C NMR (125 MHz, CDCl;) & 173.0,
158.7, 144.9, 131.7, 130.8, 130.7, 129.4, 126.8, 112.3, 36.8, 30.4; IR (thin film) 3377, 2955, 1694,
1260, 1068; HRMS (El) exact mass calculated for Ci3HO2 [M]" m/z 204.1150, found m/z
204.1151.

To a cooled (0 °C) suspension of lithium aluminum hydride (480 mg, 13 mmol) in Et,O (30 mL) was
added dropwise a solution of 2-(3,3-dimethylbut-1-en-2-yl)benzoic acid ($28) (1.0 g, 4.9 mmol) in
Et,O (5 mL). After 5 minutes, the reaction mixture was allowed to warm to room temperature and
stirred for 3 h. The mixture was re-cooled to 0 °C and sat. aq. potassium sodium tartrate (25 mL)
added slowly. The biphasic mixture was stirred at room temperature for 16 h then extracted with
Et,O (50 mL). The organic extracts were washed with brine (50 mL), dried (Na,SO,), filtered and
concentrated in vacuo to afford the title compound (S29) as a colourless oil (880 mg, 95%). '"H NMR
(500 MHz, CDCl3) 6 7.50 (1H,d, J=7.0 Hz), 7.30 (1H, td, J=7.5,1.3 Hz), 7.22 (1H, td, J= 7.5, 1.3
Hz), 7.08 (1H, dd, J = 7.6, 1.2 Hz), 5.34 (1H, d, J = 1.5 Hz), 4.82 (1H, d, J = 1.5 Hz), 4.63 (2H, s),
1.56-1.54 (1H, m), 1.12 (9H, s); 3C NMR (125 MHz, CDCl3) 6 157.3, 141.5, 138.8, 129.6, 128.1,
127.2, 126.6, 113.3, 63.6, 36.7, 30.0; IR (thin film) 3314, 2955, 1481, 1360, 1190; HRMS (Cl) exact

mass calculated for C43H7 [M-OH]" m/z 173.1330, found m/z 173.1326.

i) nBuMgBr
u) CuCN, LiCl

fo) iii)
cl LiAIH,, Et,0,
P g0
THF -40°C
[

S30
(2-(2-methylallyl)phenyl)methanol $32. Following a modification of a reported procedure," to a

mixture of magnesium turnings (0.22 g, 9.2 mmol) and a crystal of iodine in THF (15 mL) was added
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dropwise bromobutane (0.82 mL, 7.6 mmol). The mixture was stirred for 15 minutes the cooled to —
40 °C before dropwise addition of a solution of Methyl-2-iodobenzoate (S30) (1.0 g, 3.8 mmol) in
THF (30 mL). The mixture was stirred at —40 °C for 1.5 h. A freshly prepared solution of LiCl (0.39

g, 9.1 mmol) and CuCN (0.39 g, 9.1 mmol) in THF (20 mL) was added and the mixture was stirred

for a further 15 min, followed by the addition of 3-chloro-2-methyl-1-propene (S2) (1.5 mL, 15
mmol). The mixture was stirrer at =40 °C for a further 10 min, then warmed to room temperature.

The mixture was diluted with EtOAc (20 mL) and filtered over Celite®. The filtrate was washed with
25% aq. NH,OH (20 mL). The aqueous layer was further extracted with EtOAc (2 x 20 mL), and the
combined organic extracts washed with brine (20 mL), dried (Na,SO,), filtered and concentrated in
vacuo. Purification by flash chromatography (petroleum ether/EtOAc, 9/1), afforded methyl 2-(2-
methylallyl)benzoate (S31) as a colourless oil (0.65 g, 89 %). Material was used directly in the next
step.

To a cooled suspension of lithium aluminum hydride (260 mg, 6.8 mmol) in Et,0O (15 mL) was
added a solution of methyl 2-(2-methylallyl)benzoate (S31) (0.50 g, 2.6 mmol) in Et,O (3.0 mL). The
cooling bath was removed and the reaction mixture stirred at room temperature for 3 h then
quenched by dropwise addition of sat. aqg. potassium sodium tartrate (25 mL) and stirred for 16 h.
The mixture was extracted with Et,O (2 x 25 mL) and the combined organic extracts dried (Na,SO,),
filtered and concentrated in vacuo. Purification by flash chromatography afforded the title compound
(832) as a colourless oil (400 mg, 95%). '"H NMR (500 MHz, CDCl3) 8 7.41-7.39 (1H, m), 7.27-7.25
(2H, m), 7.19-7.18 (1H, m), 4.84 (1H, s), 4.67 (2H, d, J = 5.7 Hz), 4.54 (1H, s), 3.41 (2H, s), 1.86
(1H, t, J = 5.9 Hz), 1.76 (3H, s); 3C NMR (125 MHz, CDCI3) 6 145.8, 139.2, 137.5, 130.7, 128.6,
128.0, 126.9, 111.9, 63.3, 41.1, 22.9; IR (thin film) 3320, 1445, 1038, 1005; HRMS (El) exact mass

calculated for C44H140 [M]" m/z 162.1045, found m/z 162.1042.

[MePPh;]Br, KOtBu, THF
o rt, 18 h
-
)I\/\/OH - OH

S33 S34
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4-methylpent-4-en-1-ol $34."2To a stirred suspension of methyl triphenylphosphonium bromide
(4.2 g, 12 mmol) in THF (29 mL) was added a solution of potassium tert-butoxide (1.3 g, 12 mmol)
in THF (12 mL). The suspension turned bright yellow and was stirred at room temperature for 15
minutes before addition of a solution of 1-hydroxy-4-pentanone (S33) (1.0 g, 9.8 mmol) in THF (19
mL). The mixture was stirred at room temperature for 18 h then quenched with sat. ag. NH,CI (25
mL) and extracted with Et,O (3 x 25 mL). The combined organic extracts were washed with brine
(25 mL), dried (Na,SOQ.), filtered and concentrated in vacuo to low volume. Purification by flash
chromatography (CH,Cl,:Et,O, 9:1) afforded the title compound (S34) as a volatile colourless oil

(520 mg, 53%). Analytical data observed were in accordance with literature values."

NaH, THF,
LiAIH,4, Et,0,
o o rtto reflux 20 h I rt43 h2 Ho on

MeOJI\/U\OMe

S35 S37
2-(2-methylallyl)propane-1,3-diol $37." Following a modification of the reported procedure™, to a
cooled (0 °C) suspension of sodium hydride (60% dispersion in mineral oil, 180 mg, 4.5 mmol) in
THF (57 mL) was added dropwise dimethyl malonate (S35) (0.69 mL, 6.0 mmol). Once
effervescence had ceased, 3-chloro-2-methyl-1-propene (82) (0.32 mL, 3.3 mmol) was added then
the cooling bath was removed. The mixture was stirred at room temperature for 2 h then heated at
reflux for 18 h. After cooling to room temperature, the reaction mixture was quenched by addition of
water (25 mL) and extracted with Et,O (2 x 25 mL). The combined organic extracts were washed
with brine (25 mL), dried (Na,SO,), filtered and concentrated in vacuo. Purification by flash
chromatography (petroleum ether:EtOAc, 9:1) afforded dimethyl 2-(2-methylallyl)malonate (S36) as
a colourless oil (340 mg, 60%). Analytical data observed were in accordance with literature
values."™
To a cooled (0 °C) suspension of lithium aluminum hydride (180 mg, 4.7 mmol) in Et,O (10 mL) was
added dropwise a solution of dimethyl 2-(2-methylallyl)malonate ($36) (330 mg, 1.8 mmol) in Et,O
(3.0 mL). The cooling bath was was removed and the reaction mixture stirred at room temperature

for 3 h before quenching by dropwise addition of sat. aq. potassium sodium tartrate (10 mL). The
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resulting mixture was stirred at room temperature for 18 h. The organics were separated, washed
with brine (25 mL), dried (Na,SO,), filtered and concentrated in vacuo. Purification by flash
chromatography (CH,Cl,:EtOAc, 3:2 then 2:3) afforded the title compound (S37) as a colourless oil

(130 mg, 58%). Analytical data observed were in accordance with literature values.™

(0] Mg, I, (cat.), THF, OH
reflux, 4.5 h ©)\/\’
©)H T r
Br/\)l\
S38 S39 S40

4-methyl-1-phenylpent-4-en-1-ol S40. To a flask charged with magnesium turnings (430 mg, 18
mmol) and a crystal of iodine in Et,O (17 mL) was added 4-bromo-2-methyl-1-butene'® (839) (5M in
hexanes, 2.0 mL, 10 mmol). The mixture was heated to reflux for 1 h then allowed cooled to room
temperature before dropwise addition of benzaldehyde (S$38) (0.87 mL, 8.6 mmol). The mixture was
heated at reflux for 3.5 h then cooled to room temperature, poured onto ice and 1M aq. HCI (25 mL)
added dropwise. The mixture was extracted with Et,O (2 x 50 mL) and the combined organic
extracts washed with sat. aq. NaHCO; (50 mL), brine (50 mL), dried (Na;SO,), filtered and
concentrated in vacuo. Purification by flash chromatography (petroleum ether:EtOAc, 9:1) afforded
the title compound (S40) as a colourless oil (630 mg, 42%). '"H NMR (500 MHz, CDCl;) 5 7.36-7.34
(4H, m), 7.30-7.26 (1H, m), 4.74 (1H, s), 4.71 (1H, s), 4.69 (1H, dd, J = 7.6 Hz, 5.5Hz), 2.18-2.12
(1H, m), 2.08-2.02 (1H, m), 1.98-1.82 (3H, m), 1.73 (3H, s); *C NMR (125 MHz, CDCl3) & 145.6,
144.8, 128.6, 127.7, 126.0, 110.3, 74.4, 37.0, 34.2, 22.7; IR (thin film) 3353, 1451, 1062, 1017;

HRMS (Cl) exact mass calculated for C1,H15 [M-OH]" m/z 159.1174, found m/z 159.1169.

o} Mg, I, (cat.), THF, OH
reflux, 4 h
H —————
FsC Br’\J\ FaC
S41 S39 S42

1-(4-(trifluoromethyl)phenyl)-4-methylpent-4-en-1-ol S42. To a flask charged with magnesium
turnings (430 mg, 18 mmol) and a crystal of iodine in THF (17 mL) was added 4-bromo-2-methyl-1-

butene'® (839) (5M in hexanes, 2.0 mL, 10 mmol). The mixture was heated to reflux for 1 h then
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allowed to cool before dropwise addition of 4-(trifluoromethyl)benzaldehyde (S41) (1.2 mL, 8.6
mmol). The mixture was heated at reflux for 3 h then cooled to room temperature, poured onto ice
and stirred for 30 minutes before addition of 1M aqg. HCI (25 mL). The mixture was extracted with
Et,O (2 x 50 mL) and the combined organic extracts washed with sat. aq. NaHCO3; (50 mL), brine
(50 mL), dried (Na,SO,), filtered and concentrated in vacuo. Purification by flash chromatography
(petroleum ether:EtOAc, 9:1) afforded the title compound (S42) as a faintly yellow oil (1.3 g, 61%).
'H NMR (500 MHz, CDCls) & 7.61 (2H, d, J = 8.1 Hz), 7.47 (2H, d, J 8.5 Hz), 4.79-4.73 (3H, m),
2.27-2.06 (2H, m), 2.04-1.82 (3H, m), 1.75 (3H, s); 3C NMR (125 MHz, CDCIl3) & 148.9, 145.3,
130.0 (q, 2J (C-F) = 32 Hz), 126.3, 125.6 (q, °J (C-F) = 3.8 Hz), 124.4 (q, 'J (C-F) = 270 Hz) 110.7,
73.8, 37.2, 34.0, 22.5; IR (thin film) 3339, 1323, 1122, 1109, 1067; HRMS (El) exact mass

calculated for C13H16OF 3 [M+H]* m/z 245.1153, found m/z 245.1153.

Boc\N
Mg, I, (cat.), Et,0,
B 2 2 OH

OC\N/:\I\ reflux, 20 h

N >

(0]
s~ AL
S43 S39 S44

tert-butyl-4-hydroxy-4-(3-methylbut-3-en-1-yl)piperidine-1-carboxylate S44. To a flask charged
with magnesium turnings (250 mg, 10.3 mmol) and a crystal of iodine in Et,O (6 mL) was added
4-bromo-2-methyl-1-butene® (S39) (860 mg, 5.8 mmol). The mixture was heated to reflux for 30
minutes then cooled to 0 °C before dropwise addition of 1-Boc-4-piperidone (S43) (1.0 g, 5.0 mmol)
in Et,O (5 mL). Additional Et,0O (5 mL) was added and the mixture heated at reflux for
20 h then cooled to room temperature and quenched by dropwise addition of sat. aq. NH,CI (50
mL). The aqueous phase was further extracted with Et,O (2 x 50 mL) and the combined organic
extracts washed with brine (50 mL), dried (Na,SQ,), filtered and concentrated in vacuo. Purification
by flash chromatography (petroleum ether:EtOAc, 8:2 to 7:3 then CH,CIl,:EtOAc, 93:7) afforded the
titte compound (S44) as a pale yellow oil (174 mg, 13%). '"H NMR (500 MHz, CDCl3) 3 4.73 (1H, s),
4.72 (1H, s), 3.80 (2H, s), 3.16 (2H, s), 2.12-2.09 (2H, m), 1.75 (3H, s), 1.63-1.60 (2H, m),

1.55-1.53 (4H, m), 1.45 (9H, s); "*C NMR (125 MHz, CDCls) 5 155.0, 146.2, 110.3, 79.5, 70.0, 40.9,

S15



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

39.9, 36.9, 31.2, 28.6, 22.7; IR (thin film) 3437, 2930, 1694, 1665, 1424, 1366, 1246, 1150; HRMS

(Cl) exact mass calculated for C15H2503N [M+H]* m/z 270.2069, found m/z 270.2066.

Cl

Mg, I, (cat.), THF,
reﬂux 45h
cr '! '! ~cl ’\J\ O
Cl

S45 S39 S46
1,1-bis(4-chlorophenyl)-4-methylpent-4-en-1-0ol S46. To a flask charged with magnesium
turnings (240 mg, 10 mmol) and a crystal of iodine in THF (17 mL) was added 4-bromo-2-methyl-1-
butene'® (839) (5M in hexanes, 2.0 mL, 10 mmol). The mixture was heated to reflux for 1 h then
allowed to cool to room temperature before portionwise addition of 4,4'-dichlorobenzophenone
(S45) (2.2 g, 8.6 mmol). The mixture was heated at reflux for 3 h then cooled to room temperature
and quenched by dropwise addition of 1M aq. HCI (6 mL). The mixture was extracted with Et,O (3 x
50 mL) and the combined organic extracts washed with sat. aq. NaHCO3; (50 mL), brine (50 mL),
dried (Na,SQ,), filtered and concentrated in vacuo. lterative purification by flash chromatography
(petroleum ether:EtOAc, 17:3 then 19:1) followed by removal of a solid impurity by trituration with
petroleum ether afforded the title compound (S46) as a colourless oil (220 mg, 8%), contaminated
with approximately 4% of an unknown impurity. '"H NMR (500 MHz, CDCls) & 7.35-7.32 (4H, m),
7.29-7.27 (4H, m), 4.74 (1H, s), 4.69 (1H, s), 2.40-2.37 (2H, m), 2.27 (1H, s), 2.00-1.97 (2H, m),
1.73 (3H, s). ¥C NMR (125 MHz, CDCI3) & 145.9, 145.1, 133.1, 128.6, 127.5, 110.5, 77.9, 39.7,
32.0, 22.8. IR (thin film) 1489, 1093, 1013. HRMS (El) exact mass calculated for C1gH13OCl, [M]

m/z 320.0735, found m/z 320.0738.

Br , Br i) nBuLi, THF, 0 °C oH
i) PhMgBr, THF iiy CO, to rt
- Ph @#——2 3= Ph
ii) H,S0,, ACOH

(0]
S18 S47 S48

2-(1-phenylvinyl)benzoic acid S48. Following a reported procedure,' a solution of

bromoacetophenone ($18) (2.0 mL, 15 mmol) in THF (2 mL) was added dropwise to a stirred
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solution of phenyl magnesium bromide (1 M in THF, 16.6 mL, 16.6 mmol). The resulting mixture
was heated to reflux for 2 h, then allowed to cool to room temperature. The reaction was quenched
by addition of sat. aq. NH4Cl (15 mL) and extracted with Et,O (3 x 20 mL). The combined organic
extracts were washed with water (25 mL), dried (MgSO,), filtered and concentrated in vacuo. The
residue was treated with a solution of H,SO, in acetic acid (4 mL, 20 % v/v) at 50 °C for 5 minutes.
The resulting mixture was poured into 1:1 Et,O/H,O (100 mL). The aqueous layer was extracted
with Et,O (2 x 100 mL) and the combined organic extracts washed with 1 M ag. NaHCO; (25 mL),
dried (MgSQ,), filtered and concentrated in vacuo. Purification by flash chromatography (petroleum
ether/EtOAc; 9:1) afforded 1-bromo-2-(1-phenylvinyl)benzene (S47) as a yellow oil (2.75 g, 71%).

To a cooled (0 °C) solution of 2-(1-phenylvinyl)benzene (S47) (1.8 g, 6.7 mmol) in Et,O (15 mL)
was added dropwise n-butyllithium (2.3 M in THF, 3.1 mL, 7.1 mmol). The reaction mixture was
stirred for 15 minutes. CO, was bubbled through the pale yellow mixture for 1 h. The mixture was
slowly warmed to room temperature and stirred for an additional 30 minutes. The reaction was
quenched with sat. ag. NaHCO3; (50 mL). The aqueous layer was washed with Et,O (3 x 20 mL),
acidified to pH 1 with 1M HCI then extracted with Et,O (3 x 50 mL). The combined organic extracts
were dried (MgSQ,), filtered and concentrated in vacuo. Purification by flash chromatography
(petroleum ether/EtOAc; 9:1) afforded the title compound (S48) as a colorless solid (579 mg, 38%).

Analytical data observed were in accordance with literature values.’

o 0
[MePPha]Br, KOtBu, THF
| = OH reflux, 18 h OH
_ >
|
o
s49 S50

2-vinylbenzoic acid S$50. To a stirred suspension of methyltriphenylphosphonium bromide (19 g,
53 mmol) in THF (80 mL) was added dropwise a solution of potassium tert-butoxide (8.8 g, 79
mmol) in THF (40 mL). The resultant yellow solution was stirred for 1.5 h, before the addition of a
solution of 2-carboxybenzaldehyde (S49) (5.0 g, 33 mmol) in THF (20 mL). The solution was
warmed to 60 °C and stirred overnight, before cooling and the addition of acetic acid (5.0 mL) and

the solution was filtered over Celite®. The filtrate was concentrated in vacuo, before being washed
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with sat. aq. NaHCOj; (3 x 50 mL). The combined aqueous extracts were acidified to pH1 with 1M
aqg. HCI, and the aqueous phase was extracted with Et,O (3 x 50 mL). The organic extracts were
dried (Na;SOQ.), filtered and concentrated in vacuo to give 2-vinylbenzoic acid (S50) (3.7 g, 74%).
No further purification was necessary. Analytical data observed were in accordance with literature

values."”

i) nBuMgBr
i) CuCN, LiCl

o) iii)
1M NaOH, EtOH
/\/Br
oo — 27 __r4h gy 4h
THF -40°C
I

S30

i p-Tosyl-NCO i
(:dw CNEGTHE NS
\ rt,4 h P> N

852 53
2-allyl-N-tosylbenzamide S53. Following a modification of a reported procedure,’ to a suspension
of magnesium turnings (2.0 g, 67 mmol) and a crystal of iodine in THF (30 mL) was added dropwise
bromobutane (7.2 mL, 67 mmol). The mixture was stirred for 15 minutes then cooled to —40 °C
before dropwise addition of methyl-2-iodobenzoate (S30) (5.0 mL, 34 mmol). The mixture was
stirred at —40 °C for 1.5 h. A freshly prepared solution of LiCl (3.4 g, 80 mmol) and CuCN (3.4 g, 40
mmol) in THF (60 mL) was added and the mixture was stirred for a further 15 min, followed by the

addition of allyl bromide (12 mL, 140 mmol). The mixture was stirrer at =40 °C for a further 10 min,

then warmed to room temperature. The mixture was diluted with EtOAc (200 mL) and filtered over
Celite®. The filtrate was washed with 25% aq. NH,OH (200 mL). The aqueous layer was further
extracted with EtOAc (2 x 200 mL), and the combined organic extracts washed with brine (200 mL),
dried (Na,SO,), filtered and concentrated in vacuo. Purification by flash chromatography (petroleum
ether:EtOAc, 9:1), afforded methyl-2-allyl-benzoate (§51) as a colourless oil (5.3 g, 90%).

Methyl-2-allyl benzoate (851) (2.7 g, 17 mmol) was dissolved in EtOH (250 mL), and 2 M aq. NaOH
(200 mL) added. The mixture was stirred for at room temperature for 4 h then EtOH was removed in

vacuo. The residue was extracted with Et,O (2 x 150 mL), acidified to pH 3 with 2M aq. HCI and
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extracted with EtOAc (3 x 150 mL). The combined organics were dried (Na,SO,), filtered and
concentrated in vacuo to afford 2-allyl benzoic acid (S52) as a colourless solid (2.7 g, quant.), which
was used directly without further purification.

To a solution of 2-allyl benzoic acid (852) (2.7 g, 17 mmol) in THF (50 mL) was added p-tosyl
isocyanate (3.3 g, 17 mmol). The resulting solution was stirred for 10 min then triethylamine (2.3
mL, 17 mmol) added dropwise. Gas evolution was observed on addition. After 1 h, the mixture was
diluted with EtOAc (50 mL) and washed with 2 M aq. HCI (50 mL) and brine (50 mL). The organic
extracts were dried (Na,SQ,), filtered and concentrated in vacuo. The crude product was purified by
column chromatography (CH,CI,) to afford the title compound (S53) as a colourless solid (4.6 g,

88%). Analytical data observed were in accordance with literature values.®

i) NaH

0 ii) O 1M NaOH, EtOH
D—'/( A O[3 Adh o
N OMe DMFO0°Ctort N OMe

S54 §) $55
0 o
p-Tosyl-NCO
@—/{ NEtg, THF |
—_— N

N OH 1,4 h

< <

S56 S57
1-allyl-N-tosyl-1H-pyrrole-2-carboxamide S57. Following a modification of a reported procedure,’
to a cooled (0 °C) suspension of NaH (60% dispersion in mineral oil, 480 mg, 12 mmol) in DMF (10
mL) was added a solution of methyl-2-pyrrole-carboxylate (854) (1.0 g, 8.0 mmol) in DMF (2 mL).
The resulting mixture was stirred for 20 min at 0 °C, then allyl bromide (1.2 mL, 14 mmol) added
dropwise. The mixture was allowed to warm to room temperature, and stirred for 2 h, then
quenched by pouring onto ice (30 g). The mixture was extracted with Et,O (3 x 15 mL) and the
combined organic extracts were washed with water (4 x 15 mL), brine (1 x 15 mL), dried (Na,SQ,),
fitered and concentrated in vacuo to afford methyl-1-allyl-pyrrole-2-carboxylate (855) as a
colourless oil (1.3 g, 95%) which was used directly without further purification.

To a solution of methyl-1-allyl-pyrrole-2-carboxylate (S55) (1.3 g, 7.6 mmol) in EtOH (18 mL) was

added 1 M aq. NaOH (21 mL). The mixture was refluxed for 1.5 h, then EtOH was removed in

vacuo. The aqueous phase was washed with EtOAc (3 x 25 mL) then acidified to pH 2 with 4 M aq.
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HCI and extracted with EtOAc (3 x 25 mL). The combined organic extracts were dried (Na,SO,),
filtered and concentrated in vacuo, to afford 1-allyl-pyrrole-2-carboxylic acid (856) as a colourless
solid (1.0 g, 89%) which was used directly without further purification.

To a flask charged with 1-allyl-pyrrole-2-carboxylic acid (856) (0.50 g, 3.3 mmol) in THF (10 mL)
was added p-tosyl isocyanate (0.77 g, 6.6 mmol). The resulting solution was stirred for 10 min then
triethylamine (0.50 mL, 3.6 mmol) added dropwise. Gas evolution was observed on addition. After 1
h, the mixture was diluted with EtOAc (50 mL) and washed with 2 M aqg. HCI (50 mL) and brine (50
mL). The organic extracts were dried (Na,SO,), filtered and concentrated in vacuo. The crude
product was purified by column chromatography (CH.CI,) to afford the title compound (S57) as a

colourless solid (0.71 g, 61%). Analytical data observed were in accordance with literature values.®

0 % 0
1M NaOH, EtOH p-Tosyl-NCO
ol A 4h 3 OH NEts, THF NHTs
rt, 4 h
$31 S58 59

N-tosyl-2-(2-methylallyl)benzamide S59. Methyl-2-(2-methylallyl)-benzoate (S31) (0.65 g, 3.4
mmol) was dissolved in EtOH (7.5 mL), and 2 M aq. NaOH (5.0 mL) added. The mixture was
heated to reflux for 4 h, cooled to rt, and EtOH was removed in vacuo. The residue was extracted
with Et,0 (2 x 20 mL), acidified to pH 3 with 2M aq. HCI and extracted with EtOAc (3 x 20 mL). The
combined organics were dried (Na,SO,), filtered and concentrated in vacuo to afford 2-(2-
methylallyl)benzoic acid (8S58) as a colourless solid (0.48 g, 80%), which was used directly without
further purification.

To a solution of 2-(2-methylallyl)-benzoic acid (§58) (0.48 g, 2.72 mmol) in THF (30 mL) was added
p-tosyl isocyanate (0.96 mL, 6.3 mmol). The resulting solution was stirred for 10 min then
triethylamine (0.81 mL, 6.3 mmol) added dropwise. Gas evolution was observed on addition. After 4
h, the mixture was diluted with EtOAc (30 mL) and washed with 2 M aqg. HCI (30 mL) and brine (30
mL). The organic extracts were dried (Na,SO,), filtered and concentrated in vacuo. The crude

product was purified by column chromatography (CH.CI,) to afford the title compound (S59) as a
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colourless solid (0.83 g, 93%). 1H NMR (500 MHz, CDCI3) & 8.54 (1H, brs), 8.00 (2H, d, J = 8.3
Hz), 7.49-4.48 (1H, m), 7.44-7.41 (1H, m), 7.36 (2H, d, J = 8.3 Hz), 7.30~7.27 (1H, m), 7.20~7.19
(1H, m), 4.80 (1H, s), 4.28 (1H, s), 3.39 (2H, s), 2.46 (3H, s), 1.72 (3H, s); 13C NMR (100 MHz,
CDCI3) & 166.2, 146.5, 145.3, 137.9, 135.6, 133.4, 131.92, 131.90, 129.7, 128.8, 128.6, 127.1,
112.9, 41.4, 23.1, 21.8; IR (thin film) 3217, 2922, 1724, 1595; HRMS (Cl/Isobutane) exact mass

calculated for C1gH20NO3S [M+H]* m/z 330.1164; found m/z 330.1158
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3. Oxyallylation Reactions

General Procedure for Pd-catalyzed heteroallylation of unactivated alkenes:

A 4 mL screw-top glass vial was charged with the substrate (1 equiv.), toluene (0.25 M), allyl halide
(5 equiv.), NaHCO; (2 equiv.) and Pd(hfacac), (5 mol%) and the vial was sealed under ambient
atmosphere. The resulting mixture was heated to 50 °C by immersion of the entire vial into a pre-
heated aluminum block until the substrate had been consumed, as judged by TLC analysis or 'H
NMR analysis. The reaction mixture was cooled to room temperature then purified directly by flash

chromatography on silica gel.

Pd(hfacac),, NaHCOj3,

OH toluene, allyl chloride, /
©1)I\ 50°C,16h 0

S4 S60

2-(but-3-enyl)-2,3-dihydro-2-methylbenzofuran S60. The general procedure was employed for
the heterocyclisation of 2-(2-methylallyl)phenol (S4) (49 mg, 0.33 mmol) with allyl chloride (0.13 mL,
1.6 mmol) over 16 h. Purification of the reaction mixture by flash chromatography (petroleum
ether:CH,Cl,, 17:3) afforded the title compound (S60) as a colourless oil (44 mg, 70%). '"H NMR
(500 MHz, CDCl5) & 7.14-7.09 (2H, m),6.81 (1H, t, J = 7.4 Hz), 6.73 (1H, d, J = 8.0 Hz), 5.83 (1H,
m), 5.03 (1H, dd, J = 17.1, 1.7 Hz), 4.95 (1H, dd, J = 10.2 Hz, 1.4 Hz), 3.10 (1H, d, J =15.6 Hz),
2.94 (1H, d, J = 15.5 Hz), 2.20-2.15 (2H, m), 1.85-1.81 (2H,m), 1.44 (3H, s). *C NMR (125 MHz,
CDCI3) 6 159.1, 138.5, 128.1, 127.0, 125.2, 120.0, 114.7, 109.5, 88.4, 41.4, 40.5, 28.6, 26.6; IR
(thin film) 1481, 1242. HRMS (EIl) exact mass calculated for C13H1;O [M+H]" m/z 189.1279, found

m/z 189.1283.

Pd(hfacac),, NaHCO3,
toluene, allyl chloride, /
OH S
50 °C, 24 h > 0 +

S6 S61 S62
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2-(but-3-enyl)-2,3-dihydro-2,7-dimethylbenzofuran S61. The general procedure was employed
for the heterocyclisation of 2-methyl-6-(2-methylallyl)phenol (S6) (910 mg, 5.6 mmol) with allyl
chloride (2.2 mL, 28 mmol) over 24 h. Purification of the reaction mixture by flash chromatography
(petroleum ether:CH.CI,, 9:1) afforded the title compound (S61) as a colourless oil (840 mg, 75%).
Side product $62 was also obtained as a pale yellow oil (159 mg, 16%), contaminated with a small
amount of unidentified impurity.

$61: '"H NMR (500 MHz, CDCl3) 8 6.97 (1H, d, J = 7.3 Hz), 6.93 (1H, d, J = 7.5 Hz), 6.73 (1H, t, J =
7.4 Hz), 5.90-5.82 (1H, m), 5.04 (1H, dq, J = 171, 1.7 Hz), 4.96 (1H, ddd, J = 10.2, 1.8, 1.3 Hz),
3.10 (1H, d, J = 15.4 Hz), 2.96 (1H, d, J = 15.4 Hz), 2.23-2.17 (5H, m), 1.89-1.80 (2H, m), 1.46
(3H, s); 3C NMR (125 MHz, CDCl3) 6 157.8, 138.7, 129.3, 126.2, 122.5, 119.8, 119.7, 114.5, 87.8,
41.9, 40.6, 28.6, 26.7, 15.4; IR (thin film) 1466, 1261; HRMS (EIl) exact mass calculated for C14H50
[M]" m/z 202.1358, found m/z 202.1358.

$62: '"H NMR (500 MHz, CDCl;) & 7.00-6.94 (4H, m), 6.78-6.73 (2H, m), 5.61-5.55 (1H, m),
5.52-5.46 (1H, m), 3.12-3.05 (2H, m), 2.98-2.85 (2H, m), 2.51-2.42 (2H, m), 2.27-2.13 (8H, m),
1.83-1.75 (2H, m), 1.47-1.45 (6H, m); 3C NMR (125MHz, CDCI3) & 157.65, 157.62, 134.1, 129.2,
129.1, 126.3, 126.2, 125.1, 122.5 (corresponds to two carbons), 119.80, 119.76, 119.6, 119.5, 87.8
(corresponds to two carbons), 44.4, 41.6, 41.1, 40.9, 27.5, 26.7, 26.6, 15.50, 15.49; IR (thin film)
1466, 1261; HRMS (El) exact mass calculated for CisH300, [M]" m/z 362.2246, found m/z

362.2248.

Pd(hfacac),, NaHCOs3,

OH toluene, allyl chloride, /
m 50 °C, 23 h o o)
Vel
O,N OoN

2

$10 S63
2-(but-3-enyl)-2,3-dihydro-2-methyl-5-nitrobenzofuran S63. The general procedure was
employed for the heterocyclisation of 2-(2-methylallyl)-4-nitrophenol (810) (64 mg, 0.33 mmol) with
allyl chloride (0.13 mL, 1.6 mmol) over 23 h. Purification of the reaction mixture by flash
chromatography (petroleum ether:CH,ClI,, 3:1) afforded the title compound (S63) as a colourless oil

(57 mg, 74%). "H NMR (500 MHz, CDCl5) & 8.09 (1H, dd, J = 8.8, 2.5 Hz), 8.04-8.03 (1H, m), 6.75
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(1H, d, J = 8.0 Hz), 5.86-5.78 (1H, m), 5.05 (1H, dq, J = 17.1, 3.3 Hz), 4.98 (1H, dq, J = 10.2, 1.4
Hz), 3.16 (1H, d, J = 16.0 Hz), 3.01 (1H, d, J = 16.0 Hz), 2.20-2.14 (2H, m), 1.88 (2H, t, J = 8.2 Hz),
1.49 (3H, s); C NMR (125 MHz, CDCl;) 5 164.6, 142.0, 137.8, 128.4, 126.0, 121.7, 115.2, 109.3,
92.0, 40.6, 40.5, 28.4, 26.6; IR (thin film) 1595, 1508, 1478, 1331, 1271, 1057; HRMS (El) exact

mass calculated for C13H1503N [M]" m/z 233.1052, found m/z 233.1052.

Pd(hfacac),, NaHCO3,

OH toluene, allyl chloride, /
>
MeO,C MeO,C

$12 S64

Methyl 2-(but-3-enyl)-2,3-dihydro-2-methylbenzofuran-5-carboxylate S64. The general
procedure was employed for the heterocyclisation of methyl 4-hydroxy-3-(2-methylallyl)benzoate
(S12) (68 mg, 0.33 mmol) with allyl chloride (0.13 mL, 1.6 mmol) over 24 h. Purification of the
reaction mixture by flash chromatography (petroleum ether:CH,Cl,, 1:1) afforded the title compound
(S64) as a colourless oil (54 mg, 67%). '"H NMR (500 MHz, CDCl;) 5 7.86 (1H, dd, J = 8.4, 1.8 Hz),
7.83 (1H, s), 6.73 (1H, d, J = 8.4 Hz), 5.86-5.78 (1H, m), 5.02 (1H, ddd, J=17.1, 1.7, 1.6 Hz), 4.96
(1H, ddd, J = 10.2, 1.6, 1.3 Hz), 3.87 (3H, s), 3.11 (1H, d, J = 15.7 Hz), 2.96 (1H, d, J = 15.7 Hz),
2.18-2.13 (2H, m), 1.86-1.82 (2H, m), 1.46 (3H, s); *C NMR (125 MHz, CDCl;) & 167.2, 163.2,
138.1, 131.3, 127.4, 1271, 122.3, 114.9, 109.2, 90.4, 51.9, 40.7, 40.4, 28.4, 26.6; IR (thin film)
1711, 1271; HRMS (Cl) exact mass calculated for CysH1g03 [M+H]" m/z 247.1334, found m/z

247.1333.

Pd(hfacac),, NaHCO3,

OH toluene, allyl chloride, /
>
Br Br

S15 S65

5-bromo-2-(but-3-enyl)-2,3-dihydro-2-methylbenzofuran S65. The general procedure was
employed for the heterocyclisation of 4-bromo-2-(2-methylallyl)phenol (815) (75 mg, 0.33 mmol)
with allyl chloride (0.13 mL, 1.6 mmol) over 16 h. Purification of the reaction mixture by flash

chromatography (petroleum ether:CH,Cl,, 17:3) afforded the title compound (S65) as a colourless
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oil (63 mg, 71%). "H NMR (500 MHz, CDCl3) & 7.23-7.22 (1H, m), 7.20-7.18 (1H, m), 6.60 (1H, d, J
= 8.4 Hz), 5.84-5.78 (1H, m), 5.03 (1H, dq, J = 17.1, 1.7 Hz), 4.96 (1H, ddd, J = 10.2, 1.7, 1.2 Hz),
3.08 (1H, d, J = 15.8 Hz), 2.93 (1H, d, J = 15.8 Hz), 2.18-2.13 (2H, m), 1.83-1.80 (2H, m), 1.43
(3H, s); ®C NMR (125 MHz, CDCl3) & 158.3, 138.2, 130.9, 129.5, 128.1, 114.8, 111.7, 111.0, 89.4,
41.1, 40.3, 28.4, 26.5; IR (thin film) 1472, 1256, 1234; HRMS (El) exact mass calculated for

C13H450Br [M]* m/z 266.0306, found m/z 266.0307.

O R \I)JJ Co-
X Z Z
$17

2-(but-3-enyl)-2,3-dihydrobenzofuran S66. To a solution of 2-allylphenol (44 mg, 0.33 mmol) and
allyl chloride (0.13 mL, 1.6 mmol) in toluene (1.3 mL) was added NaHCO3 (55 mg, 0.66 mmol) and
Pd(hfacac), (8.5 mg, 0.017 mmol). The mixture was heated at 50 °C for 20 h then filtered through a
short silica plug, rinsing with petroleum ether:EtOAc, 9:1. The 'H NMR spectrum of the crude
material showed a mixture of $66, S67'® and $68'in a 1 : 4.9 : 1.3 ratio. An analytical sample of
S66 was obtained by flash chromatography (petroleum ether:CH,Cl,, 9:1) for characterization
purposes. 'H NMR (500 MHz, CDCl3) & 7.15 (1H, d, J = 7.3 Hz), 7.10 (1H, t, J = 7.7 Hz), 6.82 (1H, t,
J = 7.6 Hz), 6.76 (1H, d, = 8.0 Hz), 5.91-5.82 (1H, m), 5.08 (1H, ddd, J = 17.1, 3.3, 1.6 Hz),
5.01-4.99 (1H, m), 4.81-4.75 (1H, m), 3.28 (1H, dd, J = 15.4, 7.8 Hz), 2.87 (1H, dd, J =154, 7.8
Hz), 2.32-2.18 (2H, m), 1.98-1.91 (1H, m), 1.80-1.73 (1H, m); "*C NMR (125 MHz, CDCl;) & 159.6,
137.9, 128.1, 127.0, 125.0, 120.3, 115.2, 109.4, 82.7, 35.6, 35.4, 29.8; IR (thin film) 1598, 1479,
1461, 1230 cm™; HRMS (El) exact mass calculated for Ci,;H4O [M]" m/z 174.1045, found m/z

174.1042.

Pd(hfacac),, NaHCOg3,

OH toluene, allyl bromide,
50°C,6h o/

S21 S69
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1-(but-3-enyl)-1,3-dihydro-1-methylisobenzofuran S$69. The general procedure was employed for
the heterocyclisation of (2-(prop-1-en-2-yl)phenyl) methanol (S21) (49 mg, 0.33 mmol) with allyl
bromide (0.14 mL, 1.6 mmol) over 6 h. Purification of the reaction mixture by flash chromatography
(petroleum ether:CH,Cl,, 1:1) afforded the title compound (S69) as a colourless oil (48 mg, 77%).
'H NMR (500 MHz, CDCI3) 6 7.28-7.24 (2H, m), 7.19-7.18 (1H, m), 7.09-7.08 (1H, m), 5.81-5.73
(1H, m), 5.10 (1H, d, J = 12.3 Hz), 5.06 (1H, d, J = 12.3 Hz), 4.93 (1H, ddt, J = 17.1, 1.8, 1.7 Hz),
4.87 (1H, ddt, J = 10.2, 1.8, 1.3 Hz), 2.15-2.08 (1H, m), 1.94-1.77 (3H, m), 1.48 (3H, s). 3C NMR
(125 MHz, CDCI3) 6 145.4, 139.2, 138.9, 127.5, 127.4, 121.1, 121.0, 114.2, 88.3, 71.8, 41.1, 28.6,
27.6; IR (thin film) 1451, 1358, 1026. HRMS (Cl/Isobutane) exact mass calculated for C43H4;O

[M+H]+ m/z 189.1279, found m/z 189.1281.

[ Pd(hfacac),, NaHCO3, |
toluene, allyl bromide,

° OH 50°C,4h °©
@% - m/\/

1-(but-3-enyl)-1,3-dihydro-5-methoxy-1-methylisobenzofuran S70. The general procedure was

employed for the heterocyclisation of (5-methoxy-2-(prop-1-en-2-yl)phenyl)methanol (S$25) (59 mg,
0.33 mmol) with allyl bromide (0.14 mL, 1.6 mmol) over 4 h. Purification of the reaction mixture by
flash chromatography (petroleum ether:EtOAc, 19:1) afforded the title compound (S70) as a
colourless oil (60 mg, 83%). 'H NMR (500 MHz, CDCls) 8 6.93 (1H, d, J= 8.3 Hz), 6.81 (1H, dd, J =
8.3, 2.3 Hz), 6.71 (1H, d, J = 2.0 Hz), 5.82-5.74 (1H, m), 5.05 (1H, d, J = 12.4 Hz), 5.01 (1H, d, J =
12.4 Hz), 4.96-4.92 (1H, m), 4.89-4.86 (1H, m), 3.81 (3H, s), 2.16-2.08 (1H, m), 1.93-1.79 (3H,
m), 1.46 (3H, s); 3C NMR (125 MHz, CDCl3) & 159.8, 141.0, 139.1, 137.9, 121.7, 114.1, 113.8,
106.4, 88.0, 77.6, 55.7, 41.3, 28.7, 27.8; IR (thin film) 1493, 1271, 1150, 1028; HRMS (EIl) exact

mass calculated for C14H1s0, [M]" m/z 218.1307, found m/z 218.1310.
Pd(hfacac),, NaHCOj3,

OH toluene, allyl chloride,
50°C,46h o Y
>

S$29 S71
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1-(but-3-en-1-yl)-1-(tert-butyl)-1,3-dihydroisobenzofuran (S71). To a solution of (2-(3,3-
dimethylbut-1-en-2-yl)phenyl)methanol (S29) (63 mg, 0.33 mmol) and allyl bromide (0.14 mL, 1.6
mmol) in toluene (1.3 mL) was added NaHCO3; (55 mg, 0.66 mmol) and Pd(hfacac), (8.5 mg, 0.017
mmol). The mixture was heated at 50 °C for 22 h then additional Pd(hfacac), (8.5 mg, 0.017 mmol)
added. Heating was continued for a further 24 h then the mixture allowed to cool to room
temperature and subjected directly to flash chromatography (petroleum ether.CH,ClI,, 17:3) to afford
the title compound (S71) as a colourless oil (45 mg, 60%). 'H NMR (500 MHz, CDCl3) & 7.28-7.22
(2H, m), 7.17-7.15 (2H, m), 5.79-5.71 (1H, m), 5.11 (1H, d, J = 12.2 Hz), 5.06 (1H, d, J = 12.2 Hz),
4.89-4.83 (2H, m), 2.08-2.03 (1H, m), 1.98-1.88 (2H, m), 1.45-1.37 (1H, m), 0.96 (9H, s); *C NMR
(125 MHz, CDCI3) & 142.0, 140.9, 139.4, 127.3, 126.8, 123.0, 120.7, 113.9, 96.1, 74.0, 40.2, 34.5,
30.1, 25.8; IR (thin film) 2955, 1040; HRMS (Cl) exact mass calculated for CigH230 [M+H]" m/z

231.1749, found m/z 231.1751.

Pd(hfacac),, NaHCO3,
toluene, allyl bromide,
50 °C, 16 h - o
=

S32 S72

3-(but-3-enyl)-3,4-dihydro-3-methyl-1H-isochromene S72. The general procedure was employed
for the heterocyclisation of (2-(2-methylallyl)phenyl)methanol (S32) (54 mg, 0.33 mmol) with allyl
bromide (0.14 mL, 1.6 mmol) over 16 h. Purification of the reaction mixture by flash chromatography
(petroleum ether:CH,Cl,, 1:1) followed by trituration with petroleum ether to remove a yellow solid
afforded the title compound (S72) as a colourless oil (48 mg, 71%). '"H NMR (500 MHz, CDCl;) &
7.18-7.15 (2H, m), 7.10-7.07 (1H, m), 7.03-6.99 (1H, m), 5.90-5.82 (1H, m), 5.05 (1H, ddd, J =
17.1, 3.5, 1.7 Hz), 4.96 (1H, ddd, J = 10.2, 3.1, 1.3 Hz), 4.80 (1H, d, J = 15.5 Hz), 4.75 (1H, d, J =
15.5 Hz), 2.79 (1H, d, J = 16.1 Hz), 2.66 (1H, d, J = 16.1 Hz), 2.25-2.19 (2H, m), 1.75 (1H, ddd, J =
13.8, 10.3, 6.1 Hz), 1.61 (1H, ddd, J = 13.8, 10.6, 6.4 Hz), 1.25 (3H, s); '*C NMR (125 MHz, CDCl5)

0 139.0, 134.4, 133.0, 129.3, 126.5, 126.0, 124.1, 114.4, 72.7, 63.1, 39.2, 38.8, 28.1, 23.4; IR (thin
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film) 1454, 1373, 1080; HRMS (EI) exact mass calculated for C44H130 [M]" m/z 202.1358, found m/z
202.1360.

Pd(hfacac),, NaHCO3,

toluene-dg, allyl bromide, /
50 °C, 6 h o]
OH >

S34 S73

2-(but-3-enyl)-tetrahydro-2-methylfuran S73. A 4 mL glass vial was charged with 4-methylpent-4-
en-1-ol (S34) (19 mg, 0.19 mmol), toluene-d® (0.75 mL), allyl bromide (0.08 mL, 0.95 mmol),
NaHCO; (32 mg, 0.38 mmol) and Pd(hfacac), (4.9 mg, 0.01 mmol). The resulting mixture was
heated at 50 °C for 6 h then filtered through cotton wool directly into an NMR tube, rinsing with
further toluene-d® (0.75 mL).

'H NMR analysis indicated a 94% vyield of titte compound (S73) (cf. 1,3,5-trimethoxybenzene
internal standard). A small amount of the volatile oil was purified by flash chromatography
(chloroform) for characterisation. '"H NMR (500 MHz, CDCl3) & 5.88-5.80 (1H, m), 5.02 (1H, dq, J =
17.1, 1.7 Hz), 4.94-4.92 (1H, m), 3.86-3.77 (2H, m), 2.17-2.05 (2H, m), 1.98-1.85 (2H, m), 1.77—
1.71 (1H, m), 1.67-1.53 (3H, m), 1.18 (3H, s); "*C NMR (125 MHz, CDCl;) & 139.3, 114.2, 82.5,
67.3, 40.4, 36.9, 29.2, 26.2, 25.8; IR (thin film) 2969, 1047; HRMS (CIl) exact mass calculated for

CoH470 [M+H]" m/z 141.1279, found m/z 141.1275.

nOe
Pd(hfacac),, NaHCO3,

HO OH toluene, aIIyI bromide, H /
%j/\ 50°C,2.5h o] \1/ \/E/

S§37

(5-(but-3-enyl)-tetrahydro-5-methylfuran-3-yl)methanol S74 and S75. The general procedure
was employed for the heterocyclisation of 2-(2-methylallyl)propane-1,3-diol (S37) (39 mg, 0.30
mmol) with allyl chloride (0.12 mL, 1.5 mmol) over 2.5 h. Purification of the reaction mixture by flash
chromatography (petroleum ether:EtOAc, 19:1) afforded the title compound (S74 and S75) as a
colourless oil (32 mg, 63%) and as a 1.4:1 mixture of inseperable diastereomers, determined by
nOe as shown above. '"H NMR (500 MHz, CDCl3) & 5.85-5.79 (2H, m, S74), 5.04-5.00 (2H, m,

S74, S75), 4.95-4.92 (2H, m, S74, S75), 3.99 (1H, dd, J = 8.8, 7.4 Hz, S74), 3.95 (1H, dd J = 8.9,
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7.3 Hz, S75), 3.66-3.58 (6H, m, S74, S75), 2.63-2.48 (2H, m, S74, S75), 2.14-2.04 (4H, m, S74,
S75), 1.97 (1H, dd, J 12.7 Hz, S75), 1.84 (1H, dd, J = 12.4 Hz, 8.3 Hz, S74), 1.67—1.58 (4H, m,
S74, S75), 1.55-1.38 (4H, m, S74, S75), 1.25 (3H, m, S75), 1.18 (3H, s, S74); °C NMR (125 MHz,
CDCls) 5 139.06 (S75), 139.01 (S74), 114.36 (S74), 114.31 (S75), 83.20 (S74), 83.02 (S75), 69.56
(S74), 69.53 (S75), 65.42 (S75), 65.34 (S74), 42.7 (S74), 42.2 (S75), 41.0 (S74), 40.5 (S75), 40.2
(S74), 39.9 (S75), 29.2 (S74), 29.0 (S75), 26.3 (S75), 25.4 (S74); IR (thin film) 3377, 2930, 1049,

1022; HRMS (CI) exact mass calculated for C1qH190, [M+H]" m/z 171.1385, found m/z 171.1388.

(e N

>

? z 9

Sz
I
X

OH Pd(hfacac),, NaHCO3,
toluene, aIIyI bromide,
©)\/\ﬂ/ 50°C,6h /

2-(but-3-enyl)-tetrahydro-2-methyl-5-phenylfuran S76 and S77. The general procedure was

S77

employed for the heterocyclisation of 4-methyl-1-phenylpent-4-en-1-ol (S40) (49 mg, 0.33 mmol)
with allyl bromide (0.14 mL, 1.6 mmol) over 6 h. Purification of the reaction mixture by flash
chromatography (petroleum ether:CH,Cl,, 3:1) afforded a 1.3:1 mixture of diastereomers (S76 and
S77) (55 mg, 77%), determined by nOe as shown above. A sample of each diastereomer was
separated by flash chromatography (petroleum ether:CH,Cl,, 3:1) for analytical purposes.

$76: 'H NMR (500 MHz, CDCl3) & 7.37-7.35 (2H, m), 7.34-7.31 (2H, m), 7.25-7.22 (1H, m), 5.93—
5.85 (1H, m), 5.06 (1H, dqg, J = 17.1, 1.7 Hz), 4.98-4.92 (2H, m), 2.33—2.28 (1H, m), 2.27-2.14 (2H,
m), 1.98-1.89 (2H, m), 1.86—1.82 (1H, m), 1.79-1.67 (2H, m), 1.36 (3H, s); °C NMR (125 MHz,
CDCI3) 6 143.8, 139.3, 128.4, 127.2, 126.0, 114.2, 83.5, 81.1, 40.9, 37.8, 25.7, 29.2, 27.1; IR (thin
film) 1449, 1044,+ 1020; HRMS (EI) exact mass calculated for C15H200 [M]* m/z 216.1514, found
m/z 216.1519.

$77: "H NMR (500 MHz, CDCl3) & 7.37-7.35 (2H, m), 7.33=7.30 (2H, m), 7.25-7.22 (1H, m), 5.94—
5.86 (1H, m), 5.07 (1H, ddd, J = 17.1, 1.8, 1.7 Hz), 4.99-4.96 (2H, m), 2.36-2.29 (1H, m), 2.27—

2.21 (2H, m), 1.99-1.93 (1H, m), 1.89-1.70 (4H, m), 1.33 (3H, s); *C NMR (125 MHz, CDCl;) &
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143.6, 139.4, 128.4, 127.3, 126.0, 114.3, 83.3, 80.2, 37.6, 35.6, 29.3, 26.3; IR (thin film) 2967,

1045; HRMS (EIl) exact mass calculated for C15H2,0 [M]" m/z 216.1514, found m/z 216.1510.

GhnY
e
<~

"y
o T
""6]:
I
>

Pd(hfacac),, NaHCO3,
toluene aIIyI bromide,
50 °C, 23 h /

2-(but-3-enyl)-5-(4-(trifluoromethyl)phenyl)-tetrahydro-2-methylfuran S78 and S79. The

S79

general procedure was employed for the heterocyclisation of 1-(4-(trifluoromethyl)phenyl)-4-
methylpent-4-en-1-ol (S42) (81 mg, 0.33 mmol) with allyl bromide (0.14 mL, 1.6 mmol) over 23 h.
Purification of the reaction mixture by flash chromatography (petroleum ether:CH,CI,, 1:1) afforded
a 1.5:1 mixture of diastereomers (S78 and S79) (71 mg, 76%), determined by nOe as shown
above.. A sample of each diastereomer was separated by flash chromatography (petroleum
ether:CH,CI,, 3:1) for analytical purposes.

S78: '"H NMR (500 MHz, CDCI3) 6 7.58 (2H, d, J = 8.2 Hz), 7.46 (2H, d, J = 8.4 Hz), 5.92-5.84 (1H,
m), 5.05 (1H, ddd, J =17.1, 1.8, 1.7 Hz), 5.00-4.94 (2H, m), 2.39-2.32 (1H, m), 2.25-2.14 (2H, m),
2.00-1.94 (1H, m), 1.90-1.81 (2H, m), 1.79-1.68 (2H, m), 1.35 (3H, s); "*C NMR (125 MHz, CDCl;)
5 148.2, 139.1, 129.6 (q, 2J (C-F) = 32 Hz), 126.1, 125.4 (q, °J (C-F) = 3.7 Hz), 124.5 (q, 'J (C-F) =
272 Hz), 114.3, 84.0, 80.3, 40.8, 37.7, 35.6, 29.1, 27.0; IR (thin film) 1323, 1121, 1065; HRMS (CI)
exact mass calculated for C1gH»0OF3 [M+H]" m/z 285.1466, found m/z 285.1460.

$79: '"H NMR (500 MHz, CDClI3) 6 7.58 (2H, d, J = 8.2 Hz), 7.47 (2H, d, J = 8.1 Hz), 5.93-5.85 (1H,
m), 5.06 (1H, ddd, J = 17.2, 1.8, 1.6 Hz), 5.03 (1H, t, J = 7.0 Hz), 4.99-4.96 (1H, m),. 2.42-2.35
(1H, m), 2.29-2.16 (2H, m), 1.98-1.92 (1H, m), 1.86-1.80 (2H, m), 1.78-1.72 (2H, m), 1.33 (3H, s);
3C NMR (125 MHz, CDCl3) & 147.9, 139.1, 129.6 (q, 2J (C-F) = 33 Hz), 126.1, 125.4 (q, °J (C-F) =
3.8 Hz), 124.5 (q, 'J (C-F) = 272 Hz), 114.4, 83.9, 79.4, 41.4, 37.5, 35.5, 29.3, 26.3; IR (thin film)
1323, 1121, 1065; HRMS (CI) exact mass calculated for C1gH20OF3 [M+H]" m/z 285.1466, found

m/z 285.1467.
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Bocsy Pd(hfacac),, NaHCO3,

OH toluene, allyl bromide, BOC\N /
50°C,7h > O,

S44 S80

tert-butyl-2-(but-3-en-1-yl)-2-methyl-1-oxa-8-azaspiro[4.5]decane-8-carboxylate (S80). The
general procedure was employed for the heterocyclisation of tert-butyl-4-hydroxy-4-(3-methylbut-3-
en-1-yl)piperidine-1-carboxylate (S44) (85 mg, 0.31 mmol) with allyl bromide (0.14 mL, 1.6 mmol)
over 7 h. Purification of the reaction mixture by flash chromatography (CH,CI, then CH,CI,:EtOAc,
9:1) afforded the title compound (S80) as a colourless oil (70 mg, 73%). '"H NMR (500 MHz, CDCls)
5 5.88-5.79 (1H, m), 5.01 (1H, ddd, J = 17.1, 1.8, 1.6 Hz), 4.94-4.92 (1H, m), 3.46-3.38 (4H, m),
2.15-2.05 (2H, m), 1.89-1.71 (4H, m), 1.60-1.48 (6H, m), 1.45 (9H, s), 1.19 (3H, s); °C NMR (125
MHz, CDCI;) & 155.1, 139.3, 114.2, 83.0, 80.4, 79.4, 41.8, 41.5, 38.6, 38.1, 36.4, 36.3, 29.3, 28.6,
27.7; IR (thin film) 1692, 1418, 1364, 1244, 1171, 1142. HRMS (EIl) exact mass calculated for

C1sH3103N [M]" m/z 309.2304, found m/z 309.2308.

c Pd(hfacac),, NaHCO3,
toluene, allyl bromide,

OH 50°C,24 h -

_—

JC

S46 S81
2-(but-3-enyl)-5,5-bis(4-chlorophenyl)-tetrahydro-2-methylfuran S81. The general procedure
was employed for the heterocyclisation of 1,1-bis(4-chlorophenyl)-4-methylpent-4-en-1-ol (S46) (50
mg, 0.16 mmol) with allyl bromide (0.075 mL, 0.80 mmol) over 24 h. Purification of the reaction
mixture by flash chromatography (petroleum ether:CH,CI,, 17:3) afforded the title compound (S81)
as a colourless oil (42 mg, 72%). '"H NMR (500 MHz, CDCl3) & 7.37-7.34 (4H, m), 7.25-7.23 (4H,
m), 5.85 (1H, m), 5.00 (1H, ddd, J = 17.1, 1.7, 1.6), 4.94-4.92 (1H, m), 2.65-2.56 (2H, m), 2.24—
2.17 (1H, m), 2.13-2.05 (1H, m), 1.88-1.76 (2H, m), 1.69-1.63 (1H, m), 1.61-1.54 (1H, m), 1.25
(3H, s); 3C NMR (125 MHz, CDCI3) 6 146.4, 146.1, 139.0, 132.60, 132.57, 128.34, 128.33, 127.30,
127.29, 114.4, 87.2, 84.8, 41.6, 38.8, 37.6, 29.4, 26.6; IR (thin film) 1489, 1090, 1011; HRMS (CI)

exact mass calculated for C,1H»30ClI, [M+H]" m/z 361.1126, found m/z 361.1118.
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(0] Pd(hfacac),, NaHCO3, 0
toluene, allyl bromide,
H 50°C,5h
© r 0 Y
S20 S82

3-(but-3-enyl)-3-methylisobenzofuran-1(3H)-one S$82. The general procedure was employed for
the heterocyclisation of 2-(prop-1-en-2-yl) benzoic acid (820) (54 mg, 0.33 mmol) with allyl bromide
(0.14 mL, 1.6 mmol) over 5 h. Purification of the reaction mixture by flash chromatography
(petroleum ether:EtOAc, 9:1) afforded the title compound (S82) as a colourless oil (51 mg, 85%). 'H
NMR (500 MHz, CDCl3) 6 7.87 (1H, dt, J = 7.6, 0.9 Hz), 7.66 (1H, td, J = 7.5, 1.1 Hz), 7.50 (1H, td,
J=75,08Hz),7.36 (1H,d, J=7.7 Hz), 5.74-5.66 (1H, m), 4.94-4.89 (2H, m), 2.15 (1H, ddd, J =
13.6, 11.2, 4.8), 2.10-2.02 (1H, m), 1.96 (1H, ddd, J = 13.7, 11.0, 4.6 Hz), 1.80-1.73 (1H, m), 1.65
(3H, s); 3C NMR (125 MHz, CDCl3) 6 169.9, 153.9, 137.3, 134.2, 129.1, 126.5, 126.0, 121.0, 115.2,
87.3, 39.3, 28.0, 26.3; IR (thin film) 1751, 1285, 1030; HRMS (El) exact mass calculated for

C13H1402 [M]" m/z 202.0994, found m/z 202.0991.

(0] Pd(hfacac),, NaHCO3, le)
toluene, allyl bromide,
OH 50°C,5h
? ot o) Y
Ph
Ph
S48 S83

3-(but-3-enyl)-3-phenylisobenzofuran-1(3H)-one S83. A 4 mL screw-top glass vial was charged
with 2-(1-phenylvinyl)benzoic acid (S48) (90 mg, 0.40 mmol), toluene (1.3 mL), NaHCO; (67 mg,
0.80 mmol), allyl bromide (0.17 mL, 2.0 mmol) and Pd(hfacac), (10 mg, 0.02 mmol). The mixture
was heated at 50 °C for 5 h then additional Pd(hfacac), (10 mg, 0.02 mmol) added. The reaction
was heated 50 °C for a further 19 h. The reaction mixture was cooled to room temperature, and
subjected directly to flash chromatography (petroleum ether:EtOAc, 9:1) to afford the title compound
(S83) as a colourless oil (74 mg, 70 %). '"H NMR (400 MHz, CDCl3) & 7.82 (1H, d, J = 7.6 Hz),
7.63-7.57 (1H, m), 7.50-7.42 (4H, m), 7.33-7.27 (2H, m), 7.26-7.21 (1H, m), 5.65 (1H, ddt, J =

17.2, 10.0, 6.3 Hz), 4.90-4.80 (2H, m), 2.55 (1H, ddd, J = 14.0, 11.6, 4.8 Hz), 2.26-2.17 (1H, m),
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2.01-1.91 (1H, m), 1.88-1.76 (1H, m); 3C NMR (100 MHz, CDCIl;) © 169.8, 152.7, 140.2, 136.9,
134.3, 129.1, 128.7, 128.1, 125.9, 124.9, 122.1, 115.1, 89.7, 39.3, 28.0; IR (thin film) 3055, 2918,
1760, 1259; HRMS HRMS (ESI) exact mass calculated for C1gH102 [M+Na]® m/z 287.1048, found

m/z 287.1038.

Pd(hfacac),, NaHCO3,

toluene aIIyI bromide,

S84
not observed

A 4 mL screw-top glass vial was charged with 2-vinylbenzoic acid (S50) (59 mg, 0.40 mmol),
toluene (1.3 mL), NaHCO; (67 mg, 0.80 mmol), allyl bromide (0.17 mL, 2.0 mmol) and Pd(hfacac),
(10 mg, 0.02 mmol). The mixture was heated at 50 °C for 18 h. The reaction mixture was cooled to
room temperature and filtered through a cotton wool plug. Analysis of the crude material revealed
no formation of compound S84 but instead gave unreacted starting material $50, exo-methylene

lactone S85%° and isocoumarin $86°" in a ratio of 4.3: 0.9 : 1.0 respectively.
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4. Deuterium labeling experiment

D
Pd(hfacac),, NaHCO3,
toluene 50 °C,6h 0 Y/

1-(3,3-d>-but-3-enyl)-1,3-dihydro-1-methylisobenzofuran S87. A 4 mL glass screw-top vial was

charged with (2-(prop-1-en-2-yl)phenyl) methanol (S21) (51 mg, 0.34 mmol), freshly prepared 3-
bromo-3,3-d,-prop-1-ene® (0.21 mg, 1.7 mmol), toluene (1.3 mL), NaHCO; (37 mg, 0.68 mmol) and
Pd(hfacac), (8.5 mg, 0.017 mmol). The mixture was heated at 50 °C for 4 h then additional
Pd(hfacac), (8.5 mg, 0.017 mmol) added. Heating was continued for a further 2 h, then the mixture
was allowed to cool to room temperature and subjected directly to flash chromatography (petroleum
ether:EtOAc, 9:1) to afford the titte compound (S87) as a yellow oil (53 mg, 82%). 'H NMR (500
MHz, CDCls) & 7.28-7.24 (2H, m), 7.20-7.18 (1H, m), 7.10-7.08 (1H, m), 5.80-5.73 (1H, m), 5.10
(1H, d, J = 12.3 Hz), 5.06 (1H, d, J = 12.3 Hz), 2.17-2.08 (1H, m), 1.96-1.87 (3H, m), 1.49 (3H, s);
3C NMR (125 MHz, CDCl;) 6 145.3, 139.2, 138.6, 127.5, 127.4, 121.1, 121.0, 113.6 (1J (C-D) =24
Hz), 88.3, 71.8, 41.0, 28.5, 27.6; IR (thin film) 1765, 1451, 1358, 1030; HRMS (Cl/Isobutane) exact

mass calculated for C43H1sD,0 [M+H]" m/z 191.1405, found m/z 191.1413.
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5. Aminoallylation

Q o]
Pd(hfacac),, KH,POy4,
NHTs toluene/H,0, allyl chloride, A NTs
50 °C, 16 h |
A Y = S
S53 S88

3-(but-3-en-1-yl)-2-tosyl-3,4-dihydroisoquinolin-1(2H)-one S88. A 4 mL screw-top glass vial was
charged with 2-allyl-N-tosyl-benzamide (853) (50 mg, 0.16 mmol), toluene (0.64 mL), H,O (0.64
mL), KH,PO,4 (44 mg, 0.32 mmol), allyl chloride (0.07 mL, 0.79 mmol) and Pd(hfacac). (4.0 mg, 0.02
mmol). The mixture was heated at 50 °C for 16 h. The mixture was cooled to room temperature,
and subjected directly to flash chromatography (petroleum ether:EtOAc, 9:1) to yield the title
compound as a white powdered solid (S88) (53 mg, 95%). 'H NMR (500 MHz, CDCl;) & 8.03-7.95
(3H, m) 7.50-7.46 (1H, m), 7.34-7.19 (4H, m), 5.76 (1H, ddt, J = 16.9 Hz, 10.3 Hz, 6.5 Hz),
5.06-4.95 (3H, m), 3.35 (1H, dd, J = 16.2 Hz, 5.5 Hz), 2.97 (1H, dd, J = 16.3 Hz, 1.8 Hz), 2.41 (3H,
s), 2.17-2.10 (2H, m) 1.91-1.80 (1H, m), 1.68-1.49 (1H, m); 3C NMR (100 MHz, CDCI3) 6 163.0,
144.8, 137.0, 136.9, 136.9, 133.8, 129.5, 129.1, 129.1, 128.3, 128.3, 127.6, 115.8, 55.5, 32.8, 32.4,
30.7, 21.8; IR (thin film) 2924, 1684; HRMS (Cl/Isobutane) exact mass calculated for C,0H2,NO3S

[M+H]" m/z 356.1320; found m/z 356.1319.

80°C,19h

0 0
N syt
oluene , allyl chloride,
N NHTs PG 19 =N
A -

\
¢
%

—

S57 S89
3-(but-3-en-1-yl)-2-tosyl-3,4-dihydropyrrolo[1,2-a]pyrazin-1(2H)-one S89. A 4 mL glass screw-
top vial was charged with 1-allyl-N-tosyl-pyrrole-2-carboxamide (S57) (48 mg, 0.16 mmol), toluene
(0.64 mL), H,O (0.64 mL), KH,PO4 (44 mg, 0.32 mmol), allyl chloride (0.07 mL, 0.79 mmol) and
Pd(hfacac), (8.0 mg, 0.01 mmol). The mixture was heated at 80 °C for 19 h. The mixture was
cooled to room temperature, and subjected directly to column chromatography (petroleum
ether:EtOAc, 90:10) to yield the title compound (S89) as a white powdered solid (33 mg, 0.10 mmol,

61%). 'H NMR (500 MHz, CDCl3) 5 7.99 (2H, d, J = 8.4 Hz), 7.31 (2H, d, J = 8.1 Hz), 6.97 (1H, dd,
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J=4.0 Hz, 1.5 Hz), 6.76 (1H, dd, 2.2, 1.7 Hz), 6.23 (1H, dd, J = 4.0 Hz, 2.5 Hz), 5.80 (1H, ddt, J =
10.3, 6.5, 3.5 Hz), 5.09-5.03 (2H, m), 4.98-4.93 (1H, m), 4.29 (1H, dd, J = 13.2, 3.9 Hz), 4.15 (1H,
dd, 13.2, 1.5 Hz), 2.42 (3H, s), 2.17 (2H, m), 1.84 (1H, m), 1.68 (1H, m); *C NMR (100 MHz,
CDCl3) & 156.1, 144.8, 136.6, 136.5, 129.4, 129.0, 125.1, 122.5, 116.8, 116.2, 111.0, 55.6, 47.0,
31.5, 30.2, 21.7; IR (thin film) 2359, 1670, 1161; HRMS (El) exact mass calculated for C1gHaoN203S

[M]* m/z 344.1197; found m/z 344.1195.

Pd(hfacac),, KHyPOy,, O
NHTs toluene/H,0, allyl chloride,
50 °C, 48 h - NTs

-

$90
S$59

3-(but-3-en-1-yl)-3-methyl-2-tosyl-3,4-dihydroisoquinolin-1(2H)-one 90. A 4 mL screw-top glass
vial was charged with 2-(2-methyl)-allyl-N-tosyl-benzamide (S59) (52 mg, 0.16 mmol), toluene (0.64
mL), H,O (0.64 mL), KH,PO4 (44 mg, 0.32 mmol), allyl chloride (0.07 mL, 0.79 mmol) and
Pd(hfacac), (8.0 mg, 0.01 mmol). The mixture was heated at 50 °C for 48 h. The mixture was
cooled to room temperature, and subjected directly to flash chromatography (1:1 petroleum
ether/CH,CI,) to yield the title compound as a white powdered solid (S90) (17 mg, 33%). Attempts
to increase yield by variation of concentration, temperature and time were unsuccessful. '"H NMR
(500 MHz, CDCI3) & 7.95 (2H, d, J = 8.4 Hz), 7.80 (1H, dd, J = 7.8, 0.9 Hz), 7.56-7.36 (2H, m),
7.31-7.13 (3H, m), 5.74 (1H, ddt, J = 17.0, 10.3, 6.4 Hz), 5.00 (1H, dd, J = 17.1, 1.7 Hz), 4.95 (1H,
dd, J = 10.1, 1.6 Hz), 3.07 (2H, s), 2.42 (3H, s), 2.23-2.10 (4H, m), 1.93 (3H, s); *C NMR (100
MHz, CDCI3) 6 157.4, 145.2, 137.1, 136.5, 129.6, 129.2, 128.6, 123.3, 121.4, 116.4, 109.8, 109.4,
56.0, 43.5, 32.1, 30.5, 21.8; IR (thin film) 3394, 1683, 1348; HRMS (Cl/Isobutane) exact mass

calculated for C,1H24NO3S [M+H]" m/z; found m/z 370.1475.
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6. Synthesis of Citalopram

1.i) Mg, I, (cat.), THF, rt, 30 min

ii) CH,Cly, tt, 20 h
N NR
C Mo OO
s92 O
-
_—
2. [MePPhy]Br, KOtBU,
THF, t, 1.5 h
F
F
591 593

4-(1-(4-fluorophenyl)vinyl)-3-(hydroxymethyl)benzonitrile S93. Following a modification of a
reported procedure,? to mixture of magnesium turnings (200 mg, 8.2 mmol) and a crystal of iodine
in THF (7 mL) was added 1-bromo-4-fluorobenzene (S§91) (0.76 mL, 6.9 mmol). The mixture slowly
warmed and refluxed gently at the neck of the flask. After 30 minutes the mixture had cooled to
room temperature and was added by syringe to a cooled (0 °C) suspension of 5-cyanophthalide
(892) (1.0 g, 6.3 mmol) in CH,CI, (10 mL). The cooling bath was removed and the mixture allowed
to warm to room temperature then stirred for 20 h. The reaction mixture was quenched with sat. aq.
NH4CI (25 mL) and extracted with Et,O (2 x 25 mL). The combined organics were washed with
brine (25 mL), dried (Na,SO,), filtered and concentrated in vacuo. The residue was passed through
a silica plug (petroleum ether:EtOAc, 7:3) to afford a yellow oil. The oil was dissolved in THF (11
mL) and added dropwise to a suspension of methyl triphenylphosphonium bromide (4.4 g, 12 mmol)
and potassium tert-butoxide (1.4 g, 12 mmol) in THF (44 mL). The mixture was stirred at room
temperature for 1.5 h then sat. aq. NH4Cl (25 mL) added and the mixture extracted with Et,O (50
mL). The organic extracts were washed with brine (25 mL), dried (Na,SO,), filtered and
concentrated in vacuo. Purification by flash chromatography afforded the title compound (S93) as a
yellow oil (757 mg, 47% over two steps). '"H NMR (500 MHz, CDCls) & 7.88 (1H, d), 7.61 (1H, dd, J
= 7.8, 1.6 Hz), 7.33 (1H, d, J = 7.8 Hz), 7.20-7.16 (2H, m), 7.02-6.98 (2H, m), 5.79 (1H, s), 5.23
(1H, s), 4.45 (2H, d, J = 5.8 Hz), 1.78 (1H, t, J = 5.8 Hz); "*C NMR (125 MHz, CDCl5) & 162.9 (d, 'J
(C-F) = 249 Hz), 145.9, 144.6, 140.5, 135.5 (d, *J (C-F) = 4 Hz), 131.14, 131.12, 130.8, 128.3 (d, *J

(C-F) = 8 Hz, 118.9, 116.6, 115.9 (d, 2J (C-F) = 22 Hz), 112.1, 62.0; IR (thin film) 3439, 2231, 1601,
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1507, 1224, 1160; HRMS (EIl) exact mass calculated for C1sH12ONF [M]" m/z 253.0903, found m/z

253.0900.

N B3
OH Pd(hfacac),, NaHCO3, S
toluene, allyl chloride, | 0] /
50°C,26.5h F

S93 S94
1-(but-3-enyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carbonitrile S94. A 4 mL glass
screw-top vial was charged with of 4-(1-(4-fluorophenyl)vinyl)-3-(hydroxymethyl)benzonitrile (S93)
(147 mg, 0.58 mmol), allyl chloride (0.22 mL, 2.7 mmol), toluene (2.2 mL), NaHCO3; (92 mg, 1.1
mmol) and Pd(hfacac), (14 mg, 0.027 mmol). The mixture was heated at 50 °C for 8.5 h then
additional Pd(hfacac), (14 mg, 0.027 mmol) added. Heating was continued for a further 18 h then
the mixture allowed to cool to room temperature and subjected directly to flash chromatography
(petroleum ether:CH,Cl,, 1:1) to afford the title compound (S94) as a yellow oil (98 mg, 61%). 'H
NMR (500 MHz, CDCl3) & 7.60 (1H, d, J = 7.8 Hz), 7.50 (1H, s), 7.44-7.41 (2H, m), 7.39 (1H, d, J =
7.9 Hz), 7.03-7.00 (2H, m), 5.81-5.73 (1H, m), 5.20 (1H, d, J = 13.0 Hz), 5.15 (1H, d, J = 13.0 Hz),
4.96-4.90 (2H, m), 2.32-2.26 (1H, m), 2.22-2.16 (1H, m), 2.09-2.01 (1H, m), 1.95-1.88 (1H, m);
3C NMR (125 MHz, CDCl3) 8 162.2 (d, 'J (C-F) = 247 Hz), 149.3, 140.5, 139.6 (d, *J (C-F) = 3 Hz),
137.9, 132.0, 126.9 (d, °J (C-F) = 8 Hz), 125.3, 122.9, 118.7, 115.5 (d, 2J (C-F) = 21 Hz), 114.8,
111.9, 91.1, 71.4, 40.6, 28.4; IR (thin film) 2231, 1506, 1479, 1225, 1159; HRMS (CIl) exact mass

calculated for C19H:7ONF [M+H]" m/z 294.1294, found m/z 294.1288.

i) OsOy,, acetone,
H,0O, rt, 24 h
ii)NalO4, 0°Ctort, 6 h

i) NHMe, (2M in THF)
EtOH, 80 °C, 1 h
ii) NaBH(OAc)s, i,

S94 S95 S96
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Citalopram S96. To a solution of 1-(but-3-enyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-
carbonitrile (S94) (170 mg, 0.57 mmol) in acetone (19 mL) and water (10 mL) was added NMO
(330 mg, 2.8 mmol) then OsO,4 (4% wt. in H,O, 0.18 mL, 0.03 mmol). The resulting mixture was
stirred at room temperature for 23 h then cooled to 0 °C and NalO4 (290 mg, 1.4 mmol) added. The
reaction mixture was allowed to warm to room temperature and stirred for 2 h then quenched with
sat. aq. sodium sulfite (25 mL) and extracted with EtOAc (3 x 25 mL). The combined organic
extracts were washed with brine (25 mL), dried (Na,SQ,), filtered and concentrated in vacuo to
afford a yellow oil (S95). The oil was dissolved in EtOH (5.7 mL) and dimethylamine (2M in THF,
0.86 mL, 1.7 mmol) added. The resulting mixture was heated to reflux for 1 h then cooled to room
temperature. NaBH(OAc); (160 mg, 0.74 mmol) was then added in one portion and the mixture
stirred at room temperature for 18 h. The reaction mixture was quenched with 1M aq. HCI (5 mL)
and partitioned between Et,0O (25 mL) and sat. ag. NaHCO; (25 mL). The aqueous phase was
further extracted with Et,0 (2 x 25 mL) and the combined organic extracts washed with brine (25
mL), dried (Na,SOQ,), filtered and concentrated in vacuo. Purification by flash chromatography
(CH,CIl:MeOH:NEt;, 95:4:1) afforded the title compound (S96) as a colourless oil (114 mg, 62%

over two steps). Analytical data observed were in accordance with literature values.?*
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7. NMR Spectra of New Compounds

'H and "*C NMR data for all new compounds follow below.
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PROBHD 5 mm PABBO BB-
PULPROG zg30
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SOLVENT CDC13
NS 16
DS 2
SWH 10273.973
FIDRES 0.138815
AQ 3.6019673
RG 161
DW 48.667
DE 7.02
TE 302.5
D1 0.50000000
TDO 1
======== CHANNEL fl ====
NUC1 1H
Pl 11.00
PL1 1.10
PL1W 18.32853889
SFO1 500.1930889
ST 131072
SF 500.1900106
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
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INSTRUM spect
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TD 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 30000.000 Hz

()FI FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 303.5 K

S7 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728467 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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RG 2050
“ﬂe(DZ(: DW 16.667 usec
DE 8.01 usec
TE 272.2 K
$12 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728588 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
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D11 0.03000000 sec
S25 TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728489 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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20 3.6019673 sec
RG 90.5
OH DW 48.667 usec
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TDO 1
=—=—=—== CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
S28 PL1 1.10 dB
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SF 500.1900121 MHz
WDW EM
SSB 0
LB 0.30 Hz
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D1 2.00000000 sec
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TDO 1
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======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728593 MHz
WDW EM
SSB 0
LB 1.00 Hz
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OH NS 1024

DS 4
SWH 30000.000 Hz
FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 297.5 K
D1 2.00000000 sec
D11 0.03000000 sec

S32 TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728643 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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C)Fi DS 2
SWH 10273.973 Hz
FIDRES 0.138815 Hz
AQ 3.6019673 sec
RG 128
DW 48.667 usec
DE 7.02 usec
TE 271.5 K
D1 0.50000000 sec
S40 TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
ST 131072
SF 500.1900121 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
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AQ 1.0923166 sec
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DW 16.667 usec
DE 8.01 usec
TE 272.2 K

S40 D1 2.00000000 sec

D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728594 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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SSB 0
LB 0.30
GB 0
PC 1.00
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0.38737163
0.23611732
500.1920008
32768
125.7728475
EM

0

1.00

0

1.40

Hz


user
E

user


user
S42

user



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

user Joanne Hewitt
JMH-VIII-45F
proton.gla CDC13 /u joahew 33

Boc\N
OH

S44

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD

\W% PULPROG

SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

—3.803
——3.158
2.124
2.108
2.091
1.748
1.629
1.618
1.612
1.607
1.596
1.548
1.540
1.531
1.453

e e e T I L I L I L A A IR

3 2 1 ppm

2] o] DD (O|O|M
) o QAL =M
- - NN

JMH-VIII-45F_2
10

1

20130110
9.04

spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
128

48.667
7.02

302.3
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900117
EM

0

0.30

0

1.00

Hz
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user
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JMH-VIII-45F

C13CPD1024.GLA CDC1l3 /u joahew 33 NAME JMH-VITI-45F
EXPNO 14
PROCNO 1
Date_ 20130110
Time 10.43
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
B SOLVENT CDC13
OC« NS 1024
N DS 4
OH SWH 30000.000 Hz
FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
S44 TE 303.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728558 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
A |

— 71T r - T - 1 - T - 1 -~ 1 "~ 1 "~ T "~ T "~ T "~ T
200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-VII-4F
proton.gla CDC13 /u joahew 9

O MO WnLW A A>~M — O OO M>>I~ < <O N <
T T M NN OO O~ < QO OO wrr~LOWr-~o0ooor-m
MMM MM ANANNNN ~ O MMM MMAN OO O I~
e < < AN AN ANANANANN A
=45= hd N[ =)=
S|S QS LIRS
< < bl AN~

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

JMH-VII-4F_2
10

1

20121110
9.54

spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
80.6
48.667
7.02

296.0
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900113
EM

0

0.30

0

1.00

Hz
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JMH-VII-4F

C13CPD1024.GLA CDC1l3 /u joahew 9

Cl

Cl

OH

S46
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40
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0

ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-VII-4F
11

1

20121110
10.50
spect

5 mm PABBO BB-
zgpg30
65536
CDC13

1024

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

296.8
2.00000000
0.03000000
1

CHANNEL fl ====

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728613
EM

0

1.00

0

1.40

Hz
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S59

—4.279
—3.389
2.459
1.716

NHTs

L U JL N

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

e e e T I L I L I L A A IR

9

o
Q
-

6 5 4 3 2

8 7
™ (RO~ O
QF;qufﬁ'T
AN~ NN

1.06

© 0
(=} - - -
- ™

1 ppm

LW3-86_2
10

1

20130331
11.55
spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
322

48.667
7.02

298.6
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900112
EM

0

0.30

0

1.00

Hz
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user
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NHTs
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

LW4-86_2
10

1

20130331
13.29
spect

5 mm PABBO BB-
zgpg30
65536
CDC13

1024

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

298.2
2.00000000
0.03000000
1

CHANNEL fl ====

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728598
EM

0

1.00

0

1.40

Hz
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JMH-IV-14G NAME
EXPNO

proton.gla CDC13 /u joahew 4 PROCNO
OCHNEENOOIODANLN AVOFIELONADNONDNMNDMSEOOWOFNNDD MO T AN Date
MANOONTDDILTANNTOIOLLTTITANNAT OO OO OILITMNMN OO NSO IO N A A . -
H A O0WAWMITM 000 00WWWWWOMWAMETOODODOIOTIHITIOOINDNHOOOO rdvrd vt 4 00 0 0 00 0 < Time

« e e . . . . . . e e e e e e . . . . e INSTRUM
00O O0VOUNWOWOWOWOWOWOWOWOWOWLWLWLWITIFIITONONNNNNNNNN A A A A A A PROBHD

e P T N N

S60

SOLVENT
NS
// DS
SWH
FIDRES
AQ
RG

DW
DE

| = o] o|AN (e}
SRS & 3|8 S|S S| S| |N
o |- -

JMH-IV-14G_2
10

1

20111128
12.36
spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
181

48.667
7.02

296.3
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900118
no

0

0.00

0

1.00

Hz
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JMH-IV-14G
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-IV-14G
14

1

20111128
14.14
spect

5 mm PABBO BB-
zgpg30
65536
CDC13

1024

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

297.9
2.00000000
0.03000000
1

CHANNEL fl ====

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728563
no

0

0.00

0

1.40

Hz
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JMH-VI-67A

proton.gla CDC13 /u joahew

NO OO TN ON O™ O 0 A
OO ANNTN AL MO
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Hewitt

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM

49
[@XNe)
AN
O O
0 10 PROBHD

5. 05
5.05
5.05

™
[QV
O
LO

4. 979
4.976
4.973
4.970
4.958
4.956
4.952
4.950
3.112
3.081
2.970
2.940
2.221
2.217
2.209
2.199
2.196
2.192
2.189
2.186
2.183
2.179
2.174
2.173
1.863
1.859
1.850
1.847
1.843
1.839
1.831
1.826
1.460

\\\% \\HN%% £ULPROG

SOLVENT
NS
DS

// SWH
FIDRES

@) AQ

S61

RG
DW
DE

J k M . J e

L B

9

A L I L B B B L IR

8 6 5 4 3 2 1 ppm

N

| [ (22
ANl O o

© 0 ~o
o - * 1| ]
- 1<) ol wl al e

1.03
1.03

JMH-VI-67A
10

1

20120727
7.41

spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
80.6
48.667
7.02

300.0
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900109
EM

0

0.30

0

1.00

Hz
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JMH-VI-67A

C13CPD1024.GLA CDC13 /u joahew 49
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EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-VI-67A
11

1

20120728
5.46

spect

5 mm PABBO BB-
zgpg30
65536
CDC13

1024

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

295.2
2.00000000
0.03000000
1

CHANNEL fl ====

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728526
EM

0

1.00

0

1.40

Hz
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JMH-VII-89E

e e e T I L I L I L A A IR
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S62
A
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2.11
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

JMH-VII-89E_2
10

1

20130617
20.10

spect

5 mm PABBO BB-
zg30

74012

CDC13

16

2

10273.973
0.138815
3.6019673
28.5

48.667

7.02

297.2
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900114
EM

0

0.30

0

1.00

Hz
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JMH-VII-89E
C13CPD1024.GLA CDC1l3 /u joahew 1

S62

j I j I j I j I j I j I j I j I j I j I j I j
200 180 160 140 120 100 20 0 ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-VII-89E
11

1

20130617
21.05
spect

5 mm PABBO BB-
zgpg30
65536
CDC13

1024

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

298.3
2.00000000
0.03000000
1

CHANNEL f1

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728669
EM

0

1.00

0

1.40

Hz
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JMH-VI-23B NAME JMH-VI-23B

. EXPNO 10

proton.gla CDC13 /u joahew 29 PROCNO 1

HOMOFTNOSTDONAONWVINWOWMANANOODINDNNOSNLTNOOUILASNMHOINDNOONOMSNANS OO M Date 20120720
H O O OOOOOONMCTMT VOO~ ODODODODIODOOLMTHLOLZTOLGZLOLZLHOGOOLOOODOO AT OO A v+ 00 00 0 0 Time .

. . . . . . . . . . . . . . . . . . . . . . . . . . INSTRUM SeCt
COOWOWOWOWOAWOWOAWOWME~ELVWOWWLHWOMWOWOWLWWOLWWOLWLWE TSI IIITOONDNNNNNNNNNNNNNAN A A A A A p

PROBHD 5 mm PABBO BB-

Ty e N N ee——— it

SOLVENT CDC13
NS 16
DS 2
// SWH 10273.973 Hz
() FIDRES 0.138815 Hz
AQ 3.6019673 sec
RG 228
DW 48.667 usec
DE 7.02 usec
()2N TE 295.3 K
D1 0.50000000 sec
S63 TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
ST 131072
SF 500.1900108 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

e e e T I L I L I L A A IR

9 8 7 6 5 4 3 2 1 ppm

oo - © N~ o N[0 ol (0] (e
QI < - AR Qe N Q| @
-l - o olo -l il il e


user
E

user


user
S63

user



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

user Joanne Hewitt
JMH-VI-23B

C1l3CPD256.GLA CDC13 /u Jjoahew 29 NAME JMH-VI-23B
EXPNO 11
PROCNO 1
Date_ 20120720
Time 17.30
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDC13
// NS 256
DS 4
0] SWH 30000.000 Hz
FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
02N DW 16.667 usec
DE 8.01 usec
TE 295.2 K
S$63 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728477 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

j T j T j T j T j T j T j T j T j T j T j T j

200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-VII-56A NAME JMH-VII-56A_2
. EXPNO 10
proton.gla CDC13 /u joahew 17 PROCNO 1
AN NDVONOVANHNOVOANANDOININMOTMNMNOWNNOLNSTLT AHOSOOOMONOODNS FOOMS O A O O Date 20121004
LV TN ATITANAODDNANTITITMMHMOOOOTVVVOLLITTONANTTOVOCTOLOVLOVOOHOLFITLITOONMDOMWOLWOMOMAN WO . -
WOV WWOVOWOONIMCTI~TWWOVOVOMTTTODOODODODOOOTOLOHOIOTOHOOOOOOO OO HOOOD A~ = 0000 O O O < Time 1519
0OV NHWOWOWOWOOWOWOWOWOWOWOWOLO I ITITITITOONONNNNNNNNNNNNNNNAAAA A A EI)I;CS)EESM 5mmPABngggE
TD 74012
SOLVENT CDC13
NS 16
DS 2
// SWH 10273.973 Hz
O FIDRES 0.138815 Hz
AQ 3.6019673 sec
RG 322
DW 48.667 usec
DE 7.02 usec
MeO,C TE 298.2 K
D1 0.50000000 sec
364 TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
ST 131072
SF 500.1900119 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
| . e
9 8 7 6 5 4 3 2 1 ppm
[ Jl g (=] (o] [ee )l =} < < (< 0 [N (o]
o, o ()] [« )=} - o|o ol O -
o - (=) ol (%) ik ol (ol (e
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-VII-56A
11

1

20121004
15.34
spect

5 mm PABBO BB-
zgpg30
65536
CDC13

256

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

298.2
2.00000000
0.03000000
1

CHANNEL fl ====

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728574
EM

0

1.00

0

1.40
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JMH-VI-36A NAME JMH-VI-36A_2

. EXPNO 10
proton.gla CDC13 /u joahew 60 PROCNO 1
O AONTMNON AN NONDNT ADOFT A OTOOONDAOINMOWONNINDMOMOTONNIO AN Date 20120627
(\](\](\](\](\]H\—l\—l\—{@mOOOOCO[\OOOOOOOO\O\O\OWmmOOmmﬁ|—<|—1r|r|\—|\—|\—|\—|\—|\—|\—|HG}CDOOOOOOOOOOQ‘ Time .
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PROBHD 5 mm PABBO BB-

e —————e s ee—— Vit

SOLVENT CDC13
NS 16
DS 2
// SWH 10273.973 Hz
C) FIDRES 0.138815 Hz
AQ 3.6019673 sec
RG 36
DW 48.667 usec
Br DE 7.02 usec
TE 271.5 K
D1 0.50000000 sec
S65 TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
ST 131072
SF 500.1900118 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

| T

L L B B B I
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T
9 8 7 6 5 4 3 2 1 ppm
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EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-VI-36A
11

1

20120627
11.03
spect

5 mm PABBO BB-
zgpg30
65536
CDC13

256

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

272.3
2.00000000
0.03000000
1

CHANNEL fl ====

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728638
EM

0

1.00

0

1.40

Hz
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user
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JMH-IX-21A NAME JMH-IX-21A

. EXPN 1
proton.gla CDC13 /u joahew 2 Pmmﬁo 2
N O 10O OV AVWVOOODIHOVWNHWMANOVANIOTOANIODOTOTLOVANTATONTNATTAHOOMOWMOOWLO T O W O Date 20130617
O T ANOONONLTT AN AT OO~ O FOOMTVOWANAAOODOIHIOHN OO OOV WOWOHNOVDLOWOHOWMWOWINOH M AN TITANNODI> OO Time_ 2153
A A A O0WWOST-NOVOVOAATOOODOOONDOTTTTMANNNMDVMOVOONNNNNNDNNODNO
00V VVVOVONOHOWOLWLMWOWOWOWOWOWWOWLO < FIITITIITOOONONANNNNNNNANNAAAAAAA A A A A EI)I;CS)EESM 5mmPABng§gE
\\*M\% \% \N/ \\%ﬁ\%%J PULPROG zg30
D 74012
SOLVENT CDCL13
NS 16
DS 2
SWH 10273.973 Hz
FIDRES 0.138815 Hz
// AQ 3.6019673 sec
(@) RG 128
DW 48.667 usec
DE 7.02 usec
TE 297.4 K
D1 0.50000000 sec
DO 1
======== CHANNEL fl ========
S66 NUCL 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
SI 131072
SF 500.1900119 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

.
L B B I L B T L o B
9 8 7 6 5 4 3 2 1 ppm
oV~ o O |N (2] < B NM
SIS % %S S| |2 o||g|a
|- o [=1K=10 - - AN| ||
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JMH-IX-21A

C13CPD1024.GLA CDC1l3 /u Jjoahew 2 NAME JMH-TX-21A
EXPNO 11
PROCNO 1
Date_ 20130617
Time 22.48
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
DS 4
// SWH 30000.000 Hz
FIDRES 0.457764 Hz
@) AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 298.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
S66
======== CHANNEL f1l ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728595 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
1 { "

— 71T r - T - 1 - T - 1 -~ 1 "~ 1 "~ T "~ T "~ T "~ T
200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-IV-86B NAME JMH-IV-86B_2

. EXPNO 10
proton.gla CDC13 /u joahew 10 PROCNO 1
O-OMOOMAOALVMOOVIFOOEOINANAODANSCTNOODSEFTOANTMOOMO AS HOIPMOOMS N O T — O Date 20120214
N AN ANANANNAAA A A AT OOOOOOMTITITIT O OO OOOYO 00 00 0 O 0 0 0 O0YO)O)YO) 0O 000 WO O 00O T Time .27
. . . . . e e e e o e e . . . . . . . . . . . . . . INSTRUM SeCt

| e e O T S e e B D S i e e el R O RN EO IR TO N T I IO I T R O BTSRRI S U S I U U U A A R U T T B e B O T e IO e B e B B B B | P

PROBHD 5 mm PABBO BB-

I e R it

SOLVENT CDC13
NS 16
DS 2
SWH 10273.973 Hz
() //, FIDRES 0.138815 Hz
AQ 3.6019673 sec
RG 161
DW 48.667 usec
DE 7.02 usec
TE 296.8 K
D1 0.50000000 sec
S69 TDO 1
======== CHANNEL f1 ========
NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
ST 131072
SF 500.1900146 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
M \W‘ MWUL_A_” A
A A L I
9 8 7 6 5 4 3 2 1 ppm
®(o|< © o<t~ m|jo| (o
NEIE o [S|=|ele ol=| |x
N[+ o || ™M (3]
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JMH-IV-86B

C13CPD1024.GLA CDC1l3 /u joahew 10 NAME JMH-TV-8 6B
EXPNO 14
PROCNO 1
Date_ 20120215
Time 0.06
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
DS 4

@) / SWH 30000.000 Hz
FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 297.8 K

S69 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
———=—=—— CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PLIW 147.40557861 W
SFO1 125.7854522 MHz
====—=—-= CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
SI 32768
SF 125.7728579 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.40

5 I B R B
200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-VI-65A NAME JMH-VI-65A_2

EXPNO 10
proton.gla CDC13 /u joahew 48 PROCNO 1
AONOOITOITNOONANTOOVO AN FTOS ADONOOVSFE-NOMOOTOWOOIOWMLODSNOO I S @ Date 20120727
DOWANNOOAAAH OO M ANOUL OO ANANNAOOOTTVOVWOLOWONMOOOLHOOOH T LVLOWLWL ST OOMAAO LW . -
O\O\OOOOOOOOl\l\l\OO[\[\[\OOOO\O\O\O\O\O\O\O\OOOOOOOOOOOOOOOOﬁﬁHOO\O\(x)(x)(x)w(XDCO(X)G)CDOOOOOOl\LOW Time 7‘36

INSTRUM spect
LOLOLOLOLO@@@@LOLOLOLOLOLOLOW<l"<l"<l"WWWWWWWWWWWMNNNN\—!\—i\—i\—iﬂﬂﬂ\—i|—||—||—||—||—||—||—||—||—| P

PROBHD 5 mm PABBO BB-

e TTeSNe— it

SOLVENT CDC13
NS 16
| DS 2
() SWH 10273.973 Hz
FIDRES 0.138815 Hz
// AQ 3.6019673 sec
O RG 161
DW 48.667 usec
DE 7.02 usec
TE 300.0 K
D1 0.50000000 sec
TDO 1
======== CHANNEL fl ========
870 NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
ST 131072
SF 500.1900110 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
ﬂ, .JLJ LY G
9 8 7 6 5 4 3 2 1 ppm
(== [{] (MM o o||l© N~
[=){=]Fe)) ()] [=]=]{=] - |- -
o o ANl ™ ~la |en
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JMH-VI-65A

C13CPD1024.GLA CDC1l3 /u joahew 48 NAME JMH-VI-65A
EXPNO 11
PROCNO 1
Date_ 20120728
Time 17.35
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDC13
I NS 1024
DS 4
O SWH 30000.000 Hz
FIDRES 0.457764 Hz
O / AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 295.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
S70
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728485 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

— 71T r - T - 1 - T - 1 -~ 1 "~ 1 "~ T "~ T "~ T "~ T
200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-VIII-T72G

proton.gla CDC13 /u joahew

MO MOOWNHVOILLOHNON O O

LWL TN OO~
NNNNNNNN A A A
S TN

~ o~~~

NAME
12 EXPNO
PROCNO
WOFOMONONDFT A0 AN OMN-AOAANT TANNOOTANLNNDONNONO ™~ Date
OCIOMNMAN AT TDNOFTANOOOWILTONNDOOMMNHUDLOOILIIIITTNONTOD0O O OO W WL S
[\[\[\[\[\\—1oooooooooooooooooooooooooommmmmmmmmmmvwwmmmm Time
INSTRUM
w)w)w>w>w>m m w>w>q1q1q'w < < q'q'q'm N N N N R

e e N T O

o/ G

S71

SOLVENT
NS

DS

SWH
FIDRES

DW
DE

JMH-VIII-72G_2
10

1

20130131
16.44
spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
36

48.667
7.02

302.5
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900121
EM

0

0.30

0

1.00

Hz
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JMH-VIII-T72G

Cl3CPD256.GLA CDC13 /u joahew 12 NAME JMH-VIII-72G
EXPNO 11
PROCNO 1
Date_ 20130131
Time 16.59
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 256
DS 4

0 // SWH 30000.000 Hz
FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 303.3 K
D1 2.00000000 sec

S71 D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728589 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

L " } JL Lo o Al |

T I T I T I T I T I T I T I T I T I T I T I T

200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-VI-27A
proton.gla CDC13 /u joahew

O I MUOANNTONOHNWWOWNN
Or~-W0WWOWL OO I~ N o

o
N A ©co
=~

7. OO
5.88
5.86
5.85
5.83

o

o
cococoo ©
A N A o

@)

S72

10
© 0
©m
OO
o 10

5. 032
4.970
4.966
4.949
4.946

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

o
[o0)
l\
Q“

4. 770
2.807
2.775
2.672
2.640
2.235
2.232
2.224
2.221
2.217
2.214
2.211
2.208
2.205
2.201
2.198
1.749
1.738
1.728
1.716
1.643
1.631
1.621
1.615
1.609
1.602
1.253

LA N A A A A B

PPmM

JMH-VI-27A_2
10

1

20120628
11.27
spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
45.2
48.667
7.02

295.3
0.50000000

CHANNEL f1
1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900108
EM

0

0.30

0

1.00

Hz
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JMH-VI-27A

C13CPD256.GLA CDC1l3 /u joahew 10

S72

L LT S e ————)

200

x
180

T

x
160

T

x
140

N B B
120 100 80

60

20

0

ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-VI-27A
11

1

20120628
11.42
spect

5 mm PABBO BB-
zgpg30
65536
CDC13

256

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

295.2
2.00000000
0.03000000
1

CHANNEL fl ====

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728536
EM

0

1.00

0

1.40

Hz
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JMH-VITI-LINEAR NAME

S73

EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS
/ DS

SWH
FIDRES
AQ
RG
DW
DE

o | »

e T L

9

LS L B B B L B

T
8 7 6 5 4 3 2 1 ppm

o N 0) - o(o(no) (+
< o N =N =
- -l o ailail o] |3

JMH-VII-LINEAR
10

1

20121002
12.45
spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
144

48.667
7.02

298.2
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900118
EM

0

0.30

0

1.00

Hz
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JMH-VITI-LINEAR
C13CPD1024.GLA CDC1l3 /u Jjoahew 44

S73

A AU AN A Y

— T T T T 1
200 180 160 140 120

T

x
100

x
80

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-VII-LINEAR
11

1

20121002
13.40
spect

5 mm PABBO BB-
zgpg30
65536
CDC13

1024

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

298.2
2.00000000
0.03000000
1

CHANNEL fl ====

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728576
EM

0

1.00

0

1.40

Hz
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JMH-VII-67A NAME JMH-VII-67A_2
EXPNO 10
PROCNO 1
Date_ 20121009
Time 0.44
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 74012
SOLVENT CDC13
NS 16
DS 2
SWH 10273.973 Hz
FIDRES 0.138815 Hz
AQ 3.6019673 sec
RG 203
DW 48.667 usec
DE 7.02 usec
TE 298.3 K
D1 0.50000000 sec
TDO 1

S74 875 ======== CHANNEL fl ========

NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
ST 131072
SF 500.1900131 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

A A L I

9 8 7 6 5 4 3 2 1 ppm

AN OO O lr
Ol (O |INC|©|r
-

rclolalaile

0.87
0.86
0.88
1.00
0


user
E

user
E

user
E

user


user


user
S74

user
S75

user


user



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

user Joanne Hewitt
JMH-VII-67A
C13CPD1024.GLA CDC1l3 /u joahew 15

S74

S75

j T j T j T j T j T j T j T j T

200 180 160 140 120 100 80 60

I

40

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-VII-67A
11
1
20121009
1.40
spect
5 mm PABBO BB-
zgpg30
65536
CDC13
1024
4
30000.000 Hz
0.457764 Hz
1.0923166 sec
2050
16.667 usec
8.01 usec
298.2 K
2.00000000 sec
0.03000000 sec
1

CHANNEL fl ========

-2.50 dB
147.40557861 W
125.7854522 MHz

0.38737163 W
0.23611732 W
500.1920008 MHz

32768
125.7728577 MHz
EM
0
1.00 Hz
0
1.40
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5%

NAME JMH-VI-58B
EXPNO 21
PROCNO 1
Date_ 20121008
Time 14.20
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG noesygpphzs
TD 2048
SOLVENT CDC13
NS 2
DS 4
SWH 2923.977
FIDRES 1.427723
AQ 0.3502580
RG 32
DW 171.000
DE 25.34
TE 298.2
DO 0.00015699
D1 1.81526899
D8 0.30000001
D16 0.00020000
INO 0.00034200
======== CHANNEL fl ====
NUC1 1H
Pl 11.00
P32 20000.00
PL1 1.10
PL1W 18.32853889
SFO1 500.1916728
SP29 24.45
SPNAM29 Crp60,20,20.10
SPOAL29 0.500
SPOFFS29 0.00
====== GRADIENT CHANNEL
GPNAM1 SINE.100
GPZ0 10.00
GPz1 40.00
P31 5000.00
NDO 1
TD 256
SFO1 500.1917
FIDRES 11.421783
SW 5.846
FnMODE States—-TPPI
SI 2048
SF 500.1900396
WDW QSINE
SSB 2
LB 0.00
GB 0
PC 1.00
SI 1024
MC2 States-TPPI
SF 500.1900396
WDW QSINE
SSB 2
LB 0.00
GB 0

Hz
Hz
sec

usec
usec
K
sec
sec
sec
sec
sec

MHz
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JMH-VI-44C

S76

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

i MML»

L e e e T I

9 8

L B L B

T
7 6 5 4 3 2 1 ppm

0o

2.01
0
0

0.96

0.96
0
27

.85

-
(@
-

2.08

(%]
)| <X NN
N NN

JMH-VI-44C_2
10

1

20120711
14.35

spect

5 mm PABBO BB-
zg30

74012

CDC13

16

2

10273.973
0.138815
3.6019673
128

48.667

7.02

295.2
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900103
EM

0

0.30

0

1.00

Hz
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JMH-VI-44C

C1l3CPD256.GLA CDC13 /u joahew 45 NAME JMH-VI-44C
EXPNO 11
PROCNO 1
Date_ 20120711
Time 14.51
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 256
DS 4
SWH 30000.000 Hz

/ FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 295.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

S76
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728513 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

5 I B R B
200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-VI-44D

proton.gla CDC13 /u joahew 46
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

JMH-VI-44D_2
10

1

20120712
2.18

spect

5 mm PABBO BB-
zg30

74012

CDC13

16

2

10273.973
0.138815
3.6019673
114

48.667

7.02

295.3
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900110
EM

0

0.30

0

1.00

Hz
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JMH-VI-44D

C1l3CPD256.GLA CDC13 /u Jjoahew 46 NAME JMH-VI-44D
EXPNO 11
PROCNO 1
Date_ 20120712
Time 2.33
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 256
DS 4
SWH 30000.000 Hz
FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 295.2 K
D1 2.00000000 sec
D11 0.03000000 sec

377 TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1IW 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SE' 125.7728501 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

5 I B R B
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JMH-VI-60B
noesy2d.gla CDC13 /u joahew 50
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NAME JMH-VI-60B
EXPNO 11
PROCNO 1
Date 20120829
Time 9.17
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG noesygpphzs
TD 2048
SOLVENT CDC13
NS 2
DS 4
SWH 3787.879
FIDRES 1.849550
AQ 0.2703860
RG 64
DW 132.000
DE 17.93
TE 271.4
DO 0.00011799
D1 1.89514101
D8 0.30000001
D16 0.00020000
INO 0.00026400
======== CHANNEL fl ====
NUC1 1H
Pl 11.00
P32 20000.00
PL1 1.10
PL1W 18.32853889
SFO1 500.1920604
SP29 24.45
SPNAM29 Crp60,20,20.10
SPOAL29 0.500
SPOFFS29 0.00
====== GRADIENT CHANNEL
GPNAM1 SINE.100
GPZ0 10.00
GPz1 40.00
P31 5000.00
NDO 1
TD 256
SFO1 500.1921
FIDRES 14.796402
SW 7.573
FnMODE States-TPPI
SI 2048
SF 500.1900501
WDW QSINE
SSB 2
LB 0.00
GB 0

MHz

Hz
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JMH-VI-81A D1 NAME JMH-VI-81A

EXPN 1
proton.gla CDC13 /u joahew 19 Pmmﬁo 8
NEATOOANNMAANDOMNODN AV ADOATOSTOVNNTANNDOVOSNOONSOANON O LWL Date 20120822
VDOV T~ LWMHMOMOOOHOOMEETT~TOOHIOW WO AHOOONOO~TVOVIOWLMODOM~TWOVIOWUOSFTMOMONOW TN AOO . -
OOLITNDVODOOOODNDANNNANNNNAAMNMNMMNMNMANN— — — OO OO 0D 000 0 G MM~~~ 0m Time 11.22
PULPROG 2930
TD 74012
SOLVENT CDC13
NS 16
DS 2
SWH 10273.973 Hz
FIDRES 0.138815 Hz
20 3.6019673 sec
RG 203
DW 48.667 usec
DE 7.02 usec
TE 295.2 K
D1 0.50000000 sec
TDO 1
===—=—== CHANNEL fl ========
S78 NUCL 1H
Pl 11.00 usec
PL1 1.10 dB
PLIW 18.32853889 W
SFO1 500.1930889 MHz
SI 131072
SF 500.1900121 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
i JML "

e e e T I L L B

T
9 8 7 6 5 4 3 2 1 ppm
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JMH-VI-81A D1

C13CPD1024.GLA CDC1l3 /u joahew 19 NAME JMH-VI-81A
EXPNO 11
PROCNO 1
Date_ 20120823
Time 5.46
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 30000.000 Hz

/ FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 295.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

S78
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-VI-81B D2 NAME JMH-VI-81B_2

. EXPN 1
proton.gla CDC13 /u joahew 21 Pmmﬁo 2
OO FTONDVDOOVOOODODODOONNNDNANMMNMNANNNNNNOG OO O OO0 0K mM
PULPROG 2930
D 74012
SOLVENT CcDC13
NS 16
DS 2
SWH 10273.973 Hz
FIDRES 0.138815 Hz
AQ 3.6019673 sec
RG 203
DW 48.667 usec
DE 7.02 usec
TE 295.4 K
D1 0.50000000 sec
TDO 1
S79 ———————- CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
SI 131072
SF 500.1900108 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
A N
S A I R
9 8 7 6 5 4 3 2 1 ppm
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C13CPD1024.GLA CDC1l3 /u joahew 21
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

JMH-VI-81B
11

1

20120822
0.41

spect

5 mm PABBO BB-
zgpg30
65536
CDC13

1024

4
30000.000
0.457764
1.0923166
2050
16.667
8.01

295.2
2.00000000
0.03000000
1

CHANNEL fl ====

-2.50
147.40557861
125.7854522

0.38737163
0.23611732
500.1920008
32768
125.7728760
EM

0

1.00

0

1.40

Hz
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JMH-VI-81B D2
noesy2d.gla CDC13 /u Jjoahew 21
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NAME JMH-VI-81B
EXPNO 14
PROCNO 1
Date_ 20120822
Time 1.12
INSTRUM spect
PROBHD 5 mm PABBO BB-—
PULPROG noesygpphzs
TD 2048
SOLVENT CDC13
NS 2
DS 4
SWH 3875.969
FIDRES 1.892563
AQ 0.2642420
RG 114
DW 129.000
DE 17.37
TE 295.1
DO 0.00011499
D1 1.90128601
D8 0.30000001
D16 0.00020000
INO 0.00025800
======== CHANNEL fl ====
NUC1 1H
Pl 11.00
P32 20000.00
PL1 1.10
PL1W 18.32853889
SFO1 500.1921318
SP29 24.45
SPNAM29 Crp60,20,20.10
SPOAL29 0.500
SPOFFS29 0.00
====== GRADIENT CHANNEL
GPNAM1 SINE.100
GPZ0 10.00
GPz1 40.00
P31 5000.00
NDO 1
TD 256
SFO1 500.1921
FIDRES 15.140504
SwW 7.749
FnMODE States—-TPPI
SI 2048
SF 500.1900450
WDW QSINE
SSB 2
LB 0.00
GB 0
PC 1.00
SI 1024
MC2 States-TPPI
SF 500.1900000
WDW QSINE
SSB 2
LB 0.00
GB 0

MHz

Hz
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JMH-VIII-48B NAME

. EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

Boc, . / o

SWH
O FIDRES
AQ
RG
DW
DE

S80

1.00
1.01
1.04
4.43
1
4
6
4
0

JMH-VIII-48B_2
10

1

20130116
8.21

spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
161

48.667
7.02

300.8
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900111
EM

0

0.30

0

1.00

Hz
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JMH-VIII-48B

C13CpPD1024.GLA CDC13 /u joahew 25 NAME JMH-VIII-48B
EXPNO 11
PROCNO 1
Date_ 20130116
Time 10.19
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
Boc, / DS 4
N SWH 30000.000 Hz
() FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 301.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
S80
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728558 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
. Ul u

— 71T r - T - 1 - T - 1 -~ 1 "~ 1 "~ T "~ T "~ T "~ T
200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-VII-65B
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NAME JMH-VII-65B_2
EXPNO 10
PROCNO 1
Date_ 20121005
Time 16.25
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 74012
SOLVENT CDC13
NS 16
DS 2
SWH 10273.973
FIDRES 0.138815
AQ 3.6019673
RG 128
DW 48.667
DE 7.02
TE 298.2
D1 0.50000000
TDO 1
======== CHANNEL fl ====
NUC1 1H
Pl 11.00
PL1 1.10
PL1W 18.32853889
SFO1 500.1930889
ST 131072
SF 500.1900112
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00

Hz
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JMH-VII-65B

Cl3CPD256.GLA CDC13 /u joahew 2 NAME JMH-VIT-65B
EXPNO 11
PROCNO 1
Date_ 20121005
Time 16.41
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDC13
Cl NS 256
DS 4
SWH 30000.000 Hz
FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
// DE 8.01 usec
O TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
Cl TDO 1
======== CHANNEL fl ========
NUC1 13C
S81 Pl 7.50 usec
PL1 -2.50 dB
PL1IW 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SE' 125.7728585 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

5 I B R B
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JMH-VI-82B NAME JMH-VI-82B
EXPNO 20
PROCNO 1
Date_ 20120821
Time 22.58
INSTRUM spect

PROBHD 5 mm PABBO BB-

\N —— PULPROG 230
D 74012
SOLVENT CDC13
NS 16
0 DS 2
SWH 10273.973 Hz
FIDRES 0.138815 Hz
AQ 3.6019673 sec
(@) // RG 228
DW 48.667 usec
DE 7.02 usec
TE 295.4 K
D1 0.50000000 sec
TDO 1
882 ======== CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
PL1W 18.32853889 W
SFO1 500.1930889 MHz
ST 131072
SF 500.1900113 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
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JMH-VI-82B

C13CPD1024.GLA CDC1l3 /u joahew 19 NAME JMH-VI-82B_2
EXPNO 10
PROCNO 1
Date_ 20120821
Time 9.51
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
() SOLVENT CDC13
NS 1024
DS 4
SWH 30000.000 Hz
/ FIDRES 0.457764 Hz
() AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 295.2 K
D1 2.00000000 sec
D11 0.03000000 sec
S82 TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728478 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

j T j T j T j T j T j T j T j T j T j T j T j
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
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SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

N

e e e I L I I IR

9

6
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ﬁvoom
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-

1.00

1 ppm

CDS-I-74D
10

1

20130213
22.35
AV400

5 mm QNP 1H/13
zg30

65536
CDC13

16

2

8278.146
0.126314
3.9584243
1149.4
60.400
6.00

294.0
0.01000000

CHANNEL fl ====

1H

14.00

0.00
400.1324708
32768
400.1300056
EM

0
0.30
0
4.00

Hz
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CDS-I-74D
Cl3CPD_320_A3.gla CDC1l3 u craigsm 1

Ph
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j T j T j T j T j T

200 180 160 140 120

NAME

EXPNO
PROCNO
Date_

Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS
SWH

FIDRES

AQ
RG
DW
DE

CPDPRG2

NUC2

PCPD2

PL2
PL12
PL13
SFO2
ST
SF
WDW
SSB
LB
GB
PC

CDS-I-74D
16

1

20130213
23.50
AV400

5 mm QNP 1H/13
zgpg30
65536
CDC13

1000

4
31847.133
0.485949
1.0289652
4597.6
15.700
6.00

294.0
1.00000000
0.03000000
1

CHANNEL fl ====

0.00
100.6228303

CHANNEL f2 ====

waltzl6

1H

94.00

0.00

17.00

22.00
400.1316005
32768
100.6127796
EM

0

1.00

0

1.40

Hz
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PROTON_C_A3.gla CDC13 u lewiwi 30 NAME Lwe-46
—_—— EXPNO 70
PROCNO 1
NCDOOUNITNNONONHMWOMIE A= MNON ~CMONMSENOONMITOWOOND T ML A O LN Date 20130228

CFEOODTOONDNNNWWO O O LN O O < OO MOMNANAAOONOMSL) ST ANN OO ® "=
NANANNNNNAAAAAA A OO OO 10 OO A A A A A A A A A 4O OO MO 0 Time 17.30
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T T . INSTRUM AV400

[ e T S S e e e e e S S S e o o S o W T W To W ToWTo) NNNNNNNNNNNNNAAAAAAAA A A

PROBHD 5 mm QNP 1H/13

e T e

SOLVENT CDC13
NS 16
D DS 2
SWH 8278.146 Hz
O / FIDRES 0.126314 Hz

AQ 3.9584243 sec
RG 1149.4
DW 60.400 usec
DE 6.00 usec
TE 294.0 K
D1 0.01000000 sec

S87 TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 14.00 usec
PL1 0.00 dB
SFO1 400.1324708 MHz
ST 32768
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 4.00

Bl A L

e e e T I L I L I L A A IR

9 8 7 6 5 4 3 2 1 ppm
NEE: s |8 3 & 5
AN| ™ o - [=10K4 ] o™


user


user
S87

user
E

user



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

User Lewis Williams
Cl3CPD_320_A3.gla CDC1l3 u lewiwi 5
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NAME
EXPNO
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Date_
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PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ
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CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2
ST

SF
WDW
SSB
LB

GB

PC

e
180 160 140

I

120

LW6-46
61

1

20130228
4.34

AV400

5 mm QNP 1H/13
zgpg30
65536
CDC13

2048

4
31847.133
0.485949
1.0289652
6502
15.700
6.00

293.3
1.00000000
0.03000000
1

CHANNEL fl ====

0.00
100.6228303

CHANNEL f2 ====

waltzl6

1H

94.00

0.00

17.00

22.00
400.1316005
32768
100.6127592
EM
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proton.gla CDC13 /u lewiwi 13 NAME

NTs

S88

EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS
DS
SWH
FIDRES
AQ
//’ RG

DW

DE

T
4 3 2 1 ppm
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LW6-06
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1

20130220
16.03
spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
228

48.667
7.02

295.6
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900114
EM
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Cl13CPD1024.GLA CDC1l3 /u lewiwi 53

NAME LW6-06
EXPNO 21
PROCNO 1
Date_ 20130220
Time 9.17
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
0 TD 65536
SOLVENT CDC13
NS 1024
DS 4
NTs SWH 30000.000 Hz
//, FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
DW 16.667 usec
S88 DE 8.01 usec
TE 296.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728614 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
NUR RPNV SSVRRPRRUGIN VRPN JORURRIIN I INOV) S A PRPSOPRORP

— 71T r - T - 1 - T - 1 -~ 1 "~ 1 "~ T "~ T "~ T "~ T
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User Lewis Williams

PROTON_C_A3.gla CDC13 u lewiwi 30 NAME LW6-21_4
—_—— EXPNO 10
PROCNO 1
N A TOONONLTOLS A0 AANNMNOLTOFOWOAHONDI~[~ IO NNODLOWNWI)MID MO N O O < Date 20130214

CONOVOEN~EWVWWOINIMMNHANNONSINMOOOWOWIOIFTNONNNODODF A0S OOMM™PMEOINOMOO O™ O S —
COMMANNNNAEECANNNNOEETOO000000000NNNNMMANNH ——fdd——00®= 00w Time 13.57
. INSTRUM AV400

0~ 00 0 0 O OGO OGO LD D O O D L0 O IO L0 L 10 L0 1O 1O < < < S S S S NN NN e e e e

PROBHD 5 mm QNP 1H/13

\\*\x\\\ N—— — o

/

SOLVENT cDC13
NS 16
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
\g\\ NTs AQ 3.9584243 sec
RG 1290.2
N~\,/J\\~//”\\55’ DW 60.400 usec
DE 6.00 usec
TE 294.2 K
S89 D1 0.01000000 sec
TDO 1
———————— CHANNEL fl ========
NUC1 1H
Pl 14.00 usec
PL1 0.00 dB
SFO1 400.1324708 MHz
ST 32768
ST 400.1300098 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
PC 4.00
| J 1 ) I

I

o o QD o o (se]f=] - O
o o (O™ o o Q| oo ||| Q|
N Al Oolo - - AN | N[ [v=]|v
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Cl13CPD1024.GLA CDC1l3 /u lewiwi 51

NAME LWe-21
EXPNO 21
PROCNO 1
Date_ 20130211
Time 1.26
INSTRUM spect
PROBHD 5 mm PABBO BB-
0] PULPROG zgpg30
TD 65536
SOLVENT CDC13
S NTs s roed
SWH 30000.000 Hz
\ hl\\//J\\~//’\\¢;§9 FIDRES 0.457764 Hz
AQ 1.0923166 sec
RG 2050
389 DW 16.667 usec
DE 8.01 usec
TE 295.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728606 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

j T j T j T j T j T j T j T j T j T j T j T j
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proton.gla CDC13 /u lewiwi 18

NAME
EXPNO
PROCNO
Date_
Time

e e e e e e e e e e e e INSTRUM

OO P ITIIIOONNNNNNNNNNNN A PROBHD

S90

NTs

e

SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

2.16
1.08
1.25
22.05

1.00

LW4-24_3
20

1

20130430
1.58

spect

5 mm PABBO BB-
zg30

74012
CDC13

16

2
10273.973
0.138815
3.6019673
322

48.667
7.02

295.7
0.50000000

CHANNEL fl ====

1H

11.00

1.10
18.32853889
500.1930889
131072
500.1900114
EM

0

0.30

0

1.00

Hz
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PdII red. elim. product

Cl3CPD1024.GLA CDC13 /u lewiwi 31 NAME LW4-24_2
EXPNO 40
PROCNO 1
Date_ 20120817
Time 9.39
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
c) SOLVENT CDC13
NS 1024
DS 4
SWH 30000.000 Hz
NTs FIDRES 0.457764 Hz
AQ 1.0923166 sec
/// RG 2050
DW 16.667 usec
DE 8.01 usec
TE 295.2 K
S90 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728489 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.40

j T j T j T j T j T j T j T j T j T j T j T j

200 180 160 140 120 100 80 60 40 20 0 ppm
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JMH-VI-78B NAME JMH-VI-78B_3

EXPNO 10
proton.gla CDC13 /u joahew 4 PROCNO 1
NI NOOWHNANIO OO AL A A~O O HOMmMM < Date 20120828
OANNAO TN NNWOWOPOOMNSN— OO OO 0O ™M O LN o<t ™M S =
POOVOOMONATAAATATATAATOOOOOONN N © 0w Time 10.31
co . INSTRUM spect
R A g —

PROBHD 5 mm PABBO BB-

e e— N Vit

SOLVENT cDC13
NS 16
N DS 2
N SwWH 10273.973 Hz
OH FIDRES 0.138815 Hz
20 3.6019673 sec
RG 322
DW 48.667 usec
DE 7.02 usec
TE 271.5 K
D1 0.50000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
PL1 1.10 dB
F PL1W 18.32853889 W
SFO1 500.1930889 MHz
ST 131072
S93 SF 500.1900122 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

W (I~ | o o o] ((]
o/ |®|5S|o S |S o o
OlOIOINIAN - - - o
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JMH-VI-T78B

C13CPD1024.GLA CDC1l3 /u Jjoahew 4 NAME JMH-VI-78B
EXPNO 14
PROCNO 1
Date_ 20120828
Time 20.58
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
N DS 4
N SWH 30000.000 Hz
N FIDRES 0.457764 Hz
OH AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 272.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 7.50 usec
F PL1 -2.50 dB
PL1W 147.40557861 W
SFO1 125.7854522 MHz
S93 ======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728585 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

j T j T j T j T j T j T j T j T j T j T j T j
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JME-VII-50B NAME JMH-VII-50B
EXPNO 10
PROTON_C_A3.gla CDC1l3 u joahew 6 PROCNO 1
DOWAS AFONS AOVOATNOOWOANHTOAMNSE AN TNOTOOOANTMANITOAOAN>-NOFTNNS I O Date 20120928
HOOMMANNTH OO MOMOAN A AT ATUOMHAOWMWOWUWOUWOUIOANNAAINIDIOIOHVOOETWOOFTANADNNWL T <N M . -
OO I ITITTTNDONNOOOOONNNADTITITTNAAADNANNDNANANDNDNDNDVONNNNNNNNAAAAODOO Time 16.59
0O OO T TTANNNNNNNNNNNNNN A EI)I;CS)EEBM 5meNP?\]—;Z/lgg
/// PULPROG 2930
D 65536
SOLVENT CDCL13
NS 16
DS 2
N ~ SWH 8278.146 Hz
AN FIDRES 0.126314 Hz
AQ 3.9584243 sec
o) /// RG 1024
DW 60.400 usec
DE 6.00 usec
TE 297.7 K
D1 0.01000000 sec
DO 1
======== CHANNEL fl ========
NUC1 1H
Pl 14.00 usec
PL1 0.00 dB
F SFO1 400.1324708 MHz
SI 32768
SF 400.1300104 MHz
S94 WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 4.00

L L B N

©
©
~
o
o
=Y
w
N
-t
3
3

0
9
0
1.99
0.97
1.06
1.04
1.94
0
0
1.14
0.99
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JMH-VI-28A

C13CPD1024.GLA CDC1l3 /u joahew 25 NAME JMH-VI-28A
EXPNO 12
PROCNO 1
Date_ 20120724
Time 2.26
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDC13
N NS 1024
\:> DS 4
SWH 30000.000 Hz
// FIDRES 0.457764 Hz
(@) AQ 1.0923166 sec
RG 2050
DW 16.667 usec
DE 8.01 usec
TE 295.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
F NUC1 13C
Pl 7.50 usec
PL1 -2.50 dB
PL1W 147.40557861 W
S94 SFO1 125.7854522 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 17.85 dB
PL13 20.00 dB
PL2W 18.75546646 W
PL12W 0.38737163 W
PL13W 0.23611732 W
SFO2 500.1920008 MHz
ST 32768
SF 125.7728492 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

j T j T j T j T j T j T j T j T j T j T j T j
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