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Experimental

General Experimental

Chemicals, solvents and reagents were purchased from commercial sources and used
without further purification. PE refers to petroleum ether, bp 40-60 °C. Anhydrous
solvents were used where indicated. Glassware for dry reactions was dried either by
heating in an oven at 120 °C for at least 1 h, or heating with a hot air gun for 5 min.
The glassware was then allowed to cool under a stream of N,. CO,() was generated
by allowing commercially available dry ice (COys)) to sublime at room temperature
in a stoppered flask fitted with an empty balloon. The balloon would gradually fill
with CO, gas which was used directly in the CO, reactions. In the *C incorporation
experiments, CO,q was generated by the addition of 3M HClgg to NaHCOs.
3CO,q Wwas generated from NaH'CO; (isotopic enrichment 99% ™*C — see
Certificate of Analysis pS71), obtained from CK Gas Products Ltd.

TLCs were carried out on Merck Aluminium backed TLC plates Silica Gel 60
F254 and viewed using UV light of wavelength 254 nm and then stained with
potassium permanganate. Merck Silica Gel (0.040-0.063 mm) was used for column
chromatography. Compounds were loaded as an oil, CH,Cl, solution or dry loaded by

adsorption onto silica.

Melting points were obtained using a Reichert-Jung heated-stage microscope.
Infrared spectra were recorded on a Perkin-Elmer Spectrum RXI FT-IR system and

reported as cm ™.

NMR spectra were obtained on Varian Mercury VX (400 MHz) or Bruker
Avance I11 (500 or 400 MHz) spectrometers. The chemical shifts are recorded in parts
per million (ppm) with reference to tetramethylsilane. The coupling constants J are

quoted to the nearest 0.5 Hz and are not corrected.

Mass spectra and high resolution mass spectra were obtained on a
micrOTOF™ from Bruker Daltonics (Bremen, Germany) coupled with an
electrospray source (ESI-TOF) using an autosampler in an Agilent 1100 LC system.
Data was processed using external calibration with the Bruker Daltonics software,

DataAnalysis™ as part of the overall hardware control software, Compass 1.1™.
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N,N-Dibenzyl-2-aminoethanol (5a)

o G
A ~_OH - - ~_OH

N
K,COj, "BuNI
MeCN
3.5 h, reflux 5a
99% yield

"BusNI (1.11 g, 3 mmol, 30 mol%) was added to a rapidly stirred suspension of
ethanolamine (604 uL, 10 mmol), benzyl chloride (2.5 mL, 22 mmol, 2.2 equiv.) and
K,CO3 (4.15 g, 30 mmol, 3 equiv.) in MeCN (30 mL) open to the air. The mixture
was heated at reflux for 3.5 h, cooled to room temperature and the solvent removed
under reduced pressure. H,O (30 mL) was added to the residue and the product
extracted with EtOAc (4 x 30 mL). The combined organic layers were washed with
brine (30 mL), dried over MgSOQ,, filtered and the solvent removed under reduced
pressure. The crude mixture was purified by column chromatography [silica,
PE:EtOACc gradient from 100:0 to 20:80] to afford the alcohol 5a (2.4 g, 99% yield) as
a white solid.

R¢[PE:EtOACc 80:20] 0.30;

Mp 42-44 °C (from PE/EtOAC); Lit." 38 °C (from pentane/EtOAC);

IR vimax (liquid film) 3321 (OH) and 1600 (C=C);

'H NMR &4 (400 MHz; CDCl3) 7.35-7.26 (10 H, m, Ph), 3.64 (4 H, s, PhCH;N), 3.59
(2 H,t,J=55Hz, NCH,CH,0OH), 2.68 (2 H, t, J = 5.5 Hz, NCH,CH,0OH) and 2.65-
2.50 (1 H, m, OH);

3C NMR ¢ (100 MHz; CDCls) 138.7 (Ph), 129.0 (Ph), 128.4 (Ph), 127.2 (Ph), 58.5
(NCH,CH,0H), 58.2 (PhCH,N) and 54.8 (NCH,CH,OH);

MS m/z (+ESI) 264 (1%, MNa®) and 242 (100%, MH");

HRMS m/z (+ESI) Found 242.1546 (MH") and 264.1368 (MNa®). C16HzoNO (MH™)
requires 242.1545 and C1sH19NNaO (MNa") requires 264.1364.

Consistent with the spectroscopic data previously reported.'?
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N,N-Dibenzylamino-2-iodoethane (1a)

I, PPhy
imidazole
—_—
N/\/OH N/\/I
CH,Cl,
5h,rt
5a 69% yield 1a

lodine (858 mg, 3.38 mmol, 1.1 equiv.) was added to a rapidly stirred solution of the
alcohol 5a (743 mg, 3.08 mmol), PPh; (887 mg, 3.38 mmol, 1.1 equiv.) and imidazole
(230 mg, 3.38 mmol, 1.1 equiv.) in CH,CI, (20 mL) under a N, atmosphere. After 5 h
of stirring at room temperature, the solvent was removed under reduced pressure.
EtOAc (30 mL) and saturated aqueous NaHCO3 solution (40 mL) were added, the
layers separated and the aqueous layer extracted with EtOAc (2 x 30 mL). The
combined organic layers were washed with brine (30 mL), dried over MgSQy,, filtered
and the solvent removed under reduced pressure. The crude mixture was purified by
column chromatography [silica, PE:EtOAc gradient from 100:0 to 30:70] to afford the
alkyl iodide 1a (744 mg, 69% vyield) as a clear brown oil.

R¢[PE:EtOACc 70:30] 0.80.

IR vmax (liquid film) 2925 (CH) and 1602 (C=C);

'H NMR &y (400 MHz; CDCl3) 7.38 (4 H, t, J = 7.5 Hz, Ph), 7.34-7.28 (4 H, m, Ph),
7.27-7.21 (2 H, m, Ph), 3.63 (4 H, s, PhCH,N), 3.16 (2 H, t, J = 7.5 Hz, NCH,CH,l)
and 2.83 (2 H, t, J = 7.5 Hz, NCH,CH,I);

3C NMR &¢ (100 MHz; CDCls) 139.0 (Ph), 128.8 (Ph), 128.3 (Ph), 127.1 (Ph), 58.1
(PhCH;,N), 56.1 (NCH,CHl) and 4.0 (NCH,CH,l);

MS m/z (+ESI) 352 (11%, MH") and 224 (100%, M*-1);

HRMS m/z (+ESI) Found 352.0561 (MH™). C1sH1IN (MH") requires 352.0562.
Consistent with the spectroscopic data previously reported.?
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N,N-bis-(3-Methoxybenzyl)-2-aminoethanol (5b)

O. O
oH —— = OH
HoNT > NN

K,CO3, "BuyNI
MeCN
3.5 h, reflux 5b
80% yield

o

"BugNI (554 mg, 1.5 mmol, 30 mol%) was added to a rapidly stirred suspension of
ethanolamine (302 uL, 5 mmol), 3-methoxybenzyl chloride (1.6 mL, 11 mmol, 2.2
equiv.) and K,CO3 (2.07 g, 15 mmol, 3 equiv.) in MeCN (30 mL) open to the air. The
mixture was heated at reflux for 3.5 h, cooled to room temperature and the solvent
removed under reduced pressure. H,O (30 mL) was added to the residue and the
product extracted with EtOAc (4 x 30 mL). The combined organic layers were
washed with brine (30 mL), dried over MgSQ,, filtered and the solvent removed
under reduced pressure. The crude mixture was purified by column chromatography
[silica, PE:EtOAc gradient from 100:0 to 20:80] to afford the alcohol 5b (1.2 g, 80%

yield) as a colourless oil.

R¢[PE:EtOAC 50:50] 0.60;

IR vmax (liquid film) 3451 (OH), 2943 (C-H), 1600 (C=C) and 1049 (C-O);

IH NMR 8y (400 MHz; CDCl3) 7.24 (2 H, t, J = 8.0 Hz, Ar), 6.91 (2 H, br.d, J = 7.5
Hz, Ar), 6.87 (2 H, t, J = 1.5 Hz, Ar), 6.79 (2 H, ddd, J = 8.5, 2.5 and 1.0 Hz, Ar),
3.80 (6 H, s, ArOCHs), 3.60 (4 H, s, ArCH,N), 359 (2 H, t, J = 5.0 Hz,
NCH,CH,O0H) and 2.68 (2 H, t, J = 5.0 Hz, NCH,CH,OH);

13C NMR 8¢ (100 MHz; CDCl3) 159.7 (Ar), 140.4 (Ar), 129.4 (Ar), 121.2 (Ar), 114.6
(Ar), 112.4 (Ar), 58.6 (NCH,CH,OH), 58.2 (ArCH,N), 55.1 (ArOCHs) and 54.9
(NCH,CH,0H);

MS m/z (+ESI) 324 (13%, MNa") and 302 (100%, MH");

HRMS m/z (+ESI) Found 324.1554 (MNa*) and 302.1748 (MH"). CigH»sNNaO;
(MNa") requires 324.1576 and C1gH24NO3 (MH") requires 302.1756.
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N,N-bis-(3-Methoxybenzyl)amino-2-iodoethane (1b)

/O /O
I, PPh3
imidazole
—_—
N/\/OH N/\/'
CH,Cl,
35h,rt
5b 67% yield 1b

N o

lodine (558 mg, 2.2 mmol, 1.1 equiv.) was added to a rapidly stirred solution of the
alcohol 5b (602 mg, 2 mmol), PPhs (577 mg, 2.2 mmol, 1.1 equiv.) and imidazole
(150 mg, 2.2 mmol, 1.1 equiv.) in CH,Cl, (8 mL) open to the air. After 3.5 h of
stirring at room temperature, the solvent was removed under reduced pressure. EtOAC
(30 mL) and saturated aqueous NaHCO3 solution (40 mL) were added, the layers
separated and the aqueous layer extracted with EtOAc (2 x 30 mL). The combined
organic layers were washed with brine (30 mL), dried over MgSQy,, filtered and the
solvent removed under reduced pressure. The crude mixture was purified by column
chromatography [silica, PE:EtOAc gradient from 100:0 to 30:70] to afford the alkyl
iodide 1b (550 mg, 67% yield) as a clear brown oil.

R¢[PE:EtOACc 70:30] 0.80;

IR vimax (liquid film) 2939 (C-H), 1600 (C=C) and 1050 (C-O);

'"H NMR 8y (400 MHz; CDCl3) 7.22 (2 H, t, J = 8.0 Hz, Ar), 7.01 (2 H, br.s, Ar),
6.95 (2 H, d, J =75 Hz, Ar), 6.79 (2 H, dd, J = 8.0 and 2.5 Hz, Ar), 3.82 (6 H, s,
ArOCHg), 3.61 (4 H, s, ArCH,N), 3.20 (2 H, t, J = 7.5 Hz, NCH,CH,l) and 2.83 (2 H,
t, J =7.5 Hz, NCH,CHj,l);

B3C NMR &¢ (100 MHz; CDCls) 159.6 (Ar), 140.7 (Ar), 129.2 (Ar), 121.0 (Ar), 114.2
(Ar), 112.6 (Ar), 58.0 (ArCHN), 55.9 (NCH,CHjyl), 55.2 (ArOCH3) and 4.30
(NCH,CH,l);

MS m/z (+ESI) 316 (100%, M*—I1+MeOH; 3b+H"), 284 (58%, M*—I);

HRMS m/z (+ESI) Found 284.1646 (M"—I). C1gH2,NO, (M-I requires 284.1651.
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CO» capture and functionalisation
Table 1

Entry 1, Table 1

2-N,N-Dibenzylaminoethyl methyl carbonate (2a)

CO,
1.1 equiv. Ag,0
25 equiv. MeOH
| _— O. O.
N/\/ N/\/ \n/ “Me

CHCl3
35 min., rt

95% yield

1a 2a

N,N-Dibenzylamino-2-iodoethane 1a (50 mg, 0.14 mmol) was dissolved in CHCI; (2
mL) and CO, (1 balloon) was bubbled through. MeOH (0.14 mL, 3.5 mmol, 25
equiv.) was added, followed by Ag,O (37 mg, 0.16 mmol, 1.1 equiv.) and the reaction
vigorously stirred under an atmosphere of CO; at room temperature for 35 mins. The
reaction mixture was filtered through a cotton wool and silica plug and washed with
CHCI3 (10 mL) and EtOAc (10 mL). The solvent was removed under reduced
pressure to give, without the need for further purification, the unsymmetrical
carbonate 2a (40 mg, 95% yield) as a colourless oil.

R¢[PE:EtOACc 80:20] 0.51;

IR vmax (liquid film) 2955 (CH), 1747 (C=0) and 1602 (C=C);

'H NMR & (400 MHz; CDCls) 7.36 (4 H, d, J = 7.0 Hz, Ph), 7.30 (4 H, t, J = 7.0 Hz,
Ph), 7.23 (2 H, t, J = 7.0 Hz, Ph), 4.20 (2 H, t, J = 6.0 Hz, NCH,CH,0), 3.75 (3 H, s,
OCO,CHs), 3.65 (4 H, s, PACH,N) and 2.76 (2 H, t, J = 6.0 Hz, NCH,CH,0):

13C NMR 8¢ (100 MHz; CDCl3) 155.7 (C=0), 139.2 (Ph), 128.7 (Ph), 128.2 (Ph),
127.0 (Ph), 66.0 (NCH,CH,O), 58.7 (PhCH,N), 54.7 (OCO,CH;) and 51.6
(NCH,CH,0);

MS m/z (+ESI) 322 (2%, MNa"*) and 300 (100%, MH"):

HRMS m/z (+ESI) Found 322.1419 (MNa*) and 300.1597 (MH"). CigH»NNaO;
(MNa") requires 322.1419 and C1gH,,NO3; (MH™) requires 300.1600.
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Entry 2, Table 1
2-N,N-bis-(3-Methoxybenzyl)aminoethyl methyl carbonate (2b)

O. 0.
- co, -
1.1 equiv. Ag,0
25 equiv. MeOH
| _— O. 0.
NN N \‘( “Me

N

CHCl,
16 h, 1t o
oh,
1b 99% yield 2

N

N,N-bis-(3-Methoxybenzyl)amino-2-iodoethane 1b (44 mg, 0.11 mmol) was
dissolved in CHCI;3 (2 mL) and CO; (1 balloon) was bubbled through. MeOH (0.11
mL, 2.72 mmol, 25 equiv.) was added, followed by Ag,O (27 mg, 0.12 mmol, 1.1
equiv.) and the reaction vigorously stirred under an atmosphere of CO, at room
temperature for 16 h. The reaction mixture was filtered through a cotton wool and
silica plug and washed with CHCI; (10 mL) and EtOAc (10 mL). The solvent was
removed under reduced pressure to give, without the need for further purification, the

unsymmetrical carbonate 2b (38 mg, 99% vyield) as a pale yellow oil.

R¢[PE:EtOACc 70:30] 0.63;

IR vmax (liquid film) 2834 (CH), 1749 (C=0), 1600 (C=C) and 1047 (CO);

'H NMR &y (400 MHz; CDCl3) 7.23 (2 H, t, J = 8.0 Hz, Ar), 6.98 (2 H, br.s, Ar),
6.95(2H,d, J=75Hz Ar),6.79 (2H, dd, J=8.0and 2.5 Hz, Ar), 424 (2 H,t,J =
6.0 Hz, NCH,CH0), 3.82 (6 H, s, ArOCHg), 3.77 (3 H, s, OCO,CHg), 3.65 (4 H, s,
ArCH,N) and 2.79 (2 H, t, J = 6.0 Hz, NCH,CH,0);

B3C NMR 8¢ (100 MHz; CDCls) 159.7 (Ar), 155.7 (C=0), 140.9 (Ar), 129.2 (Ar),
121.0 (Ar), 114.0 (Ar), 1125 (Ar), 659 (NCH,CH;0), 58.6 (ArCH,N), 55.1
(ArOCHj3), 54.7 (OCO,CHj3) and 51.7 (NCH,CH,0);

MS m/z (+ESI) 360 (100%, MH");

HRMS m/z (+ESI) Found 360.1805 (MH™). C2H26NOs (MH™) requires 360.1811.
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Entry 3, Table 1
N,N-Dibenzylamino-2-methoxyethane (3a)

Nz
1.1 equiv. Ag,0
25 equiv. MeOH
—_—
N/\/' /\/o\
CHCl3
35 min., rt
o \i
1a 91% yield 3a

Ag,0 (41 mg, 0.18 mmol, 1.1 equiv.) was added in one portion to a rapidly stirred
solution of N,N-dibenzylamino-2-iodoethane 1a (57 mg, 0.16 mmol) and MeOH (0.16

mL, 4 mmol, 25 equiv.) in CHCI3 (2 mL) under a N, atmosphere at room temperature.
After 35 min. the reaction mixture was filtered through a cotton wool and silica plug
and washed with CHCI; (10 mL) and EtOAc (10 mL). The solvent was removed
under reduced pressure to give, without the need for purification, the ether 3a (37 mg,

91% yield) as a colourless oil.

R¢[PE:EtOACc 70:30] 0.53;

IR vmax (liquid film) 2923 (CH) and 1601 (C=C);

IH NMR & (400 MHz; CDCl3) 7.38 (4 H, d, J = 8.0 Hz, Ph), 7.30 (4 H, t, J = 8.0 Hz,
Ph), 7.25-7.21 (2 H, m, Ph), 3.65 (4 H, s, PhACH,N), 3.49 (2 H, t, J = 6.5 Hz,
NCH,CH,OMe), 3.28 (3 H, s, NCH,CH,OMe) and 2.66 (2 H, t, J = 6.5 Hz,
NCH,CH,OMe);

13C NMR 5¢ (100 MHz; CDCls) 139.7 (Ph), 128.8 (Ph), 128.2 (Ph), 126.8 (Ph), 71.5
(NCH,CH,OMe), 58.9 (PhCH,N), 58.7 (NCH,CH,OMe) and 52.7 (NCH,CH,OMe):
MS m/z (+ESI) 256 (100%, MH"*):

HRMS m/z (+ESI) Found 256.1691 (MH"). C17H22NO (MH") requires 256.1701.
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Entry 4, Table 1
N,N-bis-(3-Methoxybenzyl)amino-2-methoxyethane (3b)

0. 0.
- N, -
1.1 equiv. Ag,0
25 equiv. MeOH
_—
N/\/I /\/O\

N Me
CHCl3
16 h, rt
98% yield

1b 3b

Ag,0 (49 mg, 0.21 mmol, 1.1 equiv.) was added in one portion to a rapidly stirred
solution of N,N-bis-(3-methoxybenzyl)amino-2-iodoethane 1b (80 mg, 0.19 mmol)
and MeOH (0.2 mL, 4.94 mmol, 25 equiv.) in CHCI;3 (3 mL) under a N, atmosphere
at room temperature. After for 16 h. the reaction mixture was filtered through a cotton
wool and silica plug and washed with CHCI3 (10 mL) and EtOAc (10 mL). The
solvent was removed under reduced pressure to give, without the need for further

purification, the ether 3b (60 mg, 98% yield) as a pale yellow oil.

Rt [PE:EtOAc 70:30] 0.66;

IR vmax (liquid film) 2833 (CH), 1600 (C=C) and 1048 (CO);

'H NMR &y (400 MHz; CDCl3) 7.21 (2 H, t, J = 8.0 Hz, Ar), 6.98 (2 H, d, J = 2.5 Hz,
Ar), 6.95 (2 H,d,J=8.0Hz, Ar), 6.78 (2 H, dd, J = 8.0 and 2.5 Hz, Ar), 3.81 (6 H, s,
ArOMe), 3.63 (4 H, s, ArCH;N), 3.50 (2 H, t, J = 6.0 Hz, NCH,CH,OMe), 3.29 (3 H,
s, NCH,CH,OMe) and 2.69 (2 H, t, J = 6.0 Hz, NCH,CH,OMe);

3C NMR &8¢ (100 MHz; CDCl3) 159.6 (Ar), 141.5 (Ar), 129.1 (Ar), 121.0 (Ar), 114.2
(Ar), 112.3 (Ar), 71.5 (NCH,CH,0OMe), 58.8 (ArCH;N), 58.7 (NCH,CH,OMe), 55.1
(ArOMe) and 52.8 (NCH,CH,OMe);

MS m/z (+ESI) 338 (1%, MNa®) and 316 (100%, MH™);

HRMS m/z (+ESI) Found 338.1718 (MNa') and 316.1891 (MH"). CigHasNNaOs
(MNa") requires 338.1732 and C1gH,6NO3; (MH™) requires 316.1913.
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Entry 5, Table 1
Bis-[2-N,N-bis-(3-Methoxybenzyl)aminoethyl] carbonate (4b)

O.
- co,
1.1 equiv. Ag,0
/\/O O\/\

N

CH,Cl,
16 h, rt
1b 94% yield
(o)

~

A solution of N,N-bis-(3-methoxybenzyl)amino-2-iodoethane 1b (133 mg, 0.32
mmol) in CH,Cl, (2 mL) was vigorously stirred under an atmosphere of CO,
(balloon) at room temperature for 2 h before Ag,O (81 mg, 0.35 mmol, 1.1 equiv.)
was added in one portion and the reaction stirred for a further 16 h under an
atmosphere of CO,. The reaction mixture was filtered through a pad of Celite®,
washed with CH,Cl, (10 mL) and the solvent removed under reduced pressure to
give, without the need for further purification, the symmetrical carbonate 4b (95 mg,
94% yield) as a clear yellow oil.

Rt [PE:EtOAC 70:30] 0.40;

IR vimax (liquid film) 3054 (CH), 1744 (C=0), 1601 (C=C) and 1264 (CO);

'"H NMR 8y (400 MHz; CDCl3) 7.20 (4 H, t, J = 8.0 Hz, Ar), 6.95 (4 H, br.s, Ar),
6.93 (4 H, d, J=8.0 Hz, Ar), 6.77 (4 H, dd, J = 8.0 and 2.0 Hz, Ar), 420 (4 H, t, J =
6.5 Hz, NCH,CH,0), 3.79 (12 H, s, ArOMe), 3.63 (8 H, s, ArCH,N) and 2.77 (4 H, t,
J = 6.5 Hz, NCH,CH;0);

B3C NMR 8¢ (100 MHz; CDCls) 159.7 (Ar), 155.1 (C=0), 140.9 (Ar), 129.2 (Ar),
121.0 (Ar), 114.0 (Ar), 112.5 (Ar), 65.8 (NCH,CH,0), 58.6 (ArCH;N), 55.1 (ArOMe)
and 51.6 (NCH,CH,0);

MS m/z (+ESI) 651 (100%, MNa*);

HRMS m/z (+ESI) Found 651.3028 (MNa’). Cs;HiN;NaO; (MNa') requires
651.3046.
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Entry 6, Table 1

air
1.1 equiv. Ag,0O
A~ - A~ N/\/OH /\/OTOV\
o °

N N N N

CH,Cl,
16 h, rt
1a 35%, 1a 43%, 5a 7%, 4a
E /\/O\/\ ;

N N

Ag.0 (67 mg, 0.29 mmol, 1.1 equiv.) was added in one portion to a rapidly stirred
solution of N,N-dibenzylamino-2-iodoethane 1a (92 mg, 0.26 mmol) in CH.Cl, (2
mL) at room temperature open to the air. After 16 h. the reaction mixture was filtered
through a pad of Celite® and washed with CHCI;3 (10 mL) and the solvent removed
under reduced pressure to give a colourless oil. *H NMR of this material showed
unreacted starting material 1a (35%), the symmetrical carbonate 4a (7%), the alcohol
5a (43%) and the symmetrical ether 6a (15%).

Entry 7, Table 1

CHCl,
3h,rt o
95% yield

E? co, (?

1.1 equiv. Ag,0

5 equiv. MeOH
N N/\/O\H/O\Me
N,N-Dibenzylamino-2-iodoethane 1a (196 mg, 0.56 mmol) was dissolved in CHCl3 (5
mL) and CO;, was bubbled through. MeOH (0.11 mL, 2.80 mmol, 5 equiv.) was
added, followed by Ag,0 (144 mg, 0.62 mmol, 1.1 equiv.) and the reaction vigorously
stirred under an atmosphere of CO, at room temperature for 3 h. The reaction mixture
was filtered through a pad of Celite®, washed with CHCI3 (10 mL) and the solvent
removed under reduced pressure to give, without the need for further purification, the
unsymmetrical carbonate 2a (158 mg, 95% yield) as a clear pale yellow oil, consistent

with the spectroscopic data previous reported for carbonate 2a.
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Entry 8, Table 1

air
1.1 equiv. Ag,CO3
5 equw MeOH

0.9 G

N N N

E °N
Me
oHe, T
3h,rt o
1a 36%, 2a 21%, 5a 26%, 4a
E /\/O\M

N

©) 17%, 3a

Ag,CO;3 (83 mg, 0.30 mmol, 1.1 equiv.) was added in one portion to a rapidly stirred
solution of N,N-dibenzylamino-2-iodoethane 1a (96 mg, 0.27 mmol) and MeOH (0.05

N

e

mL, 1.35 mmol, 5 equiv. ) in CHCI; (2.5 mL) at room temperature open to the air and
stirred for 3 h. The reaction mixture was filtered through a pad of Celite® and washed
with CHCI; (10 mL) and the solvent removed under reduced pressure to give a
colourless oil. *H NMR of this material showed the unsymmetrical carbonate 2a
(36%), the ether 3a (17%), the symmetrical carbonate 4a (26%) and the alcohol 5a
(21%).

Entry 9, Table 1

CO,

1.1 equiv. Ag,CO3

5 equnv MeOH

| OH (o) 0.
NN NS /\/ ~"N
CHCI3
3h,rt
©) 1a ©) 73%, 2a ©)17/ 5a O) 10%, 4a K@

N,N-Dibenzylamino-2-iodoethane 1a (160 mg, 0.46 mmol) was dissolved in CHCI; (4
mL) and CO;, was bubbled through. MeOH (0.09 mL, 2.30 mmol, 5 equiv.) was
added, followed by Ag,CO; (141 mg, 0.51 mmol, 1.1 equiv.) and the reaction

vigorously stirred under an atmosphere of CO, at room temperature for 3 h. The
reaction mixture was filtered through a pad of Celite® and washed with CHCI; (10
mL) and the solvent removed under reduced pressure to give a clear yellow oil. *H
NMR of this material showed the unsymmetrical carbonate 2a (73%), the alcohol 5a
(17%) and the symmetrical carbonate 4a (10%).

S13



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

Entry 10, Table 1
Bis-(2-N,N-Dibenzylaminoethyl) carbonate (4a)

air
5 equiv. Ag,CO3
5 equiv. MeOH
/\/l _— /\/OH /\/O
CHCI3
25h,rt
1a 17%, 2a 14%, 5a 69%, 4a

Using 5 equivalents of Ag,COj3 as reported by Teranishi et al.,** Ag,CO3 (938 mg,

3.40 mmol, 5 equiv.) was added in one portion to a rapidly stirred solution of N,N-
dibenzylamino-2-iodoethane l1a (237 mg, 0.68 mmol) and MeOH (0.14 mL, 3.40
mmol, 5 equiv.) in CHCI3 (9 mL) open to the atmosphere at room temperature. The
flask was covered in foil® and after 2.5 h. the reaction mixture was filtered through a
pad of Celite® and washed with CHCI; (10 mL). The solvent was removed under
reduced pressure to give a pale yellow oil. *H NMR of this material showed the
unsymmetrical carbonate 2a (17%), the alcohol 5a (14%) and the symmetrical
carbonate 4a (69%).
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Entry 11, Table 1
N,N-Dibenzylamino-2-chloroethane (7a)

CO,
1.1 equiv. AgClI
25 equiv. MeOH
—_—
N A~ A~

N

CHCI3
16 h, rt
o i
1a 87% yield 7a

N,N-Dibenzylamino-2-iodoethane 1a (135 mg, 0.38 mmol) was dissolved in CHCI; (4
mL) and CO, was bubbled through. MeOH (0.39 mL, 9.62 mmol, 25 equiv.) was
added followed by AgClI (62 mg, 0.43 mmol, 1.1 equiv.) and the reaction vigorously

stirred under a CO, atmosphere at room temperature for 16 h. The resulting cloudy
pale yellow mixture was filtered through a pad of Celite®, washed with CHCI; (10
mL) and the solvent removed under reduced pressure to give, without the need for
further purification, the alkyl chloride 7a (87 mg, 87% vyield) as a clear yellow oil.

R¢[PE:EtOACc 80:20] 0.55;

IR vimax (liquid film) 3003 (CH) and 1601 (C=C);

'"H NMR &4 (400 MHz; CDCl3) 7.37 (4 H, d, J = 7.0 Hz, Ph), 7.31 (4 H, t, J = 8.0 Hz,
Ph), 7.24 (2 H, t, J = 7.0 Hz, Ph), 3.65 (4 H, s, PhCH,N), 3.48 (2 H, t, J = 7.0 Hz,
NCH,CH,Cl) and 2.83 (2 H, t, J = 7.0 Hz, NCH,CH,CI);

3C NMR ¢ (100 MHz; CDCls) 139.4 (Ph), 129.0 (Ph), 128.6 (Ph), 127.4 (Ph), 59.0
(PhCH;,N), 55.6 (NCH,CH,CI) and 42.1 (NCH,CH,CI);

MS m/z (+ESI) 260 (100%, MH") and 224 (12%, M*—ClI);

HRMS m/z (+ESI) Found 260.1185 (MH™). C1sH19CIN (MH") requires 260.1206.
Consistent with the spectroscopic data previously reported for the alkyl chloride 7a.°
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Entry 12, Table 1
N,N-Dibenzylamino-2-chloroethane (7a)

CO,
1.1 equiv. AgClI
25 equiv. MeOH
—_—
N A~ A~

N

MeCN
16 h, rt
o
1a 99% yield 7a

N,N-Dibenzylamino-2-iodoethane 1a (82 mg, 0.23 mmol) was dissolved in MeCN (2
mL) and CO, was bubbled through. MeOH (0.24 mL, 5.75 mmol, 25 equiv.) was
added followed by AgClI (36 mg, 0.25 mmol, 1.1 equiv.) and the reaction vigorously

stirred under a CO, atmosphere at room temperature for 16 h. The resulting cloudy
pale yellow mixture was filtered through a pad of Celite®, washed with EtOAc (10
mL) and the solvent removed under reduced pressure to give, without the need for
further purification, the alkyl chloride 7a (60 mg, 99% vyield) as a clear yellow oil.

Entry 13, Table 1

CO,
1.1 equiv. AgF
25 equiv. MeOH
—_—
N/\/' N/\/O\Me N/\/F
CHCl3
16 h, rt
1a 55%, 3a 45%, 8a

N,N-Dibenzylamino-2-iodoethane 1a (65 mg, 0.19 mmol) was dissolved in CHCI; (3
mL) and CO, was bubbled through. MeOH (0.19 mL, 4.63 mmol, 25 equiv.) was
added followed by AgF (27 mg, 0.21 mmol, 1.1 equiv.) and the reaction vigorously

stirred under a CO, atmosphere at room temperature for 16 h. The reaction mixture
was filtered through a pad of silica and washed with EtOAc (10 mL) and CHCI;3 (10
mL). The solvent was removed under reduced pressure to give a pale orange oil. *H
NMR of this material showed the methyl ether 3a (55%) and the alkyl fluoride 8a
(45%), which were consistent with the spectroscopic data previously reported in this

study for the methyl ether 3a and with the alkyl fluoride 8a described previously.’
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Investigation of the Ag,O loading
Table 2

Entry 2, Table 2

80% yield

CO,
0.7 equiv. Ag,0
25 equiv. MeOH
N/\/l _— N/\/OY “Me
CHCl3
©) 25h, 1t O) o

N,N-Dibenzylamino-2-iodoethane 1a (74 mg, 0.21 mmol) was dissolved in CHCI; (3
mL) and CO, was bubbled through. MeOH (0.21 mL, 5.25 mmol, 25 equiv.) was
added, followed by Ag.O (35 mg, 0.15 mmol, 0.7 equiv.) and the reaction vigorously
stirred under an atmosphere of CO;, at room temperature for 2.5 h. The reaction
mixture was filtered through a cotton wool plug and washed with EtOAc (10 mL).
The solvent was removed under reduced pressure to give, without the need for further

purification, the unsymmetrical carbonate 2a (50 mg, 80% vyield) as a colourless oil.

Entry 3, Table 2

CO,

0.5 equiv. Ag,0

25 equiv. MeOH

—_—

N/\/l /\/l /\/o N/\/O\Me
CHCIy
25h, 1t
1a 25%, 1a 67%, 2a 8%, 3a

N,N-Dibenzylamino-2-iodoethane 1a (74 mg, 0.21 mmol) was dissolved in CHCI; (3
mL) and CO, was bubbled through. MeOH (0.21 mL, 5.25 mmol, 25 equiv.) was
added, followed by Ag,O (25 mg, 0.11 mmol, 0.5 equiv.) and the reaction vigorously

stirred under an atmosphere of CO, at room temperature for 2.5 h. The reaction
mixture was filtered through a cotton wool plug and washed with EtOAc (10 mL).
The solvent was removed under reduced pressure to give a colourless oil. *H NMR of
this material showed unreacted starting material la (25%), the unsymmetrical
carbonate 2a (67%) and the methyl ether 3a (8%).
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Scheme 4

CO,
1.1 equiv. Ag,0O o o
6 equiv. MeOH
R\I — R\I " R\OLO/Me + R\O/Me 4 R\O)J\O/R + R\O/H
CHCl3
16 h, 20 °C
1c R=CgH,7 1c, 47% 2c, 38% 3¢, 9% 4c, 3% 5¢c, 3%

1-lodooctane 1c (0.36 mL, 2 mmol, 1eq.) was dissolved in CHCI;3 (15 mL) and CO,
was bubbled through. MeOH (0.49 mL, 12 mmol, 6 eq.) was added followed by Ag,O
(510 mg, 2.2 mmol, 1.1 eq.) and the reaction vigorously stirred under a CO,
atmosphere at room temperature for 16 h. Na,SO, was added and the reaction mixture
filtered through a pad of Celite® and washed with CHCI; (20 mL). The solvent
removed under reduced pressure to afford a colourless oil. *H NMR of this material
showed unreacted starting material 1c (47%), the unsymmetrical carbonate 2c (38%),
the unsymmetrical ether 3c (9%), the symmetrical carbonate 4c (3%) and octanol 5¢

(3%). Assignments were made with the spectroscopic data previously reported for the

8-10 9,10

unsymmetrical 2¢™ and symmetrical 4c™" carbonates.
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N,N-bis-(3-Methoxybenzyl)-2-aminoethanol (5b)
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Entry 1, Table 1
2-N,N-Dibenzylaminoethyl methyl carbonate (2a)
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Entry 2, Table 1
2-N,N-bis-(3-Methoxybenzyl)aminoethyl methyl carbonate (2b)
/O
OO~
N Me
T
2b
L i
| |- |
T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
Ernrsors@e Nroces  ano
SYNBEIRLRN 4nifes 8Bk
Y/ NN N
[
|
| |
gl |0 |
T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm
'g“"m‘l‘e’ m 3@55 2
AR Q| @@ S
2|35 2 s 3

S21



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

Entry 3, Table 1
N,N-Dibenzylamino-2-methoxyethane (3a)
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Entry 4, Table 1
N,N-bis-(3-Methoxybenzyl)amino-2-methoxyethane (3b)
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Entry 5, Table 1
Bis-[2-N,N-bis-(3-Methoxybenzyl)aminoethyl] carbonate (4b)
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Entry 6, Table 1
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Entry 8, Table 1
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Entry 9, Table 1
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N,N-Dibenzylamino-2-chloroethane (7a)
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Synthetic Procedure for the Optimisation Study (Table 3)

Table 3. Optimisation of the Ag-mediated capture and functionalisation of CO, with alkyl halides.?
CO, balloon
(e} . (e}
R—X I R—X (6] (6] 6, R—OR (@] (e) R—OH
1
1 R-OH 1 2 9, R—OBz 4 5
solvent
Entry R-X R™-OH Ag,0 T Time solvent R- ROCO,R' R-O-R ROCO,R  R-OH
1 (equiv.) (equiv.) (°C) (h) X 2 3 (6/9)b 4 5
1
1 Oct-| BnOH (1.5) 15 20 18 CHCl; 56 22 9 4 9
2 Oct-1 BnOH (1.5) 1.5 45 20 CHCl, 31 25 25 5 14
3 Oct-| BnOH (1.5) 11 50 20 CHCl; 76 8 5 2 9
4 Oct-1 BnOH (5) 1.1 50 20 CHCl, 20 35 22 3 20
5 Oct-| BnOH (5) 15 45 20 CHCl; 14 36 24 4 22
6 Oct-1 MeOH (5) 1.1 45 16 CHCl, 32 42 10 4 12
7 Oct-| EtOH (5) 11 45 16 CHCl; 59 24 7 2 8
8 Oct-l iPrOH (5) 15 45 16 CHCl3 16 44 13 (3), 2 (6) 10 15
9 Oct-I BnOH (1.5) 15 20 18 PhMe 69 17 4 2 8
10 Oct-I BnOH (1.5) 1.5 45 18 PhMe 51 19 11 3 16
11 Oct-l BnOH (1.5) 15 100 18 PhMe - 11 48 (3), 2 (6), 10 (9) 2 27
12 Oct-| BnOH (5) 15 100 18 PhMe - 10 47 (3),11(9) 1 31
13° Oct-l BnOH (1.5) 15 100 18 PhMe 6 - 71 (3), 2 (6), 14 (9) - 7
14 Oct-| BnOH (1.5) 15 20 18 MeCN 7 15 3(3),2(6) 7 66
15 Oct-1 BNnOH (1.5) 15 45 18 MeCN 3 19 5(3),1(6) 6 66
16 Oct-I BnOH (20) 15 20 20 neat - 55 44 1 B
17 Oct-I BnOH (20) 15 45 4 neat - 43 40 1 16
18° Oct-| MeOH(123) 1.1 40 4 neat - 72 7 2 19
19 Oct-I iPrOH (30) 15 45 5 neat - 72 13 4 11
20 Oct-| iPrOH (30) 15 45 20 neat - 75 12 4 9
21 Oct-I iPrOH (30) 0.5 45 5 neat 45 37 10 2 6
22 Oct-I iPrOH (30) 0.5 45 20 neat 31 37 23 2 7
23 Hex-Br iPrOH (30) 15 45 20 neat 4 27 4 3 62
24 Hex-Br  BnOH (20) 15 45 20 neat 12 12 21 (3),1(9) 1 53
25 Hex-Br BnOH (20) 2 45 16 neat 10 14 22 1 53
26 Hex-Cl iPrOH (30) 2 45 16 neat 100 - - - -
27 Oct-| iPrOH (30) 1.5Ag,CO; 45 20 neat 15 35 12 (3), 4 (6) 21 13
28° Oct-l iPrOH (30)  1.5Ag,CO; 45 20 neat 28 6 31 (3), 3 (6) 7 25
29 Hex-| BnOH (20) 3 AgClI 45 20 neat 100 - - - -
30 Hex-1 BnOH (20) 3 AgNO3 45 20 neat - - 54 (3), 46 (9)
31 Hex-| BnOH (20) 2.5 Agl 45 16 neat 100 - - - -
+1.0 45 5 neat - 40 41 2 17
Ag,0
2 The ratios are expressed as % and were obtained from "H NMR of the crude reaction mixture after it had been filtered through Celite® and the
solvent removed under reduced pressure. All experiments were conducted with 1 mmol of R-X under an atmosphere of CO, generated from the
sublimation of dry ice, except where indicated. ® All values are of the unsymmetrical ether 3, unless otherwise stated. © Reaction conducted under
an atmosphere of N,. 9 Reaction conducted with 3 mmol Oct-I in 15 mL MeOH.

A balloon filled with COy(), generated by the sublimation of commercially available
dry ice, was bubbled through a rapidly stirred suspension of the alkyl halide (1mmol),
Ag(l) salt and an alcohol in a solvent (if any) at room temperature in a sealed tube.
The reaction was then sealed, thus maintaining a CO,g atmosphere, and heated at the
required temperature for the times shown in Table 3 above. The reaction mixture was
filtered through Celite®, washed with CHCI; and the solvent carefully evaporated
under reduced pressure. *H NMR was performed of the crude reaction mixture and the

ratio of products calculated from integration of indicative signals.
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Synthetic Procedures for **C-labelled experiments (Table 4, Scheme 5)

NaH'3CO3syHCl(aq)
S~ R ——— o O.
R

) Il
1d 1.2 equiv. Ag,0 2d (o]
MeOH
4 h, 40°C

The desired mixture of NaHCO3) was accurately weighted and placed in a sealed 5
mL round-bottomed flask, fitted with a cannula which was positioned in the air-space
above the reaction mixture. The other end of the cannula was positioned in the
reaction mixture of a separate and sealed round-bottomed flask which contained a
rapidly stirred suspension of the alkyl iodide, Ag>O and MeOH at room temperature.
This flask was also fitted with an empty balloon to act as a reservoir of the COy(,
produced. The addition of 3M HClq to the first flask containing the NaHCOjz
generated COy Which passed through the cannula and into the reaction mixture in
the second flask and into the balloon reservoir. Once the bubbling had ceased and no
more NaHCO3) was evident, the cannula was removed from the reaction mixture in
the second flask and the reaction heated to 40 °C for 4 hours under the balloon filled
with CO,. The reaction was filtered through filter paper and cotton wool, washed with
MeOH and the solvent carefully removed under reduced pressure to afford carbonate
2d.

Entry 1, Table 4. Measured ratio 100:0 NaH"?CO3:NaH"**CO;
Following the general procedure, CO, generated by the addition of 3M HCI to

NaH'COs (571 mg, 6.80 mmol, 5 eq.) was bubbled through a rapidly stirred mixture
of 1-iodohexane (287 mg, 1.36 mmol, 1 eq.) and Ag,0O (377 mg, 1.63 mmol, 1.2 eq.)
in MeOH (2.5 mL) to give the carbonate 2d (137 mg, 63% yield) as a colourless oil.

'H NMR &4 (400 MHz; CDCl3) 4.12 (2 H, t, J = 6.5 Hz, CH,0CO,Me), 3.76 (3 H, s,
CH,0CO;Me), 1.64 (2 H, quintet, J = 7.0 Hz, CH,CH,0CO,), 1.40-1.24 (6 H, m,
CH3(CH,)3) and 0.86 (3 H, t, J = 7.0 Hz, CH3(CHy>)3);

C NMR §c (100 MHz; CDCl;) 155.84 (C=0), 68.21 (CH,OCO,Me), 54.57
(CH,0CO,;Me), 31.33 (CH3(CHj)s3), 28.56 (CH,CH,0CO;), 25.29 (CH3(CHy,)s3),
22.46 (CH3(CHa)3) and 13.93 (CH3(CHy)3);

MS m/z (+ESI) 184.1 (10%, MNa") and 183.1 (100%, MNa");

HRMS m/z (+ESI) Found 183.1035 (MNa"). CgH1sNaO3z (MNa") requires 183.0997.
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Entry 2, Table 4. Measured ratio 75:25 NaH"?CO3:NaH"**CO,

Following the general procedure, CO, generated by the addition of 3M HCI to a
mixture of 75% NaH'CO; (428.4 mg, 5.10 mmol, 3.75 eq.) and 25% NaH*CO;
(144.5 mg, 1.70 mmol, 1.25 eq.) was bubbled through a rapidly stirred mixture of 1-

iodohexane (288 mg, 1.36 mmol, 1 eq.) and Ag,O (378 mg, 1.63 mmol, 1.2 eq.) in
MeOH (2.5 mL) to give the carbonate 2d (148 mg, 68% vyield) as a colourless oil.

Entry 3, Table 4. Measured ratio 50:50 NaH"CO3:NaH"*CO,

Following the general procedure, CO, generated by the addition of 3M HCI to a
mixture of 50% NaH*2COj; (286 mg, 3.40 mmol, 2.50 eq.) and 50% NaHCOj; (289
mg, 3.40 mmol, 2.50 eq.) was bubbled through a rapidly stirred mixture of 1-
iodohexane (287 mg, 1.36 mmol, 1 eq.) and Ag,O (378 mg, 1.63 mmol, 1.2 eq.) in
MeOH (2.5 mL) to give the carbonate 2d (148 mg, 68% vyield) as a colourless oil.

Entry 4, Table 4. Measured ratio 25:75 NaH"?CO3:NaH"*CO,

Following the general procedure, CO, generated by the addition of 3M HCI to a
mixture of 25% NaH*2COj; (143 mg, 1.70 mmol, 1.25 eq.) and 75% NaHCOj; (435
mg, 5.12 mmol, 3.76 eq.) was bubbled through a rapidly stirred mixture of 1-
iodohexane (288 mg, 1.36 mmol, 1 eq.) and Ag,O (378 mg, 1.63 mmol, 1.2 eq.) in
MeOH (2.5 mL) to give the carbonate 2d (153 mg, 70% vyield) as a colourless oil.

Entry 5, Table 4. Measured ratio 0:100 NaH"?CO3:NaH"**CO;
Following the general procedure, CO, generated by the addition of 3M HCI to

NaH™COs (425 mg, 5 mmol, 5 eq.) was bubbled through a rapidly stirred mixture of
1-iodohexane (212 mg, 1 mmol, 1 eq.) and Ag.O (278 mg, 1.2 mmol, 1.2 eq.) in
MeOH (2 mL) to give the carbonate 2d (96 mg, 60% yield) as a colourless oil.

'H NMR &y (400 MHz; CDCl3) 4.12 (2 H, tt, J = 6.5 and 1.5 Hz, CH,0CO;Me),
3.76 (3 H, t, J = 2.0 Hz, CH,0™CO,Me), 1.72-1.61 (2 H, m, CH,CH,0%C0,), 1.40-
1.24 (6 H, m, CH3(CH,)3) and 0.88 (3 H, t, J = 7.0 Hz, CH3(CHy)»);

¥C NMR &c (100 MHz; CDCl;) 155.82 (**C=0), 68.16 (d, J = 15 Hz,
CH,0™CO,Me), 54.48 (d, J = 1.5 Hz, CH,0"CO,Me), 31.30 (CH3(CH.)s), 28.55 (d,
J = 2.5 Hz, CH,CH,0"CO0,), 25.26 (CH3(CH,)3), 22.41 (CH3(CH,)s) and 13.86
(CH3(CH,)3);

MS m/z (+ESI) 185.1 (7.6%, MNa"), 184.1 (100%, MNa") and 183.1 (3.0%, MNa");
HRMS m/z (+ESI) Found 184.1025 (MNa"). C;*CHisNaOs (MNa®) requires
184.1031.
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NMR Spectra for the **C-labelled CO, experiments

Measured ratio 100:0 NaH>CO;:NaH®*CO;
Entry 1, Table 4
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Measured ratio 75:25 NaH?CO3:NaH®CO,

Entry 2, Table 4
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Measured ratio 50:50 NaH>CO3;:NaH*®*CO;

Entry 3, Table 4
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Measured ratio 50:50 NaH>CO3;:NaH*®*CO;
As Entry 3, Table 4, but purged with N, before CO, generation
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Measured ratio 25:75 NaH>CO;:NaH®CO;
Entry 4, Table 4

95 90 85 80 75 70 65 60 55 50 45

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 3

=

18.6321
8.5316 —
1.0000

0.9716,7
0.9741 -

S36



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

Measured ratio 0:100 NaH?CO;:NaH®CO

3

Entry 5, Table 4
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Measured ratio 0:100 NaH>CO;:NaH®*CO;
As Entry 5, Table 4, but with Ag,COs3
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Isotopic labelling experiments
Determination of ratios by *C NMR

Simultaneous equations: x is the proportion of the integral corresponding to the **C
compound and y is the proportion of the integral corresponding to the *C compound.

Standard 100 MHz *C NMR experiments were performed, with 1024 scans. Owing
to different relaxation times, the integral of the C=0 peak differs to the integrals of
the remaining peaks, although each peak represents a single carbon. The difference in
the integrals was determined from the non-labelled compound (“reference *C NMR”,
page S6), which was incorporated in the equations below as the “integration factor”.

In addition, the C=0 signal for the **C compound y will be 100% abundant, so in
order to make a direct comparison with the C=0 signal for the **C compound x, we
must use a conversion factor to take into account the natural abundance of **C which
is 1.11%. Therefore, the C=0 peak for compound y will be magnified by a factor of
100/1.11. For all other C signals, x +y will simply equal the integral of that peak.

Measured ratio 75:25 NaH?>CO3;:NaH**CO,
Entry 2, Table 4

Comparison of C=0 peak at 155.8 ppm integral 7.3152 with 68.2 ppm integral 1.0000
Integration factor = 3.6904

1) x +y = 1.0000
2) x + (100y/1.11) = 7.3152 x 3.6904

Rearranging Eq. 1 to y = 1.0000 — x and substituting into Eq. 2 gives:
3) x + (100(1 — x)/1.11) = 26.9960, becomes

4) 90.0901 — 89.0901x = 26.9960, becomes

5) 89.0901x = 63.0941,

6) x = 0.7082

From Eq. 1, x + y = 1.0000; x = 0.7082 and y = 0.2918, **C = 70.8% and **C = 29.2%

Comparison of C=0 peak at 155.8 ppm integral 7.3152 with 54.57 ppm integral
0.7842
Integration factor = 2.6110

1) x +y=0.7842
2) x + (100y/1.11) = 7.3152 x 2.6110

Rearranging Eq. 1 to y = 0.7842 — x and substituting into Eq. 2 gives:
3) x +(100(0.7842 — x)/1.11) = 19.1000, becomes

4) 70.6486 — 89.0901x = 19.1000, becomes

5) 89.0901x = 51.5487,

6) x =0.5786

From Eq. 1, X + y = 0.7842, x = 0.5786 and y = 0.2056, '°C = 73.8% and **C = 26.2%
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Comparison of C=0 peak at 155.8 ppm integral 7.3152 with 31.3 ppm integral 1.0952
Integration factor = 3.5564

1) x + y=1.0952
2) X + (100y/1.11) = 7.3152 x 3.5564

Rearranging Eq. 1 to y = 1.0952 — x and substituting into Eq. 2 gives:
3) x +(100(2.0952 — x)/1.11) = 26.0158, becomes

4) 98.6667 — 89.0901x = 26.0158, becomes

5) 89.0901x = 72.6509,

6) x =0.815

From Eq. 1, x +y = 1.0952; x = 0.8155 and y = 0.2797, **C = 74.5% and **C = 25.5%

Comparison of C=0 peak at 155.8 ppm integral 7.3152 with 28.6 ppm integral 1.0263
Integration factor = 3.5026

1) x +y = 1.0263
2) x + (100y/1.11) = 7.3152 x 3.5026

Rearranging Eq. 1 to y = 1.0263 — x and substituting into Eq. 2 gives:
3) X +(100(1.0263 — x)/1.11) = 25.6222, becomes

4) 92.4595 — 89.0901x = 25.6222, becomes

5) 89.0901x = 66.8372,

6) x = 0.7502

From Eq. 1, x +y = 1.0263; x = 0.7502 and y = 0.2761, **C = 73.1% and **C = 26.9%

Comparison of C=0 peak at 155.8 ppm integral 7.3152 with 25.3 ppm integral 1.1055
Integration factor = 3.4658

1) x +y = 1.1055
2) x + (100y/1.11) = 7.3152 x 3.4658

Rearranging Eq. 1 to y = 1.1055 — x and substituting into Eq. 2 gives:
3) x +(100(2.1055 — x)/1.11) = 25.3530, becomes

4) 99.5946 — 89.0901x = 25.3530, becomes

5) 89.0901x = 74.2416,

6) x = 0.8333

From Eq. 1, x + y =1.1055; x =0.8333 and y = 0.2722, '2C = 75.4% and °C = 24.6%
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Comparison of C=0 peak at 155.8 ppm integral 7.3152 with 22.5 ppm integral 1.1190
Integration factor = 3.3807

1) x +y =1.1190
2) x + (100y/1.11) = 7.3152 x 3.3807

Rearranging Eq. 1 to y = 1.1190 — x and substituting into Eq. 2 gives:
3) x +(100(1.1190 — x)/1.11) = 24.7305, becomes

4) 100.8108 — 89.0901x = 24.7305, becomes

5) 89.0901x = 76.0803,

6) x = 0.854

From Eq. 1, X + y = 1.1190; x = 0.8540 and y = 0.2650, **C = 76.3% and **C = 23.7%

Comparison of C=0 peak at 155.8 ppm integral 7.3152 with 13.9 ppm integral 1.1059
Integration factor = 3.4515

1) x +y = 1.1059
2) x + (100y/1.11) = 7.3152 x 3.4515

Rearranging Eq. 1 to y = 1.1059 — x and substituting into Eq. 2 gives:
3) x +(100(1.1059 — x)/1.11) = 25.2484, becomes

4) 99.6306 — 89.0901x = 25.2484, becomes

5) 89.0901x = 74.3822,

6) x = 0.8349

From Eq. 1, x + y = 1.1059; x = 0.8349 and y = 0.2710, 12C = 75.5% and °C = 24.5%

Average of the 7 peaks and using population Standard deviation

70.8+73.8+745+73.1+754+76.3+75.5=742+1.7
7

120 = 74.241.7% and **C = 25.8+1.7%
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Measured ratio 50:50 NaH>CO;:NaH®*CO;
Entry 3, Table 4

Comparison of C=0 peak at 155.8 ppm integral 12.4434 with 68.2 ppm integral
1.0000
Integration factor = 3.6904

1) x +y = 1.0000
2) x + (100y/1.11) = 12.4434 x 3.6904

Rearranging Eq. 1 to y = 1.0000 — x and substituting into Eq. 2 gives:

3) x + (100(1 — x)/1.11) = 45.9211, becomes
4) 90.0901 — 89.0901x = 45.9211, becomes
5) 89.0901x = 44.1690,

6) x = 0.4958

From Eq. 1, x + y = 1.0000; x = 0.4958 and y = 0.5042, 12C = 49.6% and *C = 50.4%

Comparison of C=0 peak at 155.8 ppm integral 12.4434 with 54.57 ppm integral
0.7342
Integration factor = 2.6110

1) x +y = 0.7342
2) x + (100y/1.11) = 12.4434 x 2.6110

Rearranging Eq. 1 to y = 0.7342 — x and substituting into Eq. 2 gives:
3) X +(100(0.7342 — x)/1.11) = 32.4897, becomes

4) 66.1444 — 89.0901x = 32.4897, becomes

5) 89.0901x = 33.6544,

6) x =0.3778

From Eq. 1, x +y = 0.7342, x = 0.3778 and y = 0.3564, °C = 51.5% and **C = 48.5%

Comparison of C=0 peak at 155.8 ppm integral 12.4434 with 31.3 ppm integral
0.9691
Integration factor = 3.5564

1) x +y = 0.9691
2) x + (100y/1.11) = 12.4434 x 3.5564

Rearranging Eq. 1 to y = 0.9691 — x and substituting into Eq. 2 gives:
3) x +(100(0.9691 — x)/1.11) = 44.2537, becomes

4) 87.3063 — 89.0901x = 44.2537, becomes

5) 89.0901x = 43.0526,

6) x = 0.4832

FromEq. 1, x + y =0.9691; x =0.4832 and y = 0.4859, '2C = 49.9% and °C = 50.1%
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Comparison of C=0 peak at 155.8 ppm integral 12.4434 with 28.6 ppm integral
0.9806
Integration factor = 3.5026

1) x +y = 0.9806
2) x + (100y/1.11) = 12.4434 x 3.5026

Rearranging Eq. 1 to y = 0.9806 — x and substituting into Eq. 2 gives:
3) x +(100(0.9806 — x)/1.11) = 43.5843, becomes

4) 88.3423 — 89.0901x = 43.5843, becomes

5) 89.0901x = 44.7581,

6) x = 0.5024

From Eq. 1, x +y = 0.9806; x = 0.5024 and y = 0.4782, **C = 51.2% and *°C = 48.8%

Comparison of C=0 peak at 155.8 ppm integral 12.4434 with 25.3 ppm integral
0.9815
Integration factor = 3.4658

1) x +y = 0.9815
2) x + (100y/1.11) = 12.4434 x 3.4658

Rearranging Eq. 1 to y = 0.9815 — x and substituting into Eq. 2 gives:
3) x +(100(0.9815 — x)/1.11) = 43.1263, becomes

4) 88.4234 — 89.0901x = 43.1263, becomes

5) 89.0901x = 45.2971,

6) x = 0.5084

From Eq. 1, x + y = 0.9815; x = 0.5084 and y = 0.4731, 12C = 51.8% and °C = 48.2%

Comparison of C=0 peak at 155.8 ppm integral 12.4434 with 22.5 ppm integral
0.9319
Integration factor = 3.3807

1) x +y =0.9319
2) x + (100y/1.11) = 12.4434 x 3.3807

Rearranging Eq. 1 to y = 0.9319 — x and substituting into Eq. 2 gives:
3) x +(100(0.9319 — x)/1.11) = 42.0674, becomes

4) 83.9550 — 89.0901x = 42.0674, becomes

5) 89.0901x = 41.8876,

6) x =0.4702

FromEq. 1, x +y=0.9319; x =0.4702 and y = 0.4617, '2C =50.5% and *C = 49.5%
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Comparison of C=0 peak at 155.8 ppm integral 12.4434 with 13.9 ppm integral
0.9093
Integration factor = 3.4515

1) x +y = 0.9093
2) x + (100y/1.11) = 12.4434 x 3.4515

Rearranging Eq. 1 to y = 0.9093 — x and substituting into Eq. 2 gives:
3) x +(100(0.9093 — x)/1.11) = 42.9484, becomes

4) 81.9189 — 89.0901x = 42.9484, becomes

5) 89.0901x = 38.9705,

6) x = 0.4374

From Eq. 1, x +y = 0.9093; x = 0.4374 and y = 0.4719, **C = 48.1% and °C = 51.9%

Average of the 7 peaks and using population Standard deviation

49.6+515+49.9+51.2+51.8+50.5+48.1 =50.4+1.2
7

12C = 50.4+1.2% and **C = 49.6+1.2%
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Measured ratio 25:75 NaH>CO;:NaH®*CO;
Entry 4, Table 4

Comparison of C=0 peak at 155.8 ppm integral 18.6321 with 68.2 ppm integral
1.0000
Integration factor = 3.6904

1) x +y = 1.0000
2) x + (100y/1.11) = 18.6321 x 3.6904

Rearranging Eq. 1 to y = 1.0000 — x and substituting into Eq. 2 gives:
3) x + (100(1 — x)/1.11) = 68.7599, becomes

4) 90.0901 — 89.0901x = 68.7599, becomes

5) 89.0901x = 21.3302,

6) x = 0.2394

From Eq. 1, x + y = 1.0000; x = 0.2394 and y = 0.7606, 12C = 23.9% and °C = 76.1%

Comparison of C=0 peak at 155.8 ppm integral 18.6321 with 54.57 ppm integral
0.7383
Integration factor = 2.6110

1) x +y=0.7383
2) X + (100y/1.11) = 18.6321 x 2.6110

Rearranging Eq. 1 to y = 0.7383 — x and substituting into Eq. 2 gives:
3) x +(100(0.7383 — x)/1.11) = 48.6484, becomes

4) 66.5135 — 89.0901x = 48.6484, becomes

5) 89.0901x = 17.8651,

6) x = 0.2005

From Eq. 1, x +y = 0.7383, x = 0.2005 and y = 0.5378, *2C = 27.2% and **C = 72.8%

Comparison of C=0 peak at 155.8 ppm integral 18.6321 with 31.3 ppm integral
1.0349
Integration factor = 3.5564

1) x +y=1.0349
2) X + (100y/1.11) = 18.6321 x 3.5564

Rearranging Eq. 1 to y = 1.0349 — x and substituting into Eq. 2 gives:
3) x +(100(2.0349 — x)/1.11) = 66.2632, becomes

4) 93.2342 — 89.0901x = 66.2632, becomes

5) 89.0901x = 26.9710,

6) x = 0.3027

From Eq. 1, X + y = 1.0349; x = 0.3027 and y = 0.7322, *2C = 29.3% and **C = 70.7%
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Comparison of C=0 peak at 155.8 ppm integral 18.6321 with 28.6 ppm integral
1.0615
Integration factor = 3.5026

1) x +y=1.0615
2) x + (100y/1.11) = 18.6321 x 3.5026

Rearranging Eq. 1 to y = 1.0615 — x and substituting into Eq. 2 gives:
3) x + (100(2.0615 — x)/1.11) = 65.2608, becomes

4) 95.6306 — 89.0901x = 65.2608, becomes

5) 89.0901x = 30.3698,

6) x = 0.3409

From Eq. 1, X + y = 1.0615; x = 0.3409 and y = 0.7206, *2C = 32.1% and **C = 67.9%

Comparison of C=0 peak at 155.8 ppm integral 18.6321 with 25.3 ppm integral
0.9964
Integration factor = 3.4658

1) X +y = 0.9964
2) x + (100y/1.11) = 18.6321 x 3.4658

Rearranging Eq. 1 to y = 0.9964 — x and substituting into Eq. 2 gives:
3) x +(100(0.9964 — x)/1.11) = 64.5751, becomes

4) 89.7658 — 89.0901x = 64.5751, becomes

5) 89.0901x = 25.1906,

6) x =0.2828

From Eq. 1, x + y = 0.9964; x = 0.2828 and y = 0.7136, 12C = 28.4% and °C = 71.6%

Comparison of C=0 peak at 155.8 ppm integral 18.6321 with 22.5 ppm integral
0.9716
Integration factor = 3.3807

1) x +y = 0.9716
2) x + (100y/1.11) = 18.6321 x 3.3807

Rearranging Eq. 1 to y = 0.9716 — x and substituting into Eq. 2 gives:
3) x +(100(0.9716 — x)/1.11) = 62.9895, becomes

4) 87.5315 — 89.0901x = 62.9895, becomes

5) 89.0901x = 24.5420,

6) x = 0.2755

FromEqg. 1, x +y=0.9716; x =0.2755 and y = 0.6961, 12C = 28.4% and °C = 71.6%
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Comparison of C=0 peak at 155.8 ppm integral 18.6321 with 13.9 ppm integral
0.9741
Integration factor = 3.4515

1)x+y=0.9741
2) X + (100y/1.11) = 18.6321 x 3.4515

Rearranging Eq. 1 to y = 0.9741 — x and substituting into Eq. 2 gives:
3) x +(100(0.9741 — x)/1.11) = 64.3087, becomes

4) 87.7568 — 89.0901x = 64.3087, becomes

5) 89.0901x = 23.4481,

6) x = 0.2632

From Eq. 1, X + y = 0.9741; x = 0.2632 and y = 0.7109, *2C = 27.0% and **C = 73.0%

Average of the 7 peaks and using population Standard deviation

23.9+27.2+293+32.1+28.4+28.4+27.0=28.0+2.3
7

126 = 28.042.3% and **C = 72.0+2.3%
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Measured ratio 0:100 NaH>CO;:NaH®*CO;
Entry 4, Table 4

Comparison of C=0 peak at 155.8 ppm integral 23.9895 with 68.2 ppm integral
1.0000
Integration factor = 3.6904

1) x + y = 1.0000
2) x + (100y/1.11) = 23.9895 x 3.6904

Rearranging Eq. 1 to y = 1.0000 — x and substituting into Eq. 2 gives:

3) x + (100(1 — x)/1.11) = 88.5309, becomes
4) 90.0901 — 89.0901x = 88.5309, becomes
5) 89.0901x = 1.5592,

6) x = 0.0175

From Eq. 1, X + y = 1.0000; x = 0.0175 and y = 0.9825, **C = 1.75% and **C =
98.25%

Comparison of C=0 peak at 155.8 ppm integral 23.9895 with 54.5 ppm integral
0.7221
Integration factor = 2.6110

1) x +y=0.7221
2) x + (100y/1.11) = 23.9895 x 2.6110

Rearranging Eq. 1 to y = 0.7221 — x and substituting into Eq. 2 gives:
3) x +(100(0.7221 — x)/1.11) = 62.6366, becomes

4) 66.0541 — 89.0901x = 62.6366, becomes

5) 89.0901x = 2.4175,

6) x = 0.0271

From Eq. 1, x + y=0.7221, x = 0.0271 and y = 0.6950, 12C = 3.8% and **C = 96.2%

Comparison of C=0 peak at 155.8 ppm integral 23.9895 with 31.3 ppm integral
0.9621
Integration factor = 3.5564

1) x +y=0.9621
2) X + (100y/1.11) = 23.9895 x 3.5564

Rearranging Eq. 1 to y = 0.9621 — x and substituting into Eq. 2 gives:
3) x +(100(0.9621 — x)/1.11) = 85.3163, becomes

4) 86.6757 — 89.0901x = 66.2632, becomes

5) 89.0901x = 1.3594,

6) x =0.0153

From Eq. 1, X + y = 0.9621; x = 0.0153 and y = 0.9468, *2C = 1.6% and *C = 98.4%
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Comparison of C=0 peak at 155.8 ppm integral 23.9895 with 28.6 ppm integral
0.9770
Integration factor = 3.5026

1) x +y = 0.9770
2) x + (100y/1.11) = 23.9895 x 3.5026

Rearranging Eq. 1 to y = 0.9770 — x and substituting into Eq. 2 gives:
3) x +(100(0.9770 — x)/1.11) = 84.0256, becomes

4) 88.0180 — 89.0901x = 84.0256, becomes

5) 89.0901x = 3.9924,

6) x = 0.0448

From Eq. 1, x +y = 0.9770; x = 0.0448 and y = 0.9322, **C = 4.6% and "*C = 95.4%

Comparison of C=0 peak at 155.8 ppm integral 23.9895 with 25.3 ppm integral
0.9535
Integration factor = 3.4658

1) x +y = 0.9535
2) x + (100y/1.11) = 23.9895 x 3.4658

Rearranging Eq. 1 to y = 0.9535 — x and substituting into Eq. 2 gives:
3) x +(100(0.9535 — x)/1.11) = 83.1428, becomes

4) 85.9009 — 89.0901x = 83.1428, becomes

5) 89.0901x = 2.7581,

6) x =0.0310

From Eq. 1, x + y = 0.9535; x = 0.0310 and y = 0.9225, 12C = 3.2% and **C = 96.8%

Comparison of C=0 peak at 155.8 ppm integral 23.9895 with 22.4 ppm integral
0.9107
Integration factor = 3.3807

1) x +y = 0.9107
2) x + (100y/1.11) = 23.9895 x 3.3807

Rearranging Eq. 1 to y = 0.9107 — x and substituting into Eq. 2 gives:
3) x +(100(0.9107 — x)/1.11) = 81.1013, becomes

4) 82.0450 — 89.0901x = 81.1013, becomes

5) 89.0901x = 0.9437,

6) x = 0.0106

From Eq. 1, x + y =0.9107; x = 0.0106 and y = 0.9001, '2C = 1.2% and *C = 98.8%
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Comparison of C=0 peak at 155.8 ppm integral 23.9895 with 13.9 ppm integral
0.9068
Integration factor = 3.4515

1) x +y = 0.9068
2) x + (100y/1.11) = 23.9895 x 3.4515

Rearranging Eq. 1 to y = 0.9068 — x and substituting into Eq. 2 gives:

3) x + (100(0.9068 — x)/1.11) = 82.7998, becomes
4) 81.6937 — 89.0901x = 82.7998, becomes

5) 89.0901x =-1.1061,

6) x =-0.0124

From Eq. 1, X + y = 0.9068; x = —0.0124 and y = 0.9192, **C = —1.4% and **C =
101.4%

Average of the 7 peaks and using population Standard deviation

1.75+38+16+46+32+12-14=21+138
7

126 = 2.1+1.8% and *C = 97.9+1.8%
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Isotopic labelling experiments

Determination of ratios by High Resolution Mass Spectroscopy

I
012 o CHs

160.1099

Hex
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J]

12

Hex \O/C\O/CH3
161.1172

Na ®

~
121l
Hex _ ZC. -y
183.0992

X

13!
O ¢}
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Hex. ~C._ __CHj;
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162.1206
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~

13l
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184.1025

y

PN /CHS

m/z of 100% *2C compound x shows the MNa" ion at 183.1035 (39 090, 91.26%) and
184.1067 (3 746, 8.74%), due to natural abundance of *3C present in this compound.
Using this background reading, the ratios of the mixtures are calculated below.

The proportion of the peak at 184.1 due to the natural abundance of *C is (3 746/39
090) of the peak at 183.009.

X is the proportion of the integral corresponding to the 2C compound and v is the
proportion of the integral corresponding to the **C compound.

The table below shows the exact mass found and the integration of each peak
corresponding to *2C and **C.

Entry Ratio MNa* | Integration | MNa® **C | Integration
NaH?CO;:NaH®CO; | **C (x)? (y)?
1 100:0 183.1035 39090 184.1067 3746
2 75:25 183.0977 159796 184.1013 72738
3 50:50 183.1026 43599 184.1056 48240
4 25:75 183.0990 16043 184.1018 42118
5 0:100 183.0973 24203 184.1008 800762

Source Type: ESI+

The calculations below show how the ratio of isotopes was determined using theses
integrals to give the values quoted as Table 4 in the paper (and reproduced below)
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Table 4. *C-labelled CO, experiments.?

Entry Yield Measured Observed ratio Observed

(%)° ratio® ¥C NMR? ratio HRMS®
e Bc e B¢ c e

1 63 100 0 100 0 100 0
2 68 75 25 742417  258#1.7 736 26.4
3 68 50 50 50.4+1.2  49.6+12  49.7 50.3
4 70 25 75 28.0£2.3  72.0£#23 283 717
5 60 0 100 2.1+1.8 97.9+1.8 29 971

@ All reactions were performed by adding 3M HClg) to NaHCO; (5 equiv.) and
passing the CO, gas generated through a rapidly stirred suspension of Hex-I (1
equiv.) and Ag;O (1.2 equiv.) in MeOH. The reaction was then rapidly stirred at
40 °C for 4h. ° Yield of 2d after filtration and careful evaporation under reduced
pressure. © Ratio of the NaH™CO; (99% *°C) and NaH“CO; (99% “*C). °
Average of ratios obtained from a comparison of the C=0 peak with each of the
aliphatic carbon signals (seven calculations). ® Ratio based on MNa® (ESI+). ¢
and ° see below for calculations.

Measured ratio 75:25 NaH?>CO;:NaH®CO,
Entry 2, Table 4

MNa" 183.0977, integration 159 796 (is solely due to compound x)
MNa* 184.1013, integration 72 738 (is due to the natural abundance of *C in
compound x plus compound y), therefore

1) x = 159 796
2) (3 746/39 090)x +y = 72 738

substituting Eq. 1 into Eqg. 2 gives:

3) (3 746/39 090) x 159 796 +y = 72 738, becomes
4)y =57 424,728

From Eq. 1 x = 159 796 and Eq. 4 y = 57 424.728, C = 73.6% and *C = 26.4%

Measured ratio 50:50 NaH">CO3:NaH"*CO;
Entry 3, Table 4

MNa" 183.1026, integration 43 599 (is solely due to compound x)
MNa* 184.1056, integration 48 240 (is due to the natural abundance of *C in
compound x plus compound y), therefore

1) x = 43 599
2) (3 746/39 090)x + y = 48 240

substituting Eq. 1 into Eq. 2 gives:

3) (3 746/39 090) x 43 599 + y = 48 240, becomes
4) y = 44 061.902

From Eq. 1 x = 43599 and Eq. 4 y = 44 061.902, **C = 49.7% and *C = 50.3%
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Measured ratio 25:75 NaH>CO;:NaH®*CO;
Entry 4, Table 4

MNa" 183.0990, integration 16 043 (is solely due to compound x)
MNa* 184.1018, integration 42 118 (is due to the natural abundance of *C in
compound X plus compound y), therefore

1) x = 16 043
2) (3 746/39 090)x + y = 42 118

substituting Eq. 1 into Eq. 2 gives:

3) (3746/39 090) x 16 043 + y =42 118, becomes
4) y = 40 580.597

From Eq. 1 x = 16 043 and Eq. 4 y = 40 580.597, **C = 28.3% and *C = 71.7%

Measured ratio 0:100 NaH"CO3:NaH"*CO;
Entry 5, Table 4

MNa" 183.0973, integration 24 203 (is solely due to compound X)
MNa* 184.1008, integration 800 762 (is due to the natural abundance of *3C in
compound x plus compound y), therefore

1) x = 24 203
2) (3 746/39 090)x + y = 800 762

substituting Eg. 1 into Eq. 2 gives:

3) (3 746/39 090) x 24 203 +y = 800 762, becomes
4)y = 798 442.623

From Eq. 1 x = 24 203 and Eq. 4 y = 798 442.623, 2C = 2.9% and *C = 97.1%
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'H NMR Spectra from optimisation study, Table 3, Entry 1
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Table 3, Entry 3
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Table 3, Entry 5

CO, balloon

(0] (0]
1.5equiv. AG.0 . JJ\ Bn CeH )J\ CaH
CeHy—| — o N0 07 CgHi—OBn 20" S0 CeH,,—OH
1 5 equiv. Bn-OH 2 3 4 5
20h, 45 °C
CHCl,
: : % an
; NAME Aug05-2010-RB4365
EXPNO 10
PROCNO 1
Date_ 20100805
Time 11.46
INSTRUM AVIIT400
Bi bH PROBHD 5 mm PABRO BB-
PULPROG 2930
T 65536
SOLVENT cDC13
NS 16
o gf’ﬂ 8223.692 Hz
)J\ FIDRES _0.125483 Hz
C8H17\O O/Bn 20 3.9846387 sec
DW £0.800 usec
DE 17.24 usec
2 TE 298.0 K
(0] o oB o 1.00000002 sec
g7 —0Obn (0]
CSH17\O JJ\O/Bn )J\ -------- CHANNEL £1 assassss
s |3 Cabirn o - o7 e
. as
2 ;ti\\' 9‘74GL29§g w
4 SPO1 400.0424704 MHz
81 6553
‘ CBH17_OBn a;w 400.04001;: MEz
888 ]
| 3 LB 0.20 Bz
‘ CeHr—! %2 1.00
‘ CgHy7—OH 1
| B 5
o J [ Jde
T T T T T T T T 1 I T
5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 ppm
Kv I\uc o \'o/ \o - . r\nf
@ S 1Sl 2 S = @
3 B e AN
Table 3, Entry 6
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Table 3, Entry 7
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Table 3, Entry 8
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o (6] FIDRES 0.125483 Tz
(@] X EQ 3.58&6321 sec
CgHy7—O'Pr i -
cartre, e ‘ o = o
o O 3 TE 298. X
D1 1.00000000 sec
2 oo 1
CgH17—Q—CgH47 DT e emn
H
6 = 13.00 o2
PL1W 5.74611950 W
SFOL 400.0424704 MHz
81 65516
X %F‘_ 400.0400148 MMz
CgHq7—O'Pr e =
= Le 0.20 Hz
s 3 =
/ CgHy7—OH | B
| »

T T T T b by | T T
49 48 47 46 45 44 43 4.2 4,

' )

-
[
wi

] st LRt T ' T T T T T
1 40 39 38 37 36 35 34 33 3.2 ppm

T g el Wgr
5| _'| d( | =
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Table 3, Entry 9

CO, balloon

O (0]
1.5equiv.Ag20 ¢ 4 JJ\ B )J\
gH17 n CgH17 CgHy7
CgHip—l — » ~o” o7 CgH47—OBN ~o” o7 CgHy7—OH
1 1.5 equiv. Bn-OH 2 3 4 5
18h, 20 °C
Toluene
4,5 °q BnOu
L 4Seq Ag,C
* RB 01.14 R.T.
3ml folueme o -4
12l 3 : - BRUKER
oo 'fcmf . \
NAME Aug07-2010-RB4446
PRocw0 3
BnOH e g
INSTRUM AVIII400
PROBHD S wm PABBO BB~
PULPRCG 6:2?:
o ﬁgI.VE‘NT CDC:.::
D8 2
CgHi7 )J\ _Bn SWH £223.685 Hz
— X 5483
o 0 CgHiz—! S e s%s84e307 sec
) . R
(o) o= 17.24 usec
(e} 5y 49008000 Bee
CSH17\O q _Bn Do 3
CgHiz )J\ CgH17 25 s
o O/ mamsee CHANNEL £1 s
2 Pl 13.00 usec
4 PL1 0.00 d8
PL1W 9.74611950 W
SFO1 400.0424704 MEz
81 65536
SF 400.0400148 MHz
CgH47—OBN prid =
B0t 3 CgHy7—OH o ozg -
5 CgH17,—OBn e 1ea8
£ RBoWITE
RRoNSTF I/ = ! 3
[ — Lbc_lh: A
_~_.__Jt_._._/\_/\/j/ W SN S TP
T T T T T T T T T T T
5.2 5.0 48 46 4.4 42 4.0 3.8 3.6 3.4 ppm
L J . - L 1
r~ o;) /vk - - \‘2 w/ ~Ner
< S be R 9+ Z d = ~
E g B 3 we g B 5
Table 3, Entry 10
CO, balloon o o
1.5equiv. AG0  cgH J\ Bn CeH )k CgH
gH17 gH17 gH17
CgHiy—l —— » ~o” Yo7 CgH47—OBnN ~o” Yo7 CgHy7—OH
1 1.5 equiv. Bn-OH 2 3 4 5
18h, 45 °C
Toluene
4',5'.?:(‘ B OH
4,5 eq 10
Zm Toluene
RB 01.14 45 DEG :
=fGn
! mﬂ Rugn?-}ﬂlﬂ'R_S'biQS
FPROCHNO Al
s ey
BnOHi INGTRUM AVIII400
CgH47—OBN o
™ 65516
3 SCLVENT cDCl13
RS 16
)OJ\ g;‘}l snrss; Hz
Catbir g A BN o B SREEE
87 g': GD.EE: usec
O DE 17.24 usec
)L | 2 1 TE 298.0 ¥
CBH17\O O/Bn o ?1:;0 1.00000005 sec
| C H )J\ C H EEERmEEE" CHAMNEL L1 -_- ------
2 8 17\0 O/ 8ti7 ;‘gc_ 13 5}; usac
PL1 0.00 dB
| 4 CgH47—0Bn sror 425 8434764 s
&I 65536
S‘.'-‘ 200.0400148 MHz
— e “
LB 0.20 Hz
5 1.00
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Table 3, Entry 11

CO, balloon o) o
1.5 equiv. Ag,0 CqH JJ\ B )J\
gH17 n CgH17 CgH17
CeHyy—l — » ~o” o~ CgH47—O0BN ~o” No” CgH;7,—OH
1 1.5 equiv. Bn-OH 2 3 4 5
18h, 100 °C
Toluene
3 ke Tolutue
1,6eq A5, 0
RB 01.14 1.58Q BmOW
» loo°C
B R
(<3
BAME Aug06-2010-RB440S
BnOH EXPNO 10
v 201008C;
Date
3 me 5
Hi7—0BN Jitsem AVIITi00
' PROBHD S mm PABHO B5-
3 PULPR 2530
.S;LVENT ggzig
| O NS 16
DS 2
(o] >—Ph o) SWH §223.685 Hz
FIDRES 0.125482 Hz
C H )J\ Bn 38H17_o C H JJ\ Bn AQ 3.9846387 sec
8 17\0 - 8 17\0 o~ w €0.300 usec
9 CgHy7+-OH ?i e
2 2 8Th7 D1 1.00000000 see
TDO 1
(¢} G I (| I CHANNEL £1 ====
RUC1 1"
Cs"17\0)J\O/CsH1A7W = 13.00 nsec
S PLIW 9.74611950 W
4 A e
SP 400.0400148 Miz
WDW BM
‘ i§5 0.20 B2
Gl 0
PC 1.00
v CgHi7—0—CgHy7
_ ‘ °
' 1 I I 1 I I 1 I 1 1 |} I 1 T i i T T 1
53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 3.8 3.7 36 35 ppm
! L
e e e s T e
|-' <| < e -l 1:@ - 1:5
Table 3, Entry 12
CO, balloon o o
15equiv. 50 g en ot M _cH
CeHiyp— — & N0 0" CgHi7—O0Bn 2 ™07 o078 CeHy,—OH
1 5 equiv. Bn-OH 2 3 4 5
18h, 100 °C
Toluene
\\ b anl Blipne
4,52 43,0
YRB 01.14 SBQ BmOH
e - B R
| o C3D
RAME AugUl6=2010- RE4.
BXPNO 10
f—— E:gic!n_{o 20102525
]r INSTRUN AVIII400
PROBHD 5 wm PABBO BB-
BnOH CgH47—OBN CgHy7—OBf e i
ggiﬁbﬂ? CDC];g
3 3 gaﬂ 8323-63; Hz
FIDRES 0.125483 H=x
AQ 3.9846387 sec
(@] gbsa &0 sgg =
D= 1'&.2! ::e:
o Ph o o1 1.00008000 mec
CgH17—O " "
C H )J\ Bn )J\ CHANNEL f1 ==
st~ oo~ 9 CSH17\O O/B” EES lgég usee
2 2 CgHy7—OH Sror 200042470 Mz
81 6553
5 8F 400.0400148 MHz
* ssp =
Cg 17\0)J\O/CBH17 % ?:E *
| 4
,n'l
T T T T T T T T T T T T T T T T T T 1
51 50 49 48 47 46 45 44 43 42 41 40 39 38 3.7 36 35 ppm

R A e
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Table 3, Entry 13

N, balloon

O (0]
1.5 equiv. Ag,0 C JJ\
sH17 Bn CgHi7 _CgH7
CgHyp—| —— » o~ ~o” CgH{;—OBnN o~ "o CgH17—OH
1 1.5 equiv. Bn-OH 2 3 4 5
18h, 100 °C
Toluene
N 4,Seq Bnow
N\ ASeqdss O
b 3l Tobuene
et gy = m
8w /100°C 2o s S Ee
Witheut Coy < A o B R
) AL \f LQX—)
, NAME Aug07-2010-RB4444
EXPNO 10
| PROCNO 1
Date_ 20100808
Time 1.27
—_— —_— INSTRUM AVIIT400
CgH17—0OBn CgH17—0OBn TROBED. 5 =m DADBO BB
PULPROG zg30
3 3 ™D 65536
SOLVENT cocl3
KNS 16
Ds 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AC 3.9846387 sec
RCG 50.8
oW 60.800 usec
DE 17.24 usec
TE 298.0 K
D1 1.00000000 sec
™o 1

CgHy7—0—CgHy7

6
BPLlW 9.746)]‘;50 w
SFC1 400.0424704 MHz
SI 65536
SF 400.0400148 MHz
WDW BN
CgHiy—1 " 0.20 Hz
GB 1]
PC 1.00
T
T T 1 T T L} I L 1 T T 1 T T 1 T i T 1
49 48 47 46 45 44 43 42 41 40 39 38 3.7 36 35 34 33 3.2 ppm
L_\'\ /\o _;\"v—./ L’\,\ )\Q "/ )
S S S| < o o 2
N'{ usr < lo[ < e S
Table 3, Entry 14
CO, balloon o o
1.5equiv. AG0  cgH J\ Bn CeH )k CeH
gH17 gH17 gH17
CgHyp—l — & ~o” o~ CgHq7—OBN ~o” Yo7 CgHy;—OH
1 1.5 equiv. Bn-OH 2 3 4 5
18h, 20 °C
MeCN
CHCN /RT/ 181
4,50q Hmod
\. ‘(nft'-f*( 2O
RB 01.15 B 4
5 °8 % 533358 il 0 BSE§ER
v : b NAME Augl0-2010-RB4510
EXPNO 10
PROCNO 1
Date_ 20100810
Time 13.01
o INSTRUM AVIII400
PROBHD 5 mm PABBO BBE-
Cortre AL__en Huinco oo
(e] O SOLVENT cpcl3
BnQH ) o 2
CgH17—OH FiDRES o 12540 e
o) o) a0 #39846387 seo
)J\ 5 oW 60.800 usec
CSH17\O - Bn CsH17\o O/CBH17 o 1724 usec
Dl 1.00000000 sec
TDO _ 1
2
=smss=== CHANNEL f1 =======c
CgHy7—O—CgHy7 g‘f 13.00 usec
PL1W 9.74611§50 w
6 8¥01 400.0424704 MEz
S1 65536
SF 400.0400148 MHz
wWowW N
S§SB o
L 0.20 Hz
CgH47—0OBn en
3 CgH17—OBNn  CgH, 7 —I
| Y
|
L )
/ \ S

T T T T 7 T T T T T
5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 34 3.2 ppm

—~ '\“ _— L °/J L\\S/’é - ‘/
S 2 3 a - - 54
- “ei o . o o S|
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Table 3, Entry 15

CO, balloon
1.5 equiv. Ag,0 CeH )J\ Bn CgH )J\ CgH
CeHy—| — & N0 07 CgHi—OBn 20" S0 CeH,,—OH
1 1.5 equiv. Bn-OH 2 3 4 5
18h, 45 °C
MeCN
c%cwass:/:zl\
\ |g¢
s
L5 538 - -
BRUKER
LV {
; B HAME Auglo-2010-RB-4509
EXPHO 10
PROCHND 1
(0] Date_ 20100810
Time 12.55
/JJ\\ INSTRUM - AVIII4OON
Cohtire o BN BoE s
™ 65536
Bno .l S{?[.VF_’GT cm}!
2 =
S‘H'H 8223 .685 -I'z
0 0 T Eumw
RG 256
Can\OJ\O/ pn Cus\o)J\o/CaHn i 63800 uase
N TE 298. X
Dl 1.00000000 sec
2 TDO 1
CgH47—OH CgHi7—O—CgHqy7  ________ el
NuUCcl 1H
5 6 = e
PL1W 9.74611950 W
- Srol 400.0424704 MHz
81 65536
8P 400_0400148 MHz
WoW BN
CgH17—0Bn f.:s o 22 He
| - .
| 3 H17_0B gg J.Og
f 3 CgH17
= |
o1
_ g L5 Y = i .LLL
" T T T T T T T T T T T T
5.6 5.4 5.2 5.0 4.8 4.6 4.4 IJ 3.8 3.6 3.4 3.2 3.0 ppm
{ |
o T e o
= o S| = s
Table 3, Entry 16
CO, balloon
CeHiyp— — & N0 0" CgHi—0Bn 2 ™07 o7 CgHy;—OH
1 20 equiv. Bn-OH 2 3 4 5
20h, 20 °C
neat

EB 01.19 B = § ¢ i

NAME Augll-2010-RBa752
EXPNO 10
PROCKO 1
Date_ 20100818
Time 10.57
TMATRITM AVTTTAOH
PROBED 5 mwm PABBO BE-
pm_pnor; £g30
BnOH £5536
soL\nm'r ok
16
DS 2
awH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 smec
RO 228
o 60.800 usec
o LB 17.24 ugac
TE 298.0 K
)J\ D1 1.00000000 sec
o [ C8H17\o O/Bn e !
J_J\ | asmsssme CHANMEL £l mmmmm===
wUC1 15
C8H17\ /Bn | 2 Pl 13.00 usec
O O PLL 0.00 dB
PL1W 9.74611550 W
2 SFOL 400.0624704 MHz
8T 65536
CgH17—OBn H )J\ _CgH SF 400.0400148 MHz
8 17N 87 WOW EM

a
CgHy7—OBN i 8:20 uz
PC 1.00
3
CgHq7—OH

54 53 52 5.1 50 49 4.8 4? 4.6 45 4.4 43 42 41 40 39 38 37 36 35 34 ppm

E
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Table 3, Entry 17

CO, balloon

O (0]
1.5 equiv. Ag,0 CaH JJ\ Bn CeH )J\ CaH
CoHyp— — o Al CgHiy—OBn & 07 o7 ¥ CgHy—OH
1 20 equiv. Bn-OH 2 3 4 5
4h, 45 °C
neat
B OH (eat) /lodohexane
s
' B KER
NAME Augl6-2010-RB468S
EXPNC 10
PROCNO 1
Date_ 20100816
Then VITEi00
BnOH TROBED S mm ABBO BB
PULPROG =g30
0 65536
SOLVENT [seleh kc}
NS 16
(0] DS 2
)J\ FipRES 0-125403 He
C8H17\O o Bn A2 3.5846387 sec
o 60.800 usec
DE 17.24 usec
2 by 298.0 K
O g;o 1.00000002 sec
(@]

CgHiz )J\ LB e CINNEL £l =====c=
© CgHi7 )J\O/CaHﬂ ggfl ;3.5‘5 usec
2 CgH17—0Bn BLIW 9.74611950 W

"~ CgHl—0Bn . . I
SF 400.0400148 MHz
WDW EM
3 SSB 0
‘ LB ©.20 Hz
GB 1]
( PC 1.00
CgHi7—OH
|
_;::::JL;_____h__Jﬁ_~_:71 5 S
T T T T T T T T T T ] T
52 50 48 48 44 42 40 38 36 34 32 ppm
J 1 ]
r~(") L\“‘eo Yo L\]‘= k\\‘r~ <
= < Iq: ol [ =
<] I~ ,°l -~ o o‘
Table 3, Entry 18
CO, balloon o o
11eauv. A0 o, M we cortrre. M _ceH
CeHiyp— — & N0 0" CgHi—OMe 2 "™>0” o7 %" CeH;—OH
1 123 equiv. Me-OH 2 3 4 5
4h, 40 °C

neat

CgHy7,—OH
5
CgHy;—OMe

WAME Jun09-2010-G72682
EXPNO 10
PROCNO
Date_
Time
INSTRUM
PROBHD
PULFROG
™
SOLVENT

1
2010060¢
B8.56
AVIII400
5 mm PABBO BB-
2g30
65536
cocl3

16

2
B223.685
0.125483
3.9846387
4

64
€0.800 1
17.24

298.0 K
1.00000000

0.00
9.74611950
400.0424704

65536
400.0400148
EM

Q

0.20

0

1.00

T T

N

5

T T
2.0 1.5 1.0
=] ~ W e w ~
d| ’d o = :f' <

ppm
-

S63



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

Table 3, Entry 19

CO, balloon

fe) (e}
15equiv. Ag0 ¢ Pr ) CgH CgH
CaHi—I - 8 17\O)J\o/ CSH17—O'PF 8 17\0)‘]\0/ 817
1 30 equiv. 'Pr-OH 2 3 4
5h, 45 °C

neat
RB 01.16 B-5H

CgHy7—OH
5

HAME Augld-2010-RB4528
EXPNO 10
PROQD 1
Date_ 20100810
ime 16.39
(@] THSTRIM AVITT400
PRCEBHD S mm PABEC BB-
i BULPROG 2930
CgH17 )k _Pr ™ 65936
O () SOLVENT €DC13
ns 16
DS 2
fo) 2 SWH 8223.685 Hz
FIDRES 0.125483 Hz
i A0 3.9846387 gec
CqH J Pr O RG 203
8 17\0 - )J\ DW 60.800 usec
CgH17< _CgHy7 e 13-4 ueac
2 o) o D1 1.00000000 sec
4 :
1
P1 13.00 usec
PL1 0.00 dB
PLIN 9.74611550 W
SFO1 400.0423704 MHz
ST £5536
| C.H P sF 400.0400148 MHz
— WDW &M
8ti7 r SSE 0
3 LB ©.20 Hz
GB ¢
pe CgH4.7—OH »C 1.00
A [
& 5
N A
T T 1 L} L] i L} T T T T T T 1 i T I 1 T
49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 ppm
=) ks [ = P O
e =3 — B ™ oo J\\w N
@ |4 = “a
e'" hl'l' ] |e cl
Table 3, Entry 20
CO, balloon o o
15equiv. Ag0 o, M e
gH17 ~Pr ; CgHi7 CgH17
CgHy7—I —_— O O CgH417—O'Pr O (6] CgH47—OH
1 30 equiv. 'Pr-OH 2 3 4 5
20h, 45 °C
neat
RB 01.16 B 20H
NAME Augll-2010-RE4540
EXPNO 1
o PROCNO 1
Date_ 20100811
; Time .22
CgHiz )‘k _Pr INSTRUM AVIII400
O O PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 65536
o) 2 SOLVENT cpels
NS 16
. ps 2
CgH17 /’Pr (e} SWH 8223.685 Hz
e} )J\ FIDRES 0.125483 Hz
Y 3.9846387
CgHi7 CgH17 Re i1 °°
2 (0] o on 60.800 usec
DE 17.24 usec
T8 298.0 K
4 D1 1.00000000 sec
Do 1
======== CHANNEL fl ========
. wuc1
CgqH.-—O'Pr r 13.00 uces
817 PL1 0.00 dB
PLIW 5.74611550 W
P 3 sFO1 400.0424704 MHz
“ s1 65536
SF 400.0400148 MHz
woW BN
558 )
CgH,-—OH LB 0.20 Hz
817 = °
5 BC 1.00
JJ ‘(
U

|

T T 1 1 T T T I T I | T T I T
49 48 47 46 45 44 43 42 41 40 39 38 37 36 35

ppm
) ! > e e
TE - WOE
N‘ - = |d- =]
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Table 3, Entry 21

CO, balloon
0.5 equiv. Ag,0

CgHiyp—I ———
1 30 equiv. 'Pr-OH 2

5h, 45 °C
neat

RBO1.16 C-SH

(]
CsH17\OJJ\o/iPr

CgHy7—O'Pr
3 4

(o]
CsH17\o)J\O/CaH17

CgHy7—OH
5

NAME Aug12-2010-RB4632
EXPNO 10
o PROCKO 1
Oy Dater :
Time 17.39
C8H17\O O/Pr INETRUN AVITI400
PROBHD S mm PABEO BB-
PULPROG 2930
2 CaH | ™ 65536
— SOLVENT coe13
st ns 6
DS 2
0 1 SWH 8223.685 Hz
FIDRES 0.125483 Hz
C8H17\OJJ\O/CBH17 ae 35046307 sec
o 60.800 usec
DE 17.24 usec
4 TE 298.
(0] D1 1.00000000 sec
00 1
C8H17 )J\ Pr CHANNEL £1
~N vt Il  wsscosss CHARNEL ] ccsnsssns
O (¢] wuc: 1
P1 13.00 usee
PL1 .00 dB
2 PLIW 9.74611950 W
s¥o1 400.0424704 Mz
s1 6553
SF 400.0400148 MEz
WO =
SSB 0
1B 0.20 Hz
cB 0
e BC 1.00
U
T T 7 T T T T T T T
5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 34 3.2 ppm
J
oy 5
2 s s g e e
\o’ | < o‘ < o~
Table 3, Entry 22
CO, balloon o o
0.5 equiv. Ag,0 M PS
q 92 CgHiz Pr ; CgH17 CgHi7
CgHqi7—1 —_— O O CgH4.7—O'P! O (6] CgH47—OH
1 30 equiv. 'Pr-OH 2 3 4 5
20h, 45 °C
neat
, OSeq 4310
RB 01.16 C 20H i
o+ L 50
i NAME Augl3-2010-RB4637
CSH17\ )J\ /'PI' EXPNO 10
(@) O PROCKO 1
C H I Date _ 20100813
— Time 9.13
2 Ll INSTRUM AVIIT400
PROBED 5 wmm PABBO EB-
o 1 PULPROG 2530
™ 65536
JJ\ SoLVENT cpel3
NS 16
O CBH17\ /CBH " s 2
i O O sWE 8223.685 Hz
C3H17\ /PI' FIDRES 0.125483 Hz
(@) (0] AQ 3.9846387 sec
4 RG 181
oW 60.800 usec
2 DE 17.24 ha:t‘
— TE 293.0 X
D1 1.00000000 sec
D0 1
CgH{7;—OP S T £ —
P nuc1 1H
P1 13.00 usec
3 PL1 0.00 &8
PL1W 9.74611550 W
- SFOL 400.0424704 MHz
s8I 655386
— <AlTNG 127 400.0400148 MHz
oW M
SsB ¢
CgH4.7—OH 13 0.20 Bz
GB [
pC 43 1.00

l =L

Gk

i

-of v

L

T 1 T T T T T T T T
49 48 47 46 45 44 43 42 41 40

8 Ll

T T T T T T T T T
39 38 37 36 35 34 33 32 ppm
S 3/\3 o Nar”
s 3 = =
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Table 3, Entry 23

CO, balloon o
S 1.5 equiv. Ag,0 CSH""\OJJ\o/iPr
1 30 equiv. 'Pr-OH 2
20h, 45°C
neat
45T
|‘5—Qf( 4310

" RB 01.18 20H NEAT

(o]
CeH13\o)J\O/CeH13

3 4

CgH13—O'Pr

CgHi3—OH

5

I NAME Aug13-2010-RB4638
EXPNO 10
PROCHO 1
Date_ 20100813
Time 5.19
TNSTRUM AVIII400
PROBHD 5 wm PABBO BB-
¢} PULPROG 2330
™ §5536
CgHia )J\ /fPr SOLVENT €De13
S i
SuE £223.685 Hz
2 « S FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 57
O * oW £0.800 usec
o )J\ DR 17.24 usec
T8 297.9 K
) CSH13\O O/C5H13 r;..‘l_OJ b1 1.00000000 sec
CeHia ”\ Pr Eicd &
g 0] CHAMNEL £1
4 1E
13.00 usec
2 0.00 dm
9.74611550 W
400.0424704 MHz
%3 65536
400.0400148 MHz
M
[ 0
0.20 Hz
0
1.00
I
I T T T T T T T T T
49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 pm
]
'\'N Ne N /\ /
& Sl &
=] lN c]
Table 3, Entry 24
CO,, balloon o o
1.5 equiv. Ag,0 )J\ PIg
q 92 CeHiz ~Bn CeHiz ~CeHiz
CgHi3—Br ——  » O O CgH13—OBn o (0] CgH13—OH
1 20 equiv. Bn-OH 2 3 4 5
20h, 45 °C
neat
‘RR' 01 423@9 } i !‘ag
A/ M
NAME Aug18-2010-RB4753
BnOH EXPNO us 10
PROCNO 1
Date_ 20100818
i 11.03
InerRUM AVIIT400
PROBHD 5 mm PABBO BB-
PULPROG 2330
™ 65536
SOLVENT cocla
s 16
Dsg 2
SWH 8223.685 Hz
PIDRES 0.125483 Hz
AQ 3.9846387 gec
%G 57
DW 60.800 usec
o DE 17.24 usec
CgH43—OBN TE 298.
6143 Ph D1 1.00000000 sec
1
3 CeH13—O
o] 9 P1 13.00 usec
L1 0.00 dB
CgH )J\ Bi CeH13—0Bn PLIW 9.74611950 W
6 13\0 o~ SFOL 400.0424704 MHz
s1 65536
SF 4000400148 MHz
2 CGH13 WOW EM
ssB [}
LB 0.20 Hz
e 0
I G H13\ CeHiz—Br BC 1.00
'| O
| \ 2
T T T T T T T T T T T T T
5.4 5.2 5 2 4.0 3.8 3.6 3.4 3.2 ppm

2.00

) Il .lsz .’l.
e

|
‘781/ %"-3.5
o I L
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Table 3, Entry 25

CO, balloon

(e} (e}
2equiv.Ag0 gy J\ Bn CeH )J\ CeH
CeHiz—Br — » N 07 CeHiz—OBn  © 07 ™So” ™ CiH,—OH
1 20 equiv. Bn-OH 2 3 4 5
16h, 40 °C
neat
RB 01.23 B o (“a@
=2 .j BRUKER
: NAME (ﬁmﬂgs;s
EXPNO 10
PROCNO 1
Date_ 20100820
BnOH Yumron AVIIYi00
PROBHD S == PABBO BB-
PULPROG 2930
T 65536
SOLVENT cpels
NS 16
Ds 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RC 161
Cef13—0Bn o o2 ©27°2¢ usee
- usec
C H )'L Bn TE 298.0 K
o [3;le ‘ 6 13\0 O/ go 1.00000002 sec
CeH )J\ Bn
6 13\0 O/ 2 Pl 13.00 usec
(e} CgH13—0OBn sy SR
2 JJ\ gio: 400.042;;22 Miz
% CeHiz CeHi3 3 SF 400.0400148 MHz
(e] O ) WowW EM
SSB ¢
4 ég 0-28 Hz
% PC 1.00
v E . CgH13—OH CgH1z—Br
| e 5 1
L et -
T T T 1 I 1 U " T { ode ek o A T L I T I 1 | T g T T
653 52 51 5.0 49 48 47 46 45 44 43 42 41 40 39 38 3.7 36 35 34 ppm
| e A ( | A A
5 W sf F, jsr 38
= )B - - o ‘q-! =3
Table 3, Entry 26
CO, balloon 16} o
2 equiv. Ag,0 CeH )L iPr CeH )J\ CeH
CHig—Cl > RN o CoHys—OPF RN oo CoHia—OH
1 30 equiv. 'Pr-OH 2 3 4 5
16h, 45 °C
neat

HAME Aug20-2010-R54856
EXFNO 10
PROCNO 1
Date _ 20100820
Tima 15.02
INSTRUM AVIII4U0
PROBHD 5 mm PABEC BB-
PULPROG 2g30
™ £55386
SOLVENT coels
w3 16
D8 2
SWH B223.685 Hz
FIDRES 0.125483 H=z
AQ 3.9846387 sec
RG 114
W 60,800 usec
DE 17.24 usec
TE 298.0 K
D1 1.00000000 sec
DO 1
======== CHANNEL £l ========
NUCL 1H
Pl 13.00 usec
PLL ¢.00 dB
PLIW 5.74511550 W
SPOL 400.0424704 MHz
. s1 65516
'Pr-OH Egﬂ wn.oaomia MHz
CgH13—Cl - SE5B o
Le @.20 Hz
aB o
1 ] 1.00
| ;l_ ___J lﬂ
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Table 3, Entry 27

CO, balloon
1.5 equiv. Ag,CO3 5 H )L ipr CaH )J\ CaH
CeHy— — » 7o - CgHi—OPr 2 ™07 o7 8 CuH,,—OH
1 30 equiv. 'Pr-OH 2 3 4 5
20h, 45 °C
neat
RB 01.17 A-CO2 3
e B R
] ) NAME Augl2~2010-RB4596
| EBXPNO 10
) PROCNO 1
Date_ 20100812
o [ Time 9.26
INSTRUM AVIII400
cortrr. Ak o W
8717~ o~ ™ sea36
CBH17_I ':3(21/»4'3[\'1‘ .'.‘D(.‘ig
2 CgHy7—O'Pr 1 S 9223, 685 Hz
FIDRES 0.125483 Hz
3 AQ 3.9846387 sec
(@] CgH J.J\ H iél 60 ;E: :sec
- gH17 Gz 800 usoc
cattrr. J__er o™ o~ ¢ CaHi7—O0—QeHyy Lsts ¥
17\0 : O/ ¢ D1 1.00000000 sec
4 6 ™0 1
2. = r 1  Genssams CHANNEL fl ssscscsus
NUC1 iH
Pl 13.00 usec
>3 BL1 0.00 dB
St BLIW 9.74611950 W
SFO1 400.0424704 MEHz
SI 65536
SF 400.0400146 MHz
WDW o
SSB 0
I LB 0.20 Hz
& GB 0
PC 1.00
‘L«
T T T T T | 1 1 T T U I 1 1 | 1 T T 4 i
49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 ppm
ST o Ut L__\“e — L s ) \n
: T -
o o~ =3 o
Table 3, Entry 28
N, balloon o
1.5 equiv. AgoCOs .1y )]\ pr e M e
CeHyy—I  —— = e} CeHy—OPr 207 S0 CyHy,—OH
1 30 equiv. 'Pr-OH 2 3 4 5
20h, 45 °C
neat

HB 01.17 Q itha L € G,
5 fich
BRUKER

HAME Augl2-2010-RB4597
EXPNO: 10
FROCHO 1
Date 20100812
Time 9.32
o INSTRUM AVILI400
) FROBHD 5 mm PABEO BB-
) ey FULEROG 2930
CgHiz )J\ ~Pr Caftir—OPr i s
— SOLVENT cnels
(@) O 3 CgHq7—1 S 16
DS 2
2 1 SWH £223.685 Hz
PIDRES 0.125483 Ha
CgH170CgH 7 0 3.5826387 mac
RE 203
6 W 60.800 usec
C.H )J\ CeH oE 17.24 usec
TE 298.0 K
8 17\0 O/ 817 DL 1.00000000 sec
TDO 1
4 ; ======== CHANNEL f1 ====a=a=
— HUC1 1"
CgHy7—O'Pr Pl 13.00 usec
PL1 0.00 43
3 PL1W %.74611950 W
C.H )k iP ' t EF01 4000424704 MHz
r S1 65536
8' 17\o O/ &P 400.0400148 MHz
WO EM
_ a88 o
CgH17;—OH b i1 La 0.20 Hz
2 | - G o
| -5 — Be 2 an
S unsym l | V —

_J,IL - / L J_/'J I J L._WJJJ .

T T T T T T T T T T T T T T T T T T T
49 48 47 46 45 44 43 42 41 40 39 38 3.7 36 35 34 33 32 31 ppm

/

4 R Wos T E
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Table 3, Entry 29

CO, balloon o 0
3 equiv. AgClI C )J\
sH13< Bn CeH1z CeH13z
CeHiz—l —— = o~ ~o” CeHi3—0Bn o~ "o CgH13—OH
1 20 equiv. Bn-OH 2 3 4 5
20h, 45 °C
neat
{
@ (3eq)
ol o,
RB. 01.22%; i
ool | BRUK
I'I
HAME Augl7-2010-RB4708
EXPRO 10
PROCHC 1
Date_ 20100817
Time §.38
IKSTRUM AVIIIZ00
PRCBHD S mm PABBEC BE-
PULPROG 2g30
65536
SCLVENT €oCl3
= NS 16
- s 2
SWH B223.685 H:
BnOH FIDRES 0.125483 I{:
BQ 3.9845387 sec
RG 256
oW E0.800 usec
DE 17.24 usec
B 298.0
o 1.00000000 sec
TDO 1
memsszsz CHANNEL £l essswsss
Nucl1 1R
Bl 13.00 usec
PL1 0.00 4B
PL1IW 9.74611950 W
SFO1 400.0424704 MHZ
s8I 65536
SF 400.0400148 MHZ
J— WDW EM
C6H13 | S5B 0
LB 0.20 Hz
1 GB o
PC 1.00
T - T T T T T T T T T T " T
64 52 50 .8 46 44 42 40 38 36 34 32 ppm
~ L —
|ﬁ.f g|
al il
Table 3, Entry 30
CO, balloon o) o)
3 equiv. AQNO PS BS
q I3 CeHys _Bn CeHiz CeH13
CgHy3—I — o o CgH13—OBn o o CgH13—OH
1 20 equiv. Bn-OH 2 3 4 5
20h, 45 °C
neat
a&S°C [Ag NOy (3eq)
RB 01.23% A ’
Ho(Cu, I + B4, Ol 3
()T + BumoU : B(%R
NAME Aug26-2010-RB4983
EXPNO 1
PROCKO 1
Date_ 20100826
BnOH Time 5,09
INSTRUM AVIII400
PROBHD 5 mm PABBO BB-
PULPROG zg30
65536
SOLVENT cne1s
NS 16
DS 2
SWH £223.685 Hz
FIDRES 0.125483 Hz
AQ 1.5846387 sec
RG 128
oW £0.800 usec
DB 17.24 usec
TR 298.0 K
D1 1.00000000 sec
D0 1
-------- CHANNEL fl sssssmusm
NUC1L iH
. Pl 13.00 usec
CsH13—OBN L1 0.00 4B
PL1W 9.74611950 W
3 SFOL 400.0424704 MHz
SI 65536
ciuek SF 400.0400148 MHz
WDW EM
O 8SB 0
CgH13—O0Bn i 0.30 B2
Ph 3 PC 1.00
CgHi3—0O
____A__.J JL 9
T T T T T T T T T T ! J !
5.2 5.0 5 4.0 3.8 36 34 3.2 ppm
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Table 3, Entry 31

CO, balloon

(o} (e}
2.5 equiv. Agl CeH )J\ Bn CeH )J\ CoH
CeHip— —— = N N0 CeHiz—O0Bn 0 07 07" ciH,—OH
1 20 equiv. Bn-OH 2 3 4 5
16h, 45 °C
neat
EB 01.36 16H A SO s m
Rl BRU R
i ‘\,, / (,.: ,\>
NAME Sep09-2010-RB5274
BnOH FRoco 7
Date_ 20100905
Time 8.45
INSTRUM AVIII4O00
PROBHD S mm PABEO B3-
PULPROG 2930
™D 65536
SOLVENT CoCl13
NS 16
DS 2
SWH 8223.68S Hz
FIDRES 0.125483 Hz
aQ 3.9846387 sec
RG 90.5
oW 60.800 usec
DE 17.24 usec
TE 298.0 K
DL 1.00000000 sec
CeHiz—I ki i
!-J!.:‘E;__-- CHANEL £1 wemwe===
1 Pl 13.3}; usec
PL1 0.00 ds
PLIW 9.74611950 W
SFOL 400.0424704 MHz
SI 65536
SF 400.0400148 MHZ
WDW EM
$SB o
LB 0.20 Hz
GB o
PC 1.00
|
T T T T T T T I I T I T
5.2 5.0 4.8 4. 4.4 4.2 4.0 3.8 3.6 3.4 3.2 ppm
N
S =
o~ =l
Table 3, Entry 31 — continued
CO, balloon o o
. then
2.5 equiv. Agl CeHia JJ\ ~Bn CeHia )J\ CeHiz
CeHiz—! ——» —_— (e} O CeH43—OBnN (¢} (0} CeH13—OH
1 20 equiv. Bn-OH 1 equiv. Ag,0 2 3 4 5
16h, 45 °C 5h, 45 °C
neat neat

RB 01.36 Ag20

BRUKER
Cra )

NAME 5ep09-2010-RB5306
EXPNO 10
PROCNO 1
Date_ 20100908
Time 15.44
INSTRUM AVIII400
PROBHD & mm PABBO BB-
PULPROG 2930
BnOH ™ 65516
SOLVENT cpe13
NS 16
Dg 2
SWH 8223.685 Hz
PIDRES 0.125483 Hz
AQ 1.9846387 sec
RG 57
W 60.800 usec
DE 17.24 usec
TE 296.0 K
O DL 1.00000000 sec
)J\ TDO 1
o C6H13\o O/Bn ======== CHANNEL fl ss=sssx=
Nuc1 1\
)k P1 13.00 usec
PL1 0.00 ds
CGH13\O O/Bn CeH.2—OBn 2 PLIN 9.74611950 W
6113 §FO1 400.0424704 MHz
o 81 65536
3 sP 400.0400148 MHz
2 )J\ WOW B
ssB
CeH13\O O/C6H13 38 -
GB 0
‘ 4 CgH13—0OBn ¥ 1-00

1 CgHy3—OH 3
|
k= 2z . 5 .

I 1 T T T | I ! T I ! 1 1 I 1 T T v i L) T T T
53 5.2 51 50 49 48 47 46 45 44 43 42 41 40 39 38 3.7 3.6 3.5 3.4 3.3 3.2 ppm

Kl R0 RS

S70



Electronic Supplementary Material (ESI) for RSC Advances

This journal is © The Royal Society of Chemistry 2013

Certificate of Analysis of NaHCO;

| Cambridge Isotope Laboratories, Inc.

50 Frontage Road, Andover, MA o1810-5413 USA

800.322.1174 (N.AMERICA) 978.749.8000 (INTERNATIONAL)
WwW.isotope.com

CERTIFICATE OF ANALYSIS

Product Name: SODIUM BICARBONATE

(Isotopic Label & Enrichment Specification) (1 3 C, 99%)

Lot Number: PR-18519C

Catalog Number: CLM-441-0

Product Information

Chemical Purity Specification: = 98%

Labeled CAS Number: 87081-58-1

Unlabeled CAS Number: 144-55-8

Molecular Weight: 85.00

Chemical Formula: NaH*CO3

Storage: Store at room temperature away from light and moisture,
Stability: Stable if stored under recommended conditions.
Certification

Cambridge Isotope Laboratories, Ine. guarantees that this material meets or exceeds the specifications stated. Absolute identity as well
a5 chemical and isotopic purities are assured by the use of unambiguous synthetic routes and multiple chemical analyses whenever pessible.

O Neld

Jeffrey O'Neill, Quality Assurance

Approved by:

Quality Control Tests and Results

Isotopic Enrichment Based on Starting Materials 99%
pH Analg;fsis 8.1
Titration for Chemical Purity 99.3%
Weight Loss on Drying <0.25%

3 MURRELL GRETN BUSINESS PARK
HOOK HAMPSHIRE RG27 9GR
Tel: +44(0)1256 766633
Fax: +44(0)1256 766630

CKGASPRODUCTS'-TD. email: sales®ckgas.com

web: www, ckgas. com
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