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General Information:

Methods: Infrared (IR) spectra were obtained using an ASI ReactlR 1000 Fourier transform
infrared spectrometer. Proton and carbon magnetic resonance spectra (*H NMR and *3C
NMR) were recorded on a Bruker model DRX 400 or 600 (*H NMR at 400 MHz or 600 MHz
and 3C NMR at 100 MHz or 150 MHz) spectrometer with solvent resonance as the internal
standard (*H NMR: CDCl; at 7.26 ppm; *C NMR: CDCIls at 77.0 ppm). *H NMR data are
reported as follows: chemical shift, multiplicity (s = singlet, br s = broad singlet, d = doublet,
dd = doublet of doublet, t = triplet, dt = doublet of triplet, q = quartet, m = multiplet), coupling
constants (Hz), and integration. Supercritical fluid chromatography was performed on a
Berger SFC system equipped with Chiracel AD, AS, OD, and WO columns as well as Regis
Industries RegisPack (RP) column (¢ 4.6 mm x 250 mm). Samples were eluted with SFC
grade CO. at the indicated percentage of methanol with an oven temperature of 40 °C.
HPLC analysis was performed on an Agilent Technologies 1200 system equipped with
Chiralpak IA, IB, and IC columns (constant flow at 1.00 mL/min). Samples were eluted with
the indicated percentages of HPLC grade isopropanol in hexanes. Optical rotations were
measured using a 2 mL cell with a 1 dm path length on a Jasco DIP 1000 digital polarimiter.
Mass spectra were obtained using a Micromass Quattro Il (triple quad) instrument with
nanoelectrospray ionization. Samples were prepared via diluted with either Methanol
(MeOH), 0.1 M ammonium formate (MeOH), or 0.1 M formic acid (MeOH). Analytical thin
layer chromatography (TLC) was performed on Sorbtec 0.25 mm silica gel 60 plates.
Visualization was accomplished with UV light and/or either aqueous potassium
permanganate KMnO4 or aqueous ceric ammonium molybdate (CAM) solution followed by
heating. Product purification was accomplished using Siliaflash-P60 silica gel (40-63 um)
purchased from Silicycle. Unless otherwise noted all reactions were carried out in flame-
dried glassware with magnetic stirring. Yields and diastereomeric ratios (dr) are reported for
a specific experiment and as a result may differ slightly from those found in the reported
tables, which represent an average of at least two trials. In order to overlay the SFC traces
for the chiral and racemic samples two separate integrations of the peaks must be taken.
This results in slight discrepancies between the integration values shown in the report and
seen on the trace itself.

Materials: NHC catalysts A-C,® E,* B-halo a-keto esters 1a,° and 1-tosyl-1H-indole-3-
carbaldehyde® were all prepared according to literature procedures. Potassium carbonate
was purchased from Sigma Aldrich and dried under vacuum (5 torr) for 3 h at 110 °C.
Methanol (MeOH) was distilled from 3 A molecular sieves prior to use. HPLC grade
chloroform (CHCI3), ethyl acetate (EtOAc) and ethanol (EtOH) were used directly from the
bottle. Dichloromethane (DCM) and tetrahydrofuran (THF) were passed through a column of
neutral alumina under nitrogen prior to use. Methyl ‘butyl ether (MTBE) was distilled prior to
use and stored over 4 A molecular sieves. Benzaldehyde, o-tolualdehyde, m-tolualdehyde,
p-tolualdehyde, p-anisaldehyde, furfural, and isobutyraldehyde were all purchased from
Sigma Aldrich and distilled before use. All other reagents were purchased from commercial
sources and were used as received unless otherwise noted. All racemic products were
obtained via General Procedure B, Method 1 using Rovis’s achiral triazolium catalyst.?
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General Procedure A: Preparation of a-keto esters.

o 1) KO'Bu, THF o X
o 0°C-rt )H‘/L
cl o+
MeO)K( H)LR 2) MgBr,, Et,0 MeO Ro
Cl o O
0 C-rt () 1

Method 1;

The following protocol was adopted from a literature procedure.® A 100 mL round-
bottomed flask equipped with a magnetic stir bar was charged with aldehyde (10.0 mmol, 1.0
equiv), methyl dichloroacetate (13.0 mmol, 1.3 equiv), and THF (20 mL, 0.5 M). This solution
was cooled to 0 °C and potassium tert-butoxide (13.0 mmol, 1.3 equiv) was added in one
portion. The mixture was warmed slowly to room temperature and stirred for 18 h, followed
by dilution with EtO (60 mL) and H2O (60 mL). The layers were separated and the organic
layer was further washed with H,O (1 x 60 mL) and brine (1 x 60 mL). The organic extracts
were dried over MgSOQs, filtered and concentrated in vacuo. The crude residue was then
dissolved in Et,0O (30 mL, 0.33 M) and cooled to 0 °C. To the resulting solution, magnesium
bromide (10.0 mmol, 1.0 equiv) was added in one portion. The reaction was warmed slowly
to room temperature and stirred for 2 h followed by dilution with Et,O (60 mL) and H>O (60
mL). The layers were separated and the organic layer was further washed with H>O (1 x 60
mL) and brine (1 x 60 mL). The organic extracts were dried over MgSQOsa, filtered and
concentrated in vacuo. The crude residue was purified by column chromatography using a
gradient of 10-15% EtOAc/hexanes.

0 1) R-MgBr, THF -78 °C 0 X
Ay A
MeO 2) CuBry, MeO R,
o} CHCI3/EtOAc 80 °C o)
(*)1

Method 2:

The following protocol was adopted from a literature procedure.” A 50 mL round-bottomed
flask equipped with a magnetic stir bar was charged with dimethyl oxalate (10.0 mmol, 1.0
equiv) and THF (10 mL, 1.0 M). This solution was cooled to -78 °C and the required Grignard
reagent (1.0 M solution in THF, 11 mL, 1.1 equiv) was added dropwise The resulting mixture
was stirred at -78 °C for 2 h, quenched with saturated ammonium chloride, then diluted with
Et,O (60 mL) and 1 M HCI (60 mL). The layers were separated and the organic layer was
further washed with H>O (2 x 60 mL) and brine (1 x 60 mL). The organic extracts were dried
over MgSO., filtered and concentrated in vacuo. The crude residue was then dissolved in
EtOAc (130 mL, 0.075M) and CHCIs; (67 mL, 0.15 M). Copper(ll) bromide (30 mmol, 3.0
equiv) was added in one portion and the reaction was heated at reflux for 12 h. The reaction
was then cooled to room temperature and filtered through celite with Et2O. The filtrate was
concentrated in vacuo and the crude residue was purified by column chromatography using
a gradient of 10-15% EtOAc/hexanes.
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Grignard reagents were prepared according to the following procedure: a 50 mL 2-
neck round-bottomed flask fitted with a reflux condenser and septa were charged with
magnesium turnings (12.0 mmol, 1.2 equiv). The apparatus was flame-dried under vacuum
(<5 torr). After cooling to room temperature, THF (9 mL) was added. A small portion of alkyl
bromide (11.0 mmol, 1.1 equiv) dissolved in THF (2 mL) was then added to this solution.

This solution was stirred until color change was observed, indicating reaction initiation. The
remainder of the alkyl bromide was then added at a rate that maintained gentle reflux of the
reaction mixture. After the addition was complete, the reaction was then aged for 1-2 h at
room temperature; and used in the subsequent reaction.

O Methyl 3-bromo-2-oxo-4-phenylbutanoate (1b): The title

Meozc)vPh compound was prepared according to General Procedure A

Br (Method 1) using phenylacetaldehyde (2.2 mL, 10.0 mmol),

1b affording 1b (2.5 g, 4.62 mmol, 47% vyield) as a yellow oil.

Analytical data for 1b: *H NMR (600 MHz, CDClg): § 7.36-7.33

(m, 2H), 7.30-7.27 (m, 3H), 5.30 (t, J = 7.8 Hz, 1H), 3.92 (s, 3H), 3.56 (dd, J = 14.4, 7.8 Hz,

1H) 3.28 (dd, J = 14.4, 7.8 Hz, 1H); 3C NMR (150 MHz, CDCls): § 184.8, 160.4, 136.3,

129.3, 128.7, 127.3, 53.4, 47.3, 38.1; IR (thin film): 3031, 1733,1455, 1260, 1068, 1027, 699

cm?; TLC (15% EtOAc/hexane): Ri = 0.17; LRMS (ESI): Calcd. for CiiH11BrOs: ([M+H]):
271.00, Found: 271.12.

o) Methyl 3-bromo-4-(4-methoxyphenyl)-2-oxobutanoate

MeO,C (1c): The title compound was prepared according to General
Br Procedure A (Method 2) using dimethyl oxalate (0.76 g, 5.7

OMe mmol), affording 1c (2.5 g, 3.27 mmol, 57% yield) as a yellow

1c oil. Analytical data for 1c: *H NMR (600 MHz, CDClz): 6 7.16

(d, J = 8.4 Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H), 5.22 (t, J = 7.8 Hz, 1H), 3.89 (s, 3H), 3.78 (s,
3H), 3.48 (dd, J = 14.4, 7.8 Hz, 1H) 3.20 (dd, J = 14.4, 7.8 Hz, 1H); 3C NMR (150 MHz,
CDClg): 6 184.9, 160.4, 158.8, 130.4, 128.4, 114.1, 55.2, 53.4, 47.5, 37.3; IR (thin film):
3436, 1731, 1665, 1514, 1249, 1036 cm™*; TLC (15% EtOAc/hexane): Rf = 0.17; LRMS
(ESI): Calcd. for C12H13BrOa4: ([M+NH4]): 318.03, Found: 318.09.

O Methyl 3-bromo-2-oxohex-5-enoate (1d): The title compound was

_~ prepared according to General Procedure A (Method 2) using dimethyl

Br oxalate (0.660 g, 5.0 mmol), affording 1d (0.320 g, 1.55 mmol, 31%

1d yield) as a yellow oil. Analytical data for 1d: *H NMR (600 MHz,

CDCla): & 5.79-5.74 (m, 1H), 5.21-5.16 (m, 2H), 5.06-5.04 (t, J = 7.8

Hz, 1H), 3.91 (s, 3H), 2.92-2.87 (m, 1H) 2.75-2.70 (m, 1H); 3C NMR (150 MHz, CDCls): &

184.9, 160.7, 132.6, 119.5, 53.4, 46.2, 36.0; IR (thin film): 3480, 1736, 1644, 1438, 1258,

1163, 1077 cm; TLC (15% EtOAc/hexane): Ri= 0.17; LRMS (ESI): Calcd. for C7HoBrOsa:
([M+Na]): 239.08, Found: 239.16.

MeO,C
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) Methyl 3-bromo-4-(4-chlorophenyl)-2-oxobutanoate (1le):

MeO,C The title compound was .prepgred according to General
Br Procedure A (Method 2) using dimethyl oxalate (0.951 g, 7.2

Cl mmol), affording 1e (0.66 g, 2.16 mmol, 30% yield) as a yellow

1e oil. Analytical data for 1d: *H NMR (600 MHz, CDCls): 6 7.27 (d,

J=8.4 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), 5.21 (t, J = 7.8 Hz, 1H), 3.88 (s, 3H), 3.47 (dd, J =
14.4, 7.8 Hz, 1H), 3.20 (dd, J = 14.4, 7.8 Hz, 1H); 3C NMR (150 MHz, CDCls): & 184.5,
160.3, 134.7, 133.1, 130.6, 128.7, 53.4, 46.9, 37.2; IR (thin film): 2955, 1735, 1493, 1255,
1081, 1016 cm?; TLC (15% EtOAc/hexane): Ri= 0.17; LRMS (ESI): Calcd. for CeH7BrOa:
([M+NHa]): 321.98, Found: 322.12.

) Methyl 3-bromo-2-oxobutanoate (1f): The title compound was
MeO C)S/ prepared according to General Procedure A (Method 1) using acetaldehyde
2 (0.56 mL, 10.0 mmol) and affording 1f (0.5 g, 2.58 mmol, 26% vyield) as a

f
O

1 yellow oil whose spectral properties matched those previously reported. 8

Methyl 3-bromo-2-oxopentanoate (1g): The title compound
was prepared according to General Procedure A (Method 1) using
propanal (0.72 mL, 10.0 mmol), affording 1g (0.34 g, 1.62 mmol, 16%
yield) as a yellow oil whose spectral properties matched those previously
19 reported. °

%‘

MeOZC
Br

o Methyl 3-bromo-4-methyl-2-oxopentanoate (1h): The title
MeO,C compound was prepared according to General Procedure A (Method 1)
Br using isobutyraldehyde (0.912 mL, 10.0 mmol), affording 1b (0.60 g, 2.70
mmol, 27% vyield) as a yellow oil whose spectral properties matched
those previously reported. °

Preparation of Catalyst D.

o 1) MeO3BF,; O
Mesityl Hydrazine )i :L
): j\L DCM Pr N \N
li + -
Pr H (0] 2) HC(OEt)s, \:N BF,

PhCI, 135 C Mes

This catalyst was synthesized according to the literature procedure.? Under N2, a 50 mL
flame-dried round-bottomed flask equipped with a magnetic stir bar was charged with
trimethyloxonium tetrafluoroborate (3.6 mmol, 1.0 equiv) and capped with a septum. DCM
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(20 mL, 0.2 M) was added under an atmosphere of N.. The septum was removed and (S)-5-
isopropylmorpholin-3-one!! was added in a single portion. The flask was capped, put under
N, and stirred vigorously for 14 h or until homogenous. Mesityl hydrazine!? was then added
in a single portion and the reaction mixture was stirred for an additional 6 h. The reaction
was then concentrated in vacuo and dried under high vacuum for 15 min. The crude reaction
mixture was dissolved in chlorobenzene (20 mL, 0.2 M) and triethyl orthoformate (18.0 mmol,
5.0 equiv) was added. The reaction flask was equipped with a reflux condenser and heated
to open to the atmosphere at 135 °C for 12 h. A second portion of triethyl orthoformate (18.0
mmol, 5.0 equiv) was added and the reaction mixture was heated for an additional 24 h at
135 °C. The flask was then cooled to room temperature, diluted with 200 mL of toluene, and
concentrated in vacuo. The crude residue was purified by column chromatography using 5%
MeOH/DCM. The resultant solid was stirred in Et,O (100 mL) for 2 h then filtered, providing
D (0.62 g, 1.66 mmol, 46% yield) as a tan solid. Analytical data for 2a: mp 165.2-166.2 °C;
H NMR (600 MHz, CDCls): 8 9.76 (s, 1H), 6.99 (s, 1H), 5.09 (d, J = 16.2 Hz, 1H) 4.99 (d, J =
16.2 Hz, 1H) 4.29-4.20 (m, 2H), 2.48-2.43 (m, 1H), 2.37 (s, 3H), 2.03 (s, 6H) 1.07 (d, J = 6.6
Hz, 3H) 0.98 (d, J = 6.6 Hz, 3H); 3C NMR (150 MHz, CDCls): § 150.3, 143.6, 143.5, 142.0,
131.0, 129.7, 63.7, 61.6, 60.3, 31.8, 21.2, 18.7, 17.5, 17.1; IR (thin film): 3507, 2927, 1796,
1692, 1599, 1226, 1151 cm?; TLC (5% MeOH/DCM): Ri= 0.21; LRMS (ESI): Calcd. for
Ci7H24N30: ([M+H-BF4]): 287.20, Found: 287.23.

Optimization data for the Asymmetric Cross Benzoin of 1a/lb with benzaldehyde.

catalyst (15 mol %)

X o X
o O K5,CO3 (1.0 equiv)
Ph )L )Ke\/Ph
MeO P Ny Solvent(0.2M),rt Ph” 3
0 HO CO,R
(+)-1a: X=ClI (2.0 equiv.) (2S,3S)-2a: X=Cl
(+)-1b: X=Br (2S,3S)-2b: X=Br

@3"'0 f’l
'N¥ iPr” NNy Ph oSN TN BR,
< \ \ e Ph \=N_
\ﬁ,N _ N\ BF4 OH + C6F5
IIR BF, R
A:R= C6F5 C:R= C6F5 E
B: R = Mes D: R = Mes

General procedure B for the asymmetric cross benzoin addition: To a flame dried 1-
dram vial was added catalyst, (0.03 mmol, 0.15 equiv) B-halo a-keto ester 1 (0.2 mmol, 1.0
equiv), TBME (1 mL, 0.2 M) and aldehyde (0.4 mmol, 2.0 equiv). This solution was stirred
for 5 min followed by the addition of potassium carbonate (0.2 mmol, 1.0 equiv). This
reaction mixture was then stirred (rate of stirring should be >800 rpm) for 14 h, filtered
through a short plug of silica gel, and concentrated in vacuo. The crude product was purified
by column chromatography using EtOAc/hexanes.

S6



Catalyst, base and solvent optimization table

Trial X catalyst base solvent | T (°C) conversion dr er
1 Cl C NEts3 DCM rt 100 12:1 78:22
2 Cl A NEts3 DCM rt 100 12:1 78:22
3 Cl C NEts3 DCM 0 100 10:1 70:30
4 Cl A NEts DCM 0 100 7:1 88:12
5 Cl C NEts DCM -40 45 1.4:1 99:1
6 Cl A NEts DCM -40 50 5.5:1 99:1
7 Cl E NEts DCM rt <10 5.5:1 --
8 Br C K2CO3 THF rt <5 -- --
9 Br A K2CO3 THF It <5 -- --
10 Br E K2CO3 THF rt <5 -- --
11 Cl C K2CO3 THF It 40 1.5:1 98:2
12 Cl A K2COs THF rt 25 4.5:1 96:4
13 Br D K2COs THF rt 30 -- --
14 Br B K2COs THF rt >905 >20:1 94:6
15 Br B K2COs THF 0 60 7:1 96:4
16 Cl D K2COs THF rt 100 >20:1 90:10
17 Cl B K2COs THF rt 100 14:1 95:5
18 Br B K2CO3 2-Me rt 72 >20:1 95:5
19 Br B K2COs DCM rt 23 >20:1 --
20 Br B K2COs CHCIl3 rt 16 >20:1 --
21 Br B K2COs PhCHs rt 78 >20:1 92:8
22 Br B K2COs MeOH rt 100 * --
23 Br B K2COs EtOAC rt 100 >20:1 95:5
24 Br B K2COs3 Et.O rt 100 >20:1 95:5
25 Br B K2COs3 CHsCN rt 100 * --
26 Br B K2COs3 CPME rt 100 >20:1 95.5:4.5
27 Br B K2COs3 TBME rt 100 >20:1 96:4
28 Cl B K2COs3 Et.O It 100 15:1 96.5:4.5
29 Cl B K2COs3 CPME It 100 15:1 97:3
30 Cl B K2COs3 TBME It 100 14:1 97.5:2.5
31 Cl B NEts TBME It 50 20:1 97:3
32 Cl B DBU TBME rt 100 * --
33 Cl B Hunig's TBME rt 0 -- --
34 Cl B Pyridine TBME rt 50 8:1 97.5:2.5
35 Cl B Cs2C03 TBME rt 100 >20:1 96:4
36 Cl B DMAP TBME rt 100 17:1 97:3
37 Br B NaOAc TBME rt 6 -- --
38 Br B NaHCO3 TBME rt 0 -- --
39 Br B Na>COs TBME rt 10 -- --

* Reaction mixture did not contain any desired Cross-Benzoin product.
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General procedure B for the Asymmetric Cross Benzoin Procedure.

Q X (0] B (15 mol %) Q X
MGOMRz +R AH K,CO3 (1.0 equiv) R1)K:('\R2
! HO CO,Me
O TBME (0.2 M), rt 2
(1 (2.0 equiv.)
Method 1:

To a flame-dried 1-dram vial was added catalyst B, (0.03 mmol, 0.15 equiv) B-halo a-
keto ester 1 (0.2 mmol, 1.0 equiv), TBME (1 mL, 0.2 M) and aldehyde (0.4 mmol, 2.0 equiv).
This solution was stirred for 5 min followed by the addition of potassium carbonate (0.2
mmol, 1.0 equiv). This reaction mixture was then stirred (rate of stirring should be >800 rpm)
for 14 h, filtered through a short plug of silica gel, and concentrated in vacuo. The crude
product was purified by column chromatography using EtOAc/hexanes. In certain instances
minor impurities remained after purification, in these cases a *H NMR vyield utilizing ferrocene
(20 mg, 0.108 mmol) as an internal standard is provided.

Method 2:

To a flame dried 1-dram vial was added catalyst B, (0.03 mmol, 0.15 equiv) -halo a-
keto ester 1 (0.2 mmol, 1.0 equiv), and TBME (.5 mL, 0.4 M) followed by potassium
carbonate (0.4 mmol, 2.0 equiv). This reaction mixture was then stirred (rate of stirring
should be >800 rpm) while a 0.8 M solution of aldehyde in TBME (0.5 mL, 2.0 equiv) was
added in 50 pL portions every 30 min for 5 h. Upon complete aldehyde addition the reaction
was stirred an additional 9 h then filtered through a short plug of silica gel with Et,O, and
concentrated in vacuo. The crude residue was then purified by column chromatography
using between 2.5% EtOAc/hexanes.

o cl Methyl (2S,3S)-2-benzoyl-3-chloro-2-hydroxy-4-phenylbutanoate
Ph (2a): The title compound was prepared according to General Procedure
HO\: CO,Me B (Method 1) using o-keto ester la (0.045 g, 0.20 mmol), and
2a benzaldehyde (0.04 mL, 0.40 mmol) affording 2a (0.064 g, 0.19 mmol,
96% vyield, 12:1 dr) as a colorless oil. Analytical data for 2a: *H NMR
(600 MHz, CDCls): & 8.05 (d, J = 7.8 Hz, 2H), 7.60-7.58 (m, 1H), 7.48-7.45 (m, 2H), 7.35-
7.33 (m, 5H), 7.28-7.26 (m, 1H), 5.15 (dd, J = 10.7, 2.1 Hz, 1H) 4.30 (s, 1H), 3.82 (s, 3H),
3.24 (dd, J = 14.4, 2.2 Hz, 1H) 2.91 (dd, J = 14.4, 10.7 Hz, 1H); 13C NMR (150 MHz, CDCls):
8 193.6,170.4, 137.7, 134.6, 133.8, 129.8, 129.5, 128.5, 128.4, 126.9, 86.3, 67.1, 54.4, 39.1;
IR (thin film): 3507, 2927, 1796, 1692, 1599, 1226, 1151 cm™; TLC (10% EtOAc/hexane): Ry
= 0.26; LRMS (ESI): Calcd. for CisH17ClO4: ([M+H]): 333.09, Found: 333.21; SFC: Regis RP,
5% MeOH, flow rate = 3.0 mL/min, A = 210 nm, tr (majoy = 3.7 MiN tr (minory = 4.3 min, 96:4 er; [a]p =
+45.8 (c = 0.03, DCM)

Ph
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O Br Methyl (2S,3S)-2-benzoyl-3-bromo-2-hydroxy-4-phenylbutanoate
Ph (2b): The title compound was prepared according to General Procedure

HO\Q CO,Me B (Method 1) using o-keto ester 1b (0.054 g, 0.20 mmol), and
2b benzaldehyde (0.04 mL, 0.40 mmol) affording 2b (0.071 g major product

+ minor impurity, 78% 'H NMR yield, >20:1 dr) as a colorless oil.

Analytical data for 2a: *H NMR (600 MHz, CDCls): 6 8.07 (d, J = 7.8 Hz, 2H), 7.61-7.58 (m,
1H), 7.47-7.45 (m, 2H), 7.34-7.19 (m, 5H), 5.22-5.20 (m, 1H) 4.37 (s,1H), 3.85 (s, 3H), 3.32-
3.31 (m, 1H) 3.04-2.98 (m, 1H); 3C NMR (150 MHz, CDCls): 6 193.4, 170.5, 138.2, 134.7,
133.8, 129.8, 129.4, 128.5, 128.3, 126.9, 86.5, 60.9, 54.4, 39.9; IR (thin film): 3066, 2089,
2699, 1746, 1692, 1421, 1244 cm?; TLC (10% EtOAc/hexane): Rt = 0.26; LRMS (ESI):
Calcd. for CigH17BrO4: ([M+H]): 377.23, Found: 377.15; SFC: Regis RP, 5% MeOH, flow rate =
3.0 mL/min, A =210 nm, tr (majory = 4.5 MIN tr (minoy = 5.0 min, 96:4 er; [a]p = +39.8 (c = 0.03, DCM)

Ph

OMe Methyl (2S,3S)-2-benzoyl-3-bromo-2-hydroxy-4-(4-

QB methoxyphenyl)butanoate (2c): The title compound was

Ph™ ™ prepared according to General Procedure B (Method 2) using
HO CO,Me a-keto ester 1c¢ (0.060 g, 0.20 mmol), and benzaldehyde (0.04

2c mL, 0.40 mmol) affording 2c (0.050g, major product + homo-
benzoin impurity 83 % *H NMR vyield, >20:1 dr) as a colorless oil. Analytical data for 2a: 'H
NMR (600 MHz, CDCl3): 6 8.06 (d, J = 7.8 Hz, 2H), 7.60-7.57 (m, 1H), 7.47-7.44 (m, 2H),
7.26-7.23 (m, 2H) 6.87 (d, J = 8.4 Hz, 2H), 5.16 (dd, J = 10.8, 2.3 Hz, 1H) 4.35 (s,1H), 3.82-
3.81 (m, 6H), 3.24 (dd, J =15.0, 2.3 Hz, 1H) 2.95 (dd, J = 15.0, 10.8 Hz, 1H); 3C NMR (150
MHz, CDCls): 6 193.4, 170.5, 158.5, 134.7, 133.8, 130.4, 130.3, 129.8, 128.5, 113.7, 86.5,
61.5, 55.2, 54.4, 39.0; IR (thin film): 3059, 2989, 2306, 1715, 1429, 1267, 896 cm*; TLC
(10% EtOAc/hexane): Rt= 0.14; LRMS (ESI): Calcd. for C19H19BrOs: ([M+H]): 407.05, Found:
407.08; SFC: Regis RP, 5% MeOH, flow rate = 3.0 mL/min, A = 210 nm, 2c¢ could not be directly
analyzed via SFC, see compound 4c for enantiomeric analysis; [a]p = +39.8 (c = 0.03, DCM)

O Br Methyl (2S,3S)-2-benzoyl-3-bromo-2-hydroxyhex-5-enoate (2d): The
Ph titte compound was prepared according to General Procedure B
HO\Q CO,Me (Method 1) using o-keto ester 1d (0.044 g, 0.20 mmol), and

benzaldehyde (0.04 mL, 0.40 mmol) affording 2d (0.046g, 0.15 mmol,
74% yield, 17:1 dr) as a white solid. Analytical data for 2d: mp 68.6-
70.0 °C; *H NMR (600 MHz, CDCls): 6 8.01-8.00 (m, 2H), 7.58-7.57 (m, 1H), 7.45-7.42 (m,
2H), 5.89-5.83 (m, 1H) 5.17-5.14 (m, 2H) 5.02 (dd, J = 10.8, 3 Hz, 1H), 4.22 (s,1H), 3.83 (s,
3H), 2.68-2.65 (m, 1H) 2.64-2.56 (m, 1H); *C NMR (150 MHz, CDCls): & 193.4, 170.5,
134.72, 134.70, 133.7, 129.8, 128.5, 118.2, 86.4, 58.9, 54.4, 37.8; IR (thin film): 3059, 2989,
2306, 1715, 1614, 1420, 1267 cm™; TLC (10% EtOAc/hexane): Rt = 0.22; LRMS (ESI):
Calcd. for Ci14H1sBrOas: ([M+Na]): 350.16, Found: 350.16; 2d could not be directly analyzed via
SFC, see compound 4d for enantiomeric analysis; [a]o = +14.8 (¢ = 0.01, DCM).

2d
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Cl  Methyl (2S,3S)-2-benzoyl-3-bromo-4-(4-chlorophenyl)-2-

o & hydroxybutanoate (2e): The title compound was prepared

Ph™ 3 according to General Procedure B (Method 1) using a-keto ester
HO CO;Me le (0.061 g, 0.20 mmol), and benzaldehyde (0.04 mL, 0.40

2e mmol) affording 2e (0.050 g, 0.12 mmol, 61% yield, 12:1 dr) as a

colorless oil. Analytical data for 2e: *H NMR (600 MHz, CDCls): 6 8.07 (d, J = 4.2 Hz, 2H),
7.63-7.61 (m, 1H), 7.50-7.47 (m, 2H), 7.36-7.28 (m, 4H), 5.16-5.14 (m, 1H) 4.36 (s,1H), 3.85
(s, 3H), 3.30 (d, J = 15.0 Hz, 1H) 3.00 (dd, J = 15.0, 10.8 Hz, 1H); *C NMR (150 MHz,
CDClg): 6 193.3, 170.4, 136.7, 134.5, 133.9, 132.7, 130.7, 129.8, 128.5, 128.5, 86.3, 60.5,
54.5, 39.3; IR (thin film): 3507, 3059, 2309, 1748, 1692, 1228, 1151 cm?; TLC (10%
EtOAc/hexane): Rs = 0.21; LRMS (ESI): Calcd. for CisHi16BrClO4: ([M+H]):411.00, Found:
411.14; 2e could not be directly analyzed via SFC, see compound 4e for enantiomeric analysis;
[a]o=+44.9 (c = 0.02, DCM).

O Br Methyl (2S,3S)-2-benzoyl-3-bromo-2-hydroxybutanoate (2f): The title
compound was prepared according to General Procedure B (Method 1)
HO\: CO,Me using a-keto ester 1f (0.039 g, 0.20 mmol), and benzaldehyde (0.04 mL,
of 0.40 mmol) affording 2f (0.042g, 0.14 mmol, 70% vyield, 14:1 dr) as a
colorless oil. Analytical data for 2f: H NMR (600 MHz, CDCls): 6 8.02 (d, J
= 7.8 Hz, 2H), 7.58-7.55 (m, 1H), 7.44-7.42 (m, 2H), 5.16 (g, J = 6.6 Hz, 1H) 4.17 (s,1H),
3.83 (s, 3H), 1.72 (d, J = 6.6 Hz, 3H); ¥*C NMR (150 MHz, CDCls): & 193.0, 170.7, 134.6,
133.8, 129.8, 128.5, 86.2, 54.3, 53.4, 20.6; IR (thin film): 3507, 2936, 2309, 1746, 1692,
1166, 1050 cm™; TLC (10% EtOAc/hexane): Rs= 0.24; LRMS (ESI): Calcd. for C12H13BrOa:
([M+H]): 301.01, Found: 300.99; SFC: Chiracel AD, 5% MeOH, flow rate = 1.5 mL/min, A = 210
nM, tr major) = 5.7 MiN tr (minory = 6.1 min, 93:7 er; [a]p= +26.1 (c = 0.02, DCM)

Ph

O Br Methyl (2S,3S)-2-benzoyl-3-bromo-2-hydroxypentanoate (2g): The title
compound was prepared according to General Procedure B (Method 1)
HO\: Co,Me using a-keto ester 1g (0.042 g, 0.20 mmol), and benzaldehyde (0.04 mL,
0.40 mmol) affording 2g (0.046g, 0.15 mmol, 73% yield, >20:1 dr) as a
white solid. Analytical data for 2g: *H NMR (600 MHz, CDCls): § 8.01-8.00
(m, 2H), 7.58-7.55 (m, 1H), 7.44-7.42 (m, 2H), 4.92 (dd, J = 9, 4.2 Hz, 1H) 4.17 (s,1H), 3.83
(s, 3H), 1.87-1.82 (m, 2H), 1.11 (t, J = 7.2 Hz, 3H); '3C NMR (150 MHz, CDCl3): & 193.7,
170.6, 134.8, 133.7, 129.8, 128.5, 86.8, 62.8, 54.4, 26.9, 12.8; IR (thin film): 3507, 2935,
1748, 1692, 1228, 1189 cm™; TLC (10% EtOAc/hexane): Ri= 0.24; LRMS (ESI): Calcd. for
CisHi1sBrOa4: ([M+H]): 315.02, Found: 315.06; SFC: Chiracel AD, 5% MeOH, flow rate = 1.5
mL/min, A =210 nm, tr (majory = 5.9 Min tr (minoy = 6.4 mMin, 94:6 er; [a]o=+12.5 (c = 0.02, DCM)

Ph

2g

o Br Methyl (2R,3S)-2-benzoyl-3-bromo-2-hydroxy-4-methylpentanoate

Ph (2h): The title compound was prepared according to General Procedure B

MeO,C OH
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(Method 1) using a-keto ester 1h (0.044 g, 0.20 mmol), benzaldehyde (0.04 mL, 0.40 mmol)
and mesitylene as an internal standard (0.028 mL, 0.20 mmol) affording 2h (0.026g, 0.08
mmol, 65% *H NMR yield, 40% isolated yield, >20:1 dr) as a colorless oil. Analytical data for
2h: *H NMR (600 MHz, CDCls): 6 7.98 (d, J = 7.2 Hz, 2H), 7.57-7.55 (m, 1H), 7.44-7.42 (m,
2H), 5.08 (d, J = 3 Hz, 1H) 4.22 (s,1H), 3.83 (s, 3H), 2.09-2.05 (m, 1H), 1.06 (d, J = 6.6 Hz,
3H) 1.00 (d, J = 6.6 Hz, 3H); *C NMR (150 MHz, CDCls): 6 193.5, 170.7, 135.0, 133.5,
129.8, 128.4, 88.0, 67.2, 54.4, 31.5, 23.1, 19.8; IR (thin film): 3507, 2966, 1740, 1692, 1159,
409 cm; TLC (10% EtOAc/hexane): Ri= 0.29; LRMS (ESI): Calcd. for C14H17BrOa4: ([M+H]):
329.03, Found: 329.13; SFC: Regis RP, 5% MeOH, flow rate = 1.5 mL/min, A = 210 nm, tr (majon =
4.0 min tr minon = 4.3 min, 94:6 er; [a]p= +18.3 (c = 0.01, DCM)

o Br Methyl (2S,3S)-3-bromo-2-hydroxy-2-(4-methylbenzoyl)-4-

Ph  phenylbutanoate (2i): The title compound was prepared

HO co,Me  according to General Procedure B (Method 1) using a-keto ester

2i 1b (0.054 g, 0.20 mmol), and p-tolualdehyde (0.05 mL, 0.40 mmol)

affording 2i (0.060g, 0.15 mmol, 77% vyield, >20:1 dr) as a

colorless oil. Analytical data for 2i: 'H NMR (600 MHz, CDCls): 6 8.02 (d, J = 7.8 Hz, 2H),

7.36-7.28 (m, 7H), 5.23 (dd, J = 10.7, 2.3 Hz, 1H) 4.36 (s, 1H), 3.84 (s, 3H), 3.34 (dd, J =

14.6, 2.3 Hz, 1H) 3.02 (dd, J = 14.6, 10.7 Hz, 1H), 2.45 (s, 3H); **C NMR (150 MHz, CDCls):

8192.7,170.6, 145.0, 138.3, 132.0, 130.0, 129.4, 129.2, 128.3, 126.8, 86.4, 61.1, 54.3, 39.9,

21.7; IR (thin film): 3507, 2927, 1746, 1684, 1607, 1151 cm; TLC (10% EtOAc/hexane): Rt

= 0.24; LRMS (ESI): Calcd. for CioH19BrO4: ([M+H]): 391.05, Found: 391.15; SFC: Regis RP,

10% MeOH, flow rate = 1.5 mL/min, A = 210 nm, tr (majory = 9.7 MiN tr minon = 11.1 min, 97:3 er;
[a]o = +20.7 (c = 0.02, DCM)

O Br Methyl (2S,3S)-3-bromo-2-hydroxy-2-(3-methylbenzoyl)-4-
Ph phenylbutanoate (2j): The title compound was prepared

HO CO,Me according to General Procedure B (Method 1) using a-keto ester
) 1b (0.054 g, 0.20 mmol), and m-tolualdehyde (0.05 mL, 0.40
2 mmol) affording 2j (0.066g, 0.17 mmol, 85% vyield, >20:1 dr) as a

colorless oil. Analytical data for 2j: 'H NMR (600 MHz, CDCls): 6 7.87-7.84 (m, 2H), 7.41-
7.40 (m, 1H), 7.35-7.26 (m, 6H), 5.22 (m, 1H) 4.31 (s,1H), 3.82 (s, 3H), 3.31-3.28 (d, J =
12.6 Hz, 1H) 3.02-2.97 (dd, J = 14.4, 11.4 Hz, 1H), 2.41 (s, 3H); **C NMR (150 MHz, CDCls,
two coincident aromatic resonances): & 193.7, 170.5, 138.4, 138.2, 134.7, 134.6, 130.2,
129.4, 128.4, 127.0, 126.9, 86.5, 70.0, 54.4, 39.9, 21.4 (two coincident resonances); IR (thin
film): 3507, 2927, 1746, 1692, 1607, 1143 cm™; TLC (10% EtOAc/hexane): Ri= 0.24; LRMS
(ESI): Calcd. for Ci9H10BrOa4: ([M+Nal): 413.04, Found: 413.12; HPLC: Chiralpak IC, 5% 'PrOH,
flow rate = 1.0 mL/min, A = 230 nm, tr majory = 5.1 Min tr minory = 5.7 min, 96:4 er; [a]p= +39.8 (c =
0.03, DCM)
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Methyl (2S,3S)-3-bromo-2-hydroxy-2-(2-methylbenzoyl)-4-
phenylbutanoate (2k): No reaction was observed using General
Procedure B (Method 1) with a-keto ester 1b (0.054 g, 0.20 mmol),
and o-tolualdehyde (0.05 mL, 0.40 mmol).

O Br Methyl (2S,3S)-3-bromo-2-hydroxy-2-(4-methoxybenzoyl)-

Ph 4-phenylbutanoate (2l): The title compound was prepared

HO\: CO,Me according to General Procedure B (Method 1) using a-keto

MeO of ester 1b (0.054 g, 0.20 mmol), p-anisaldehyde (0.05 mL, 0.40

mmol), and mesitylene as an internal standard (0.028 mL, 0.20

mmol) resulting in 50% conversion of 1b and affording 2| (0.040 g, 0.10 mmol, 49% yield,

>20:1 dr) as a colorless oil. Analytical data for 2I: *H NMR (400 MHz, CDCls): 6 8.13 (d, J =

8.8 Hz, 2H), 7.33-7.32 (m, 5H), 6.93 (d, J = 8.8 Hz, 2H), 5.20 (dd, J = 10.7, 2.2 Hz, 1H) 4.33

(s,1H), 3.88 (s, 3H), 3.80 (s, 3H), 3.33 (dd, J =14.8, 2.2 Hz, 1H) 2.99 (dd, J = 14.8, 10.7 Hz,

1H); 3C NMR (150 MHz, CDCls): 6 191.1, 107.8, 164.2, 138.3, 132.6, 129.4, 128.3, 127.3,

126.8, 113.8, 86.4, 61.3, 55.5, 54.3, 39.9; IR (thin film): 3066, 2989, 2309, 1746, 1684, 1599,

1420, 1159 cm; TLC (10% EtOAc/hexane): Rf= 0.15; LRMS (ESI): Calcd. for C19H19BrOs:

([M+Na]): 429.03, Found: 429.18; SFC: Regis RP, 10% MeOH, flow rate = 1.5 mL/min, A = 210
nM, tr major) = 9.7 MiN tr (minoy = 12.1 min, 98:2 er; [a]p = +8.23 (¢ = 0.02, DCM)

O Br Methyl (2S,3S)-3-bromo-2-(4-chlorobenzoyl)-2-hydroxy-4-

Ph phenylbutanoate (2m): The title compound was prepared

HO\; CO,Me according to General Procedure B (Method 1) using a-keto ester

Cl 1b (0.054 g, 0.20 mmol), 4-Chlorobenzaldehyde (0.056 g, 0.40
2m mmol) and mesitylene as an internal standard (0.028 mL, 0.20

mmol) resulting in 71% conversion of 1b and affording 2m (0.036 g, 0.09 mmol, 44% yield
>20:1 dr) as a colorless oil. With 20 mol % of catalyst 1b went to full conversion and 2m was
obtained with identical selectivity but higher isolated yield (0.066 g, 0.16 mmol, 80% vyield
>20:1 dr). Analytical data for 2m: *H NMR (600 MHz, CDCls): & 8.02 (d, J = 8.4 Hz, 2H), 7.43
(d, J=8.4 Hz, 2H), 7.34-7.33 (m, 4H), 7.29-7.26 (m, 1H), 5.17 (dd, J = 10.8, 1.8 Hz, 1H) 4.27
(s,1H), 3.82 (s, 3H), 3.30 (dd, J = 15.0, 1.8 Hz, 1H) 3.00 (dd, J = 15.0, 10.8 Hz, 1H); *3C
NMR (150 MHz, CDClz): 6 192.1, 170.4, 140.5, 138.1, 132.9, 131.4, 129.4, 128.8, 128.4,
127.0, 86.6, 60.8, 54.5, 39.9; IR (thin film): 3630, 3507, 3059, 2958, 2308, 1746, 1692, 1591,
1097, 1026 cm™; TLC (10% EtOAc/hexane): Ri= 0.28; LRMS (ESI): Calcd. for C1sH16BrClO4:

([M+Na]): 411.00, Found: 411.14; 2m could not be directly analyzed via SFC, see compound 4m
for enantiomeric analysis; [a]o = +24.6 (c = 0.03, DCM)

O Br Methyl (2S,3S)-3-bromo-2-(furan-2-carbonyl)-2-hydroxy-4-

e Ph phenylbutanoate (2n): The title compound was prepared according

\ | HO\: CO,Me to General Procedure B (Method 1) using a-keto ester 1b (0.054 g,
2n
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0.20 mmol), and furfural (0.03 mL, 0.40 mmol) affording 2n (0.052g, 0.14 mmol, 71% yield,
>20:1 dr) as a colorless oil. Analytical data for 2n: *H NMR (600 MHz, CDCls): 6 7.69 (d, J =
1.2 Hz, 1H), 7.64 (d, J = 3.6 Hz, 1H), 7.32-7.29 (m, 4H), 6.58 (dd, J = 3.6, 1.2 Hz, 1H), 5.15
(dd, J =11.4, 2.4 Hz, 1H) 4.47 (s,1H), 3.81 (s, 3H), 3.28 (dd, J = 15.0, 2.4 Hz, 1H) 3.00 (dd,
J = 14.4, 10.8 Hz, 1H); *C NMR (150 MHz, CDCls): & 180.9, 169.8, 149.5, 148.2, 138.0,
129.4, 128.3, 126.9, 123.1, 112.6, 85.8, 59.7, 54.4, 39.6; IR (thin film): 3507, 1746, 167,
1466, 1159, 1027, 818, 617 cm™; TLC (10% EtOAc/hexane): Ri= 0.35; LRMS (ESI): Calcd.
for CieH1sBrOs: ([M+H]): 367.02, Found: 367.02; SFC: Regis RP, 5% MeOH, flow rate = 3.0
mL/min, A =210 nm, tr (majoy = 4.3 MIN tr minon = 7.0 Min, 75.5:25.5 er; [a]p = +4.7 (c = 0.02, DCM)

O Br Methyl (S)-2-((S)-1-bromo-2-phenylethyl)-2-hydroxy-4-methyl-3-

\Hj\a\/Ph oxopentanoate (20): The title compound was prepared according to

H(f CO,Me General Procedure B (Method 2) using a-keto ester 1b (0.054 g, 0.20

2 mmol), and isobutyraldehyde (0.02 mL, 0.40 mmol) affording 20 (0.039

g, 0.12 mmol, 59% vyield 10:1 dr) as a colorless oil. Analytical data for

2n: 'H NMR (600 MHz, CDCls): & 7.33-7.30 (m, 2H), 7.27-7.25 (m, 3H), 5.75 (dd, J = 9.0, 4.5

Hz, 1H) 3.86 (s, 3H), 3.25 (dd, J = 14.1, 4.5 Hz, 1H) 3.07 (dd, J = 14.1, 9.0 Hz, 1H) 2.61-2.57

(m, 1H), 1.15 (d, J = 7.2 Hz, 3H), 1.11 (d, J = 7.2 Hz, 3H); 3C NMR (150 MHz, CDCls): &

189.5, 176.3, 160.2, 135.3, 129.4, 128.5, 127.2, 75.7, 53.1, 36.2, 33.4, 18.64, 18.60; IR (thin

film): 3059, 2989, 2688, 2410, 2308, 1760, 1429, 1267, 896 cm; TLC (10% EtOAc/hexane):

Rt = 0.15; LRMS (ESI): Calcd. for CisHi9BrOs4: ([M+H]): 343.05, Found: 343.04; HPLC:

Chiralpak IC, 5% 'PrOH, flow rate = 1.0 mL/min, A = 230 nm, tr (majon = 9.1 Min tr minory = 9.9 Min,
58:42 er; [a]p= +2.3 (c = 0.02, DCM)

Methyl (2S,3S)-3-bromo-2-hydroxy-4-phenyl-2-(1-tosyl-1H-
indole-3-carbonyl)butanoate (2p): The title compound was
prepared according to General Procedure B (Method 1) using a-
keto ester 1b (0.054 g, 0.20 mmol), and 1-tosyl-1H-indole-3-

2p carbaldehyde (0.119 g, 0.40 mmol). 2a was not isolable from 1-
tosyl-1H-indole-3-carbaldehyde and was reduced with NaBH4 4p (0.074 g, 0.13 mmol, 65%
yield, 10:1 dr), was isolated by column chromatography using 15% EtOAc/hexanes. See
compound 4p for all characterization data.

Ts/
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(15 mol %) o Br

(0] Br
0
Ph
eO)SH\/Ph . Ph)KrPh K2CO3(1OeqU|v) Ph)% v L
Ph” “H
o
1b

TBME (.2 M), rt HO CO,Me
2b

Attempting the Cross Benzoin Reaction Using Homo-Benzoin Product 3.

To a flame dried 1-dram vial was added catalyst B, (0.03 mmol, 0.15 equiv) p-halo a
-keto ester 1 (0.2 mmol, 1.0 equiv), TBME (1 mL, 0.2 M) and benzoin product 3 (0.2 mmol,
1.0 equiv). This solution stirred for 5 minutes followed by the addition of potassium carbonate
(0.2 mmol, 1.0 equiv). This reaction was stirred for 14 h, filtered through a short plug of silica
gel with Et,0O, and concentrated in vacuo for analysis by *H NMR.

Procedure for the Gram Scale Asymmetric Cross Benzoin.

To a flame dried 50 mL round bottom flask was added catalyst B, (0.55 mmol, 0.15
equiv) B-halo a-keto ester 1 (3.7 mmol, 1.0 equiv), TBME (19 mL, 0.2 M) and benzaldehyde
(7.4 mmol, 2.0 equiv). This solution stirred for 5 minutes followed by the addition of
potassium carbonate (3.7 mmol, 1.0 equiv). This reaction was stirred (rate of stirring should
be >800 rpm) for 14 h, filtered through celite with DCM, and concentrated in vacuo. The
resulting precipitate was dissolved in MeOH and quenched with (1.1 mmol, 0.3 equiv conc.
HCI). The solvent was removed in vacuo and the crude residue was purified by column
chromatography with 5% EtOAc/hexanes until 2b (1.26 g, 91% yield, >20:1 dr, 95.5:4.5 er)
had eluted from the column (TLC analysis). At this point the eluent was changed to 2.5%
MeOH/DCM in order to recover the HCI salt of catalyst B (0.15 g, 74% recovery based on
the HCI salt).

General Procedure C for the Reduction of Cross Benzoin Products.

o Br OH Br

NaBH
R1 R2 a 4 > R1 R2

HO CO,Me  MeOH (.5M),0°C HO CO,Me
2 4

A flame dried scintillation vial was charged with cross-benzoin product 2, diluted with
MeOH (to 0.5 M), and cooled to 0 °C. NaBH4 (5.0 equiv) was added and the reaction was
stirred at 0 °C for 7 min, then quenched with saturated NH4Cl and diluted with Et,O (15 mL)
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and H,O (10 mL). The layers were separated and the organic layer was further washed with
brine (1 x 10 mL). The organic extracts were dried over MgSOs., filtered and concentrated in
vacuo. In general no further purification was required but if necessary diols 4 could be
purified by column chromatography using an eluent of 15% EtOAc/hexanes.

OH Br OMe Methyl (2S,3S)-3-bromo-2-hydroxy-2-((R)-
hydroxy(phenyl)methyl)-4-(4-methoxyphenyl)butanoate

Ph™ (4c): The title compound was prepared according to General

HO CO,Me Procedure C using 2c (0.030 g, 0.074 mmol), affording 4c

4c (0.027 g, 0.66 mmol, 91% vyield, >20:1 dr) as a white solid.

Analytical data for 4c: mp 124.5-125.5 °C; *H NMR (400 MHz,

CDCl3): 6 7.42-7.40 (m, 2H), 7.38-7.32 (m, 3H), 7.26-7.19 (m, 2H) 6.87-6.85 (m, 2H), 5.07 (d,

J=7.6,Hz, 1H) 4.79 (dd, J = 11.4, 2.0 Hz, 1H), 3.84-3.79 (m, 4H), 3.72 (s, 3H), 3.60 (s, 1H),

3.52(d, J=14.4 Hz, 1H) 2.99 (dd, J = 14.4, 11.4 Hz, 1H), 2.85 (d, J = 8.1 Hz, 1H); 13C NMR

(150 MHz, CDCl3): 6 172.5, 158.5, 138.7, 130.31, 130.29, 128.6, 128.2, 126.7, 113.7, 75.4,

82.7, 60.8, 55.2, 53.2, 37.2; IR (thin film): 2927, 2866, 1738, 1514, 803, 602 cm™; TLC (15%

EtOAc/hexane): Rf = 0.21; LRMS (ESI): Calcd. for CioH21BrOs: ([M+H]): 409.07, Found:

409.17; SFC: Regis RP, 15% MeOH, flow rate = 3.0 mL/min, A = 210 nm, tr (majony = 5.5 Min tr
minoy = 10.8 min, 96:4 er; [a]p = -24.8 (c = 0.005, DCM)

OH Br Methyl (2S,3S)-3-bromo-2-hydroxy-2-((R)-

- N hydroxy(phenyl)methyl)hex-5-enoate (4d): The title compound was
HOs CO,Me prepared according to General Procedure C using 2d (0.040 g, 0.13
ad mmol), affording 4d (0.039 g, 0.13 mmol, 98% vyield, >20:1 dr) as a

white solid. Analytical data for 4c mp 72.1-73.0 °C;: 'H NMR (600 MHz,
CDClg): 8 7.38-7.30 (m, 5H), 5.92-5.85 (m, 1H), 5.19-5.15 (m, 2H) 4.99 (d, J = 8.4, Hz, 1H)
4.57 (dd, J = 10.8, 2.4 Hz, 1H), 3.73 (s, 3H), 3.55 (s, 1H), 3.55 (s, 1H), 2.91-2.86 (m, 2H),
2.66-2.60 (m, 1H); *C NMR (150 MHz, CDCls): § 172.6, 138.6, 134.9, 128.6, 128.2, 126.8,
118.0, 75.4, 82.5, 58.1, 53.2, 36.2; IR (thin film): 2924, 1731, 1454, 1242, 1024, 701 cm;
TLC (15% EtOAc/hexane): Ri= 0.12; LRMS (ESI): Calcd. for C1aH17BrOa4: ([M+NHa]): 347.22,
Found: 347.22; SFC: Regis RP, 5% MeOH, flow rate = 3.0 mL/min, X = 210 nm, tr (majory = 7.7 min
tR  (minor) = 87 min, 95545 er, [alo = -201 (c = 0.007, DCM)

OH Br Methyl (2S,3S)-3-bromo-2-((R)-(4-

3 chlorophenyl)(hydroxy)methyl)-2-hydroxy-4-

HO CO,Me phenylbutanoate (4m): The title compound was prepared
according to General Procedure C using 2m (0.031 g, 0.075
mmol), affording 4m (0.030 g, 0.073 mmol, 97% vyield, >20:1 dr)
as a white solid. This solid was then recrystallized from 5% EtOAc/hexanes. Analytical data
for 4m: mp 149.2-150.0 °C; 'H NMR (600 MHz, CDCls): § 7.38-7.26 (m, 9H), 5.06 (d, J = 8.2
Hz, 1H), 4.78 (dd, J = 11.3, 2.6 Hz, 1H), 3.72 (s, 3H), 3.64 (s, 1H), 3.58 (dd, J = 14.6, 2.6 Hz,
1H), 3.03 (dd, J = 22.4, 14.6 Hz, 1H) 2.98 (d, J = 8.2 Hz, 1H); *C NMR (150 MHz, CDCls): &

Ph

Cl
4m
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172.4,138.1, 137.2, 134.5, 131.0, 129.3, 128.4, 128.2, 126.9, 82.6, 74.7, 60.0, 53.4, 38.1; IR
(thin film): 3059, 2989, 2688, 2309, 1738, 1429, 1267 cm; TLC (15% EtOAc/hexane): Ri=
0.41; LRMS (ESI): Calcd. for CisH1sBrClO4: ((M+Na]): 435.00, Found: 435.09; SFC: Regis RP,
15% MeOH, flow rate = 3.0 mL/min, A = 210 nm, tr (major) = 4.4 mMin tr minoy = 8.2 min, 98:2 er
(>99.9:0.1 recrystallized); [a]p = -56.3 (c = 0.004, DCM)

Methyl (2S,3S)-3-bromo-2-hydroxy-2-((R)-hydroxy(1-tosyl-1H-
indol-3-yl)methyl)-4-phenylbutanoate (4p): The title compound
was prepared according to General Procedure C using 2p
affording 4p (0.074 g, 0.13 mmol, 65% vyield, 10:1 dr) as a white
solid. Analytical data for 4p: mp 74.8-75.2 °C; *H NMR (600 MHz,
CDClz): 6 7.97 (d, J = 7.8 Hz, 1H), 7.81 (d, J = 7.8 Hz, 1H), 7.73-
7.68 (m, 3H), 7.35-7.25 (m, 7H), 7.18 (d, J = 7.8 Hz, 2H), 5.42-5.41 (m, 1H), 4.71 (d, J = 10.8
Hz, 1H), 3.83 (s, 1H), 3.77 (s, 3H), 3.56 (d, J = 14.4 Hz, 1H), 3.02-2.97 (m, 1H) 2.33 (s, 3H);
13C NMR (150 MHz, CDClg): §172.8, 145.1, 138.0, 135.0, 134.9, 129.9, 128.4, 126.9, 126.8,
126.7, 125.1, 124.3, 123.3, 121.4, 121.1, 113.5, 83.0, 74.7, 69.7, 59.4, 53.4, 38.3, 21.5; IR
(thin film): 3059, 2989, 2306, 1738, 1429, 1267, 896 cm; TLC (15% EtOAc/hexane): R¢=
0.21; LRMS (ESI): Calcd. for C27H26BrNOeS: ([M+Na]): 594.06, Found: 594.06; 4p could not be
directly analyzed via SFC, see compound 5 for enantiomeric analysis; [a]p = -24.8 (c = 0.007,
DCM)

Synthesis of the Mosher ester of 2p

FC PN
OH Br S
0 0
Ph .o BN DCC, DMAP MeO o, Bh
S 3 - 5
N~ HO CO,Me %OH DCM (0.02 Myrt ~ Ts~N_ >
Td OMe CO,Me

4p 5

A flame dried scintillation vial was loaded with cross-benzoin diol 4p (0.035 mmol, 1.0 equiv),
(R)- a-methoxy- a-trifluoromethylphenylacetic acid (0.042 mmol, 1.2 equiv) and DCM (2.0
mL, 0.02 M). To this was added N,N-dicyclohexylcarboimide (0.07 mmol, 2.0 equiv) and 4-
dimethylaminopyridine (0.035 mmol, 1.0 equiv) This reaction mixture was stirred at rt for 18 h
then filtered through celite. The filtrate was then diluted with 1M HCI (10 mL) and EtOAc (10
mL). The layers were separated and the organic layer was further washed with 1 M NaOH (2
x 10 mL) and brine (1 x 10 mL). The organic extracts were dried over MgSQOsa, filtered and
concentrated in vacuo. The reaction mixture was purified by column chromatography using
an eluent of 10% EtOAc/hexanes providing 5 as a colorless oil (22 mg, 0.031 mmol, 89%
yield, 98:2 er).
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Analytical data for (2S,3R)-methyl 3-benzyl-2-((R)-(1-tosyl-1H-indol-3-yl)((R)-3,3,3-trifluoro-
2-methoxy-2-phenylpropanoyloxy)methyl)oxirane-2-carboxylate (5): *H NMR (600 MHz,
CDClz): 6 7.88 (d, J = 8.4 Hz, 1H), 7.63 (d, J = 8.4 Hz, 2H), 7.57 (s, 1H), 7.40-7.39(d,J=7.8
Hz, 1H), 7.28-7.21 (m, 4H), 7.09-7.00 (m, 9H), 6.96 (s, 1H), 3.82 (s, 3H), 3.42 (s, 3H), 2.90-
2.86 (m, 1H), 2.76-2.72 (m, 2H) 2.25 (s, 3H); **C NMR (150 MHz, CDCls): § 167.8, 165.3,
145.2, 135.6, 134.7, 134.5, 131.3, 129.8, 129.5, 128.8, 128.7, 128.4, 128.0, 127.5, 127.1,
126.9, 126.7, 125.0, 123.6, 121.0, 114.2, 113.4, 71.0, 63.2, 60.3, 55.5, 52.9, 33.9, 29.7 21.5
(two coincident peaks); 1°F NMR (376 MHz, CDCls): Smajor 71.85 Sminor 71.6, 98:2 er; IR (thin
film): 3059, 2989, 2306, 1738, 1429, 1267, 896 cm™; TLC (15% EtOAc/hexane): Ri= 0.21;
LRMS (ESI): Calcd. for Cs7H32NOsS: ([M+Na]): 730.17, Found: 730.31; [a]o = 39.0 (c = 0.007,
DCM).
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SFC and HPLC traces

O Cl
Ph
Ph R
HO CO,Me
2a
ALl
2500 +
2000 o
1500 o §
& rea: 10144.3 §
1000 4 il rea: 9520.26
a00 o
0 : —
3.‘45 3.‘65 2 I85 4, IDS 4.‘25 4, I45 4, IBS 4.‘85 min
LWADd A, Wavelength=210 nm of G EW-163-2.0
mal ]
rfrea: 305742
2600 o
2000 o
1500 +
1000 H
500 2
o § _ﬂ__,_,—iA&e_a_\:_EihBEJS‘l
3.tI45 3.‘65 3 I85 . IDS 4.‘25 4. tIka 4. IBS 4.‘85 min
Signal 1: LwwDl A, wavelength=210 rm
Peak RT Type  width Area Height Area
# [min] [min] [mal®sec] [mad] %
Sy | oy [
1 3744 | 0.18% 31127.668406 2745, 940867 G&, 3080
2 4,276 | 0.147 1153.30245 135, 02567 3.8920
Totals 32320, 964680 2BE0. 96631
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O Br

Ph
Ph R
HO CO,Me
2b
Al
1400
1200
1000 +
200 H
600 o
00 s ase0.40 2 r2a: 3524.03
200 H
0 : I
4.‘25 4.‘45 4.‘55 4.‘85 5.‘05 5.‘25 5.115 5.‘65 rmin
LwiDed A, Wavelength=210 nm of GGWE-202-24.0
Al
1400 2
¥
1200 rea: 114861
000
200 +
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400 +
200 - 8
_______—'dAm;gggzsg
o]
4.‘25 4.“45 4.‘55 4.%!5 5.‘05 5.‘25 5.-"-15 5.‘65 min
Signal 1: LwwDl A, wavelength=210 rm
Peak RT Type  width Area Height Area
# [min] [min] [mal®sec] [mad] %
R B |- | === | mmmmmoto | oo —Seoem | —mmmmoemee |
1 3,744 il 0,189 31127, 466406 2745, 940867 Q5. 3080
2 4,278 il 0.147 1193.30240 135. 02567 3.8920
Totals 32320, 96580 2880, 9645631
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Al

1400 —
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1000 +
200 | E
o o
rea: §364.55 ,?f_
BR0 2 firea: 5148 30
400 +
200 H
01— —_— —
5.‘55 5!8 5.!‘35 6!3 B.I55 6!8 ?.IDﬁ ?!3 7‘55 '.-'!8 mir
LWVID A, Wavelength=210 nm of GEWT-125-2.0
AL
1400 +
1200 +
1000 — g
=00 - © rea: 103897
00 o
400 o
200 o % %
ol e ZE3 P87 n ™~ i
5.‘55 5‘8 B.IIJS 6!3 B.|55 6!8 ?.IDS ?!3 '.-"|55 ?!8 min
Signal 1: LwwDl A, wavelength=210 nm
Peak RT Type  width Area Height Area
# [min] [min] [mal¥sec] [mad] %
R B | ——=--- |-=-==- | —mmmmmmo- | —mmmmtooee | —mmmmmmmem |
1 . 065 I 0,223 10944, 87598 819, F711E G4, 8026
2 0. B85 I 0,221 SEY.B0420 44, 27518 5.0974
Totals 11552, 740235 804, 04437
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O Br

Ph R
HO CO,Me
2f
ALl
1600 +
1400 o
1200 +
1000 o
200
GO0
400
200 o
a T
5!2 5?4 5?8 5!8 BI Bf2 Bf4 BfB B!S '.-I'min
LWD A, Wavelength=210 nm of G&7-G3-2.0
il o
B SArea: 15047 7
1500 o
1280 H
1000
TE0
500
250
0 ’ T
5!2 5!4 5!8 5!8 BI 8!2 6!4 B!E 8!8 '.-:'min
Signal 1: LwvwDhl A, wavelength=210 nm
Feak RT Type  width Area Height Area
# [min] [min] [mau*sec] [mad] %
I e e L L e
1 5.8681 MF 0.15%a 158a5. 81836 16595, 28894 G3. 06459
2 6. 097 FM 0. 262 1182.31006 75. 20283 6.9351
Totals 17048.128%1  1770.49182
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O Br

Ph R
HO CO,Me
2g
Al ]
1400 o
1200 +
1000 -
200 z @
ujArea: 6330.82 §
G000 o red: G335 .67
400
200
o . :
5!6 5!‘1 E!B ?!1 ?!E min
LD A, Wavelength=210 nm of GEF-70-2.0
Al ]
1400 +
1200 o
1000 o
200 o
/00 o
400 o
200 o
a
5!6 5!‘1 E!B ?!1 ?!E mir
Signal 1: Lwvwbl a, wavelength=210 nm
Peak RT Type  width Area Height Area
# [min] [min] [mal¥sec] [mau] %
e I e | -=——-=- | ~mmmmmmm—=e | —mmmmm=Sooe | —mmmmmmmm- |
1 5.521 MF 0.16% 17286.5585%  1702.335%11 G4 0402
2 6,376 FM 0,195 1095, 52734 0369172 5.9598
Totals 18382, 08554 1796, 03088
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O Br

MeO,C OH

2h

mAl

1750
1500 -
1250
1000
750
500

250 o

o4

T T
285 4.05 425 445

455 4.85 min
LD A, Wiavelength=210 nm of G&W7-87-2.0
Al &
rea: 16085.7
2000 H El
1750 o
1500 o
1250
1000 H
7460 o
500
0 _‘ffgmkg_f_fﬂ
ol , - , :
3 éiﬁ 4. IDS 4.‘25 4. l15 4 IBS 4.‘85 I rin
Signal 1: Lvwhl A, wavelength=210 nm
Peak RT Type  width Area Height Area
# [min] [min] [malss ec] [mal] %
e e | —————=- | oot | ~mmmmmteoee | —mmmommee |
1 4.012 MF 0,130 16241.34668 2086, 26978 G2, 7932
2 4,330 FM 0.136 1074 . 78687 132.18475 6. 20859
Totals 17316.13281 2218.43457
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O Br
Ph
HO CO,Me
2i
X
WD A, Wavelength=210 nm of G &7 -40-1.0
[yl o+
3500 % 'g
2 rea 623066 =]
rea: GA597.4
3000
2500 o
2000
1500 o
1000
500
0 —— ==
9!2 9.115 Q!? Q.IQS ‘10‘.2 10!45 ‘10‘.? ‘10!95 ‘11‘.2 min
LD A, Wi avelength=210 nm of G&EF-40-2.0
Al
2500 o
3000
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2000
1500
1000
500 43 %
L fwea 196406
n e +—
9!2 Q.-I45 Q!'.-' Q.IQS ‘10‘.2 10!45 ‘10‘.? ‘10!95 ‘11‘.2 mir
Signal 1: LwwDl &, wavelength=210 nm
Peak RT Type  width Area Height Area
# [min] [min] [mau¥sec] [mad] %
e B I I | ——mmmmmom e
1 G, 6hae 10 0,450 98423, 57813 3647, 00424 G7. 0284
2 11. 070 fulhd 0,302 3014, 31030 la6. 53088 2.9718a
Totals : 101457, 89062 3EL3.62500
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O Br
Ph

HO CO,Me
2j

DADA [, S5ig=230,18 Ref=360,100 (G GA\HICEWICZS 201 4-05-06 13-01-4546 -7-24-1.00

o o N
i i i

o

T
4.5 g 5.5 =) 6.5 7 min

[T i
|
mALl
1200 -
1000
s00-
500~
ago-
- é\'\
ZUU—- E z?-ﬂp
. o
o]
4‘8 5I 5‘2 5!4 5‘5 5‘8 min
] [ I
# Time Area Height Width Area¥ Symmety

5102 10943.2 1393.8 01309 36191 0.662

567 433.6 564 01282 2.803 0757
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O Br
Ph
HO CO,Me
MeO
21
Al
1200 §
Ared: 188593
1000 - §
200 4 £ rea; 190145
GO0
400
200 H
[ — ——
QI 9!5 1ID 10‘.5 ‘1I1 ‘11‘.5 1I2 12‘.5 min
Ly A, Wiavelength=210 nm of GEF-72.0
Al E
1200 o
1000 - E
C‘iAlea: 14422 .8
800
GO0 H
400
200 §
a L L A =1l
QI 9!5 1ID 10‘.5 ‘1|1 ‘11‘.5 1|2 12‘.5 min
Signal 1: LwwDl 4, wavelength=210 nm
Peak RT Type  width Area Height Area
#+ [min] [min] [mal¥sec] [mald] %
e tal vl D e e B B e |
1 G, 704 Falfd 0.279 1447355078 Ba5. 08954 97 . 8602
2 12.050 fulf 0.377 3la.48083 13.95325 2.1359H
Totals 14790.03125 BP9, 08307

ww# End of Report www

S26



Al

1000 o
200 H
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200 - § a
/t 147811 :
=3 135549
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1000 o E
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Signal 1: Lvwbl a, wavelength=210 nm
Peak RT Type  width Area Height Area
# [min] [min] [mau*sec] [mal] %
| —=== | —mm=—=Z—- | -——--- | -—-—==- | ~====mmmoo- | === e |
1 4,271 1M 0,166 G333.300957 G35, 78410 75,5034
2 7,004 Fla 0,297 3028.15525 170.21275 24 . 45966
Totals 12381.44531 1105, 97681
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O Br

\Hj\(k/Ph
HO CO,Me

20

DADA D, Sig=22016 Ref=3260,100 (GEWNICEWICZS 20140402 17-54-000G G-6-24-1.[)

mAU & o T

120-
100
80—

60—

| et ko Selection mode |

200 |
150 —|
400 |

&0 —

[ I 5l
i Time Area Height Width AreaX Symmetmyp
1 9.056 33016 239 0.2303 53.294 0674

2 3.857 23621 164.3 0.2387 41.706 0.713
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OMe

OH Br
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Peak RT Type  width Area Height Area
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e e B I B el E
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2 10.767 fulf] 0.416 746, 47886 29, B9055 3.9121
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OH Br

Ph™ X
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4d
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1000 o
200 -

00
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OH Br
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Cl
4m
Al ]
= g.»Qrea: 10804.1
1000 H
800
B00 o §
5 rea: 11637 .4
400 +
200
o —
‘Il 4!5 5I 5!5 5I 5!5 '.-l '.-'!5 Eli 8!5 mir
WD A, Wavelength=210 nm of G&T-128-1.0
mAll ]
1200 H
1000 o
200 g
¢Area: G426 .34
G600 +
00 o
200 - -
2 a5 5 55 g 65 7 75 g 85 min
Peak RT Type  width Area Height Area
# [mir] [min] [maussec] [mal] %
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Totals 55595, 05465 G686, 22406
B R

End of Report &

S31



OH Br
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HO CO,Me
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Cl

Recrystallized:
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1H, 13C 19F, NMR Spectra

Ph

MeO,C

1b

5.312
5.299
5.287

<

I
b3

Current Data Parameters
NAME GG-7-15%9
EXPNO 1
PROCNO 1
F2 - Acquisiticn Paramete
Date_ 20140613
Time 8.06
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zg30
65536
SOLVENT CDbC13
NS 9
Ds o
SWH 12019.230
FIDRES 0.183399
a0 2.7262976
RG 12.7
oW 41.600
DE 10.00
TE 298,
D1 1.00000000
TDO 1

Fz2 -

CHANNEL £1 =
600.1337060
1H

11.00
13.00000000

600.13200000

EM

o
0.30

1]
1.00

L L
T T T T T T T T T
9 8 7 6 4 3 2 1 ppm
L
B 8 L
il el - Pripec e
wr i) - oo Current Data Parameters
% = Tonan SRE § 8 2 AME GG-7-159-C13
3 & w a8 H8d s = EXENO 2
= = g s g} [ W - PROCNO 1
N/ N/ | 2 - acquisition raramsters
Date_ 20140613
Time
INSTRUM spect
FROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
D 65536
SOLVENT cpcl3
NS 128
Ds 4
Swit 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 203
o 13,867 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
Dil 0.03000000 sec
TDOD
m—————— CHANNEL £l ==—ee———
150.9178981 MHz
13c
11.35 usec
230.00000000 W
CHANNEL f2 =
sFO2 £00.1324005 MHz
NUC2 1H
CPDPRG([2 waltzl6
pCPD2 90.00 usec
FLW2 13.00000000 W
PLW12 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
5T 32768
SF 150.9028217 MH=z
wow
55B o
LB 1.00 Hz
GB 0
PC 1.40
\
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

T
1
3

Processing paramete;

r
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Br

1c

217
205

5
5

OMe

Current Data Parameters

NAME GG-7-115
EXPNO 1
PROCNO 1
F2 - Acguisition Paramete
Date_ 201406132
Time 8.04
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zg30
TD 65536
SOLVENT cpCl3
NS 16
Ds Q
SWH 12019.230
FIDRES 0.18339%
AQ 2.7262976
RG

DW 41.600
DE 10.00
TE 298.2
D1 1.00000000
DO 1

CHANNEL f1 =

600.1337060
1H

11.00
12.00000000

F2 - Processing paramete:

184.92
_——160.44
———158.78

210=

—130.43
——128.35

—114.06

———55.19
T——53.40
——47.49

T
140

100

51 65536
SF 600.1300145
wDw EM
SSB 0
LB 0.30
GEBE 0
PC 1.00
ko
T T
1 ppm
- Current Data Parameters
" HAME GG-7-115-C13
o EXPNO 2
w EROCND 1
| F2 - Acquisition Parameters
Date_ 20140813
Time
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG 2gpg30
o 655386
SOLVENT CDC13
NS 128
Ds 4
SHH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 203
DA 13.867 usec
DE 18.00 usec
TE 298.1 ¥
D1 2.00000000 sec
D11 0.03000000 sec
D0 1
CHANNEL £1
150.9178981 MHz
13C
11.35 usec
230.00000000 W
CHAMNEL £2
600.1324005 MHz
18
CPDPRG([2 waltzl6
PCPD2 90.00 usec
PLW2 13.00000000 W
PLWLZ 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
ST 8
SF 150.9028182 Mz
WOW EM
SSB 0
LE 1.00 Hz
GE 0
BC 1.40
1
T
ppm
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MeOzC

Br

1d

Current Data Parameters

NAME GG-7-108
EXPNO 1
PROCNC 1
F2 - Acguisition Paramet:
Date_ 20140613
Time 8.02
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 6
D& 0
SWH 12019.230
FIDRES 0.1833938 1
AQ 2.7262976
RG 12.7
oW 41.600
DE 10.00
TE 298.2
Dl 1.00000000
DO 1

CHANNEL fl1 =

600.1337060 t
1H

11.00 1

12.00000000 1

F2 - Processing paramete.

5I
SF
WDW
SSB
LB
GB
PC

36
600.1300151
EM
0
0.30 t
0
1.00

9 8 7 5 2 1 ppm
l
4’ r “ﬁ
=2 @
i~ =
@ e @ 2 P - e Current Data Parameters
. = - o NS = S NAME GG-7-108-C13
S & - - Ll Mmoo '3 EXPNO 2
a =1 a 3 FEE now " PROCNO 1
| V || F2 - cauisition Pazamscers
Date_ 20140613
Time
INSTRUM spect
FROBHD 5 mm CPQCI 1H/
PULPROG 2gpg30
D 65538
SOLVENT CDC13
NS 128
DS 4
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1 =
150.9178981 MHz
13c
.35 usec
230.00000000 W
CHANNEL f2 =
600.1324005 MHz
1H
CPDPRG[2 waltzlé
PCPD2 .00 usec
PLW2 13.00000000 W
PLW12 0.19774000 W
PLWL3 0.16017000 W
F2 - Processing parameters
5T 32768
SF 150.9028B166 MHz
WoW
55B 0
LB 1.00 Hz
GB 0
FC 1.40
A . 1 il
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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oo oy e comwT @
SERRE P CaEenNGm®
e wen oEmEmEEmaa Current Data Parameters
e o Mmoo RAME GG-7-118
Ny V% N\ Exero :
PROCHNC 1
F2 - Acguisition Paramete
Date_ 201406132
O Time 8.07
INSTRUM spect
PROBHD S mm CPQCI 1H/
PULEROG zg30
TD 65536
MeOZC SOLVENT cpe13
NS 10
Br DS 0
CI SWH 12019.230 1
FIDRES 0.1833%9 1
1e AQ 2.7262976
RG 10
DW 41.600 1
DE 10.00 1
TE 298.1 1
D1 1.00000000 ¢
DO 1
== CHANNEL f1l =
600.1337060 1
1H
11.00 1
13.00000000 ¢
F2 - Processing paramete:
SI 65536
SF 600.1300140 ¢
WDW EM
SSB 0
LB 0.30 1
GEBE 0
u‘ l PC 1.00
il Al ..k.l_L* e h
T T T T T T T T
9 8 7 6 5 4 3 2 ppm
kR rw rw er
(2] e (=) EREAES
(€3 < @ 9=
ledled - o3 el
= Ed @ ~ Current Data Parameters
“ o S 88E - GG-7-118-C13
3 2 EEEE v -8 EXPNQ 1
] H P eE Hos . SRocHO .
|/ V N S ——
Date_ 20140613
Time 8.17
INSTRUM spec
PROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
65536
SOLVENT cDCl3
NS 273
DS 0
SWH 36057.691 Hz
FIDRES 0.550187 Hz
RQ 0.9087659 sec
RG 203
oW 13.867 usec
DE 16.00 usec
TE 298.2 K
Dl 2.00000000 sec
D11l 0.03000000 sec
DO 1
== CHANNEL f1 == =
150.9178981 MHz
13C
11.35 usec
230.00000000 W
=== CHANNEL f2 == =
SFO2 600.1324005 MHz
NuC2 18
CPDPRG[2 waltzl6
FCFD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
SI 2768
SF 150.9028308 MHz
WDW EM
55B 0
LB 1.00 Hz
GB 0
\ ‘ BC 1.40
T T T T T T T T T
200 180 160 140 120 100 80 60 40 ppm
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~ ™ OO AT ITBDOMNNLOSIMINADND O D@©
w 0 o CROr-VROMNMNAOD= LT AN M D@
~ oo OO VYNNANNNNTITTTITTMNOO O
(=2} -~ @O EERCEEEE R s U L At A B B o B S B B B B B B
Current Data Parameters
NAME GG-6-269
EXPNO 1
PROCNO 1
F2 - Acguisition Paramet
Date_ 20140613
Time
O INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG 2g30
D 65536
SOLVENT ¢DpCl3
. iy NS 16
iPr NN BF DS o
4 SWH 12019.230
I FIDRES 0.183399
N + AQ 2,.7262976
\ RG 32
oW 41.600
Mes DE 16.00
D TE 298.2
D1 1.00000000
TDO 1
CHANNEL f1
600.1337060
NUCL 1H
Pl 11.00
PLW1 13.00000000
F2 — Processing paramete
SI 65
SF 600.1300148
WD EM
558 0
LB 0.30
GB 0
PC 1.00
g Ja L - S
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 ppm
L)y} | |
8 &3 Bl BRE 3
=] e agle 2 |9 har{ It
-l olle ==l i ~lelle e
Current Data Parameters
38 3 ZITHs GG-6-269-C13
oo o cme e EXPNO 2
frgeiel A RARS BROCNO 1
A/ I AW 2 - Acquisition Paramsters
Date_ 20140613
Time
INSTRUM spe
FROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
65536
SOLVENT CDC13
NS 128
DS 4
SWH 36057.681 Hz
FIDRES 0.550197 Hz
2Q 0.9087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.1 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
150.9178981 MHz
13¢
11.35 usec
230.00000000 W
CHANNEL £2 =
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 13.00000000 W
FLWL2 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
ST 2768
SF 150.8028150 MHz
WDwW EM
SSB 0
LE 1.00 Hz
GB 0
JI FC 1.40
" L L
T T T T T T T T T T T
200 180 160 140 120 100 80 60 a0 20 ppm
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-

Current Data FParameters
NAME GG-7-22-2a
EXPNO 1
PROCHNC 1
F2 - Acguisition Paramete
Date_ 20140404
Time 15.08
INSTRUM spect
PROBHD 5 mm CPQNP 1H/
PULEROG zg30
TD 65536
SOLVENT CDC13
NS 12
Ds 2
SWH 12019.230
FIDRES 0.183399
RO 2.7262976
RG 32
DW 41.600
DE 10.00
TE 298.0
D1 1.00000000
TDO 1

CHANNEL f1 =
600.1337060
1H

13.75
©.00000000

T

1
T

1

F2 - Processing paramete:
sI 536
SF 600.1300153
wDw EM
SSB 0
LB 0.30
‘ GEBE 0
U ‘ PC 1.00
SIS VLV, | JuL“ o IR W NN
T T T T T T T T T
9 8 7 6 5 a 3 2 1 ppm
oo_J L JL )
(N rr || ] rn o () © (m
=792 = el |7 el
o il - ~ 3 -l
2 = Do=eoonn e o - - Current Data Parameters
= = e ms et o “ - HAME GG-7-22-1a-C13
ki 5 BEREERER 8 Fr2 5 3 3 EXENO !
N n PROCNO 1
NN N £2 - rcquisition rarapeters
Date_ 20140404
Time 15.10
INSTRUM spect
FROBHD 5 mm CPQNP 1H/
PULPROG 2gpg30
D 65536
SOLVENT cDC13
NS 171
DS 0
SWH 36057.681 He
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1 =
150.9178981 MHz
13cC
11.25 usec
30.00000000 W
CHANNEL £2 =
600.1324005 MHz
1H
CPDPRG[2 waltzlé
PCPD2 .00 usec
PLW2 9.00000000 W
PLW12 0.26587000 W
PLWL3 0.17016000 W
F2 - Processing parameters
51 32768
SF 150.9028171 MHz
WDwW
SSB 0
LB 1.00 Hz
GB 0
BC 1.40
. " L
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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MO E - TASO M © © o~
SO H OO T O — o I
COoOLLL I PIMMONNN = ™
€ 0 M~ LNt B

Ph
Ph

HO CO,Me
2b

LN L

© 0O~ 0N
DM M A A0
MmO OO0
M moOmmmnm

£
I
N

Current Data Parameters

NEME
ZXPNC
PROCNC

T2 - Acquisition

Date_

Time
INSTXUM
2ROBAD

2ULPROG

OLVENT

ANNEL fl =

G5-8-92-1
1
1

20140923

20006330 :
1

600.1337060 M
m

Paramezers

usec
usec

33 usce

©.33
3.00000000 W

T T T T T T T T T T
90 85 80 75 70 65 6.0 55 50 45 4

T
.0 35 3.0 25 20

usec
usec
3
sec
sec

MHzZ

usec
W

MHz

usec
W
W
W

MHZ

15 ppm
) ! ) ) ] I\
3 A 5 BH@EER
@ i I 2 @ &R
- —io© I - o i e
Z e F— . Current Data Parameters
- R a = © NAME GG-6-302-2a-C13
o = R EREs 23 o EXPNO 1
\\w// ‘ PROCNO 1
F2 - Acquisition Parameters
Date_ 20140402
Time 12.52
INSTRUM spect
PROBHD 5 mm CPQNF 1H/
PULPROG zgpg30
65536
SOLVENT CDC13
NS 33
DS 0
SWH 36057.691
FIDRES 0.550197
AQ 0.9087659
RG 203
o 13.867
DE 18.00
TE 298.0
Dl 2.00000000
D1l 0.03000000
TDO 1
CHANNEL fl =
150.9178981
13cC
11.25
30.00000000
==== CHANNEL f2 ====
600.1324005
1in
CPDPRG[2 waltzlég
PCPD2 B80.00
PLWZ 9.00000000
PLWl2 0.26587000
PLW13 0.17016000
F2 - Processing parameters
ST 32768
SF 150.9028195
WDW M
S5B 0
LB 1.00
GB 0
PC 1.40
\ LI b o b [ '
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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5171
.168
153

150

4.345
3.821
3.808

==

Current Data Parameters
NAME GG-7-124-2a
EXFNO 1
PROCNO 1
F2 - Acguisition Paramete
Date_ 20140508
Time 15.47
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zg30
TD 65536
SOLVENT CDpCl3
NS 1z
Ds Q
SWH 12019.230 1
FIDRES 0.183398 1
RO 2.7262976
RG

DW 41.600 1
DE 10.00
TE 298.0 1
D1 1.00000000 :
TDO 1

CHANNEL £l ====:
600.13327060

SFO1
HNUC1 1H
Pl 11.00 1
PLW1 13.00000000 ¢
F2 - Processing paramete:
51 65536
SF 600.1300140 ¢
wDw EM
SSB 0
LB 0.30 1
GEBE 0
PC 1.00
e W Joo Jx.__,, S P,
T T T T T T T T T T
9 8 7 6 a 3 2 1 ppm
r\ N P )
o o] [© (e ~ w| e
3 @530 85 &R
ol [=leiloil lod I=1 |
o 2 o S En e o4 . Current Data Parameters
b = il mRABaN e @ o ow e EXPNO 1
bl b 5 nooon% o 5 T n3 kS SROCHO ;
| N | v £2 - rcquisition rarspetess
Date_ 20140506
Time 15.50
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG 2gpg30
D 65536
SOLVENT cDCl3
E] 53
DS 0
SWH 36057.681 He
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1 =
150.91768981 MHz
13cC
11.35 usec
230.00000000 W
CHANNEL £2
SFO2 600.1324005 MHz
NUC2
CPDPRG[2 waltzl6
PCPD2 .00 usec
PLW2 13.00000000 W
PLW12 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
51 32768
SF 150.9028195 MHz
WDwW
SSB 0
LB 1.00 Hz
GB 0
Jh BC 1.40
. " A -
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters

NAME GG-7-123-2a
EXPNO 1
PROCNG 1
F2 - Acguisition Paramete
Date_ 20140508
Time 15.42
INSTRUM spect
PROBHD S mm CPQCI 1H/
PULEROG zg30
O Br TD 65536
SOLVENT CDpCl3
NS 9
AN DS 0
Ph R SWH 12019.230 1
~ FIDRES 0.1833%9 1
HO COzMe aQ 2.7262976 «
RG 14,
2d DW 41.600 1
DE 10.00 1
TE 298.0 1
D1 1.00000000 ¢
DO 1

CHANNEL f1 = =
600.13327060
1H

11.00 1
12.00000000 %

F2 - Processing paramete:
51 65536
SF 600.1300147 t
wDw EM
SSB 0
LB 0.30 1
GEBE 0
| | b
L e >, .
T T T T T T T T T
7 6 5 4 2 1 ppm
|
= © S Q2
- ol =l le3
= @ geTgw P — ; Current Data Parameters
a 3 nhnas oo ¢ R8% B 2 NAME GG-7-123-2-C13
@ = Am@an o $¥ Fog @ P EXPHO 1
o = anoas = s FEZ aa ™ FROCNO 1
N % 2 - rcasisition rarameters
Date_ 20140506
ime 15.45
INSTRUM spec
PROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
65536
SOLVENT cDCl13
NS 43
DS 0
SWH 36057.691 Hz
FIDRES 0.550197 Hz
20 0.3087659 sec
RG 203
oW 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
- CHANNEL f1 =
150.9178981 MHz
13cC
11.35 usec
230.00000000 W
CHANNEL f2 =
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG (2 waltzl§
PCPD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
ST 2768
SF 150.9028150 MHz
WOW M
SSB 0
LB 1.00 Hz
GB o
PC 1.40
; L . I T T
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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o0 m @ © woTwoo @
LT i T SRa3am @
e o N o Current Data Parameters
3 ' NAME GG-7-125-2a
Vo TN :
PROCNO 1
F2 - Acguisition Paramete
Date_ 20140508
Time 17.45
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zg30
TD 65536
SOLVENT CDC13
NS 8
Ds 0
SWH 12019.230 1
FIDRES 0.183389 1
AQ 2.7262976 :
RG 32
DW 41.600 1
DE 10.00 1
TE 298.0 1
D1 1.00000000 :
DO 1
CHANNEL £1 = .
SFO1 600.1337060 1
HNUC1 1H
Pl 11.00 1
PLW1 132.00000000 ¢
F2 - Processing paramete:
51 65536
SF 600.1300000 1
wDw EM
SSB 0
LB 0.30 1
GEBE 0
J Lul PC 1.00
_,-l U lA_ S SR S 1 A .
T T T T T T T T T T
9 8 7 6 5 a4 3 2 1 ppm
|
T YT
et I B ] = =12 |9
oil | +leiln - = el =<
5 = SHAEZTORD 8 mgo oo o s
A Lol - Jo L 1 L .
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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morumT o omrw § w oo =
RECBRISAE e S 3z 3
Sonmanaan N Tz nnon Current Data Parameters
) 4 NAME GG-7-69-1a
NN A Vo BxeNo 1
PROCNO 1
F2Z - Acguisition Paramets
Date_ 20140421
Time 7.25
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
FULPROG zg30
D 65536
SOLVENT CcDC13
NS &
@] Br DS o
SWH 120192.230 1
FIDRES 0.183399
Ph 2D 2.7262976
N RG 12.7
N DW 41.600 1
HO CO,Me DE 16.00
TE 298.0 1
2f Dl 1.00000000 ¢
DO 1
CHANNEL £1 =
600.13270&0 t
1H
11.00 1
13.00000000 ¢
F2 - Processing paramste:
sI 65536
SF 600.1300137 t
WDW EM
SSB o
LB 0.30 1
GE 0

©
o -]
-
@
@
=Y
©
[
a
3
3

| g

2.02-

o El @w PR, e P Current Data Parameters
o = Lo onen i e HAME GG-7-69-C13
2 2 a% ¢ Crd s E EXPNO 1
A S apal FE a8 PROCNO 1
\/ I | £2 - rcquisition rarapecess
Date_ 20140421
Time
INSTRUM spect
FROBHD 5 mm CPQCI 1H/
PULPROG 2gpg30
D 65538
SOLVENT CDC13
NS 230
DS 0
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1 =
150.9178981 MHz
13c
11.35 usec
230.00000000 W
CHANNEL f2 =
600.1324005 MHz
1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.19774000 W
PLWL3 0.16017000 W
F2 - Processing parameters
51 32768
SF 150.9028151 MHz
WoW
55B 0
LB 1.00 Hz
GB 0
FC 1.40
| . "
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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4.934
4.927
18

4.

<

4.912

—4.171

3.834

NAME
EXFNO
PROCHNC

Current Data FParameters

GG-7-70-1a
1
1

F2 - Acguisition Paramete

Date_
Time
INSTRUM
PROBHD
PULEROG
TD
SOLVENT

CHANNEL f1

20140421

7.27

spect

5 mm CPQCI 1H/
zg30

65536

CDC13

5

0
12019.230
0.183399
2.7262976

41.600
10.00

298.0
1.00000000
1

600.1337060
1H

11.00 1
12.00000000

F2 - Processing paramete:

51 65536
SF 600.1300150 1
wDw EM
SSB 0
LB 0.30 1
GEBE 0
l J’ PC 1.00
|
- N L h;AAAAIAAAA,
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
o) (= ¢§‘ @ d% o ~
e |2 Q| 2| (2 o “
— l=le -l ol e o o
@ = soow oo P — - Current Data Parameters
= = PR u Ne™ SR 25 » NAME GG-7-70-C13
@ = A e § Foe o= A o EXPNO 1
a b anan m 50 e b PROCNO 1
A/ N T £2 - rcquisition rarapecess
Date_ 20140421
Time
INSTRUM spect
FROBHD 5 mm CPQCI 1H/
PULPROG 2gpg30
D 65536
SOLVENT cDC13
NS 528
DS 0
SWH 36057.681 He
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1
150.91768981 MHz
13cC
11.35 usec
230.00000000 W
CHANNEL f£2 =
600.1324005 MHz
1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.19774000 W
PLWL3 0.16017000 W
F2 - Processing parameters
51 32768
SF 150.9028119 MHz
WoW
SSB 0
LB 1.00 Hz
GB 0
‘ l I I = 1.40
| J‘_‘ ‘ . ! }
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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sw w o reamonomsoon
£5 5 2 S5EEE825E5ER
g e PR S I S S e Current Data Farameters
NAME GG-7-71-1a
Vool N4 Exeno 1
PROCNO 1
F2Z - Acguisition Paramets
Date_ 20140425
Time -
INSTRUM spect
PROBHD S5 mm CPQCI 1H/
FULPROG zg30
D 65536
O Br SOLVENT ©DC13
NS 16
DS 0
SWH 120192.230 1
Ph > FIDRES 0.183398 I
K ED 2.7262976
RG 12.7
MeO,C OH i 4100 -
DE 10.00 1
2h TE 298.0 1
Dl 1.00000000 ¢
DO 1
CHANNEL £1 =
600.13270&0 t
1H
11.00 1
13.00000000 ¢
F2 - Processing paramete:
sI 65536
SF 600.1300147 t
WDW EM
SSE 0
LB 0.30
GE 0
J lL pC 1.00
J i J J S VLY
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
| L. | ) A L.
58 8 ER g BE
@| |2(R < <=2 Q o=
-l =l - [~ les - o3led
= El 2zne I, “ P Current Data Parameters
a = e S oonen = R NAME GG-7-71-C13
3 2 ROaR & Ko < Se s EXPNO 2
o o puguia ® FrE & o ma e PROCNO 1
ALY N W r2 - scauisition raramsters
Date_ 20140425
Time
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 128
Ds 4
SWH 36057.631 Hz
FIDRES 0.550197 Hz
2Q 0.9087659 sec
2G 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL fl =:
150.9178981 MHz
13c
11.35 usec
230.00000000 W
CHANNEL £2 =
600.1324005 MHz
1H
CPDPRG[2 waltzls
PCPD2 .00 usec
PLW2 13.00000000 W
PLWLZ 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
ST 32768
SF 150.9028140 MHz
WDwW
SSB 0
LB 1.00 Hz
GB 0
gC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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e awmo oo o wn 0
EERE a8 = b 3
P e - - : Current Data Farameters
| MAME GG-T7-40-2
VRNV | o :
PROCNO 1
F2 - Acquisition Paramete
Date_ 20140411
O Br Time B.11
INSTRUM spect
PROBHD 5 mm CPQNP 1H/
Ph BULPROG 2930
D 65536
< SOLVENT CDpCl3
N\ NS 9
HO COZME DS 0
SWH 12019.230 1
. FIDRES 0.1833%9 1
2i 50 2.7262976 :
RG 32
oW 41.600 1
DE 10.00 1
TE 298.0 1
D1 1.00000000 «
DO 1
= CHANNEL £l =
SFO1 600.1337060
NUC1 1H
Pl 13.75 1
BLW1 ©.00000000 ¥
F2 - Processing paramete:
sI 65536
SF 600.1300000 t
WDW EM
SSB 0
LB 0.30 1
GB 0
{ LL l | BC 1.00
S L Y . THS, U, U N W 1
T T T T T T
9 8 7 6 4 3 2
gk Y EEEEE
= b =] Qe = 2|2 “
o o - = el =S o
2 o S ®ETOLRT e PR - . Current Data Parameters
o = W omoio o m s Tonen a0 ‘“. s HAME GG-7-40-2-C13
B 5 EEbLEREE] g £re g 3 S & = EXENO !
T Ty . ; PROCNO 1
ANV |V | £2 - rcquisition rarapetess
Date_ 20140411
Time
INSTRUM spect
FROBHD 5 mm CPQNP 1H/
PULPROG zgpg30
™o 65536
SOLVENT cDCl13
NS 76
DS 0
SWH 36057.681 Hz
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
150.9178981 MHz
13¢
11.25 usec
30.00000000 W
CHANNEL f2 ==
600.1324005 MHz
1H
CPDPRG[2 waltzlg
PCPD2 .00 usec
PLW2 9.00000000 W
FLWL2 0.26587000 W
PLW13 0.17016000 W
F2 - Processing parameters
51 32768
SF 150.8028194 MHz
WDwW
SSB 0
LE 1.00 Hz
GB 0
FC 1.40
m
T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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HO CO,Me

L3053

824
308
283
017
998
992
974

,,
3
3
3
2
2
2

1.280

Current Data Parameters

NAME GG-7-47-1
EXPNO 1
PROCNO 1
F2 - Acguisition Paramete
Date_ 20140411
Time 8.18
INSTRUM spect
PROBHD 5 mm CPONE 1H/
PULEROG zg30
TD 65536
SOLVENT cpCl3
NS 16
Ds Q
SWH 12019.230 1
FIDRES 0.1833%9 1
AQ 2.7262976
RG 64
DW 41.600 1
DE 10.00 1
TE 298.0 1
D1 1.00000000 ¢
DO 1

CHANNEL f1 =
600.1337060

1H

13.75
©.00000000

F2 - Processing paramete:
51 65536
SF 600.1300144 t
wDw EM
SSB 0

LB 0.30 1
GEBE 0

PC 1.00

ad
T T T T T T T T
8 7 6 5 4 3 1 ppm
W S r‘- p) J
) (| o @] (w0 (1~ o
ﬁq Q- cﬂ e Qe i
ol [e=lr - lal ei - o
o o Cmageanogn L e - o - - Current Data Parameters
o = Gm o mm e nonen oo - “ AHE GG-7-47-1-C13
£l = LRI ] [ o = o ~ EXPNO 1
a3 b RS s R bl g m e E 4 = PROCNO 1
S N £2 - rcquisition rarapetess
Date_ 20140411
Time
INSTRUM spect
FROBHD 5 mm CPQNP 1H/
PULPROG 2gpg30
65538
SOLVENT CDC13
NS 78
DS 0
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1 =
150.9178981 MHz
13c
11.25 usec
30.00000000 W
CHANNEL f2 =
SFO2 600.1324005 MHz
nuc2 1H
CPDPRG[2 waltzlg
PCPD2 80.00 usec
PLW2 9.00000000 W
PLW12 0.26587000 W
PLWL3 0.17016000 W
F2 - Processing parameters
SI 2768
SF 150.9028141 MHz
WoW EM
55B 0
LB 1.00 Hz
GB 0
‘ FC 1.40
| | |
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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GG-7-58-1a

Current Data Parameters

23 S o NAME GG-7-58-1a
e e - EXENO 1
\/ / ‘ PROCNO 1
F2 - Rcguisition Paramete
Date_ 20140531
Time 11.43
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
™ 65536
(@] Br SOLVENT cpc13
NS 5
Ph DS [
SWH 8012.820
> FIDRES 0.122266 |
N AQ 4.0894465 <
RG 37.5
HO COZMe oW 62.400 1
DE 6.50 1
MeO TE 296.4 F
21 D1 1.00000000 ¢
D0 1
CHANMEL f1 =====
39%,9824700
14
12.38 1
11.19999981 ¥
F2 - Processing paramete:
sI 65536
SF 395.9800098 b
WDW EM
558 i
LB 0.30 F
H CE i
L I LN a N e Lo
B i i i i s e e IS
95 9.0 85 80 75 7.0 65 6.0 55 50 45 4.0 35 3.0 25 20 1.5 1.0 05 ppm
' W |/ ) | TWINIVE
‘q |cn| “-1 o © [m ﬂ [ﬂ (=
- 3| = =] @ N @ o
i Sl el - Sl el sl ls
- © w o
o S e 5 8EE 3
a5 ® 3 a o e a
[ [ |
Current Data Parameters
NAME GG-7-58-C13
\ EXPNO 1
PROCNO 1
F2 - Acquisition Parameter
Date_ 20140531
Time 11.51
INSTRUM spect
FROBHD 5 mm PABBO BB-
FULPROG zgpg 30
™ 65536
SOLVENT CDCLl3
5 70
Ds 0
SWH 24038.461 Hz
FIDRES 0.366798 Hz
A0 1.3631488 se
RG 200.09
oW 20.800 us
DE 6.50 us
TE 297.1 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1

———————— CHANNEL fl ======

SFO1 100.5851080 Mp

NuUC1 13c

EFl 7.50 us

PLW1 61.20000076 W
= CHANNEL f2

399.9815999 MP
1H

CPDPRG[2 waltzl6g
PCPD2 B0.00 us
BLWZ2 11.19999981 W
PLW12 0.26820999 W
PLW13 0.17166001 W
F2 - Processing parameters
51 32768
SF 100.57505556 ME
WDW EM
SSB Q

LB 1.00 Hz
GB 0

BC 1.40

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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Cl

wmm cmnmor oo
ERE £ 8RR88o8d
R B Current Data Parameters
) NAME GG-7-75-1b
| :
PROCNO 1
O B F2 - Acguisition Paramete
r Date_ 20140423
Time 10.48
ph INSTRUM spect
PROBHD 5 mm CEQCI 1H/
N PULEROG zg30
N TD 65536
HO COzMe SOLVENT cpe13
NS 11
Ds 0
2 SWH 12019.230 1
m FIDRES 0.183329 1
AQ 2.7262976 :
RG
DW 41.600 1
DE 10.00 1
TE 298.0 1
D1 1.00000000 :
DO 1
CHANNEL f1 =
SFO1 600.1337060 !
HNUC1 1H
Pl 11.00 1
PLW1 132.00000000 ¢
F2 - Processing paramete:
SI 65536
SF 600.1300146 1
WDW EM
SSB 0
LB 0.30 1
GEBE 0
“ PC 1.00
I VR A L___¢J N L A/
T T T T T T T T
9 8 7 6 5 4 3 2 ppm
‘7 A L \ A
(‘- \M\Q]Q Q| ﬂ - o (@]
5 85R S al |5 (g8
cil el - Sl &l |=lle
= “ Current Data Parameters
2 o 2 @ 2 WAME GE-7-715-C13
b 2 - - EXPNO 1
o o e ' PROCHO 1
| | . r2 - Acquisitios Feramters
Date_ 20140423
Time 10.55
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 86
DS 0
SWH 36057.631 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
2G 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £l =
150.9178981 MHz
13c
11.35 usec
230.00000000 W
CHANNEL £2 =
600.1324005 MHz
1H
CPDPRG[2 waltzls
PCPD2 90.00 usec
PLW2 13.00000000 W
PLWLZ 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
ST 32768
SF 150.902B150 MHz
WDW
SSB 0
LB 1.00 Hz
GB 0
gC 1.40
T T T T T T T T
200 180 160 140 120 100 80 60 40 0 ppm
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Current Data FParameters

NAME GG-7-88-2a
EXPNO 1
PROCNG 1
F2 - Acguisition Paramete
Date_ 20140502
Time 16.33
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zg30
D 65536
O Br SOLVENT cDC13
NS 5
Ds 0
SWH 12019.230 1
FIDRES 0.183389 1
AQ 2.7262976 :
RG
DW 41.600 1
DE 10.00 1
2n TE 298.0 1
D1 1.00000000 :
DO 1

CHANNEL f1 =
600.1337060
1H

T

11.00 1
12.00000000 1

F2 - Processing paramete:

SI 65536
SF 600.1300140 1
WDW EM
53B 0
LB 0.30 1
GB 0

| l L PC 1.00

— | S| \ P

T
9 6 5 4 3 2 1 ppm

63

@ o = [P — P - Current Data Parameters
= o M@ romemmwm o nonnn e “ HAME G—7-88- C13
2 2 %% RJTRRRG B 8 Ced o @ S EXPNO
N 9T 05 ! PROCHO 1
L VAN Vool £2 - rcquisition rarspeters
Date_ 20140502
Time 16.37
INSTRUM spect
FROBHD 5 mm CPQCI 1H/
PULPROG 2gpg30
D 65538
SOLVENT CDC13
NS 56
DS 0
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1 =
150.9178981 MHz
13c
11.35 usec
230.00000000 W
= CHANNEL f2 -
SFO2 600.1324005 MHz
nuc2
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.19774000 W
PLWL3 0.16017000 W
F2 - Processing parameters
51 32768
SF 150.9028194 MHz
WoW
55B 0
LB 1.00 Hz
GB 0
FC 1.40
A . " m " L
f T ¥ " " 4 ;
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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3

rrrrrrrrrrrrrrrrrrrrrrr Current Data Parameters

NS\ N Exero e

158
5.750

5.74.
5.735

5.

<

PROCNG 1
F2 - Acquisition Paramete
Date_ 20140408
Time 7.27
O Br INSTRUM spect
PROBHD 5 mm CPQNE 1H/
Ph PULPROG zg30
D 65536
> SOLVENT cDCl13
N NS 7
DS 0
HO COZMe SWH 12019.230 1
FIDRES 0.183399 1
20 RO 2.7262976
RG 32
oW 41.600 1
DE 10.00 1
TE 298.0 1
D1 1.00000000
TDO 1

CHANNEL £f1 =
600.1337060
1H

13.75
9.00000000

F2 - Processing paramete:
65536

s5I
SF 600.1300098
WDW EM
SSB o
LB 0.30 1
GE 0
PC 1.00
S W . —
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
L | L
ol Py NS (e 2ls
| ] 12 o =N (=2 o=
odl=f| I i =l = oiled
o o ﬁ = ﬂf}:: P — - o o Current Data Parameters
4 o o annn 882z z HY 38 NAME GG-7-24-2a-C13
3 2 s nEER R o e o EXENO 1
= 5 a o989y fEER 3 B = Eroto H
| ‘ ‘ \V \V/ | i v Fz - Acquizition Parametars
Date_ 20140408
INSTRUM spect
FPROBHD 5 mm CPQNP 1H/
PULPROG zgpg30
TD 65535
SOLVENT cpelz
NS 953
DS 0
SWH 36057.691 Hz
FIDRES 0.550187 Hz
AQ 0.9087659 sec
RG 203
bW 13.867 usec
DE 18.00 usec
TE 298.0 K
D1l 2.00000000 sec
D11 0.03000000 sec
TDO 1
-------- CHANNEL £1 =mmmmmm=
sFOl 150.9178981 MHz
nucl 13c
Pl 11.25 usec
PLWL 30.00000000 W
CHANNEL £2
sFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCED2 80.00 usec
PLH2 9.00000000 W
PLW12 0.26587000 W
PLWL3 0.17016000 W
F2 - Processing parameters
s8I 27
SF 150.9028162 MHz
WDW E
e 0
LB 1.00 Hz
GB o
PC 1.40
. 1 I WL
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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e
e
sgnEo

WP

OMe
OH Br

Ph”™ ™
HO CO,Me

4c

N

1.262

Y

b el o e

Current Data Parameters

NAME GG-7-131-1a
EXPNO 1
PROCNO 1
F2 - Acguisition Paramete
Date_ 20140519
Time 10.18
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zg30
TD 65536
SOLVENT CDC13
NS 10
Ds 0
SWH 12019.230 1
FIDRES 0.183389 1
AQ 2.7262976 :
RG 18
DW 41.600 1
DE 10.00 1
TE 298.0 1
D1 1.00000000 :
DO 1

CHANNEL f1 = i
600.1337060 1
1H

11.00 1
12.00000000 1

F2 - Processing paramete:
51 65536
SF 600.1300129 1
wDw EM
SSB 0
LB 0.30 1
GEBE 0
l | PC 1.00
“ u_ 1 S M AN
T T T T T T T T T T
9 8 7 6 5 a 3 2 1 ppm
4%"7 rjrw )Ty L
(infw) &) e [mfnyﬁw“ﬁn‘nw
12|12 2|2 | ] e o ]
o3 oil— —ll= ol eilal =l =]
A N Zhabae L] w oo o g;;;e“‘ Datg;?rﬂ‘?tgi
. . LR CHEE S o S - ~7-131-
= 5 R SEEdd S owme o EXPNO 1
o ) R - RN ® Wi Lol PROCHNO 1
| | h \l// ‘ \\V/ | \\/ ‘ F2 - Acquisition Parameters
Date_ 20140518
Time 13.19
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
o 685538
SOLVENT coCl3
NS 173
DS 0
SWH 36057.681 Hz
FIDRES 0.550197 Hz
RQ 0.9087659 sec
RG 203
oW 13.867 usec
DE 18.00 usec
TE 288.0 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
== CHANNEL fl ==
SFOL 150.9178981 MHz
NUC1 13cC
Pl 11.35 usec
FPLW1 230.00000000 w
CHANNEL £2 ==
600.1324005 MHz
waltzl6
90.00 usec
13.00000000 W
0.19774000 w
0.16017000 W
F2 - Processing parameters
5T 32768
SF 150.9028159 MHz
WDwW EM
558 0
LB 1.00 He
GB 0
‘ | Jl II PC 1.40
L l
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters

NAME GG-7-130-1a
EXPNO 1
PROCNO 1
F2 - Acguisition Paramete
Date_ 20140519
Time 10.16
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zg30
TD 65536
SOLVENT CDpCl3
NS 7
Ds Q
SWH 12019.230 1
FIDRES 0.1833%9 1
AQ 2.7262976
RG

DW 41.600 1
DE 10.00 1
TE 298.0 1
D1 1.00000000 ¢
DO 1

CHANNEL £l ====:
600.13327060

SFO1
HNUC1 1H
Pl 11.00 1
PLW1 13.00000000 ¢
F2 - Processing paramete:
51 65536
SF 600.1300145 t
wDw EM
SSB 0
LB 0.30 1
GEBE 0
L_/ ’ PC 1.00
i i A A
T T T T T T T
9 8 7 6 5 4 2 1 ppm
8 5 ERE & 8
“ = 2|2 |2 oS =
w3 - cil=| g o= o
= zyeao o - . Current Data Parameters
I 2w mmw o oA - MAME GG-7-130-C13
= RAIIS = @ o @ EXPNO 1
b i R s i = SROCHO ;
N/ N £2 - rcquisition rarspsters
Date_ 20140519
Time 13.10
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
™o 65536
SOLVENT cDCl13
NS 35
DS 0
SWH 36057.681 Hz
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL fl =
150.91768981 MHz
13¢
11.35 usec
230.00000000 W
CHANNEL £2
SFO2 600.1324005 MHz
NUC2
CPDPRG[2 waltzl6
PCPD2 .00 usec
PLW2 13.00000000 W
FLWL2 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
51 32768
SF 150.8028140 MHz
WDwW
SSB 0
LE 1.00 Hz
GB 0
| | l FC 1.40
Al
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data FParameters

NAME GG-7-132-rec
EXPNO 1
PROCNG 1
F2 - Acguisition Paramete
Date_ 20140614
OH Br Time 14,49
INSTRUM spect
F)h PROBHD S mm CPQCI 1H/
PULEROG zg30
A D 65536
< SOLVENT CDC13
NS
HO CO,Me ns 7
Cl SWH 12019.230 1
4m FIDRES 0.183389 1
AQ 2.7262976 :
RG 12.7
DW 41.600 1
DE 10.00 1
TE 298.2 1
D1 1.00000000 :
DO 1
CHANNEL f1
600.1337060 1
1H
11.00 1
132.00000000 ¢
F2 - Processing paramete:
sI 65536
SF 600.1300140 1
WDW EM
SSB 0
LB 0.30 1
GEBE 0
PC 1.00
N . Jo — T
T T T T T T T T
9 8 7 6 5 3 1 ppm
I A
~ w|[e p=4
|'1‘ a|= =
o - -
= BonoEams Current Data Parameters
& LR = EXPNO 1
= A o PROCNO 1
Date_ 20140614
Time 14.51
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
65536
SOLVENT cDCl3
NS 3z
DS 0
SWH 36057.691 Hz
FIDRES 0.550187 Hz
AQ 0.9087659 sec
RG 203
oW 13.867 usec
DE 16.00 usec
TE 298.1 K
Dl 2.00000000 sec
D11l 0.03000000 sec
DO 1
== CHANNEL f1 == =
SFO1 150.9178981 MHz
NUCL 13C
Pl 11.35 usec
FLWL 230.00000000 W
CHANNEL f2 == =
600.1324005 MHz
NuC2 18
CPDPRG[2 waltzl6
FCFD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
SI 2768
SF 150.9028206 MHz
WDW EM
55B 0
LB 1.00 Hz
GB 0
BC 1.40
J .
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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.421
410

5
5.

Current Data Parameters

NAME GG-T7-144-1
EXPNO 1
PROCNO 1
F2 - Acquisition Paramete
Date_ 20140523
Time 10.53
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 12
Ds 0
SWH 12019.230 1
FIDRES 0.183389 1
AQ 2.7262976
RG 18
DW 41.600 1
DE 10.00
TE 298.1 1
D1 1.00000000
DO 1
= CHANNEL £l =
4p SFO1 600.1337060 1
HUCl 1H
Pl 11.00 1
PLW1 132.00000000 ¢
F2 - Processing paramete:
51 65536
SF 600.1300000 1
wDw EM
SSB 0
t LB 0.30 1
| | v '. o 0
| “ | PC 1.00
B VL S N J.JUUULMV‘\ \L,,"WLA .
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
r'ﬁu L L\ N ‘
oM Mmoo w @« @ 2| o L) @
5882y 9 B EsEc: g
=l ol =1 =1 lelal=l (<12l e
H Current Data Parameters
2 asne B & S NAME GG-7-144-C13
& N g 5 a = EXPNO 1
”‘ TNy . "" o PROCHO 1

F2 - Acquisition Parameters
20

Date_ 0523
Time 10.58
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
™o 65536
SOLVENT cDCl13
NS 70
DS 0
SWH 36057.681 Hz
FIDRES 0.550197 Hz
AQ 0.3087659 sec
RG 203
D 13.867 usec
DE 18.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL fl ==
SFOL 150.91768981 MHz
NUCL 13¢
Pl 11.35 usec
PLWL 230.00000000 W
CHANNEL f2 ==
600.1324005 MHz
1H
CPDPRG[2 waltzl6
PCPD2 .00 usec
PLW2 13.00000000 W
FLWL2 0.19774000 W
PLWL3 0.16017000 W
F2 - Processing parameters
51 32768
SF 150.8028161 MHz
WDwW
SSB 0
LE 1.00 Hz
GB 0
kﬂ eC 1.40
T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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------------- Current Data Parameters

\ \N W g:fio GG—?-lﬂB-i

PROCNG 1
F2 - Acguisition Paramete
Date_ 20140525
Time 17.05
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zg30
o) D 65536
ph SOLVENT cDpCl3
F:3(: HS 7
DS 0
SWH 12019.230 1
FIDRES 0.1833%9 1
AQ 2.7262976
RG 22.6
DW 41.600 1
DE 10.00 1
TE 298.2 1
Dl 1.00000000 ¢
DO 1
CHANNEL f1 = =
600.1337060 1t
1H

11.00
13.00000000

F2 - Processing paramete;
sI 63536
SF 600.1300147 t
WDW EM
5SB 0

LE 0.30 1
GB 0

PC 1.00

I D N

T T
9 8 7 6 5 4 3 2 1 ppm
2

Current Data Parameters

S8%5 IR ER 23 2 GG-7-149-C13
SRda ma ae Se o EXPNO 1
EEER 28 an 58 & oo i
VI
Date_ 20140525
Time 17.12
INSTRUM spe
PROBHD 5 mm CPQCI 1H/
PULPROG zgpg30
65536
SOLVENT CDC13
NS 794
DS 0
SWH 36057.631 Hz
FIDRES 0.550197 Hz
2Q 0.9087659 sec
2G 203
D 13.867 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £l =
150.9178981 MHz
13c
11.35 usec
230.00000000 W
CHANNEL £2 =
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltzls
PCPD2 90.00 usec
PLW2 13.00000000 W
PLWLZ 0.19774000 W
PLW13 0.16017000 W
F2 - Processing parameters
ST 2768
SF 150.902B126 MHz
WDwW EM
SSB 0
LB 1.00 Hz
l“l GB 0
gC 1.40
L Lol o L1l Ly
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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-71.60

T
-71.5 -71.6 -7.7 -71.8 -71.9 -72.0 ppm
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