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1. General Information: 
 
1H- and 13C-NMR spectra were recorded on a Bruker Avance III 300 MHz spectrometer and 

on a Bruker Avance III 700 MHz spectrometer with TCI cryoprobe. All NMR spectra were 

referenced on the solvent peak. High resolution mass spectra were obtained using a Thermo 

Fisher Scientific LTQ Orbitrap XL with an Ion Max API Source. IR spectra were recorded on 

a Bruker Tensor 27 FT-IR spectrometer with ATR unit. Optical rotations were recorded on a 

Schmidt + Haensch Polarimeter Model UniPol L 1000. HPLC was performed using a Dionex 

Summit HPLC system with a Chiralcel OD-H (250 x 4.6 mm) or a Chiralpak AD-H (250 x 

4.6 mm, 5 µm) chiral stationary phase. All chemicals were purchased from commercial 

suppliers and used without further purification unless otherwise stated. All reactions were 

performed under an Ar-atmosphere. Starting β-ketoesters 1 were either purchased from 

commercial suppliers or prepared according to literature-known methods.1 1-Cyano-1,2-

benziodoxol-3(1H)-one (2) was prepared according to known literature procedure.2,3 

Cinchona alkaloids were obtained from commercial suppliers. Toluene and MTBE were 

distilled from Na under Ar atmosphere. Dichloromethane and Chloroform were distilled from 

CaH2 under Ar atmosphere. Racemic products were synthesized according to the recently 

reported literature.3  

 

  

                                            
1) a) Moss, T. A.; Fenwick, D. R.; Dixon, D. J.  J. Am. Chem. Soc. 2008, 130, 10076-10077; b) Kim, D. Y.; Park, E. J. Org. Lett. 2002, 4, 545-547; 
c) Wang, X.; Lan, Q.; Shirakawa, S.; Maruoka, K. Chem. Commun. 2010, 46, 321-323. 
2) a) Zhdankin, V. V.; Kuehl. C. J.; Krasutsky, A. P.; Bolz, J. T.; Mismash, B.; Woodward, J. K.; Simonsen, A. J. Tetrahedron Lett. 1995, 36, 7975-
7978; b) Akai, S.; Okuno, T.; Egi, M.; Takada, T.; Tohma, H.; Kita, Y. Heterocycles 1996, 42, 47–51. 
3) Wang, Y.-F.; Qiu, J.; Kong, D.; Gao, Y.; Lu, F.; Karmaker, P. G.; Chen, F.-X. Org. Biomol. Chem. 2015, 13, 365-368. 
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2. Asymmetric α-Cyanation of β-Ketoesters: 
 

 
General Procedure: Cyano benziodoxole 2 (1.2 equiv.) was added to a stirred solution of the 

corresponding β-ketoester 1 and cinchonidine (E2, 20 mol%) in chloroform (5 mL per mmol 

1) at room temperature. The reaction mixture was stirred at this temperature for 40 h. The 

crude product was directly transferred to a silica-gel column and eluted with a gradient of 

heptane and EtOAc to give the products 3 in the reported yields and enantiopurities (Bromo 

compound 4 was isolated in 15-20% when using 20 mol% of ammonium bromide catalysts). 

 

Cyanide 3a. Obtained in 70% (0.7 mmol scale) as an oil that crystallizes upon storage in the 

refrigerator. Analytical data match those reported previously.3  

M.p.: 31-32 °C; [α]D
20 (c = 1.2, DCM, e.r. = 74:26) = -15; 1H NMR 

(300 MHz, δ, CDCl3, 298 K): 7.83 (d, J = 7.8 Hz, 1H), 7.68-7.73 (m, 1H), 

7.44-7.53 (m, 2H), 3.87 (d, J = 17.4 Hz, 1H), 3.63 (d, J = 17.4 Hz, 1H), 

1.48 (s, 9H) ppm; 13C NMR (75 MHz, δ, CDCl3, 298 K): 191.3, 162.8, 151.7, 136.8, 132.3, 

128.8, 126.4, 126.2, 116.1, 85.9, 55.2, 37.5, 27.6 (3C) ppm; IR (film):  = 2977, 2935, 2245, 

1723, 1148, 835, 735 cm-1; HRMS (ESI): m/z calcd for C15H15NO3: 280.0960 [M + Na]+; 

found: 280.0946. Enantiopurity was determined by HPLC (Chiralcel OD-H, eluent: hexane:i-

PrOH = 90:10, 0.5 mL/min, 10°C, retention times: tminor = 15.7 min, tmajor = 16.7 min). 

 

Cyanide 3b. Obtained in 78% (0.3 mmol scale) as an oily residue. Analytical data match 

those reported elsewhere.3 [α]D
20 (c = 1.6, DCM, e.r. = 60:40) = -9; 

1H NMR (300 MHz, δ, CDCl3, 298 K): 7.84 (d, J = 7.7 Hz, 1H), 7.71-7.76 

(m, 1H), 7.47-7.56 (m, 2H), 3.95 (d, J = 17.1 Hz, 1H), 3.88 (s, 3H), 3.69 

(d, J = 17.1 Hz, 1H) ppm; 13C NMR (75 MHz, δ, CDCl3, 298 K): 190.6, 

164.6, 151.5, 137.0, 132.0, 129.0, 126.5, 126.3, 115.7, 54.7, 54.2, 37.5 ppm; IR (film):  = 

2958, 2248, 1728, 1238, 906, 749 cm-1; HRMS (ESI): m/z calcd for C12H9NO3: 238.0486 [M 

+ Na]+; found: 238.0478. Enantiopurity was determined by HPLC (Chiralcel OD-H, eluent: 

hexane:i-PrOH = 90:10, 0.5 mL/min, 10°C, tminor = 54.7 min, tmajor = 56.8 min). 
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Cyanide 3c. Obtained in 69% (0.2 mmol scale) as an oily residue; [α]D
20 (c = 0.3, DCM, e.r. 

= 67:33) = -16; 1H NMR (700 MHz, δ, CDCl3, 298 K): 7.85 (d, J = 7.5 Hz, 

1H), 7.70-7.75 (m, 1H), 7.46-7.54 (m, 2H), 7.33-7.38 (m, 5H), 5.30 (d, J = 

12.6 Hz, 1H), 5.26 (d, J = 12.6 Hz, 1H), 3.93 (d, J = 16.8 Hz, 1H), 3.69 (d, 

J = 16.8 Hz, 1H) ppm; 13C NMR (176 MHz, δ, CDCl3, 298 K): 190.4, 

163.9, 151.4, 137.0, 134.2, 132.1, 129.0, 128.72, 128.7, 128.0, 126.5, 126.4, 115.7, 69.3, 54.3, 

37.5 ppm; IR (film):  = 2968, 2244, 1726, 1598, 1371, 1254, 1015, 908, 746 cm-1; HRMS 

(ESI): m/z calcd for C18H13NO3: 314.0796 [M + Na]+; found: 314.0789. The 

enantioselectivity was determined by HPLC (Chiralcel OD-H, eluent: hexane:i-PrOH = 

90:10, 0.5 mL/min, 10°C, retention times: tminor = 27.9 min, tmajor = 29.6 min). 

 

 Cyanide 3d. Obtained in 80% (0.4 mmol scale) as a white solid. Analytical data match those 

reported elsewhere.3 M.p.: 47-50 °C; [α]D
20 (c = 0.3, DCM, e.r. = 

81:19) = -16; 1H NMR (300 MHz, δ, CDCl3, 298 K): 7.83 (d, J = 7.8 

Hz, 1H), 7.68-7.73 (m, 1H), 7.44-7.53 (m, 2H), 3.87 (d, J = 17.4 Hz, 

1H), 3.63 (d, J = 17.4 Hz, 1H), 2.16 (bs, 3H), 2.11 (bs, 6H), 1.62 (bs, 

6H) ppm; 13C NMR (75 MHz, δ, CDCl3, 298 K): 191.3, 162.3, 151.6, 136.7, 132.3, 128.8, 

126.4, 126.1, 116.1, 85.8, 55.3, 40.8 (3C), 37.5, 35.8 (3C), 30.9 (3C) ppm; IR (film):  = 

2910, 2246, 1724, 1598, 835, 725 cm-1; HRMS (ESI): m/z calcd for C21H21NO3: 358.1426 [M 

+ Na]+; found: 358.1415. The enantioselectivity was determined by HPLC (Chiralcel OD-H, 

eluent: hexane:i-PrOH = 90:10, 0.5 mL/min, 10°C, retention times: tmajor = 21.0 min, tminor = 

22.4 min).  

 

Cyanide 3e. Obtained in 77% (0.2 mmol scale) as an oily residue. [α]D
20 (c = 0.7, DCM, e.r. 

= 75:25) = -18; 1H NMR (300 MHz, δ, CDCl3, 298 K): 7.66 (d, J = 7.5 

Hz, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 3.77 (d, J = 

17.1 Hz, 1H), 3.51 (d, J = 17.1 Hz, 1H), 2.38 (s, 3H), 1.50 (s, 9H); 
13C NMR (75 MHz, δ, CDCl3, 298 K): 191.5, 162.9, 150.6, 137.3, 135.9, 

132.1, 129.0, 123.6, 116.2, 85.8, 55.1, 36.5, 27.6 (3C), 17.7 ppm; IR (film):  = 2981, 2935, 

2246, 1724, 1591, 1251, 1148, 832 cm-1; HRMS (ESI): m/z calcd for C16H17NO3: 294.1107 

[M + Na]+; found: 294.1104. The enantioselectivity was determined by HPLC (Chiralcel OD-

H, eluent: hexane:i-PrOH = 90:10, 0.5 mL/min, 10°C, retention times: tminor = 15.2 min, tmajor 

= 17.6 min). 

 

3c 
(69%, e.r. = 67:33)

O

CO2Bn
CN

3e 
(77%, e.r. = 75:25)

O

CO2tBu
CN

3d
(80%, e.r. = 76:24; 
81:19 after recryst.)

O

CN

O

O



S 5 

Cyanide 3f. Obtained in 78% (0.3 mmol scale) as an oily residue. [α]D
20 (c = 1.3, DCM, e.r. 

= 75:25) = -9; 1H NMR (300 MHz, δ, CDCl3, 298 K): 7.81-7.82 (m, 1H), 

7.76 (dd, J = 1.8, 8.1 Hz, 1H), 7.44-7.46 (m, 1H), 3.83 (d, J = 17.1 Hz, 

1H), 3.59 (d, J = 17.1 Hz, 1H), 1.50 (s, 9H), 1.34 (s, 9H) ppm; 13C NMR 

(75 MHz, δ, CDCl3, 298 K): 191.5, 163.0, 152.5, 149.2, 134.8, 132.2, 

126.0, 122.3, 116.3, 85.7, 55.5, 37.1, 34.9, 31.2 (3C), 27.6 (3C) ppm; IR (film):  = 2982, 

2934, 2245, 1725, 1591, 1250, 1147, 831 cm-1; HRMS (ESI): m/z calcd for C19H23NO3: 

336.1580 [M + Na]+; found: 336.1570. The enantioselectivity was determined by HPLC 

(Chiralcel OD-H, eluent: hexane:i-PrOH = 90:10, 0.5 mL/min, 10°C, retention times: tminor = 

10.4 min, tmajor = 12.4 min). 

 

Cyanide 3g. Obtained in 86% (0.3 mmol scale) as an oily residue. [α]D
20 (c = 1.2, DCM, e.r. 

= 73:27) = -12; 1H NMR (300 MHz, δ, CDCl3, 298 K): 7.76 (d, J = 8.1 

Hz, 1H), 7.52-7.54 (m, 1H), 7.43-7.47 (m, 1H), 3.85 (d, J = 17.4 Hz, 

1H), 3.60 (d, J = 17.4 Hz, 1H), 1.49 (s, 9H) ppm; 13C NMR (75 MHz, 

δ, CDCl3, 298 K): 189.8, 162.5, 153.0, 143.7, 130.7, 129.7, 127.1, 

126.7, 115.7, 86.2, 55.2, 37.0, 27.6 (3C) ppm; IR (film):  = 2980, 2245, 1723, 1598, 1371, 

1253, 1219, 1016, 907, 886 cm-1; HRMS (ESI): m/z calcd for C15H14ClNO3: 314.0570 [M + 

Na]+; found: 314.0559. The enantioselectivity was determined by HPLC (Chiralpak AD-H, 

eluent: hexane:i-PrOH = 90:10, 0.8 mL/min, 10°C, retention times: tminor = 12.2 min, tmajor = 

13.3 min). 

 

Cyanide 3h. Obtained in 81% (0.2 mmol scale) as an oily residue. [α]D
20 (c = 0.4, DCM, e.r. 

= 73:27) = -11; 1H NMR (300 MHz, δ, CDCl3, 298 K): 7.76 (d, J = 8.1 

Hz, 1H), 7.53 (s, 1H), 7.43-7.47 (m, 1H), 3.85 (d, J = 17.4 Hz, 1H), 

3.60 (d, J = 17.4 Hz, 1H), 1.49 (s, 9H) ppm; 13C NMR (75 MHz, δ, 

CDCl3, 298 K): 190.0, 162.4, 153.0, 132.7, 132.6, 131.1, 129.8, 127.1, 

115.7, 86.2, 55.2, 37.0, 27.6 (3C) ppm; IR (film):  = 2978, 2246, 1725, 1598, 1371, 1252, 

1219, 1016, 865, 840 cm-1; HRMS (ESI): m/z calcd for C15H14BrNO3: 358.0065 [M + Na]+; 

found: 358.0050. The enantioselectivity was determined by HPLC (Chiralpak AD-H, eluent: 

hexane:i-PrOH = 90:10, 0.8 mL/min, 10°C, retention times: tminor = 11.7 min, tmajor = 12.7 

min). 
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Bromide 4. Isolated in 15-20% when using 20 mol% of ammonium bromide catalysts. 

Analytical data are in accordance to those reported in literature.4 1H NMR 

(300 MHz, δ, CDCl3, 298 K): 7.79 (d, J = 7.8 Hz, 1H), 7.67-7.57 (m, 1H), 

7.43-7.33 (m, 2H), 4.05 (d, J = 18.0 Hz, 1H), 3.58 (d, J = 18.0 Hz, 1H), 

1.39 (s, 9H) ppm; 13C NMR (75 MHz, δ, CDCl3, 298 K): 195.6, 165.8, 

150.3, 136.1, 132.5, 128.4, 126.2, 125.9, 84.5, 59.9, 44.0, 27.7 (3C) ppm; HRMS (ESI): m/z 

calcd for C14H15BrO3: 328.0543 [M + NH4]+; found: 328.0542.  

 

 

                                            
4) Liu, G.; Wang, X.; Lu, X.; Xu, X.-H.; Tokunaga, E.; Shibata, N. ChemistryOpen 2012, 1, 227-231. 

4

O
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3. Copies of NMR spectra: 
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Current Data Parameters
NAME          RC-260-01
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20141215
Time              10.09
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            6188.119 Hz
FIDRES         0.094423 Hz
AQ            5.2953086 sec
RG                  406
DW               80.800 usec
DE                 6.50 usec
TE                296.0 K
D1           1.00000000 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.25 usec
PLW1        20.00000000 W
SFO1        300.1318534 MHz

F2 - Processing parameters
SI                65536
SF          300.1300065 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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Date_          20141105
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INSTRUM           spect
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PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  256
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175317 sec
RG                 2050
DW               27.733 usec
DE                27.73 usec
TE                296.0 K
D1           2.00000000 sec
D11          0.03000000 sec

======== CHANNEL f1 ========
NUC1                13C
P1                 7.75 usec
PLW1        50.00000000 W
SFO1         75.4752949 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PLW2        20.00000000 W
PLW12        0.22000000 W
PLW13        0.13613001 W
SFO2        300.1312005 MHz

F2 - Processing parameters
SI                32768
SF           75.4677402 MHz
WDW                  EM
SSB      0
LB                 0.20 Hz
GB       0
PC                 1.40
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AQ            5.2953086 sec
RG                  256
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DE                 6.50 usec
TE                296.0 K
D1           1.00000000 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.25 usec
PLW1        20.00000000 W
SFO1        300.1318534 MHz

F2 - Processing parameters
SI                65536
SF          300.1300065 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

3
7
.
6
6
4

5
4
.
3
1
2

5
4
.
8
0
6

7
6
.
7
3
0

7
7
.
1
5
3

7
7
.
3
5
6

7
7
.
5
7
7

9
4
.
8
0
7

1
1
5
.
8
6
7

1
2
6
.
4
7
0

1
2
6
.
6
5
7

1
2
8
.
1
5
2

1
2
9
.
1
3
8

1
3
2
.
0
8
2

1
3
2
.
1
3
2

1
3
3
.
2
3
2

1
3
3
.
6
0
3

1
3
7
.
1
8
5

1
3
7
.
5
5
2

1
4
2
.
0
2
0

1
5
1
.
6
5
6

1
6
4
.
7
0
3

1
6
9
.
9
1
0

1
9
0
.
7
2
4

Current Data Parameters
NAME          RC-287-04
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20150107
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PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                10240
DS                    4
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AQ            1.8175317 sec
RG                 2050
DW               27.733 usec
DE                27.73 usec
TE                296.0 K
D1           2.00000000 sec
D11          0.03000000 sec

======== CHANNEL f1 ========
NUC1                13C
P1                 7.75 usec
PLW1        50.00000000 W
SFO1         75.4752949 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PLW2        20.00000000 W
PLW12        0.22000000 W
PLW13        0.13613001 W
SFO2        300.1312005 MHz

F2 - Processing parameters
SI                32768
SF           75.4677416 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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NAME          RC-275-09
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20150116
Time              12.37
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            9803.922 Hz
FIDRES         0.149596 Hz
AQ            3.3423359 sec
RG                   18
DW               51.000 usec
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TE                298.0 K
D1           2.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        700.3335017 MHz
NUC1                 1H
P1                 8.90 usec
PLW1         8.69999981 W

F2 - Processing parameters
SI                65536
SF          700.3300182 MHz
WDW                  EM
SSB      0
LB                 0.20 Hz
GB       0
PC                 1.00

2030405060708090100110120130140150160170180190 ppm
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Current Data Parameters
NAME          RC-275-09
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20150116
Time              12.47
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   81
DS                    4
SWH           38461.539 Hz
FIDRES         0.586877 Hz
AQ            0.8519680 sec
RG                 2050
DW               13.000 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        176.1139678 MHz
NUC1                13C
P1                12.00 usec
PLW1       129.00000000 W

======== CHANNEL f2 ========
SFO2        700.3328013 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             65.00 usec
PLW2         8.72970009 W
PLW12        0.16366000 W
PLW13        0.06914800 W

F2 - Processing parameters
SI                65536
SF          176.0980893 MHz
WDW                  EM
SSB      0
LB                 2.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME          RC-217-01
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20141113
Time              14.17
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            6188.119 Hz
FIDRES         0.094423 Hz
AQ            5.2953086 sec
RG                  287
DW               80.800 usec
DE                 6.50 usec
TE                296.0 K
D1           1.00000000 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.25 usec
PLW1        20.00000000 W
SFO1        300.1318534 MHz

F2 - Processing parameters
SI                65536
SF          300.1300068 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

2030405060708090100110120130140150160170180190200 ppm
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Current Data Parameters
NAME          RC-217-02
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20141114
Time              23.28
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 4096
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175317 sec
RG                 2050
DW               27.733 usec
DE                27.73 usec
TE                296.0 K
D1           2.00000000 sec
D11          0.03000000 sec

======== CHANNEL f1 ========
NUC1                13C
P1                 7.75 usec
PLW1        50.00000000 W
SFO1         75.4752949 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PLW2        20.00000000 W
PLW12        0.22000000 W
PLW13        0.13613001 W
SFO2        300.1312005 MHz

F2 - Processing parameters
SI                32768
SF           75.4677412 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME          RC-280-01
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150107
Time              16.37
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            6188.119 Hz
FIDRES         0.094423 Hz
AQ            5.2953086 sec
RG                  228
DW               80.800 usec
DE                 6.50 usec
TE                296.0 K
D1           1.00000000 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.25 usec
PLW1        20.00000000 W
SFO1        300.1318534 MHz

F2 - Processing parameters
SI                65536
SF          300.1300067 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters
NAME          RC-279-03
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20141229
Time               2.32
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 7168
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175317 sec
RG                 2050
DW               27.733 usec
DE                27.73 usec
TE                296.0 K
D1           2.00000000 sec
D11          0.03000000 sec

======== CHANNEL f1 ========
NUC1                13C
P1                 7.75 usec
PLW1        50.00000000 W
SFO1         75.4752949 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PLW2        20.00000000 W
PLW12        0.22000000 W
PLW13        0.13613001 W
SFO2        300.1312005 MHz

F2 - Processing parameters
SI                32768
SF           75.4677401 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME          RC-281-02
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20141230
Time              19.12
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            6188.119 Hz
FIDRES         0.094423 Hz
AQ            5.2953086 sec
RG                  228
DW               80.800 usec
DE                 6.50 usec
TE                296.0 K
D1           1.00000000 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.25 usec
PLW1        20.00000000 W
SFO1        300.1318534 MHz

F2 - Processing parameters
SI                65536
SF          300.1300000 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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Current Data Parameters
NAME          RC-281-03
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20141231
Time               3.03
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 7168
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175317 sec
RG                 2050
DW               27.733 usec
DE                27.73 usec
TE                296.0 K
D1           2.00000000 sec
D11          0.03000000 sec

======== CHANNEL f1 ========
NUC1                13C
P1                 7.75 usec
PLW1        50.00000000 W
SFO1         75.4752949 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PLW2        20.00000000 W
PLW12        0.22000000 W
PLW13        0.13613001 W
SFO2        300.1312005 MHz

F2 - Processing parameters
SI                32768
SF           75.4677391 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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CO2tBu
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Current Data Parameters
NAME          RC-278-02
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20141229
Time              13.51
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            6188.119 Hz
FIDRES         0.094423 Hz
AQ            5.2953086 sec
RG                  362
DW               80.800 usec
DE                 6.50 usec
TE                296.0 K
D1           1.00000000 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.25 usec
PLW1        20.00000000 W
SFO1        300.1318534 MHz

F2 - Processing parameters
SI                65536
SF          300.1300066 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters
NAME          RC-277-03
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20141228
Time               0.48
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 7168
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175317 sec
RG                 2050
DW               27.733 usec
DE                27.73 usec
TE                296.0 K
D1           2.00000000 sec
D11          0.03000000 sec

======== CHANNEL f1 ========
NUC1                13C
P1                 7.75 usec
PLW1        50.00000000 W
SFO1         75.4752949 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PLW2        20.00000000 W
PLW12        0.22000000 W
PLW13        0.13613001 W
SFO2        300.1312005 MHz

F2 - Processing parameters
SI                32768
SF           75.4677402 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME          RC-285-06
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20150104
Time              18.41
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            6188.119 Hz
FIDRES         0.094423 Hz
AQ            5.2953086 sec
RG                  406
DW               80.800 usec
DE                 6.50 usec
TE                296.0 K
D1           1.00000000 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.25 usec
PLW1        20.00000000 W
SFO1        300.1318534 MHz

F2 - Processing parameters
SI                65536
SF          300.1300066 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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Current Data Parameters
NAME          RC-285-07
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20150105
Time               5.51
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                10240
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175317 sec
RG                 2050
DW               27.733 usec
DE                27.73 usec
TE                296.0 K
D1           2.00000000 sec
D11          0.03000000 sec

======== CHANNEL f1 ========
NUC1                13C
P1                 7.75 usec
PLW1        50.00000000 W
SFO1         75.4752949 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PLW2        20.00000000 W
PLW12        0.22000000 W
PLW13        0.13613001 W
SFO2        300.1312005 MHz

F2 - Processing parameters
SI                32768
SF           75.4677383 MHz
WDW                  EM
SSB      0
LB                 0.10 Hz
GB       0
PC                 1.40
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4. HPLC Chromatograms:	
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3a 
(e.r. = 74:26)
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3d
(after reaction, e.r. = 76:24)
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3d
(after crystallization, e.r. = 81:19)
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3e 
(e.r. = 75:25)
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