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1
H NMR spectrum of A (400 MHz, CD3CN) 
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13
C NMR spectrum of A (100 MHz, CD3CN) 
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GC trace of 1 (Hewlett Packard HP5 column, 200 °C injection, 50 300 °C over 27 min) 
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Racemic 1 (Chiracel IB column, 99.9:0.1 hexanes:isopropanol, 1 mL/min, 220nm)
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Enantiomeric excess of 1 (Chiracel IB column, 99.9:0.1 hexanes:isopropanol, 1 mL/min, 

220nm)
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1
H NMR spectrum of 2 (400 MHz, l3)
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13
C NMR spectrum of 2 (100 MHz, l3)

E
t

C
O
2
E
t

M
e
O

 



44

GC trace of 2 (Hewlett Packard HP1 column, 200 °C injection, 50 300 °C over 27 min )  
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HPLC resolution of racemic 2 (Chiracel OJ-H column, 99.9:0.1-90:10 

hexanes:isopropanol over 120 min., 1 mL/min, 230 nm)
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Enantiomeric excess of 2 (Chiracel OJ-H column, 99.9:0.1-90:10 

hexanes:isopropanol over 120 min., 1 mL/min, 230 nm)
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1
H NMR spectrum of 3 (400 MHz, C l3)

E
t

C
O
2
E
t

F
3
C

 



48

13
C NMR spectrum of 3 (100 MHz, C l3)
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GC trace of 3 (Hewlett Packard HP1 column, 200 °C injection, 50 300 °C over 27 min) 



50

HPLC resolution of racemic 3 (Chiracel OF column, 99.9:0.1 hexanes:isopropanol, 1 

mL/min, 220 nm)



51

Enantiomeric excess of 3 (Chiracel OF column, 99.9:0.1 hexanes:isopropanol, 1 m /min, 
 
220nm) 
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GC trace of 4 (Hewlett Packard HP1 column, 200 °C injection, 50 300 °C over 27 min) 
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1
H NMR spectrum of 4a (400 MHz, C l ) 
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13

C NMR spectrum of 4a (100 MHz, Cl ) 
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Chiral GC resolution of racemic 4a (Chiraldex G-TA column, 200 °C injection, 50 180 C 
 
over 135 min ) 
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Enantiomeric excess of 4a (Chiraldex G-TA column, 200 °C injection, 50 180 °C over 

135 min ) 
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1
H NMR spectrum of 5 (400 MHz, C l ) 
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13
C NMR spectrum of 5 (100 MHz, Cl ) 

E
t

C
O
2
E
t

P
h

+
 m

in
o
r d

ia
s
te

re
o
m

e
r



59

HPLC resolution of racemic 5 (Chiracel IA column, 99.9:0.1 hexanes:isopropanol, 1 

mL/min, 254 nm) 

Minor 

Diastereomer

Major 

Diastereomer
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HPLC of 5 (Chiracel IA column, 99.9:0.1 hexanes:isopropanol, 1 m min, 
 
254nm) 
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GC trace of 6 (Hewlett Packard HP1 column, 200 °C injection, 50 300 °C over 27 min) 
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Enantiomeric excess of 6 (Chiracel OJ-H column, 99.9:0.1 hexanes:isopropanol, 1 m /min, 

230nm) nthesized with Rh2(S-PT L)3( PA)
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Coinjection of (1S, 2R) and (1R,2S) 6 to give near-racemate (Chiracel OJ-H column, 99.9:0.1 

hexanes:isopropanol, 1 m /min, 240nm)
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GC trace of 7 (Hewlett Packard HP1 column, 200 °C injection, 50 300 °C over 27 min) 
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HPLC resolution of racemic 7 (Chiracel OF column, 99.9:0.1 hexanes:isopropanol, 1 

mL/min, 230 nm)

Minor 

Diastereomer

Major 

Diastereomer
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Enantiomeric excess of 7 (Chiracel OF column, 99.9:0.1 hexanes:isopropanol, 1 m /min, 
 
220nm) 
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GC trace of 8 (Hewlett Packard HP5 column, 200 °C injection, 50 300 °C over 27 min) 
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HPLC Resolution of racmic 8 (Chiracel OD column, 99.9:0.1 hexanes:isopropanol, 1 mL/min, 

220nm)
6
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Enantiomeric excess of 8 (Chiracel OD column, 99.9:0.1 hexanes:isopropanol, 1 mL/min, 

220nm)



70

GC trace of 9 (Hewlett Packard HP5 column, 200 °C injection, 50 300 °C over 27 min) 
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HPLC Resolution of racmic 9 (Chiracel OD column, 99.9:0.1 hexanes:isopropanol, 1 mL/min, 

220nm)
6
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Enantiomeric excess of 9 (Chiracel OD column, 99.9:0.1 hexanes:isopropanol, 1 mL/min, 

220nm)
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1
H NMR spectrum of 10 (400 MHz, C6 ) 
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13
C NMR spectrum of 10 (100 MHz, C ) 
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GC trace of 10 (Hewlett Packard HP1 column, 200 °C injection, 50 300 °C over 27 min) 



76

1
H NMR spectrum of 10a (400 MHz, C6 ) 

+
 m

in
o
r d

ia
s
te

re
o
m

e
r

n
-B
u E
t

O
H



77

13
C NMR spectrum of 10a (100 MHz, C ) 
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GC trace of Enantioselective 10a  

Minor diastereomer
Major

diastereomer
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GC trace of 10a catalyzed with Rh2(R-PTTL)3(TPA) catalyzed instead of with Rh2(S-

PTTL)3(TPA) to show the opposite trend in enantioselectivity. 

Minor diastereomer

Major

diastereomer
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1
H NMR spectrum of 11 (400 MHz, C l )
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13
C NMR spectrum of 11 (100 MH, Cl ) 
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GC trace of racemic 11 (Chiralpak G-TA column, 200 °C injection, 50 180°C at 0.4°C per 

min., hold 20 min.) 
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GC trace of enantioselective 11 (Chiralpak G-TA column, 200 °C injection, 50 180°C at 

0.4°C per min., hold 20 min.) 
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1
H NMR spectrum of 12 (400 MHz, C l )
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13
C NMR spectrum of 12 (100 MHz, Cl )  
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GC trace of racemic 12 (Chiralpak G-TA column, 200 °C injection, 50 180°C at 0.5°C per 

min., hold 20 min.) 
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Enantioselective GC trace of 12 (Chiralpak G-TA column, 200 °C injection, 50 180°C at 

0.5°C per min., hold 20 min.) 
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1
H NMR spectrum of 13 (400 MHz, C l )
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13
C NMR spectrum of 13 (100 MHz, Cl )  
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HPLC resolution of racemic 13 (Chiracel IB column, 99:1 hexanes:isopropanol, 1 

mL/min, 220 nm)
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Enantiomeric excess of 13 (Chiracel IB column, 99:1 hexanes:isopropanol, 1 m /min, 
 
225nm)  
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1
H NMR spectrum of 14 (400 MHz, C l )

N

P
h

M
e

 



93

13
C NMR spectrum of 14 (100 MHz, Cl ) 
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1
H NMR spectrum of 15 (400 MHz, )
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13
C NMR spectrum of 15 (100 MHz, )  
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HPLC resolution of racemic 15 (Chiracel IB column, 99:1 hexanes:isopropanol, 1 

mL/min, 254 nm)
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Enantiomeric excess of 15 (Chiracel IB column, 99:1 hexanes:isopropanol, 1 m /min, 
 
254nm)  
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1
H NMR spectrum of Rh2(S-PTTL)2(TPA)2  + ethyl acetate adduct  (400 MHz, )
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13
C NMR spectrum of Rh2(S-PTTL)2(TPA)2 (100 MHz, )
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