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'"H NMR spectrum of A (400 MHz, CD3;CN)
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3C NMR spectrum of A (100 MHz, CD;CN)
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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)

DAD1 B, Sig=220,4 Ref=450,80 (DB4-11B1.D)
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"H NMR spectrum of 2 (400 MHz, CDC 1)
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C NMR spectrum of 2 (100 MHz, CDC 15)
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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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"H NMR spectrum of 3 (400 MHz, CDC1;)

® ]
o
1.96:;_ T
2.03 -
N ]
o
o ]
»
o
o
o
3]
o ]
o
&
»
2.00 ———
&
o]
W ]
3]
© ]
—__©o
0.97 =—
N
»
N
o
0.99 1
093 —
032/ & 7]
2.99 1
1@54_
0.65- o ]
3.48 — 1
© ]
3]
.o_ -
o
ke]
©
3

084

0“‘

Ezooy""la

47



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012

3C NMR spectrum of 3 (100 MHz, CDC ;)
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GC trace of 3 (Hewlett Packard HP1 column, 200 °C injection, 50—300 °C over 27 min)
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2 96.7631 1l4.614 0.000 331638 VB 2.2

Totals: 100.0000 0.000 342732
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HPLC resolution of racemic 3 (Chiracel OF column, 99.9:0.1 hexanes:isopropanol, 1

mL/min, 220 nm)
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Enantiomeric excess of 3 (Chiracel OF column, 99.9:0.1 hexanes:isopropanol, 1 mL/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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"H NMR spectrum of 4a (400 MHz, CDCl;)
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C NMR spectrum of 4a (100 MHz, CDCls)
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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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1 49,6322 173,912 0.000 147106 BV 24.7
2 50.3678B 175.034 0,000 149236 VB Z26.4
Totals 100.0000 Q.000 296382
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Enantiomeric excess of 4a (Chiraldex G-TA column, 200 °C injection, 50—-180 °C over

135 min )
: — | : . T S
s 5 10 15 20 25 Iap a5+l
[ mVolts
5 L e S R T e e B S e e s fazr e
| | mVolts
|
2+ |
‘ -l
|
|
ﬂ?Ji
1
+FP
\\
17413 = Ty
El |174.850
-E | }J'
| |
3 I wa-; ( P
H |
- \
ER |
o |
i |
g f:—_ 178 4
3 '{—"l‘?‘#.ooa 173.643 th
= |
Ret. Time Width
Peak Peak Result Time Offset Area Sep. 1/2 Status
71?0 Name () (min) (min) (counts) Code (sec) Codes 56
/J_: 97.5296 - 173 643 0.000 1161249 BV 020
2 2.4704 174.859 0.000 29414 VB 4.2
Totals 100.0000 0.000 1190663



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012

'H NMR spectrum of 5 (400 MHz, CDCls)
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C NMR spectrum of 5 (100 MHz, CDCL,)
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HPLC resolution of racemic 5 (Chiracel IA column, 99.9:0.1 hexanes:isopropanol, 1

mL/min, 254 nm)
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2z B.463 MM 0.2104 2714.75269 215.04797 12.2775
3 9.168 MM 0.2894 8364.4169% 481.76370 37.8282
4 12.634 MM 0.6864 8219.05664 199.57355 37.1708
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HPLC of 5 (Chiracel IA column, 99.9:0.1 hexanes:isopropanol, 1 mL/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 mL/min,
230nm) synthesized with Rh,(S-PTTL);(TPA)
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2 26.064 FM 0.8047 658.76740 13.64360 9.6862
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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, I mL/min, 240nm)
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GC trace of 7 (Hewlett Packard HP1 column, 200 °C injection, 50300 °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)

DAD1 D, Sig=230 4 Ref=450,80 (DB3-7301.D)
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Enantiomeric excess of 7 (Chiracel OF column, 99.9:0.1 hexanes:isopropanol, 1 mL/min,

220nm)

DAD1 C, Sig=225 4 Ref=450,80 (DB3-6602.0)
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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)°
"DAD1 B, Sig=220,4 Ref=450,80 (AD-747.D) B -
mald
2000 -
1750 -
1500
1250 -
1'3['13-:
50 -] %
750 3 < n).-bca'
w0 "9 @
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500 = 3 &
I S
250 [ fl
] 15 it
O_-___ l=! - |I i —
|
T E R AL ey a o LRI —
10 20 30
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signa=! 1: DAD1 B, S5ig=220,4 Ref=450,80
Peak RetTime Type Area Height Lrea

i [min]

1 10.167 MM
2 14.641 MM

[mAU*=] [mEU] %

e B e e |
0.3759 1.033592e4

0.56%2 1.0671%e4

458.38092 49,2083
312.50479 50,7917
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Enantiomeric excess of 8 (Chiracel OD column, 99.9:0.1 hexanes:isopropanol, 1 mL/min,

220nm)
DAD1 B, SE550,4 Ref=450,80 (DAVE\DB3-52.0) = e e et g
P 0
maAl) B é}fb
I
. | o
5 ] w
i 200
150 -
| |
100 - ' i
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| 2 W
= a@‘- |
o ¢ !
o | X o
et e e S : _ A A |
s e B0 o 30 min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution H 1.0000
Sample Amount s 1.00000 [ng/ul] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=220,4 Ref=4530,80

Peak RetTime Type Width Area Height Area
4 [min] [min] [mAl*s] [mAU] %
bkt oo et |t Ko o [ £ s o [ === [======== |
1 9.515 MM 0.3726 5658.05420 253.08644 97.5712
2 13.495 MM 0.502e¢ 140.84167 4,.67056 2.4288
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GC trace of 9 (Hewlett Packard HP5 column, 200 °C injection, 50—300 °C over 27 min)
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Ret. Time Width
Peak Feak Result Time Cffset Area Sep. 1/2 Status
No. Name 8] {min) (min) {counts) Code (sec) Codes

1 0.5420 le.219 0.000 13334 EB Z.8 70
z 59.4580 16.493 0.000 2446879 BB 2.7

Totals: 100.0000 0.0ao0 2460213
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HPLC Resolution of racmic 9 (Chiracel OD column, 99.9:0.1 hexanes:isopropanol, 1 mL/min,

220nm)°
DAD1B, Sig=220 4 Ref=450,80 (AD-412RAD)
mLJ ]
1750 ol
-~ hu
1500 ! T‘i’§
j I o
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| 10 20 30 B
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Signal 1: DAD]l B, Sig=220,4 Ref=450,B0

Peak RetTime Type Width Area Height Araa
# [min] [min] [mAT*s] [mAU] %
] o e it bt | i s e | = | = |
1 B.735 FM 0.3950 3.54702ed4 1496.61658 50.2105
2 12.496 MM 0.5842 3.5172%=4 1003.45349 49,7895
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Enantiomeric excess of 9 (Chiracel OD column, 99.9:0.1 hexanes:isopropanol, 1 mL/min,
220nm)

DAD1 B, 8ig=220.4 Ref=450,80 (DB4230D1.D)
mAU |
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! 400 |

| 1 S
200 — é \ &8
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Area Percent Report

Sorted By
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1.0000
1.0000

Use Multiplier & Dilution Factor with ISTDs
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DAD1 B,

Peak RetTime Type
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Area Height Area
[mAU*s] [mAU] %
0.3349 2.38487e4 1187.02502 ©28.1667
445,37918 17.54071 1.8333
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'H NMR spectrum of 10 (400 MHz, C¢Dy)
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C NMR spectrum of 10 (100 MHz, CsD5)
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GC trace of 10 (Hewlett Packard HP1 column, 200 °C injection, 50—300 °C over 27 min)
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Ret. Time Width
Peak Feak Result Time Offset Area Sep. 1/2 Status
No. Name @] {min) (min) {counts) Code (sec) Codes
1 28.1073 12.651 0.000 516295 EB 2.1
2 71.8927  13.294  0.000 1320577 BE 2.2 75

Totals: 100.0000 0.000 1836872
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"H NMR spectrum of 10a (400 MHz, C¢Dy)
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BC NMR spectrum of 10a (100 MHz, CsDs)
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GC trace of Enantioselective 10a
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=
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P
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-

Ret . Time Width
Feak Peak Resule T ime Offset Arsa Sep. 152 Status
M. HName [ [mie) [mir) [counts) Code {sec) Codes

0. ]

5.2013 30.861 2.000 13262 EE 6.7 78
0 7
{ &

Tobals: 100, 00oa 0.00a0 254974
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GC trace of 10a catalyzed with Rh,(R-PTTL);(TPA) catalyzed instead of with Rh,(S-
PTTL);(TPA) to show the opposite trend in enantioselectivity.
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'H NMR spectrum of 11 (400 MHz, CDCls)
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C NMR spectrum of 11 (100 MH, CDCls)
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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.)

L : L
P:&BB—._ 0.025 o050 loo7s T 41l
[

Wolts

Lﬂnmzau_g?g 81.696 =|F

+5R

<WI=18.0

) s lo 2 5 0 M5 T ) T
| myols

| =Wi=32.0

Yo -FP

<WI=64.0°

P

<WI=16.0
-SR
Ret. Time Width
Feak Peak Result Time Cffset Area Sep. 1/2 Status
No. MName () (min) (min) (counts) Code (sec) Codes
1 48.8452 80.979 0.000 245929 BE Z20.8 82

2 51.1548 21.696 0.000 257557 BB 19.8

Totals: 100.0000 0.000 503486
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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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No. HMame ] (min) (min) (counts) Code (sec) Codes
1 95.8060 B1.063 0.000Q 114578 BE 20.7
2 4,1940 B1.793 0.000 5016 BB 12.5 83

Totals: 100.0000 0.000 1159524
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'H NMR spectrum of 12 (400 MHz, CDCls)
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BC NMR spectrum of 12 (100 MHz, CDCls)
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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.)
i I 1 1> la 5 5 7 +ll
= r— = . L e B molts
|
J s e ——57 989 r
t : 88.979 FP
o v:‘c 1 2 ) i "5777"’7;[;;
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e ‘ =3
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|
Ret. Time Width
Peak Peak Result Time Cffset Area Sep. 1/2 Status
No. Name ] {min) (min) (counts) Code (sec) Codes
1 49.4335 97.989  0.000 91249 BB 19.3 86
2 50.5665 98.979 0.000 93340 BE 19.1
Totals: 100.0000 0.000 1845889
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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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2 85.9633 98.853 0.000 162956 BB 20.8
Totals: 100.0000 0.000 LT R e
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'H NMR spectrum of 13 (400 MHz, CDCls)
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C NMR spectrum of 13 (100 MHz, CDCls)
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HPLC resolution of racemic 13 (Chiracel IB column, 99:1 hexanes:isopropanol, 1

mL/min, 220 nm)

DAD1 B, Sig=220,4 Ref=450,80 (DB4-2281.D)
mAU |

700 -
; 600
500 —
400 -
300

200

100
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Area Percent Report

Sorted By
Multiplier 1.0000
Dilutiocon : 1.0000
Use Multiplier & Dilution Factor with ISTDs
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Signal 1: DAD1 B, Sig=220,4 Ref=450,80
Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]
oot Rl oot $ertrioliat! Froimbmimbminion s i |-
1 7.153 vV 0.1363 6742.84961 777.97626
2 7.435 vV 0.1646 7298.66943 ©92.54535

48.0208
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Enantiomeric excess of 13 (Chiracel IB column, 99:1 hexanes:isopropanol, 1 mL/min,

225nm)

"DAD1 C, Sig=225,4 Ref=450,60 (DB421901.D)
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Peak RetTime Type Width

Area Height Area
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ittt Bttt | === === [===mm=— | === [ ======== |
1 6.804 VV 0.1724 809.45288 65.00059 2.8136
2 7.182 Vv 0.1933 2.69728e4 1913.40662 97.0864
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"H NMR spectrum of 14 (400 MHz, CDCl;)
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C NMR spectrum of 14 (100 MHz, CDCls)
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'H NMR spectrum of 15 (400 MHz, CsDy)
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C NMR spectrum of 15 (100 MHz, C<Dy)
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HPLC resolution of racemic 15 (Chiracel IB column, 99:1 hexanes:isopropanol, 1
mL/min, 254 nm)

DAD1 A, Sig=254,4 Ref=450,80 (DB4-52BC.D)
mAU
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Sorted By : Signal
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Signal 1: DAD1 A, Sig=254,4 Ref=450,80

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU] %

e B el e |==mmmmomm- |-=—mm=m- |
1 10.993 PV 0.2676 5127.26123 289.21527 49.3078
2 12.833 VB 0.4551 5271.21533 179.24860 50.6922

Totals : 1.03985e4 468.46387
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Enantiomeric excess of 15 (Chiracel IB column, 99:1 hexanes:isopropanol, 1 mL/min,

254nm)

DAD1 A, Sig=254,4 Ref=450,80 (DB4-50BC.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
intadall Rttt e e [===m—————- |======———= | === |
1 10.606 BB 0.2987 1.33472e4 637.49329 90.6329
2 12.565 BB 0.3072 1379.45874 68.88647 9.3671

Totals 1.47266e4 706.37976
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'H NMR spectrum of Rhy(S-PTTL),(TPA), + ethyl acetate adduct (400 MHz, CD;CN)
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BC NMR spectrum of Rhy(S-PTTL),(TPA), (100 MHz, CD;CN)
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