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1. General information

Unless otherwise noted, all experiments were carried out under an atmosphere of
nitrogen using standard Schlenk techniques or in a nitrogen-filled glovebox. *H NMR
and *C NMR spectra were recorded on a Bruker Model Avance DMX 300
Spectrometer (*H 300 MHz and *C 75 MHz, respectively). Chemical shifts (8) were
given in ppm and were referenced to residual solvent or TMS peaks. Optical rotations
were measured with PerkinElmer 341 polarimeter. High resolution MS (P-ESI HRMS)
were obtained on Bruker Apex IV FTMS spectrometer. HPLC analyses were
performed on a Varian Prostar 210 liquid chromatograph. All organic solvents were
dried using standard, published methods and were distilled before use. All other
chemicals were used as received from Aldrich or Acros without further purification.
All Ru-catalysts were prepared according to the published method.
3-Substituted-2H-1,4-benzoxazines 1 and 3 were synthesized according to modified

literature method.?



2. Optimization of conditions for asymmetric hydrogenation

Table S1 Screening of the solvents for asymmetric hydrogenation of 1a with (R,R)-6¢*

—o<

|
Ru-BArF

@[Oj\ 1.0mol% (RR)-6e @Oj\* MS-N/ \NH2
1aN/ Ph 50 atm Hy, 20 °C, solvent ZaH Ph d_/ @
(R.R)-6e
Entry Solvent Time (h) Conv. (%)° Ee (%)~ ¢

1 CICH,CH,CI 12 >95 19 (S)
2 CH,Cl, 12 >95 15 (S)
3 toluene 12 >95 9(S)
4 MeOH 12 >95 55 (R)
5 EtOH 12 >95 57 (R)
6 i-ProH 12 >95 67 (R)
7 THF 12 95 65 (R)
8 MeOH/CH,Cl, (1/1, VIv) 12 >95 45 (R)

# Reaction conditions: 1a (0.1 mmol) in solvent (1 mL), (R,R)-6e (1.0 mol%), H, (50 atm), stirred
at 20 °C for 12 h. ® The conversions were determined by *H NMR spectroscopy of the crude
reaction mixture. © The enantiomeric excesses were determined by chiral HPLC with a chiral
OD-H column. ® The absolute configurations of the products were assigned by comparison of the
optical rotations with those in the published literature.



Table S2 Screening of the catalysts for asymmetric hydrogenation of 1a in THF®

0 0
@ j\ 1.0 mol% (R,R)-6a-g @[ l
! *
N >Ph NP
1a 2a

50 atm Ho, 20 °C, THF

X = OTf (a); BF,4 (b); PFg (c);

SbFe (d); BAF (e);

Tote A,
(R,R)-6a-g f g
Entry Catalyst X Conv. (%)° Ee (%)~ ¢
1 (RR)-6a OTf >95 8(S)
2 (R,R)-6b BF, >95 13 (R)
3 (RR)-6¢ PF, >95 47 R)
4 (R,R)-6d SbFe >95 55 (R)
5 (RR)-6e BAIF >95 65 (R)
6 (R.R)-6f (PhO),PO, 92 83 (R)
7 (R.R)-6g Ph,PO, 19 92 (R)

& Reaction conditions: 1a (0.1 mmol) in THF (1 mL), catalyst (1.0 mol%), H, (50 atm), stirred at
20 °C for 12 h. ° The conversions were determined by *H NMR spectroscopy of the crude reaction
mixture. ¢ The enantiomeric excesses were determined by chiral HPLC with a chiral OD-H
column. ¢ The absolute configurations of the products were assigned by comparison of the optical
rotations with those in the published literature.



Table S3 Screening of the solvents for asymmetric hydrogenation of 1a with (R,R)-6g*

50 atm Hy, 20 °C,

0 o !
@ j\ 1.0 mol% (R,R)-6g @ j\ |
_ > . |

N~ Ph !

N~ >Ph N :

1a solvent 2a
(R.R)-6g, X = Ph,PO,
Entry Solvent Conv. (%)" Ee (%)°

1 THF 19 92
2 CF;CH,0OH >95 35
3 CH.CI, 32 82
4 CICH,CH.CI 57 88
5 toluene >95 94

# Reaction conditions: 1a (0.1 mmol) in solvent (1 mL), (R,R)-6g (1.0 mol%), H, (50 atm), stirred
at 20 °C for 12 h. ® The conversions were determined by *H NMR spectroscopy of the crude
reaction mixture. © The enantiomeric excesses were determined by chiral HPLC with a chiral
OD-H column.



Table S4 Optimization of conditions for asymmetric hydrogenation of la with
(R,R)-Gga

), 2 OO,
“ l N~ Ph

1aN Ph H,, toluene »aH
(R,R)-6g, X = Ph,PO,
Entry S/IC  H,(atm) Temp. (°C) Time (h) Conv. (%) " Ee (%) °
1 100 10 20 12 74 94
2 100 50 20 12 >95 94
3 100 80 20 12 >95 94
4 100 50 40 12 >95 94
5 100 50 0 12 79 94
6 100 50 40 6 >95 94
7 200 50 40 6 >95 94
8 500 50 40 24 >95 94
9 1000 50 40 24 40 93
10 1000 50 40 72 73 93

2 Reaction conditions: 1a (0.1 mmol) in solvent (1 mL), (R,R)-6g. ® The conversions were
determined by 'H NMR spectroscopy of the crude reaction mixture. ¢ The enantiomeric excesses

were determined by chiral HPLC with a chiral OD-H column.



Table S5: Screening of the catalysts for asymmetric hydrogenation of 3a in toluene®

o _ o o
C[ ]\/\ e T ©: j\/\ * ©: j\/\
> ¥ *
NZ N ph N Ph N Ph

toluene

3a 4a 5a

X = OTf (a); BF,4 (b); PFg(c);

SbFg (d); BArF (e);

Ph—0O. 0O Ar_ 0O
PN AN

Ph-O~ ©O Ar 0]
f Ar = CgHs (9);

Ar = 4-CH3O-C6H4 (h),
Ar = 3,5-(CH3),CqHs (i).

Entry Catalyst X Conv. (%)° 4a:5a° Ee (%)
4a/5a

1 (R,R)-6e BArF >05 33:67 75/92
2 (R,R)-6c PFg >95 70:30 8/14
3 (RR)-6a oTf >05 89:11 4710
4 (R,R)-6f (PhO),PO, >95 91:9 75/nd
5 (RR)-69 Ph,PO, >05 95:5 98/nd
6 (R,R)-6h (4-MeO-Ph),PO, >05 97:3 99/nd
7 (R,R)-6i (3,5-Me,-Ph),PO, >05 96:4 98/nd
8 (R,R)-6h (4-MeO-Ph),PO, >05 97:3 99/nd
o (R,R)-6h (4-MeO-Ph),PO, >95 97:3 98/nd

# Reaction conditions: 3a (0.1 mmol) in toluene (1 mL), catalyst (1.0 mol%), H, (50 atm), stirred
at 20 °C for 24 h. ® The conversions were determined by *H NMR spectroscopy of the crude
reaction mixture. ¢ The product ratios of 4a/5a were determined by *H NMR spectroscopy of the
crude reaction mixture. “ The enantiomeric excesses were determined by chiral HPLC. ¢ 0.5 mol%

catalyst was used. " 0.2 mol%c atalyst was used.



Table S6: Optimization of conditions for asymmetric hydrogenation of 3a?

CL,
NJ\/AP
3a

H,, (R,R)-6h
_—

h

solvent

o o : / \
@[ de @ de, 0w

N~ S pn N Ph ! /

H H '

— o<

|
Ru-X

O

(R,R)-6h
X = (4-MeO-Ph),PO,

Entry  Solvent H,(atm)  Temp. (°C) T (h) C(:;n)\; 4a/5a° Eja(;::
1 MeOH 50 20 12 >95 53:47 28/50
2 CH.Cl, 50 20 12 >95 97:3 95/nd
3 DCE 50 20 12 >95 97:3 94/nd
4 toluene 50 20 12 >95 98:2 99/nd
5 toluene 50 20 15 68 98:2 99/nd
6 toluene 10 20 15 30 96:4 99/nd
8 toluene 80 20 15 >95 98:2 99/nd
9 toluene 50 40 15 >95 97:3 99/nd

2 Reaction conditions: 3a (0.1 mmol) in toluene (1 mL), (R,R)-6h (0.5 mol %). ® The conversions

were determined by *H NMR spectroscopy of the crude reaction mixture. ¢ The product ratios of

4a/5a were determined by 'H NMR spectroscopy of the crude reaction mixture. ¢ The

enantiomeric excesses were determined by chiral HPLC.



3. Synthesis of 3-substituted-2H-1,4-benzoxazines

@[OH o) K,COj3, BuyNHSO, @O
- A - ()
NH, RJ\/ CH,Cl>/H,0 N” >R

1o0r3

General procedure:* To a solution of 2-aminophenol (1.09 g, 10 mmol) in
dichloromethane (60 mL) was added 20% aqueous K,COj3 solution (40 mL) and
n-BusNHSO, (10 mg). Then a solution of substituted 2-bromoacetophenone or
(E)-1-bromo-4-phenylbut-3-en-2-one (10 mmol) in dichloromethane (25 mL) was
added dropwise to the reaction mixture over a period of 15 min. The reaction mixture
was stirred at room temperature and monitored by TLC. After the consumption of the
starting materials, the reaction mixture was washed by water (50 mL) and brine (50
mL), then the organic layer was seperated and dried by anhydrous Na,SO4. The
solvent was removed on vacuum and the crude product was purified by column
chromatography using dichloromethane as eluent to obtain the corresponding 3-

substituted-2H-1,4-benzoxazines.

@[O: 3-phenyl-2H-1,4-benzoxazine (1a): Yellow solid; 70% yield; 'H
N/

NMR (300 MHz, CDCl3): & (ppm) 7.95-7.91 (m, 2H), 7.50-7.44 (m,
4H), 7.19-7.14 (m, 1H), 7.07-7.01 (m, 1H), 6.95-6.92 (m, 1H), 5.07 (s, 2H); *C NMR
(75 MHz, CDCl3): & (ppm) 158.8, 146.5, 135.6, 133.9, 131.3, 128.9, 128.8, 127.9,

126.6, 122.5, 115.7, 63.0.

O
@ /]\@ 3-(4-fluorophenyl)-2H-1,4-benzoxazine (1b): Yellow solid; 75%
N

F yield; "H NMR (300 MHz, CDCls): & (ppm) 7.95-7.89 (m, 2H),
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7.44-7.41 (m, 1H), 7.19-7.12 (m, 3H), 7.06-7.00 (m, 1H), 6.93-6.90 (m, 1H), 5.03 (s,
2H); *C NMR (75 MHz, CDCly): 5 (ppm) 166.4, 163.0, 157.5, 146.3, 133.9, 131.8,
131.8,128.8, 128.8, 128.7, 127.9, 122.5, 116.1, 115.9, 115.7, 62.8.
o 3-(4-chlorophenyl)-2H-1,4-benzoxazine (1c): Yellow solid; 68%
EIN/]\@ yield; *"H NMR (300 MHz, CDCls): & (ppm) 7.88-7.85 (m, 2H),
Cl

7.46-7.41 (m, 3H), 7.19-7.14 (m, 1H), 7.06-7.01 (m, 1H),

6.93-6.90 (m, 1H), 5.03 (s, 2H); **C NMR (75 MHz, CDCls): & (ppm) 157.4, 146.3,

137.4,133.9, 133.7, 129.2, 129.0, 128.0, 127.9, 122.6, 115.7, 62.8.

o 3-(4-bromophenyl)-2H-1,4-benzoxazine (1d): Yellow solid; 72%
L

Nj\@m yield; 'H NMR (300 MHz, CDClg): & (ppm) 7.81-7.76 (m, 2H),
7.62-7.58 (m, 2H), 7.44-7.41 (m, 1H), 7.19-7.13 (m, 1H), 7.06-7.00 (m, 1H),
6.93-6.90 (m, 1H), 5.02 (s, 2H); **C NMR (75 MHz, CDCls): § (ppm) 157.5, 146.4,

134.4,133.7, 132.1, 129.1, 128.1, 128.0, 125.9, 122.6, 115.7, 62.7.

@o 3-(4-methoxyphenyl)-2H-1,4-benzoxazine (1e): Yellow solid;
NJ\@LOMe 70% vield; *H NMR (300 MHz, CDCl5): & (ppm) 7.91-7.88 (m,
2H), 7.44-7.41 (m, 1H), 7.16-7.10 (m, 1H), 7.05-6.90 (m, 4H), 5.02 (s, 2H), 3.86 (s,
3H); **C NMR (75 MHz, CDCls): & (ppm) 162.2, 158.3, 146.4, 134.0, 128.4, 128.2,

128.1, 127.6, 122.4, 115.6, 114.3, 62.8, 55.5.

©[o]\©\ 3-(4-trifluoromethylphenyl)-2H-1,4-benzoxazine (1f): Yellow
N/

solid; 75% yield; *H NMR (300 MHz, CDCly): & (ppm)

Fa
8.04-8.01 (m, 2H), 7.74-7.71 (m, 2H), 7.47-7.44 (m, 1H), 7.22-7.16 (m, 1H),
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7.07-7.02 (m, 1H), 6.95-6.92 (M, 1H), 5.07 (s, 2H); *C NMR (75 MHz, CDCl3): 5
(ppm) 157.2, 146.4, 138.7, 133.7, 132.9, 132.5, 129.5, 128.3, 126.9, 125.9, 125.8,

122.7, 115.8, 62.9.

o 3-([1,1'-biphenyl]-4-yl)-2H-1,4-benzoxazine (1g): Yellow solid;
C[N/j\@ 71% vyield; *H NMR (300 MHz, CDCls): § (ppm) 8.02-8.00 (m,
" 2H), 7.73-7.70 (m, 2H), 7.67-7.64 (m, 2H), 7.51-7.46 (m, 3H),

7.43-7.38 (m, 1H), 7.20-7.14 (m, 1H), 6.96-6.93 (m, 1H), 5.10 (s, 2H); **C NMR (75
MHz, CDCls): & (ppm) 158.4, 146.5, 144.0, 140.2, 134.4, 134.0, 129.1, 128.8, 128.1,

128.0, 127.5, 127.3, 127.1, 122.5, 115.7, 63.0.

o) 3-(3-methoxyphenyl)-2H-1,4-benzoxazine (1h): Yellow solid;
©iN/ OMe

71% yield; *H NMR (300 MHz, CDCls): & (ppm) 7.57-7.56 (m,
1H), 7.47-7.35 (m, 3H), 7.19-7.13 (m, 1H), 7.07-7.00 (m, 2H), 6.94-6.91 (m, 1H),
5.05 (s, 2H), 3.89 (s, 3H); *C NMR (75 MHz, CDCl5): & (ppm) 160.1, 158.6, 146.5,

137.0, 133.9, 129.8, 128.8, 128.0, 122.5, 119.0, 117.6, 115.7, 111.3, 63.1, 55.6.

@EO 3-(3-chlorophenyl)-2H-1,4-benzoxazine (1i): Yellow solid; 71%
NJ\@CI yield; *H NMR (300 MHz, CDCls): & (ppm) 7.96-7.95 (m, 1H),
7.76-7.73 (m, 1H), 7.48-7.38 (m, 3H), 7.20-7.14 (m, 1H), 7.06-7.01 (m, 1H),
6.94-6.90 (m, 1H), 5.03 (s, 2H); **C NMR (75 MHz, CDCls): & (ppm) 157.3, 146.4,

137.3, 135.2, 133.7, 131.2, 130.1, 129.2, 128.1, 126.7, 124.6, 122.6, 115.8, 62.9.

3-(3,4-dichlorophenyl)-2H-1,4-benzoxazine (1j): Yellow solid;

(o)
SO
N 71% vyield; 'H NMR (300 MHz, CDCls): & (ppm) 8.04-8.03 (m,
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1H), 7.72-7.68 (m, 1H), 7.54-7.51 (m, 1H), 7.43-7.40 (m, 1H), 7.20-7.14 (m, 1H),
7.06-7.00 (m, 1H), 6.93-6.89 (M, 1H), 4.99 (s, 2H); *C NMR (75 MHz, CDCl5): 5
(ppm) 156.1, 146.3, 135.4, 135.3, 133.5, 133.5, 130.8, 129.4, 128.5, 128.1, 125.6,

122.7, 115.8, 62.6.

E;[o (E)-3-styryl-2H-1,4-benzoxazine (3a): Yellow solid; 71% yield;
NJ\A@ 'H NMR (300 MHz, CDCls): & (ppm) 7.56-7.53 (m, 2H),
7.43-7.33 (m, 4H), 7.17-7.11 (m, 1H), 7.06-6.99 (m, 3H), 6.92-6.89 (dd, J = 8.0, 1.2
Hz, 1H), 4.92 (s, 2H); *C NMR (75 MHz, CDCls): § (ppm) 159.0, 146.7, 137.4,

135.6, 134.2, 129.8, 129.1, 128.9, 127.6, 126.9, 122.6, 115.8, 62.2.

(E)-3-(4-fluorostyryl)-2H-1,4-benzoxazine  (3b):  Yellow

(0]
L
_ solid; 75% yield; 'H NMR (300 MHz, CDCls): & (ppm)

7.54-7.49 (m, 2H), 7.36-7.33 (m, 1H), 7.16-6.95 (m, 6H), 6.91-6.88 (m, 1H), 4.89 (s,
2H); *C NMR (75 MHz, CDCls): & (ppm) 165.2, 161.9, 158.8, 146.7, 135.9, 134.2,

131.9,129.4,129.3, 128.9, 127.7, 126.8, 122.6, 116.4, 116.1, 115.8, 62.2.
(0]
@[ j\/\@ (E)-3-(4-chlorostyryl)-2H-1,4-benzoxazine  (3c):  Yellow
N
c solid; 80% yield; '"H NMR (300 MHz, CDCls): & (ppm)
7.47-7.44 (m, 2H), 7.37-7.33 (m, 3H), 7.16-7.11 (m, 1H), 7.05-6.99 (m, 3H),

6.93-6.88 (m, 1H), 4.89 (s, 2H); *C NMR (75 MHz, CDCl5): 3(ppm) 158.7, 146.7,

135.8, 135.5, 134.2, 134.1, 129.4, 129.0, 128.7, 127.8, 127.6, 122.6, 115.8, 62.2.
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@[O/ P (E)-3-(4-bromostyryl)-2H-1,4-benzoxazine (3d): Yellow
Nj\/\@m solid; 75% vyield; 'H NMR (300 MHz, CDCls): & (ppm)
7.54-750 (m, 2H), 7.41-7.34 (m, 3H), 7.17-7.11 (m, 1H), 7.04-6.98 (m, 3H),
6.91-6.88 (m, 1H), 4.89 (s, 2H); **C NMR (75 MHz, CDCls): § (ppm) 158.7, 146.7,
135.8, 134.6, 134.2, 132.3, 129.0, 128.9, 127.8, 127.7, 123.8, 122.7, 115.8, 62.2.

HRMS-ESI exact mass calcd. for C;H13BrNO* ([M+H]") requires m/z 314.01797,

found m/z 314.01750.

@EO (E)-3-(4-methoxystyryl)-2H-1,4-benzoxazine (3e): Yellow
NP

N]\/\Q\OMG solid; 78% vyield; 'H NMR (300 MHz, CDCls): & (ppm)
7.50-7.47 (m, 2H), 7.36-7.33 (m, 1H), 7.14-7.08 (m, 1H), 7.05-6.97 (m, 2H),
6.93-6.86 (m, 4H), 4.88 (s, 2H),3.83 (s, 3H); *C NMR (75 MHz, CDCls): & (ppm)
161.0, 159.2, 146.7, 137.0, 134.4, 129.1, 128.5, 128.3, 127.5, 124.8, 122.5, 115.7,

114.6, 62.2, 55.5. HRMS-ESI exact mass calcd. for C17H1gNO," ([M+H]") requires

m/z 266.11775, found m/z 266.11756.

C[Oj\/\@[ (E)-3-(3,4-dimethoxystyryl)-2H-1,4-benzoxazine  (3f):
N/ = OMe

ome Yellow solid; 73% vyield; *H NMR (300 MHz, CDCls): &
(ppm) 7.35-7.31 (M, 1H), 7.14-6.97 (m, 5H), 6.92-6.85 (m, 3H), 4.89 (s, 2H), 3.91 (s,
3H) 3.90 (s, 3H); *C NMR (75 MHz, CDCls): & (ppm) 159.1, 150.8, 149.5, 146.7,
137.2, 134.4, 128.6, 128.5, 127.5, 125.0, 122.6, 122.1, 115.7, 111.2, 108.8, 62.1, 56.1,

56.0. HRMS-ESI exact mass calcd. for C1gH1gNO3™ ([M+H]") requires m/z 296.12850,

found m/z 296.12812.
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4. Asymmetric hydrogenation of 3-substituted-2H-1,4-benzoxazines

— o<

QNJ\N C[H]\*Ar /Ru\ *
1 2 !

Ms—N  NH;
H,, Ru-catalyst |
_— | ~
o) toluene o o 7
~ '
N N A N Ar (R.R)-6g or h
3 4 5 i X = Ph,PO, (g)

(4-MeO-Ph),PO, (h)

A 50 mL glass-lined stainless-steel reactor equipped with a magnetic stirrer bar
was charged with Ru-catalyst (0.001 mmol, 0.5 mol%) and the corresponding 3
-substituted-2H-1,4-benzoxazines (0.2 mmol) in toluene (2 mL) under nitrogen
atmosphere in a glove box. The autoclave was closed, and the final pressure of the
hydrogen gas was adjusted to 50 atm after purging the autoclave with hydrogen gas
several times. The reaction mixture was stirred at 40 °C for 12 h. Then the hydrogen
gas was carefully released and the conversion was determined by 'H NMR
spectroscopy after the solvent was evaporated under reduced pressure. The reaction
mixture was filtered through a short pad of silica eluted with DCM to give the pure
products. The enantiomeric excess of the product was determined by HPLC with a

chiral OD-H column.

@[o (R)-3-phenyl-3,4-dihydro-2H-1,4-benzoxazine (2a): known
HJ@ compound,® Yellow oil; 95% yield, 94% ee, [a]p?° = -134.5 (c 1.0,
CHCly), {Lit.? [a]p®= -118.1 (c 1.0, CHCIs) for 98% ee of (R)-enantiomer}; ‘H
NMR (300 MHz, CDCls): & (ppm) 7.44-7.34 (m, 5H), 6.91-6.6.83 (m, 2H), 6.77-6.69

(m, 2H), 4.54-4.50 (dd, J, = 2.8 Hz, J, = 8.6 Hz, 1H), 4.34-4.29 (dd, J; = 2.9 Hz, J, =
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10.7 Hz, 1H), 4.06-4.00 (m, 2H); **C NMR (75 MHz, CDCl5): & (ppm) 143.6, 139.2,
133.9, 128.9, 128.4, 127.3, 121.6, 119.1, 116.7, 115.6, 71.0, 54.3; HPLC (OD-H, elute:
Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min), (R) t; = 9.9 min

(major), (S) t, =13.7 min (minor).

@0 (R)-3-(4-fluorophenyl)-3,4-dihydro-2H-1,4-benzoxazine  (2b):
NJI:LF Yellow oil; 98% yield, 95% ee, [a]p?° = -139.8 (¢ 1.0, CHCIy),
{Lit.? [a]p® = +74.8 (c 1.2, CHCI3) for 88% ee of (S)-enantiomer}; *H NMR (300
MHz, CDCls): 6 (ppm) 7.41-7.36 (m, 2H),7.12-7.06 (m, 2H), 6.89-6.81 (m, 2H),
6.76-6.67 (m, 2H), 4.51-4.47 (dd, J; = 2.9 Hz, J; = 8.5 Hz, 1H), 4.29-4.24 (dd, J; =
3.0 Hz, J, =10.6 Hz, 1H), 4.04-3.94 (m, 2H); *C NMR (75 MHz, CDCls): & (ppm)
164.4, 161.1, 143.6, 135.1, 135.0, 133.8, 129.0, 128.9, 121.7, 119.2, 116.7, 116.0,
115.7, 115.6, 71.0, 53.6; HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector:

254 nm, flow rate: 1 mL / min), (R) t; = 9.9 min (major), (S) t, =15.4 min (minor).

@[O (R)-3-(4-chlorophenyl)-3,4-dihydro-2H-1,4-benzoxazine  (2c):
kQC,

M Yellow oil; 97% vyield, 96% ee, [o]p® = -131.3 (c 1.0, CHCl5),
{Lit.® [0]p® = +59.1 (c 0.7, CHCI5) for 90% ee of (S)-enantiomer}; *H NMR (300
MHz, CDCls): & (ppm) 7.39-7.32 (m, 4H), 6.87-6.80 (m, 2H), 6.74-6.67 (m,
2H),4.52-4.48 (dd, J; = 2.8 Hz, J, = 8.3 Hz, 1H), 4.28-4.24 (dd, J; = 2.9 Hz, J, = 10.7
Hz, 1H), 4.00-3.93 (m, 2H); *C NMR (75 MHz, CDCls): & (ppm) 143.6, 137.9, 134.2,
133.7, 129.2, 128.7, 121.7, 119.3, 116.8, 115.6, 70.9, 53.8; HPLC (OD-H, elute:

Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min), (R) t; = 11.6 min
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(major), (S) t, =20.4 min (minor).

©:O (R)-3-(4-bromophenyl)-3,4-dihydro-2H-1,4-benzoxazine (2d):
H
Br

Yellow oil; 95% yield, 96% ee, [0]p® = -111.5 (c 1.0, CHCls),
{Lit.? [0]o®= +89.5 (c 1.03, CHCIs) for 89% ee of (S)-enantiomer}; *H NMR (300
MHz, CDCl3): & (ppm) 7.55-7.50 (m, 2H), 7.30-7.27 (m, 2H), 6.89-6.81 (m, 2H),
6.76-6.67 (m, 2H), 4.48-4.45 (dd, J; = 2.9 Hz, J; = 8.3 Hz, 1H), 4.28-4.23 (dd, J; =
2.9 Hz, J, = 10.7 Hz, 1H), 4.00-3.93 (m, 2H); *C NMR (75 MHz, CDCls): & (ppm)
143.6, 138.3, 133.6, 132.0, 129.0, 122.3, 121.7, 119.3, 117.0, 115.6, 70.7, 53.7; HPLC
(OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min), (R)

t; = 12.6 min (major), (S) t; =22.5 min (minor).

@O (R)-3-(4-methoxyphenyl)-3,4-dihydro-2H-1,4-benzoxazine
H
OMe

(2e): Yellow oil; 96% vyield, 98% ee, [o]p® = -126.5 (c 1.0,
CHCls), {Lit.? [a]p?* = -55.5 (c 1.0, CHCIs) for 98% ee of (R)-enantiomer}; *H NMR
(300 MHz, CDCl5): & (ppm) 7.35-7.31 (m, 2H), 6.96-6.92 (m, 2H), 6.89-6.80 (m, 2H),
6.75-6.66 (m, 2H), 4.47-4.43 (dd, J; = 2.8 Hz, J; = 8.6 Hz, 1H), 4.28-4.24 (dd, J; =
2.9 Hz, J; = 10.7 Hz, 1H), 4.01-3.95 (m, 2H), 3.83 (s, 3H); *C NMR (75 MHz,
CDCls): & (ppm) 159.7, 143.6, 134.1, 131.2, 128.4, 121.5, 119.0, 116.4, 115.5, 114.3,
71.2, 55.4, 53.7; HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm,

flow rate: 1 mL / min), (R) t; = 10.5 min (major), (S) t, =15.9 min (minor).

@O (R)-3-(4-(trifluoromethyl)phenyl)-3,4-dihydro-2H-1,4-benzo
HJO\CF xazine (2f): Yellow oil; 97% vyield, 92% ee, [o]p® = -122.8 (c
3
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1.0, CHCls), {Lit.! [a]p?® = +63.1 (c 1.48, CHClIs) for 89% ee of (S)-enantiomer}; *H
NMR (300 MHz, CDCls): & (ppm) 7.68-7.66 (m, 2H), 7.55-7.53 (m, 2H), 6.90-6.83
(m, 2H), 6.78-6.70 (m, 2H), 4.60-4.57 (dd, J; = 2.9 Hz, J, = 8.1 Hz, 1H), 4.32-4.28
(dd, J1 = 2.9 Hz, J, = 10.7 Hz, 1H), 4.04-3.98 (m, 2H); *C NMR (75 MHz, CDCl5): &
(ppm) 143.6, 143.5, 133.5, 130.9, 130.4, 127.7, 125.9, 125.9, 125.8, 122.3, 121.9,
119.4, 116.9, 115.7, 70.6, 54.0; HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20,
detector: 254 nm, flow rate: 1 mL / min), (R) t; = 11.3 min (major), (S) t, =16.4 min

(minor).

@[O (R)-3-([1,1'-biphenyl]-4-yl)-3,4-dihydro-2H-1,4-benzoxazine
H
Ph

(29): Yellow oil; 95% vyield, 97% ee, [0]o® = -129.2 (c 1.0,
CHClIs), {Lit."”) [a]p?*° = -53.4 (c 1.0, CHCI5) for 98% ee of (R)-enantiomer}; *H NMR
(300 MHz, CDCl3): & (ppm) 7.67-7.63 (m, 4H), 7.53-7.48 (m, 4H), 7.44-7.39 (m, 1H),
6.95-6.86 (m, 2H), 6.80-6.71 (m, 2H), 4.59-4.55 (dd, J; = 2.9 Hz, J; = 8.5 Hz, 1H),
4.38-4.34 (dd, J; = 2.9 Hz, J; = 10.7 Hz, 1H), 4.11-4.05 (m, 2H); **C NMR (75 MHz,
CDCl3): & (ppm)143.6, 141.4, 140.7, 138.3, 133.9, 129.0, 127.7, 127.6, 127.2, 121.6,
119.1, 116.7, 115.5, 71.0, 54.0; HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20,
detector: 254 nm, flow rate: 1 mL / min), (S) t; = 17.7 min (major), (R) t = 25.5 min

(minor).

o (R)-3-(3-methoxyphenyl)-3,4-dihydro-2H-1,4-benzoxazine
©i OMe
HJU (2h): Yellow oil; 95% yield, 90% ee, [a]p®® = -129.8 (c 1.0,

CHCly), {Lit.” [o]p® = +84.6 (c 0.87, CHCI;) for 87% ee of (S)-enantiomer}; *H
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NMR (300 MHz, CDCls): & (ppm) 7.35-7.30 (m, 1H),7.02-6.99 (m, 2H), 6.92-6.82 (m,
3H), 6.76-6.68 (m, 2H), 4.50-4.46 (dd, J, = 2.9 Hz, J, = 8.6 Hz, 1H), 4.33-4.28 (dd, J;
= 2.9 Hz, J, = 10.7 Hz, 1H), 4.04-3.98 (m, 2H),3.84 (s, 3H); *C NMR (75 MHz,
CDCl3): 6 (ppm) 160.1, 143.6, 140.9, 133.9, 129.9, 121.6, 119.6, 119.0, 116.7, 115.5,
113.8, 112.8, 71.0, 55.4, 54.2; HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20,
detector: 254 nm, flow rate: 1 mL / min), (R) t; = 17.3 min (major), (S) t; =19.8 min

(minor).

@EO (R)-3-(3-chlorophenyl)-3,4-dihydro-2H-1,4-benzoxazine  (2i):
j\ : CI

I Yellow oil; 94% yield, 82% ee, [o]o® = -123.2 (¢ 1.0, CHCIy),
{Lit. [a]p® = +71.0 (c 1.38, CHCIs) for 88% ee of (S)-enantiomer}; *H NMR (300
MHz, CDCIs): 6 (ppm) 7.42 (s, 1H),7.34-7.29 (m, 3H), 6.89-6.82 (m, 2H), 6.76-6.68
(m, 2H), 4.50-4.46 (dd, J, = 2.9 Hz, J, = 8.3 Hz, 1H), 4.30-4.26 (dd, J; = 2.9, J, =
10.7 Hz, 1H), 4.01-3.94 (m, 2H); **C NMR (75 MHz, CDCls): § (ppm) 143.6, 141.4,
134.9, 133.6, 130.2, 128.6, 127.4, 125.5, 121.7, 119.3, 116.8, 115.6, 70.7, 53.9. HPLC
(OD-H, elute: Hexane / i-PrOH =80 / 20, detector: 254 nm, flow rate: 1 mL / min), (R)

t; = 11.0 min (major), (S) t2 = 15.3 min (minor).

@[O (R)-3-(3,4-dichlorophenyl)-3,4-dihydro-2H-1,4-benzoxazine

Cl
NJCECI 2j): Yellow oil; 98% yield, 86% ee, [o]o® = -117.8 (¢ 1.0,

CHCly), {Lit.” [o]p® = +52.9 (c 1.12, CHCI;) for 92% ee of (S)-enantiomer}; *H
NMR (300 MHz, CDCls): & (ppm) 7.48-7.47 (m, 1H),7.44-7.41(m, 1H), 7.23-7.19 (m,

1H), 6.85-6.78 (m, 2H), 6.73-6.65 (m, 2H),4.45-4.41 (dd, J, = 2.9 Hz, J, = 8.2 Hz,
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1H), 4.24-4.20 (dd, J; = 2.9 Hz, J, = 10.7 Hz, 1H), 3.95-3.88 (m, 2H); *C NMR (75
MHz, CDCls): 6 (ppm) 143.5, 139.7, 133.3, 133.1, 132.4, 130.9, 129.2, 126.6, 121.8,
119.5, 116.8, 115.7, 70.5, 53.3; HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20,
detector: 254 nm, flow rate: 1 mL / min), (R) t; = 14.0 min (major), (S) t, = 23.8 min

(minor).

0 (-)-(E)-3-styryl-3,4-dihydro-2H-1,4-benzoxazine (4a): Yellow
L

va/\g oil; 95% yield, 99% ee, [a]o2° = -34.5 (c 1.0, CHCl3); "H NMR
(300 MHz, CDCls): & (ppm) 7.41-7.24 (m, 5H), 6.84-6.64 (m, 5H), 6.23-6.15 (m, 1H),
4.32-4.28 (m, 1H), 4.17-4.12 (m, 1H), 4.02-3.96 (m, 1H); **C NMR (75 MHz, CDCly):
& (ppm)143.7, 136.3, 133.1, 133.0, 128.8, 128.1, 126.6, 126.5, 121.7, 119.0, 116.7,
115.5, 69.1, 52.4; HPLC (AD-H, elute: Hexane / i-PrOH =90 / 10, detector: 254 nm,
flow rate: 1 mL / min), t; = 9.8 min (minor), t, =11.1 min (major).HRMS-ESI exact

mass calcd. for C1gHisNO™ ([M+H]") requires m/z 238.12297, found m/z 238.12264.

©io]\/\© (S)-3-phenethyl-3,4-dihydro-2H-1,4-benzoxazine (5a): Yellow
N *
H

solid; m.p. 89-90 °C; yield 91%, 89% ee, [a]p?° = +82.5 (c 1.0,
CHCls); *H NMR (300 MHz, CDCls): & (ppm) 7.31-7.26 (m, 2H), 7.21-7.17 (m, 3H),
6.79-6.71 (m, 2H), 6.66-6.60 (m, 1H), 6.54-6.51 (m, 1H), 4.20-4.16 (m, 1H),
3.89-3.83 (m, 1H), 3.65 (b, 1H), 3.41-3.33 (M, 1H), 2.75-2.70 (m, 2H), 1.83-1.75 (m,
2H); 3C NMR (75 MHz, CDCls): & (ppm)143.9, 141.2, 133.3, 128.7, 128.4, 126.3,
121.5, 118.8, 116.6, 115.6, 69.3, 49.3, 33.9, 32.0; HPLC (OD-H, elute: Hexane /

i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min), (S) t; = 14.4 min (major),
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(R) t2 =17.9 min (minor).

@EO (-)-(E)-3-(4-fluorostyryl)-3,4-dihydro-2H-1,4-benzoxazine
N “F

Hj\/\©\F (3b): Yellow oil; 96% yield, 91% ee, [0]o® = -28.6 (c 1.0,
CHCI3); *H NMR (300 MHz, CDCly): & (ppm) 7.38-7.34 (m, 2H), 7.05-6.99 (m, 2H),
6.85-6.78 (m, 2H), 6.72-6.64 (m, 3H), 6.14-6.06 (m, 1H), 4.31-4.27 (m, 1H),
4.15-4.10 (m, 1H), 4.02-3.96 (m, 1H); *C NMR (75 MHz, CDCls): & (ppm) 164.3,
161.0, 143.7, 133.1, 132.5, 132.5, 131.8, 128.2, 128.1, 126.3, 126.3, 121.7, 119.1,
116.7, 115.8, 115.6, 69.1, 52.3; HPLC (AD-H, elute: Hexane / i-PrOH = 90 / 10,
detector: 254 nm, flow rate: 1 mL / min), t; = 10.1 min (minor), t, =13.5 min
(major).HRMS-ESI exact mass calcd. for CigHisFNO™ ([M+H]") requires m/z

256.11359, found m/z 256.11322.

@EO (-)-(E)-3-(4-chlorostyryl)-3,4-dihydro-2H-1,4-benzoxazine
Hj*\/\@O (3c): Yellow oil; 94% vyield, 98% ee, [a]o® = -35.2 (c 1.0,
CHCI3); *H NMR (300 MHz, CDCls): & (ppm) 7.33-7.28 (m, 4H), 6.85-6.78 (m, 2H),
6.73-6.64 (m, 3H), 6.21-6.13 (m, 1H), 4.31-4.27 (m, 1H), 4.16-4.10 (m, 1H),
4.02-3.96 (m, 1H); *C NMR (75 MHz, CDCls): & (ppm) 143.7, 134.8, 133.8, 133.0,
131.7,128.9, 127.8, 127.3, 121.7, 119.1, 116.7, 115.6, 69.0, 52.3; HPLC (AD-H, elute:
Hexane / i-PrOH = 90 / 10, detector: 254 nm, flow rate: 1 mL / min), t; = 11.2 min
(minor), t, = 15.4 min (major). HRMS-ESI exact mass calcd. for CigHi;sCINO*

([M+H]") requires m/z 272.08405, found m/z 272.08367.

C :0 (-)-(E)-3-(4-bromostyryl)-3,4-dihydro-2H-1,4-benzoxazin
Nj*\/\©\
H 20
Br



e (3d): Yellow oil; 93% yield, 98% ee, [a]o® = -32.9 (c 1.0, CHCIs); *H NMR (300
MHz, CDCls): & (ppm) 7.24-7.14 (m, 4H), 6.83-6.75 (m, 2H), 6.70-6.56 (m, 3H),
6.17-6.09 (m, 1H), 4.27-4.22 (m, 1H), 4.10-4.04 (m, 1H), 3.98-3.92 (m, 1H); °C
NMR (75 MHz, CDClg): & (ppm) 143.7, 134.8, 133.8, 133.0, 131.7, 128.9, 127.8,
127.3,121.7, 119.1, 116.7, 115.6, 69.0, 52.3; HPLC (AD-H, elute: Hexane / i-PrOH =
90/ 10, detector: 254 nm, flow rate: 1 mL / min), t; = 12.2 min (minor), t; =16.9 min
(major).HRMS-ESI exact mass calcd. for CigHisBrNO™ ([M+H]") requires m/z

316.03343, found m/z 316.03315.

@:C (-)-(E)-3-(4-methoxystyryl)-3,4-dihydro-2H-1,4-benzoxa
N \F

Hj\/\@we zine (3e): Yellow oil; 95% yield, 97% ee, [a]o*° = -38.9 (c
1.0, CHCI3); *H NMR (300 MHz, CDCls): & (ppm) 7.24-7.14 (m, 4H), 6.83-6.75 (m,
2H), 6.70-6.56 (m, 3H), 6.17-6.09 (m, 1H), 4.27-4.22 (m, 1H), 4.10-4.04 (m, 1H),
3.98-3.92 (m, 1H), 3.77 (s, 3H); **C NMR (75 MHz, CDCls): & (ppm) 143.7, 134.8,
133.8, 133.0, 131.7, 128.9, 127.8, 127.3, 121.7, 119.1, 116.7, 115.6, 69.0, 55.9, 52.3;
HPLC (AD-H, elute: Hexane / i-PrOH = 90 / 10, detector: 254 nm, flow rate: 1 mL /
min), t; = 14.1 min (minor), t, =17.6 min (major).HRMS-ESI exact mass calcd. for

C17H1gNO," ([M+H]") requires m/z 268.13377, found m/z 268.13321.

o (-)-(E)-3-(3,4-dimethoxystyryl)-3,4-dihydro-2H-1,4-benz
@N%OMG

H ome  Oxazine (3f): Yellow oil; 97% yield, 98% ee, [o]p™° = -40.5
(c 1.0, CHCI3); *H NMR (300 MHz, CDCl3): & (ppm) 6.95-6.92 (m, 2H), 6.85-6.78

(m, 3H), 6.71-6.60 (m, 3H), 6.07-5.99 (m, 1H), 4.30-4.26 (m, 1H), 4.12-4.06 (m, 1H),
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4.01-3.95 (m, 1H), 3.90 (s, 3H), 3.88 (s, 3H); °C NMR (75 MHz, CDCly): &
(ppm)149.2, 149.1, 143.6, 133.2, 132.7, 129.3, 124.4, 121.6, 119.9, 118.9, 116.6,
115.5, 111.2, 108.8, 69.2, 55.9, 55.9, 52.4; HPLC (OD-H, elute: Hexane / i-PrOH =
80 / 20, detector: 254 nm, flow rate: 1 mL / min), t; = 28.2 min (major), t, =37.1 min
(minor).HRMS-ESI exact mass calcd. for CigHxNOsz" ([M+H]) requires m/z

298.14425, found m/z 298.14377.

5. Reference
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6751.

[3] K. Gao, C-B. Yu, D-S. Wang, Y-G. Zhou, Adv. Synth. Catal. 2012, 354, 483.
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6. Copy of NMR spectra of reduced products

CMADNMOEHNENOME S~ ®OONNOO OO0 N0 Current Data Parameters
e ORnnIReasIRE8 BR2338R23338a NAME qj-hh146- (Ph-Product)
R IV RN O D EXPNO 10

PROCNO 1
N \/% NV/ F2 - Acquisition Parameters
Date 20120328
Time ™ 19.27
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
(0] D 65536
SOLVENT CDC13
NS 9
Ds 0
N SWH 8992.806 Hz
H FIDRES 0.137219 Hz
AQ 3.6438515 sec
2a
F2 - Processing parameters
ST
SF 300.1300060 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
D PC 1.00
o olo olo| |o
il [
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
@EQQEQESEQ © O~ o Current Data Parameters
L P wan e «@ NAME gj-hh146- (Ph-Produc
SOMNNNNA A A o~~~ o < EXPNO 11
(APl I R e b NN 0 PROCNO 1
F2 - Acquisition Parameters
Date_ 20120328
Time 19.30
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
O SOLVENT CDC13
NS 34
DS 4
SWH 17985.611 Hz
N FIDRES 0.274439 Hz
H AQ 1.8219508 sec
RG 1290.2
DW 27.800 usec
DE 6.50 usec
2a TE 296.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL fl ==
13C
12.50 usec
2.00 dB
75.4752953 MHz
== == CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 00 dB
PL12 22.33 dB
PL13 23.00 dB
‘ SFO2 300.1312005 MHz
‘l ‘ " " " ™ F2 - Processing parameters
i e ¥ i ’ \ ; s M b 32768
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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7.409
7.402
7.390
7.380
7.369
7.362
7.353
7.260
7.130
7.121

Current Data Parameters

o}

Iz

===

2.02
2.01
1.02
1.06
1.84

7,01
R

.
w4

164.38
161.11
143.60
135.07
135.03

A 133.79
128.98
128.87
119.21

= 116.73
115.96
115.68
115.56
77.59
77.16
76.74
53.61

—
_—121.65
\
TT——70.97

NAME g3j-hh149
EXPNO 101
PROCNO 1
F2 - Acquisition Parameters
Date 20120411
Time 15.08
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 6
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 128
DW 55.600 usec
DE 8.00 usec
TE 297.4 K
D1 1.00000000 sec
TDO 1
== CHANNEL fl ==
1H
10.80 usec
3.00 dB
300.1324010 MHz
F2 - Processing parameters
ST 32768
SF 300.1300057 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME gj-hh149
EXPNO 102
PROCNO 1
F2 - Acquisition Parameters
Date 20120411
Time 15.10
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 24
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 2298.8
DW 27.800 usec
DE 6.50 usec
TE 297.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

= CHANNEL f1l ==
NUC1 13C
Pl 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
== = CHANNEL f2 ==
CPDPRG2 waltzlé
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz

F2 - Processing parameters
SI 32768




7.385
7.374
7.355
7.324
7.260
6.871

I=
Q

2c
(i (]|
ol |ele o[
< e [ 1S
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SO T OO
WONO O~ m®D WO o 0w )
e e e 0~ @ o~
ST OO DA O N . - .
TOMONNN A A ~r~©o )
A A [N iy
(0]
N
H
Cl
2c
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
EXPNO
PROCNO

qj-hh149
21

1

F2 - Acquisition Parameters

Date
Time
INSTRUM
PROBHD
PULPROG
TD

SOLVENT

20120411

19.17

spect

5 mm DUL 13C-1
zg30

65536

CDC13

8

0
8992.806
0.137219

3.6438515

CHANNEL f1

10.80
3.00
300.1324010

Hz
Hz
sec

usec
usec

sec

F2 - Processing parameters
32768

SI

SF 300.1300057 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
Current Data Parameters
NAME gj-hh149
EXPNO 22
PROCNO 1

F2 - Acquisition Parameters
Date 20120411
Time 19.20
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 85

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5

DW 27.800 usec
DE 6.50 usec
TE 297.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2

CHANNEL f1 ==
13C

12.50

2.00
75.4752953

CHANNEL f2 ==
waltzl6

1H

100.00

23.00
300.1312005

usec
dB
dB
dB
MHz

F2 - Processing parameters

SI

32768



2
]

2d
. JLJ I ﬂ_“,m J
v m% -
olo| oo olo| |o
il Al =
T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
© TN T~ O W0
N MO NEN ™0 @0 mo o~
e . R ~
MO N®N AN OWY [T .
SN OO NN N A A ~r~vo ™
Ao A [N 0
o}
N
H
Br
2d
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
EXPNO
PROCNO

qj-hh149
31
1

F2 - Acquisition Parameters

Date
Time
INSTRUM
PROBHD
PULPROG
TD

SOLVENT

20120411

14.33

spect

5 mm DUL 13C-1
zg30

65536

CDC13

8

0
8992.806
0.137219

3.6438515

CHANNEL f1

10.80
3.00
300.1324010

Hz
Hz
sec

usec
usec

sec

F2 - Processing parameters
32768

SI

SF 300.1300060 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
Current Data Parameters
NAME gj-hh149
EXPNO 32
PROCNO 1

F2 - Acquisition Parameters
Date 20120411
Time 14.37
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 45

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1149.4

DW 27.800 usec
DE 6.50 usec
TE 297.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2

CHANNEL f1 ==
13C

12.50

2.00
75.4752953

CHANNEL f2 ==
waltzl6

1H

100.00

23.00
300.1312005

usec
dB
dB
dB
MHz

F2 - Processing parameters

SI

32768
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Current Data Parameters

NAME
EXPNO
PROCNO

qj-hh149
41

1

F2 - Acquisition Parameters

Date
Time
INSTRUM
PROBHD
PULPROG
TD

SOLVENT

20120411

14.42

spect

5 mm DUL 13C-1
zg30

65536

CDC13

5

0
8992.806
0.137219

3.6438515

CHANNEL f1

10.80
3.00
300.1324010

Hz
Hz
sec

usec
usec

sec

F2 - Processing parameters
32768

SI

SF 300.1300060 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
Current Data Parameters
NAME gj-hh149
EXPNO 42
PROCNO 1

F2 - Acquisition Parameters
Date 20120411
Time 14.46
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 22

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 114

DW 27.800 usec
DE 6.50 usec
TE 297.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2

CHANNEL f1 ==
13C

12.50

2.00
75.4752953

CHANNEL f2 ==
waltzl6

1H

100.00

23.00
300.1312005

usec
dB
dB
dB
MHz

F2 - Processing parameters

SI

32768



3
2f
) L . |
< ofm =[] |&
olo olo of|o] |
N NN Al
T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm

NOEOWM™=OWO MW 0O
O OO0 DM DT DO @0 mo =
. L L . O -~ 0 )
OMMOO™IIWLWN 00N R .
TITOONNNNN NN A A ~r-wo <
P R B I e iR I IR N ~ e i)

o}

N

H

CF3
2f
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

28

Current Data Parameters

NAME
EXPNO
PROCNO

qj-hh149
53
1

F2 - Acquisition Parameters

Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH

20120411

19.37

spect

5 mm DUL 13C-1
zg30

65536

CDC13

5

0
8992.806
0.137219

3.6438515

CHANNEL f1

10.80
3.00
300.1324010

Hz
Hz
sec

usec
usec

sec

F2 - Processing parameters
32768

SI

SF 300.1300059 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
Current Data Parameters
NAME qj-hh149
EXPNO 54
PROCNO 1

F2 - Acquisition Parameters
Date_ 20120411
Time 19.39
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 50

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1149.4

DW 27.800 usec
DE 6.50 usec
TE 297.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1 ==
13C

12.50

2.00
75.4752953

== CHANNEL f2 ==
CPDPRG2 waltzl6

NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
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Current Data Parameters

NAME qj-hh149

EXPNO 91

PROCNO 1

F2 - Acquisition Parameters

Date_ 20120411

Time 14.59

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 6

DS 0

SWH 8992.806 Hz

FIDRES 0.137219 Hz

AQ 3.6438515 sec

RG 64

DW 55.600 usec

DE 8.00 usec

TE 297.4 K

D1 1.00000000 sec

TDO 1
CHANNEL f1

NUC1 1H

Pl 10.80 usec

PL1 3.00 dB

SFO1 300.1324010 MHz

F2 - Processing parameters

SI 32768

SF 300.1300057 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

Current Data Parameters

NAME qj-hh149

EXPNO 92

PROCNO 1

F2 - Acquisition Parameters

Date_ 20120411

Time 15.01

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 54

DS 4

SWH 17985.611 Hz

FIDRES 0.274439 Hz

AQ 1.8219508 sec

RG 1149.4

DW 27.800 usec

DE 6.50 usec

TE 297.6 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1

CHANNEL f1 ==
13C

12.50

2.00
75.4752953

== CHANNEL f2 ==
CPDPRG2 waltzl6

NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768



RIS Tt By e b Sk by P i Fu e Bl i Eei it Current Data Parameters
NN NONNANNOOOOOPOOEEEEEEOOOTTITNMNNO OO O NAME gj-hh149
N RN 0 000 00 C T ITTTTTT T Mo EXPNO 61
PROCNO 1
l\&ﬁ% NVI%’% F2 - Acquisition Parameters
Date_ 20120411
Time 14.51
INSTRUM spect
PROBHD 5 mm DUL 13C-1
o PULPROG zg30
TD 65536
SOLVENT CDC13
NS 7
N OMe Do 0
SWH 8992.806 Hz
H FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 64
DW 55.600 usec
2h DE 8.00 usec
TE 297.3 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1 1H
Pl 10.80 usec
PL1 3.00 dB
SFO1 300.1324010 MHz
F2 - Processing parameters
SI 32768
SF 300.1300057 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
I 1 | PC 1.00
| [ o] < (]
ollelole ol ||~ |~
Allatles]ed el e
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
S S ; ; S E f) 2 S g i i ©®wma o~ Current Data Parameters
e nane Y NAME aj=hh149
© TLONNAAA A A A o~~~ o T EXPNO 62
— o e s ) PROCNO 1
F2 - Acquisition Parameters
Date_ 20120411
Time 14.54
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
(@) SOLVENT cDC13
NS 27
DS 4
OMe SWH 17985.611 Hz
N FIDRES 0.274439 Hz
H AQ 1.8219508 sec
RG 2580.3
DW 27.800 usec
DE 6.50 usec
TE 297.6 K
2h D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
13C
12.50 usec
2.00 dB
75.4752953 MHz
== CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
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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7.339
7.326
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6.890
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6.756
6.736
6.731
6.710
6.705
6.684
6.679
4.500
4.490
4.472
4.462

301

291

266

256

009

982

974

4
4
4
4
4
3
3
3.946

=) 0] o
olo| oo o|o| o
Al e =l =
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SO EMO T O™ O
S OWHWD ST~ N~ © @® 0w ™ 0
. Co e e e e . 0=~ @©
AT MO0 OO0 R .
T OOO NN NN A A ~~wo ™
R R ~ s 0
O
Cl
N
H
2j
o— Y n T
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

31

Current Data Parameters

NAME qj-hh151
EXPNO 21
PROCNO 1

F2 - Acquisition Parameters
Date_ 20120428

Time 21.01
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 8

DS 0

SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 90.5

DW 55.600 usec
DE 8.00 usec
TE 298.3 K

D1 1.00000000 sec
TDO 1

CHANNEL f1

NUC1 1H

Pl 10.80 usec
PL1 3.00 dB
SFO1 300.1324010 MHz

F2 - Processing parameters
SI 32768

SF 300.1300060 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME qj-hh151
EXPNO 31
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120428
Time 21.03
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 29ig30
TD 32768
SOLVENT CDC13
NS 74
DS 0
SWH 18832.393 Hz
FIDRES 0.574719 Hz
AQ 0.8700404 sec
RG 11585.2
DW 26.550 usec
DE 8.00 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
13C
12.50 usec
2.00 dB

75.4752953 MHz

== CHANNEL f2 ==
CPDPRG2 waltzl6

NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768

SF 75.4677438 MHz
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Current Data Parameters

NAME qj-hh149
EXPNO 82
PROCNO 1

F2 - Acquisition Parameters
Date_ 20120411
Time 19.56
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 11

DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 128

DW 55.600 usec
DE 8.00 usec
TE 297.3 K
D1 1.00000000 sec
TDO 1

CHANNEL f1

NUC1 1H

Pl 10.80 usec
PL1 3.00 dB
SFO1 300.1324010 MHz
F2 - Processing parameters
SI 32768

SF 300.1300155 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
Current Data Parameters
NAME qj-hh149
EXPNO 83
PROCNO 1

F2 - Acquisition Parameters
Date_ 20120411
Time 19.59
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 32

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1290.2

DW 27.800 usec
DE 6.50 usec
TE 297.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1 ==
13C

12.50

2.00
75.4752953

== CHANNEL f2 ==
CPDPRG2 waltzl6

NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768



7.409
7.384
7.356
7.333
7.308
7.293
7.288
7.260
6.845

[::I:o
///
N
H
4a
Gl el (o (ufooo
S22 18 (2[R
Sl el s B N
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
Ny
88062 ILS886R ® 0w o
e e TesY eI -
B G MA® D C S oS i )
TOMMONNNNNAAA ~ - oo o~
R R R R NN P
[::I:O
///
N
H
4a
" A xl i "
- ' ; v L ' . Y
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

33

Current Data Parameters

NAME gj-hh138-up
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20120224
Time 15.11
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 11

DS 0

SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 228.1

DW 55.600 usec
DE 8.00 usec
TE 296.5 K
D1l 1.00000000 sec
TDO 1

CHANNEL f1 =

1H
10.80 usec
3.00 dB
300.1324010 MHz

F2 - Processing parameters

SI 32768
SF 300.1300062 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME qj-hh152
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120417
Time 11.45
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 30
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 812.7
DW 27.800 usec
DE 6.50 usec
TE 295.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
13C
12.50 usec
2.00 dB

75.4752953 MHz

= CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz

F2 - Processing parameters
ST 32768
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Current Data Parameters

NAME
EXPNO
PROCNO

qj-hh156-2-up
10
1

F2 - Acquisition Parameters

Date
Time
INSTRUM
PROBHD
PULPROG

D
SOLVENT

20120513

9.37

spect

5 mm DUL 13C-1
zg30

65536

CDC13

15

0
8992.806

0.137219
3.6438515

CHANNEL f1 =

1H

10.30

3.00
300.1324010

Hz
Hz
sec

usec
usec
K
sec

F2 - Processing parameters

32768
300.1300060
EM

0

0.30

0

1.00

Current Data Parameters

MHz

Hz

Hz
Hz
sec

usec
usec

sec
sec

usec
dB
MHz

NAME qj-hh156
EXPNO 21
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120511
Time 15.14
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 29
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 2298.8
DW 27.800
DE 6.50
TE 298.7
D1 2.00000000
D11 0.03000000
TDO 1
= CHANNEL f1l ==
NUC1 13C
Pl 12.50
PL1 2.00
SFO1 75.4752953
= CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00
PL2 3.00
PL12 22.74
PL13 23.00
SFO2 300.1312005

F2 - Processing parameters

ST

32768
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Current Data Parameters

NAME
EXPNO
PROCNO

qj-hh156-3-up
10
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM

PROBHD
PULPROG
TD
SOLVENT

20120513

9.44

spect

5 mm DUL 13C-1
zg30

65536

CDC13

12

0
8992.806

0.137219
3.6438515

CHANNEL f1 =

1H

10.30

3.00
300.1324010

Hz
Hz
sec

usec
usec
K
sec

F2 - Processing parameters

32768
300.1300062
EM

0

0.30

0

1.00

Current Data Parameters

NAME
EXPNO
PROCNO

aj-hh156
31

1

MHz

Hz

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

D1

D11

TDO

NUC1
Pl
PL1
SFO1

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2

20120511

15.22

spect

5 mm DUL 13C-1
zgpg30

65536

cDC13

18

4
17985.611
0.274439
1.8219508
2580.3
27.800
6.50

298.5
2.00000000
0.03000000
1

CHANNEL f1 ==
13C

12.50

2.00
75.4752953

CHANNEL f2 ==
waltzl6

1H

100.00

23.00
300.1312005

Hz
Hz
sec

usec
usec

sec
sec

usec
dB
MHz

F2 - Processing parameters

ST

32768



MO AN OOOOINNOTVONTONMDOMONENINM=WIEOMMS®A TN
CHTOMLOVOIDVITNAONE T NITNAONDEFONONENHOE~ O TN AT N A
SESTANNROBREOEEEEEEEE000ONNTANONNAd A A A A OO0
P T

s —

Iz

Br
4d

™ fie) =} <]
o[~ 1=} o oll|o
I o - |
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
DN 0 0NO SO DO
MO AT O™ NSO © 0o @
e e e e e e e . 0~ o @
MO N H 0N OO0 L .
STOMOONNNN A A ~ 0o I
R R R R R R R R R ] ~o o 0

a
5

Br
4d
homio ,mwi l J o L h s Ao oy
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

NAME gj-hh-br
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20120618
Time 11.16
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 7
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 512
DW 55.600 usec
DE 8.00 usec
TE 300.3 K
D1 1. OOOOOOOO sec
TDO

CHANNEL f1
NUC1
Pl 10.30 usec
PL1 3.00 dB
SFO1 300.1324010 MHz
F2 - Processing parameters
ST 32768
SF 300.1300060 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME gj-hh-br
EXPNO 21
PROCNO 1

F2 - Acquisition Parameters
Date 20120619
Time 11.53
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 152

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 512

DW 27.800 usec
DE 6.50 usec
TE 300.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 75. 4752953 MHz
== CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SFO2 300.1312005 MHz

F2 - Processing parameters
SI 32768
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Current Data Parameters

NAME gj-hh-meo

EXPNO 10

PROCNO 1

F2 - Acquisition Parameters

Date 20120618

Time 11.21

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 7

DS 0

SWH 8992.806 Hz

FIDRES 0.137219 Hz

AQ 3.6438515 sec

RG 574.7

DW 55.600 usec

DE 8.00 usec

TE 300.3 K

D1 1.00000000 sec

TDO 1
CHANNEL f1

NUC1 1H

Pl 10.30 usec

PL1 3.00 dB

SFO1 300.1324010 MHz

F2 - Processing parameters

ST 32768

SF 300.1300060 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

Current Data Parameters

NAME gj-hh-meo

EXPNO 20

PROCNO 1

F2 - Acquisition Parameters

Date 20120619

Time 12.07

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 19

DS 4

SWH 17985.611 Hz

FIDRES 0.274439 Hz

AQ 1.8219508 sec

RG 574.7

DW 27.800 usec

DE 6.50 usec

TE 300.5 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1

CPDPRGZ
NUC2
PCPD2
PL2
PL12
PL13
SFO2

75. 4752953

CHANNEL f2 ==
waltzl6

300.1312005

usec
dB
dB
dB
MHz

F2 - Processing parameters

SI

32768



(0]
= OMe
N
H
OMe
4af
f AR qARS
Slole| 18 Sleles
N Slelole
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
A 0N ® MO O © o
INRURCRERES AR RNE-SAE NI cowo  woo
LR ) s o
SO M M NG S Oy 00O @ oA Yo
R RS RN RN e g pap= Sreo wwa
SASAS833805553 N A
O
= OMe
N
H
OMe
4f
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 gj-hh-dimeo

EXPNO 10

PROCNO 1

F2 - Acquisition Parameters

Date 20120618

Time 11.25

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 9

DS 0

SWH 8992.806 Hz

FIDRES 0.137219 Hz

AQ 3.6438515 sec

RG 456.1

DW 55.600 usec

DE 8.00 usec

TE 300.3 K

D1 1.00000000 sec

TDO 1
CHANNEL f1

NUC1 1H

Pl 10.30 usec

PL1 3.00 dB

SFO1 300.1324010 MHz

F2 - Processing parameters

ST 32768

SF 300.1300062 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

Current Data Parameters

NAME qj-hh1l56

EXPNO 41

PROCNO 1

F2 - Acquisition Parameters

Date 20120511

Time 15.06

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 22

DS 4

SWH 17985.611 Hz

FIDRES 0.274439 Hz

AQ 1.8219508 sec

RG 2580.3

DW 27.800 usec

DE 6.50 usec

TE 298.6 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2

CHANNEL f2 ==
waltzl6

300.1312005

usec
dB
dB
dB
MHz

F2 - Processing parameters

SI

32768



7.309
7.283
7.269
7.260
7.213
7.196
7.191
7.170
6.787
6.782
6.768
6.761

<) (o[ ] (o] oy o i
ol |ofo]|o o lo]o||o I3 o
s el 1S N N
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
NN A MO
ANMO M oW 0 0w ) oo
R IE=EEEN] ® oo
M =M DO 00O EREER . I
ST NN NN A ~ 0o o N
e e ~ = © < ™o
o
N
H
5a
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

NAME gj-hhl38-down
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120428
Time 20.56
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 5
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 64
DW 55.600 usec
DE 8.00 usec
TE 298.6 K
D1 1. OOOOOOOO sec
TDO

CHANNEL f1
NUC1 1H
Pl 10.80 usec
PL1 3.00 dB
SFO1 300.1324010 MHz
F2 - Processing parameters
SI 32768
SF 300.1300268 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

Hz
Hz
sec

usec
usec

sec
sec

NAME gqj-hh138-down
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120428
Time 20.54
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 29ig30
TD 32768
SOLVENT CDC13
NS 22
DS 0
SWH 18832.393
FIDRES 0.574719
AQ 0.8700404
RG 13004
DW 26.550
DE 8.00
TE 298.4
D1 2.00000000
D11 0.03000000
TDO 1

CPDPRG2
NUC2
PCPD2
PL2
PL12
SFO2

F2
SI
SF

CHANNEL f1 ==
13C

12.50

2.00
75.4752953

CHANNEL f

waltzl6

300.1312005

32768
75.4677466

- Processing parameters

MHz



7. HPLC spectra of the reduced products

QJ-HH149-1-rac.DATA - Prostar 325 Absorbance Channel 1 LCO805M057

350
300
(e}
I
N
II'II H
200 [
|
[ rac-2a
X 150 A
B [
100, || || [
[ [
[ f \
50 [ #
o— _ '4H’;I I‘\ _57 o ik AN L
7 8 9 10 11 12 13 14 15 16 17
Min
Index | 3Lk | BE HE| BE Area | Area %
[Min] | [% B8] | [mAU] [mAL Min] %]
RET 987 s003] 2213 53.3 ] 50.031
2 | &w [1371] 4887|1535 53.3 | 40.959
Total 100.00] 2748 106.6 | 100.000
120 QJ-HH148-2 DATA - Prostar 325 Absorbance Channel 1 LC0805M0S7
1,100
1,000
(0}
e
800) I N
|
700 | H
|
o 600 l | 2a
e L
E 500 | ‘l
400 R
300 | \
200) [
100) [
a0 . | — 1
7 8 9 10 11 12 13 14 15 16 17
Min
Index | 3X{£45E | A HE| BEF Area | Area %
[Min] | [ B3] | [maU] | [mal.Min] %]
2 %@ | os6] o660 esea 7144 96603
1 | Fmr |1387 340 217 75| 3397
Total 100.00 | 910.1 222.0 | 100.000
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QJ-HH149-10-rac.DATA - Prostar 325 Absorbance Channel 1 LCO805M057

450
400
A O
@
I
| N
300 1 N
250 | F
S 200 ‘l | rac-2b
< | \
E 150 ‘ \
100 | \
| |
50 [ [
0 : 4" \'\!1_ o _ —_/"" \\., L B o
-50
7 8 9 10 11 12 13 14 15 16 17 18 19
Min
Index | 30 {FE | Bffa HE| =E Area | Area %
[Min] | [% E#9) | [mal] | [mAL Min] %]
7 |&@ | 0901 s5008] 3692 916] 50078
1 |k [1548] a090] 2170 913| 49974
Total 100.00 | 5862 182.9 | 100,000
- -10. - Prostar sorbance Channe
70 QJ-HH149-10.DATA - Prostar 325 Absorb Ch | 1 LCO805M057
650
600 )
550 (l o
500 |“‘ ©i .
450 | | H
400 | ‘l -
3 | »
\
& 250 ‘| II
200 [
150 [
100 |
50 [
i VAR SR T
-50)
7 8 9 10 11 12 13 14 15 16 17 18 19
Min
Index | & | BHE HE| ®EF Area | Area %
[Min] | [% B | [mAU] | [mAu Min] [%]
T |&@m | sea| orss| &8o7 145 2] 97551
2 |&m [1537 245| a5 36| 2449
Total 100.00 | 5922 148.9 | 100.000
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QJ-HH149-2-rac. DATA - Prostar 325 Absorbance Channel 1 LC0805M057

200,
180
160 I‘"l‘
o
120 | |‘ N
100 | H
2 | Cl ;
E 80 [ rac-2c .": |
60 N a
40 | |
20 I
o AN __|,"I I"i__/\_ e ______/" Ny
-20)
-40
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Min
Index | 3{&& | BT0E HE| BF Area | Area %
Min] | [% B#] | [mAU] | [mAU Min] [%]
2 |&#m [1172] so02| 1866 525 50010
1 |#a [2079] 4090s] =85 505 49981
Tatal 100.00 | 2557 1050 [ 100,000
750 QJ-HH149-2 DATA - Prostar 325 Absorbance Channel 1 LCO805M057
700
650
600 |
550) |
500 [ o}
450 | @[ *
400 | \ H
=2 350 |
T 200 | 2 c
250 R
200 B
150 ‘ |
100 [
50 |
X AV S 1
-50
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Min
Index | 35 | kA HE| BF Area | Area %
[Min] | [% E339] | [mAU] | [mAU Min] 2]
1 |=a [1155] o707 5e7o 104 9| 07025
2 |#4a 2043 208 78 11| 2078
Total 100.00 | 6056 199.0 | 100.000
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180 QJ-HH149-3-rac. DATA - Prostar 325 Absorbance Channel 1 LCO805M057

160
140
120
100
80
60
40
20

mAU

-20
-40

oy

rac-2d

8§ 9 10 M

12

13 14

15 16 17 18 19 20 21 22 23 24 25 26 27
Min

Index | ZTE& | BfiE
[Min]

HE
[% ET#H]

wE Area
[mAU] ] [mAL Min]

Area %
[%0]

1 B 1283

4975

174 417

49749

2 _|Em 2285

50.25

63.2 422

50.251

Total

100.00

1806 5339

100.000

70 QJ-HH149-3 . DATA - Prostar 325 Absorbance Channel 1 LC0805M057

650
600
550
500
450
400
350
300
250
200
150
100

mAU

Cr
H
Br
2d

—3

8 9 10 M

12

15 16 17 18 19 20 21 22 23 24 25 26 27
Min

Index | S {& | Bf[E
[Min]

HE
[% E#]

A
[mAU]

Area
[mAU Min]

Area %
[%0]

1 Eaan 12.59

979

5110

187 .2

97 912

2 | &Em 2254

209

6.7

4.0

2088

Total

100.00

517.7

1913

100.000
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QJ-HH149-4-rac. DATA - Prostar 325 Absorbance Channel 1 LCO805M057

240
220
200
180
160
140
120
100
a0
60
40
20

mAU

-20
-40

X
N
OMe

rac-2e I\

10

11

12

Index | 3 &5

i [8]
[Min]

e
[%0 HI#H]

B
[mAU]

Area
[mAU.Min]

Area %
[%0]

1 |&4n

10,60

50.07

1613

44 .8

50068

2 | &

1603

49.93

1024

44 7

49.932

Total

100.00

2637

89.4

100.000

70

13 14 15 16 17 18
Min

QJ-HH149-4 DATA - Prostar 325 Absorbance Channel 1 LC0805M057

19

650
600
550
500
450
400
350
300
250
200
150
100

50

mAU

: jO
X
N
H
OMe
2e

12

Index | 3z &

i fa]
[ivlin]

HiE
[% [H#]

B
[mAU]

Area
[mAL L Min]

Area %
[%0]

I ET

1052

98.92

5509

1504

98920

2 |k

15.85

1.08

1.6

1.080

Total

100.00

5549

1521

100.000

13 14 15 16 17 18
Min

44

19



QJ-HH149-5-rac. DATA - Prostar 325 Absorbance Channel 1 LC0805M057

30
280
260
240
220 A
200 ‘: u, 0
180 '
160 A N
-] 140 | I‘ H ;‘"‘\“.I
< 120 A CFy ||
100 ! 'I‘ rac-2f |
60 I‘ I‘I
40 )
20| |
o0—— __’__./‘ AN }‘ =y 4 _‘_ _
-20)
-40
8 9 10 11 12 13 14 15 16 17 18 19 20 21
Min
Index | &% | K@ HE| BF Area | Area %
[Min] | [% B2 | [mAU] | [mAU Min] [%]
1 | k& [1155] sco6] 2210 767 50060
2 |&m [1687] 4094| 1467 765 49940
Total 10000 3676 1532 [ 100,000
400 QJ-HH149-5.DATA - Prostar 325 Absorbance Channel 1 LCO805M057
350
300 .
| °
250 ' @ .
A N
> 200 I‘ 1| H .
F
I 3
E 150 " ﬂ 2f
| I‘l
100 [
[
50 (|
w \
0 Fj-‘ Y o 74'_ ,.‘__+[_ -
8 9 10 11 12 13 14 15 16 17 18 19 20 21
Min
Index | L& | BfiE HE| ®BE Area | Area %
[Min] | [% @3] | [mAU] | [mAU Min] [%]
1 k@ [1133] o582 2034 1021 95816
2 |&a |64z 48] 104 45| 4184
Total 100,00 303.2 106.6 | 100.000
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QJ-HH149-9-rac.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

14
Cr
100 N
H ( Lﬂl
80 N Pho ]
[\ rac-2g f
60) [ |
2 “‘-\ I‘ I‘ﬂ
£ 40 || "'\.\ ‘I‘ ‘I‘"‘.
[ \\ \I L"‘I
\, { \
20 ‘I\ . | \
o) S —— 71 - . ,__!__ e ?/ \—-J,_ -]
-20)
-40)
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Min
Index | {4 | it HE| BEF Area | Area %
[Min] | [% B | mau] | mau min] %]
> |=m [1903| s00s8] 817 95 4| 50027
1 l&m 2537 4097] 1034 953 49973
Total 100.00 | 185 1 100.7 [ 100.000
400 QJ-HH149-9 DATA - Prostar 325 Absorbance Channel 1 LCO805M057
350 @[O
300 N
AN H
250 | Ph
2g
— 200 |
<L
£ 150 L
\
100
| AN
50 AN
| e
o _ S S |
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Min
Index | & | AtfE HE| BF Area | Area %
[Min] | [% B8] | [mAU] | [mAU.Min] [%]
2 | [1770] oss50| 853 385 1] 98504
1 | #an [2549 150] &8 56 1496
Total 100.00] 2973 391.0 100000
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QJ-HH149-6-rac.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

16
120 N OMe
H |‘r‘.
100 s i
a0l rac-2h [
2 60 .‘"I | ."‘I‘ ‘.
E | I‘. |
40 ' \ /
20 / I‘I‘"‘.
e AN -~y _
-20
-40)
13 14 15 16 17 18 19 20 21 22 23 24 25
Min
Index | 35 | AT0E HE| BF Area | Area %
[Min | [% F32] | [mal] | [mau Min] [%]
2 = [1750] 4906 10sa 530 49083
1 ke [2005] s0.04] 949 540] 50.037
Total 100.00 | 2038 107.9 [ 100.000
45 QJ-HH149-6 DATA - Prostar 325 Absorbance Channel 1 LC0805M057
400
(e}
350 @ -‘,‘
¥ OMe ||
300 N I/
[
250 2h ‘I ‘I‘.
[
200 [
Fo
150 [
| |
100 [
50
_;"; \\‘"J - +' — _
13 14 15 16 17 18 19 20 21 22 23 24 25
Min
Index | 3CMEE | A& HE| wF Afrea| Area %
in] | [% B3] | [mau] | [mau Ming [%]
o |wm |1733| 0400|3617 1805 | 94 085
1 &m [1e77 501] 175 95| 5012
Total 100.00] 3795 190.0 | 100,000
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30

280
260
240
220
200
180
160
140
120
100

80

60

40

20

mAU

-20
-40)

QJ-HH151-1-rac.DATA - Prostar 325 Absorbance Channel 1 LC0805MO057

o

N
H

rac-2i

Cl

Index

paiza

i 1]
[Min]

e
[% HI#H]

EE
[mAU]

Area
[mAL Min]

Area %
[%0]

B

11.25

48 99

2123

646

49,993

F 4l

1564

50.01

1456

64 6

50.007

Total

100.00

3579

128.2

100,000

1.4
1.3
1.2
1.1

1,000
900
800
700
600
500
400
300
200
100

mAU

0

Min

QJ-HH151-1.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

00
00
00

:tO
N
H

2i

Cl

_If‘

10

Index

AEE

e i)
[Min]

HE
[% H#]

B
[mAU]

Area
[mAU Min]

Area %
[%]

B

11.01

91.21

10675

3207

91.210

F A

15.34

8.79

734

30.8

8.790

Total

100.00

11409

351.6

100.000

13 14 15 16 17 18 19
Min
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QJ-HH149-8-rac' DATA - Prostar 325 Absorbance Channel 1 LCO805M057

200
180
160 ©io
140 I N cl
I H
120 ‘| || cl
100 | \I rac-2j
o I
E 80 I‘ \I A
60 [ /
\ [
40 I f
o f \
20 [
o—— o~ 4__ AN ! — e~ __1/ \L_;L R —
-20
-40
10 11 12 13 14 15 16 117 18 19 20 21 22 23 24 25 26 27 28 29 30
Min
Index | & | BFE HE| BEF Area | Area Y%
[Min] | [% E#E] | [mAU] | [mAU Min] [%6]
1 I &@m [1a11] s008] 1487 638 50079
32 & |z434] 4992] 813 636 | 49931
Total 100.00] 2394 127 4] 100,000
30 QJ-HH149-6 . DATA - Prostar 325 Absorbance Channel 1 LC0805MO057
280
260
240 I o
- N N !
200 [l N Cl
180 \ l‘ H
160 [ _ cl
2 140 \ \l 2j
c 120 [ |
100 ‘ "
80 | |I
60| [
40 n
20| [\
o) _7" "\' o o o /\‘-\;' e
-20 B
-40)
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Min
Index | X {4 | #fiE HE| BEF Area | Area %
[Min] | [% B#9] | [mAU] | [maU Min] [%6]
1 =41 [1290] 9793|2434 1034 | 92977
2 |kwm |2375 707] 117 7ol 7073
Total 100.00 | 255.1 111.3]100.000
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QJ-HH139-RAC3.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

500,
(0]
Cx
400 NN
H
350
300 N rac-4a
250 [
2 200 [ "'
£ [ [
150 [ /
100 [ /
50 \
AN / AN
0 .y, -1 _ 1 -
-50,
9 10 1 12 13
Min
Index | & | AtE HE| BF Area | Area %
[Min] | [% E#E] | mAU] | [mAU Min] [%6]
[ T 609] 4000 3306 55 7] 49057
2 [sa [1125] so01] o855 657 | 50.013
Total 100.00 | 6062 131.4 | 100.000
100 QJ-HH150-3-ADH.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
Cr
800) N = [
700 I
600 4a [
[
5 500 [
z [
E 400 [
300 [
200 oo
100 /
0 — o/ S _
9 10 11 12 13
Min
Index | 30 fE4%& | B (e HE| BE Area | Area %
[Min] | [% @8] | [mAU] | [mAU Min] [%]
[ T 685 D67 66 12 oees
2 |&m |1102] oo23] sd00 176.5| 96.334
Total 100.00 | 8556 1797 100000
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QJ-HH-F-UP-RAC1.DATA - Prostar 325 Absorbance Channel 1 LC0O805M057

700
650
800
550
500
450
400
350
300
250
200
150
100

mAU

@[O
N
H

rac-4b

Index | 3 $ &

it fa]
[Min]

HE
[% FI#]

&
[mAU]

Area
[mALU Min]

Area %
[%0]

1| k4

1013

5002

5058

1021

50.023

2 &4

1345

49.98

280.2

1020

49 977

Total

100.00

886.2

204 2

100.000

1,000,

QJ-HH156-2 DATA - Prostar 325 Absorbance Channel 1 LC0O805M057

15

16

17

900
800
700
600
500
400
300
200
100

mAU

@[O
NTNF
H
F
4b

11 12

Index | 32 {2

fif fa]

HE

[Min] | [% E#R]

"
[mAU]

Area
[mAL Min]

Area %
[%0]

[ EZT

1013

4.68

208

10.0

4.650

2 &k

1349

95.32

7759

2039

95.320

Total

100.00

8276

2139

100.000
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400 QJ-HH-CI-UP-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
350 o
Cx
N =
250 H
f| Cl
200 |‘ ‘| rac-4c
] ‘ " f
<< | M
< 150 | I
| \
100 [ [
[ | |
I [
50 I I
o - _'/"II ﬂ.\_!_ B - j." \_ !
-50
8 9 10 11 12 13 14 15 16 17 18 19
Min
Index | 32 & | i HE| =BF Area | Area %
[in] | [% BE#] | [mau] | [mAU Min] [%]
1 I&#& [1126] s005] 2466 55 4| s0.054
2 |#@ |1540] 4995] 1802 553 | 49.046
Tatal 100,00 | 426 8 110.6 ] 100.000
1200 QJ-HH156-3".DATA - Prostar 325 Absorbance Channel 1 LCO805M057
1,100
1,000 @O
900 ¥ f
N = I
800 H l‘ \
Cl il
700 4c |
> 600 A
<L l |
E 500 |‘ '
\
400 l‘ l‘
300 [
200 [
100 [
0 — . / N
8 9 10 11 12 13 14 15 16 17 18 19
Min
Indesc | 3t | A HE| BE Area | Area %
[Min] | [% B | [mau] | [mAau Min] [%]
2 [Fkar [1147 074 107 21| 0743
1 & l1536] oc96( 9175 2761 99.257
Total 100,00 ] 9782 278.1]100.000
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700

QJ-HH156-6-2H-RAC . DATA - Prostar 325 Absorbance Channel 1 LC0805M057

650
600
550
500
450
400
350
300
250
200
150
100

mAU

L

N
H
Br
rac-4d

11

14 15 16 17
Min

X E

Index

B fa]
[Min]

HE
[% HI#]

mE
[mAL]

Area
[mAL Min]

Area %
[%0]

P E3

12.29

50.15

51332

1250

50153

1 | k4

1719

4885

3592

124 2

49 847

Total

100.00

8725

249 2

100.000

80

QJ-HH156-6.DATA - Prostar 325 Absorbance Channel 1 LCO805MOS7

20

750
700
650
600
550
500
450
400
350
300
250
200
150
100

50

mAU

-50

::N
H

J-r——-.!/"\._,

&%

Br [
4d [

10

11

12

13

14 15 16 17
Min

Az

Index

i fa]
[Min]

HE
[% HIiH]

& E
[mAU]

Area
(AU Min]

Area %
[%6]

2 &%

1218

090

86

1.8

0.904

1 | &4

1689

98 10

584.7

202.2

88 096

Total

100.00

503.3

204.0

100.000
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QJ-HH156-5-2H-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

54

450
(0}
Cr
350 N
H
300 OMe
250 ‘II I‘| rac-4e
\ f\
5 200 M N
< [ [
£ 150 [ .
100 | I
50 I‘| ".‘ ‘lel ".
a 3 7._1/:' N ~ . _/‘" e 7_|!77
-50
10 11 12 13 14 15 16 17 18 19 20 21 22
Min
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