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1. General

Solvents were dried and distilled by standard procedures. NMR spectra were recorded on
Varian spectrometers (300 MHz for 'H; 126 MHz, 151 MHz for '°C). Chemical shifts are reported
in & ppm referenced to an internal SiMe, standard for '"H NMR and chloroform-d (5 77.16) for *C
NMR. Chiral HPLC was performed on a JASCO 2000 instrument by using Daicel chiral columns
with 2-propanol/hexane as the eluent at 254 nm. High Resolution Mass Spectra (HRMS) were
recorded on an Orbitrap mass spectrometer with ESI resource. Optical rotation were measured
using a Rudolph Autopol VI Automatic Polarimeter. benzoxazinones 1' and quinoxalinones 3?

were prepared according to the known literatures.



2. General procedure for Rh-catalyzed asymmetric arylation of benzoxazinones 1:

0.0 [Rh(COE),Cl, (1.5 mol%) 0 0
LT+ weon — - L X
N ioxane, K3PO,4/MeOH N~ NAr
H
1

60°C

@
.S,
1-Naph N™ ™

L (3.3 mol%)

2 3

Under Ar atmosphere, benzoxazinones 1 (0.1 mmol), arylboroxine 2 (1.2 mmol),
[Rh(COE),ClI], (1.1 mg, 0.003 of Rh), L2 (1.0 mg, 0.0033 mmol) and anhydrous K;PO4in 1.0
mL of anhydrous dioxane was stirred at room temperature for 30 min. To this mixture was
added absolute methanol (16 pL, 0.4 mmol). After being stirred at 60 °C for 2-12 h, a saturated
ag. NH4Cl was added and the mixture was extracted with EtOAc (10 mLx3). The combined
organic phase was dried over Na,SOy, filtered, and concentrated. The residue was purified by
silica gel flash chromatography, eluting with petroleum ether/EtOAc (10-30% EtOAc), to

afford the corresponding products 3.

3. General procedure for Rh-catalyzed asymmetric arylation of quinoxalinones 3:

Under Ar atmosphere, quinoxalinones 4 (0.1 mmol), arylboroxine 2 (1.2 mmol),
[Rh(COE),Cl], (1.1 mg, 0.003 of Rh), L2 (1.0 mg, 0.0033 mmol) and anhydrous K;PO,4in 1.0 mL
of anhydrous dioxane was stirred at room temperature for 30 min. To this mixture was added
absolute methanol (16puL, 0.4 mmol). After being stirred at 60 °C for 2-12 h, a saturated aq. NH4ClI
was added and the mixture was extracted with EtOAc (10 mLx3). The combined organic phase
was dried over Na,SO,, filtered, and concentrated. The residue was purified by silica gel flash
chromatography, eluting with petroleum ether/EtOAc (10-30% EtOAc), to afford the

corresponding products 5.



4. Characterization data and HPLC chromatogram of products 3a-q, Sa-k
(R)-3-phenyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3a)3:

©:o o) White solid, 93% yield, 99.9% ee

N [a]y =-110.4 (¢ 0.80, CHCLy) [Lit.>: [a]h =+106.5 ( ¢ 0.40, CHCL;) for 97%
H
3a ee]; '"H NMR (300 MHz, CDCls): & 7.36-7.41 (m, 5H), 7.00-7.07 (m, 2H),

6.81-6.90 (m, 2H), 5.06 (d, J = 1.8 Hz, 1H), 4.26 (s, 1 H).
HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 15.9 min, 29.8 min (major).

Chromatogram (zx-5-103-race ad-h pl 0.7.org)
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Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 15903 451509.844 11176821.000 47.8303
2 23810 312812781 12190820.000 52.1697
Total 764322625 23367641.000 100.0000
Chromatogram (zx-5-103-1 ad-h pl 0.7.org)
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Results
Peak No. Peak ID Ret Time Height Area Conc.
1 15.100 325.838 3466.810 0.04%0
2 22878 201973984 7068321.000 99.9510
Total 202299.822 7071787.810 100.0000



(R)-3-(4-methoxyphenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3b)3 :

0. .0 White solid, 98% yield, 99.9% ee.

@N [a]y = —81.4 (¢ 0.70, CHCl;) [Lit.’: [a]h = +69.0 ( ¢ 0.20, CHCL)
H
3b OMe for 80% ee]; 'H NMR (300 MHz, CDCl3): 6 7.32 (d, J = 8.6 Hz, 2H) ,

6.99-7.06 (m, 2H), 6.79-6.91 (m, 4H), 5.00 (d, J = 1.6Hz, 1H), 4.20 (s, 1H), 3.80 (s, 3H);
HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 70/30;
flow = 0.7 mL/min; Retention time: 11.3 min (major), 26.6 min.

Chromatogram (zx-4-159-rac od-h p2 224.org)

&
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400
E 350-
= 300 g
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200-
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50- : .
0 5 10 15 20 25 30
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 12957 447704.156 10208748.000 48.2649
2 27.098 193306.578 10942735.000 51.7351
Total 641010.734 21151483.000 100.0000
Chromatogram (zx-4-152-2 od-H p2 224. org)
[5]
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Results
Peak No. Peak ID Ret Time Height Area Conc.
1 11342 633779.125 15233951.000 99.9706
2 26.627 91.583 4472.408 0.0293
Total 653870.708 15238425.408 100.0000



(R)-3-p-tolyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3c)3:

0. 0O White solid, 98% yield, 99.9% ee.

©:N [a]h =—93.2 (¢ 0.80, CHCL) [Lit.*: [a], = +85.0 ( ¢ 0.40, CHCl;) for
H
3c Me 86% ee]; "H NMR (300 MHz, CDCl;): § 7.28 (d, J =8.1Hz, 2H), 7.17

(d, J = 8.0Hz, 2H), 7.00-7.05 (m, 2H), 6.78-6.89 (m, 2H), 4.98 (d, J = 1.4Hz, 1H), 4.30 (s, 1H),
2.34 (s, 3H);

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 70/30;
flow = 0.7 mL/min; Retention time: 9.7 min (major), 30.3 min.

Chromatogram (ZX-4me-RACE-1 OD-H P2.org)
200
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Results
Peak No. Peak ID Ret Time Height Area Conc.
1 9.688 758634.250 16673702.000 49.9349
2 30.300 213493.000 16717189.000 50.0651
Total 972127250 33390891.000 100.0000

Chromatogram (ZX-4me-1 OD-H P2.org)

8 N R
S & o

g

L R(mw)
223 E228

]
o o

o=
=3
1-—30.305

0 5 10 15 20 25 30
Time(min)
Results
Peak ID Ret Time Height Area Conc.
9.805 178065.625 3878077.000 99.9920
30.305 11.207 312.100 0.0080
178076.832 3878389.100 100.0000




(R)-3-(4-fluorophenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3d)3 :

Y

3d F for 89% ec]; 'H NMR (300 MHz, CDCLy) & 7.39 (d, J = 8.3, 2H),

White solid, 94% yield, 99.3% ee.

[a]h = —105.2 (¢ 0.80, CHCL) [Lit.*: [o]y = +107.0 ( ¢ 0.20, CHCL)

Iz

7.02-7.08 (m, 4H), 6.86-6.90 (m, 1H), 6.82 (m, 1H), 5.02 (d, /= 1.7Hz 1H), 4.29 (s, 1H);
HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 11.3 min (major), 21.0 min.

Chromatogram (zx-4f-RACE OD-H P1 224.org)
220 'ﬁ
200 b
180
160
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Time({mn)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 11357 187308.141 4708463.500 502722
2 20940 96326.992 4657471.000 49.7278
Total 283635.133 9365934.500 100.0000
Chromatogram (zx-4f OD-H P1 224.org)
w
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Easo
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0 I —, . P =
0 ‘ [ 8 0 42 e He' e 2 2% 24
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 11.268 418816.281 10598792.000 99.6411
2 20945 1116264 38170.852 0.3589
Total 419932.545 10636962.852 100.0000



(R)-3-(3-methoxyphenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3e):
0. _.0 White solid, 98% yield, 99.9% ee.
@[H OMe 41 = —112.3 (c 0.85, CHCL); 'H NMR (300 MHz, CDCl3) &
3e 7.32-7.23 (m, 1H), 7.07-6.93 (m, 4H), 6.90-6.77 (m, 3H), 5.04 (s,
1H), 4.30 (s, 1H), 3.77 (s, 3H); *C NMR (151 MHz, CDCl3)  165.1, 160.0, 140.9, 137.8, 132.3,
130.0, 125.2, 1204, 119.7, 117.0, 114.9, 114.5, 112.9, 59.2, 55.3; ESI-HRMS exact mass
calculated C,sH,3NO; for [M+H"] 256.0968, found 256.0962;
HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 70/30;

flow = 0.7 mL/min; Retention time: 13.8 min (major), 21.4 min.

Chrozatograz (zx-5-46-RAC od-h p2 0.7.o0rg)

500
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5 350 E;
£ 300 2
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200
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100
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2 4 & 8 10 12 14 16 18 20 2 24
Teme{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 16257 307251469 £791903.000 48.8659
2 19.737 230444 698 9199981.000 511341
Total 546696.156 17991884.000 100.0000
Quantification: Area/Area%
Chromatogram (zx-5-46-2 od-h p2 0.7.org)
500 g
wr
200
700
__ 600
2
= 500
= 400
300
200
g
100 =
0 e ; L
2 4 ] 8 10 12 14 18 -] 20 2 24
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 13.602 T793814.000 24049016.000 99.8337
2 19.192 1188.766 40051.055 0.1663
Total 795002.766 24089067.055 100.0000




(R)-3-(3-methoxyphenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3f):
0. .0 White solid, 96% yield, 99.9% ee.
@EH Me o] =-95.2 (c 0.70, CHCL); '"H NMR (300 MHz, CDCl3) § 7.31-7.14
3f (m, 4H), 7.04 (m, 2H), 6.91-6.77 (m, 2H), 5.03 (d, J = 3.7 Hz, 1H),
4.23 (s, 1H), 2.35 (s, 3H). >*C NMR (151 MHz, CDCl;) § 165.3, 140.9, 138.8, 136.3, 132.4, 129.8,
128.9, 128.2, 125.1, 124.5, 120.2, 117.0, 114.8, 59.3, 21.4; ESI-HRMS exact mass calculated
C,5H,3NO, for [M+Na'] 262.0838, found 262.0834;

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 16.2 min (major), 19.7 min.
Colu=n Te=p: Frog. Tesp.

Chromatogram (zx-3Me-rac OD-H P1 224.org)

280
260
240 S
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180 =
E 160 4
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a,o.
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0 » - T
2 4 3 g 10 12 14 18 18 20 2 24
Time(min)
Results
Peak No. PeakID Ret Time Height Area Cone.
1 13.840 206787.266 6813298.000 50.0907
2 21.357 131135234 6788620.000 459093
Total 337922.500 13601918.000 100.0000

Colu=n Tesp: Prog. Tesp.

Chromatogram (zx-3Me OD-H P1 224.o0rg)

750 o
700 a
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00
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50 &
M A ’ i
0 2 4 & 8 10 12 14 1B 18 20 2 24
Time(min)
Results
Peak No. PeakID Ret Time Height Area Cone.
1 13.593 672353.875 22707044.000 999844
2 21.072 116220 3550.502 0.0156
Total 672470.095 22710594.502 100.0000



(R)-3-(3-bromophenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3g)

©:O ) White solid, 33% yield, 99.7% ee.
Br [ = -94.8 (c 0.80, CHCl;); "H NMR (300 MHz, CDCLy) § 7.59 (s,

N
|;‘El 1H), 7.50 (dd, J = 7.9, 1.6 Hz, 1H), 7.38-7.22 (m, 2H), 7.06 (m, 2H),
6.93-6.81 (m, 2H), 5.04 (d, J = 2.1 Hz, 1H), 4.26 (s, 1H). °C NMR (151 MHz, CDCl;) & 164.6,
140.8, 138.4, 132.2, 132.0, 130.7, 130.5, 126.3, 125.3, 123.0, 120.7, 117.1, 115.0, 58.7;
ESI-HRMS exact mass calculated C4H;(BrNO, for [M+H+] 303.9803, found 303.9804;

HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;
flow = 0.7 mL/min; Retention time: 11.7 min, 13.9 min (major).

Chromatogram (ZX-5-91-RACE AD-H Pl 0.7 224.org)

400
350
2
300 = ~
%
250 L
T
= 200
150
1001
50
0
1] 2 4 L] 8 10 12 14 16
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 11.697 268107.469 4176594500 49.5698
2 13.887 223315.188 4249093.500 50.4302
Total 491422.656 $425688.000 100.0000
Chromatogram (ZX-5-91-1 AD-H P1 0.7 224.org)
o
1,100 3
1,000 @
900
800
T00-
E 600
= s00
400
300
200
2
100 i
—_— 1
2 4 6 8 10 12 14 16
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 11.763 2130996 36503.055 0.1962
2 13.945 964240313 18569538.000 99.8038
Total 966371.308 18606041.055 100.0000



(R)-3-(2-methoxyphenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3h):

@0 O White solid, 99% yield, 99.7% ce.

N [a]> = —81.5 (c 0.75, CHCl;); 'H NMR (300 MHz, CDCLy) & 7.41 (d, J =
3'\49 7.4 Hz, 1H), 7.27 (m, 3H), 7.13-7.00 (m, 2H), 6.94-6.86 (m, 1H), 6.81-6.75

(m, 1H), 5.18 (d, J= 1.8 Hz, 1H), 4.11 (s, 1H), 2.43 (s, 3H). C NMR (151
MHz, CDCl;) 8 165.5, 141.1, 137.1, 134.6, 133.2, 131.2, 129.0, 127.9, 126.5, 125.2, 120.3, 117.0,
114.8, 57.1, 19.6; ESI-HRMS exact mass calculated C;5sH;3NO, for [M+Na+] 262.0838, found
262.0834;
HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 10.2 min, 13.7 min (major).

Chromatogram (ZX-5-5-RAC P1 0.7 224.org)

6004
550
500

$8.212

4504
400

13680

WG )

=1
=3

250+
200
150
100+
504

0 2 H & 8 10 12 14 16 18
Time{min)

Results
Peak No. PeakID Ret Time Height Area Cone.

1 10212 510654.906 10613470.000 326320
2 13.680 353922.906 9551969.000 47.3680
Total 864577813 20165439.000 100.0000

Chromatogram (ZX-5-5-1 P1 0.7 224. org)
800
750
T00
650
600
S50

10150

T 450
= 400

(m

iy

300

200
150

100 l
50- A \

0 1 2 3 4 § 5 7 8 g 10 11 12 13 14 15 16 17 18 T.Q 20
Time{min)

-13.833

Results
Peak No. Peak ID Ret Time Height Area Cone.
1 10.150 564076.438 12129605.000 99,8530
r] 13833 723930 17852875 0.1470
Total 564800.368 12147457.875 100.0000
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(R)-3-(2-fluorophenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3i):

0. _O White solid, 77% yield, 99.4% ee.

N
H

[a]y =—74.1 (¢ 0.50, CHCls); "H NMR (300 MHz, CDCl3) & 7.45-7.31 (m,

E 2H), 7.13-7.2 (m, 2H), 7.02 (dd, J = 8.2, 6.8 Hz, 1H), 6.93-6.85 (m, 1H),
’ 6.71-6.81 (m, 1H), 5.36 (d, J = 1.7 Hz, 1H), 4.18 (s, 1H). C NMR (151

MHz, CDCl;) & 164.4, 160.7 (d, J = 249 Hz), 141.1, 132.3, 1309, 130.8, 128.7, 128.7, 125.2,

124.7, 124.6, 123.6 (d, J = 13.6 Hz), 120.7, 117.0, 116.0 (d, J = 21 Hz), 115.1, 53.4 (d, J = 3 Hz);

ESI-HRMS exact mass calculated C;sH;(FNO, for [M+Na+] 266.0588, found 266.0586;

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 11.9 min (major), 13.4 min.

Chromatogram (zx-2F-RACE OD-H Pl 0.7 224.o0rg)

340
320
300 §
280 -
280
240
2204
200
180+
180
140
120
100+
80
€0
40
20
0

)

] 2 4 &

Peak No. Peak ID Ret Time

Time(min)

Results

Height

Area

Cone.

1 11.8%0
2 13308

260765.922
210748219

6057264.000
5703810.500

51.4964
48.5036

Total

Chrozatogram

(zx-2F OD-H P1 0.7

471514.141

= an

224. org)

11763674500

100.0000

()

11.335]

Peak No. PeakID Ret Time

]

10 12
Time{min)

Resaults
Height

Conc.

1 11.335
2 12.763

393731.156
176.649

$832826.000
452.901

99.6949
0.0051

Total

393907.806

12

§333278.901

100.0000



(R)-3-(thiophen-3-yl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3j):

0. _0O White solid, 99% yield, 99.3% ee.

@ [a]y =—54.3 (c 0.50, CHCly); 'H NMR (300 MHz, CDCl3) 8 7.35-7.26 (m,
N N
Ho |l

3 2H), 7.10-7.00(m, 3H), 6.91-6.81 (m, 2H), 5.20 (s, 1H), 4.31 (s, 1H); °C
J NMR (151 MHz, CDCls) 6 164.6, 140.9, 137.0, 132.0, 127.1, 126.3, 125.3,

123.7, 120.6, 117.0, 115.1, 55.3; ESI-HRMS exact mass calculated C;,HoNO,S for [M+Na']

254.0246, found 254.0247;

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 14.7 min (major), 19.3 min.

Chromatogram (ZX-5-96-RACE OD-H P2 0.7 224.org)

180
160-
140 'E"
120 <
= 100 @
= @
= 80 -
F a0
40
20
0
<k ECERI ', S
0 2 4 8 8 10 12 14 18 18 20
Time{min)
Results
Peak Na. Peak ID Ret Time Height Area Conc.
1 14.707 134414672 3805203.000 51.6166
2 19348 96007.695 3566854.750 48.3834
Total 230422 367 7372057.750 100.0000
Chromatogram (ZX-5-96-1 OD-H P1 0.7 224.org)
60D
550
e
500 3
450 -
400
530
= 200-
= 250
200
150
100
50 g
&
o i T
4 8 8 10 12 14 18 18 20 2 24
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 13947 446411844 11056558.000 99,9963
2 19.562 72.622 353.400 0.0032
Total 446484 466 11056911.400 100.0000

13



(R)-3-(naphthalen-2-yl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3k):
0. 0O White solid, 90% yield, 99.9% ece

@ [a]y = —75.3 (¢ 0.70, CHCL); 'H NMR (300 MHz, CDCL): &

3Hk OO 7.90-7.77 (m, 4H), 7.51 (m, 3H), 7.11-7.01 (m, 2H), 6.94-6.78 (m,
2H), 5.22 (d, J = 1.9 Hz, 1H), 4.34 (s, 1H); C NMR (151 MHz,

CDCl5): 6 165.2, 141.0, 133.6, 133.4, 133.1, 132.4, 129.0, 128.1, 127.8, 127.0, 126.7, 126.6, 125.2,

124.8, 120.5, 117.0, 114.9, 59.4; ESI-HRMS exact mass calculated C;sH3NO, for [M+Na+]

298.0838, found 298.0838;

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 70/30;

flow = 0.7 mL/min; Retention time: 20.6 min (major), 33.1 min.

Chromatogram (zx-2nap-race od-h p2.org)

280
260 -]
240 8
220
200
180
T 180 b
E 2]
= 140 fe)
=120
100
&0
&0
40
20
0 — A . . "
] 5 10 15 20 25 30 35
Time{min)
Results
Peak Nu. Peak ID Ret Time Height Area Conc.
1 20618 217505.172 12742355.000 49.3224
2 330 121672.820 13092480.000 50.6776
Total 339177.992 25834835.000 100.0000
Chromatogram (zx-2-nap OD-H P2 224. org)
o
1,000- =
900
800
700
'E‘- €00
= s00
i 400
00
200
$
100+
3
o i . 1
[} 5 10 15 20 2 30 35
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 21178 $93856.125 55554492.000 99.9482
2 34407 2021477 28770.561 0.0518
Total 894077.602 55583262.561 100.0000
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(R)-3-(naphthalen-2-yl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (31):

(:[O (0] ‘ White solid, 99% yield, 99.5% ee
N [oc]ztf = —28.5 (¢ 1.0, CHCly); 'H NMR (300 MHz, CDCl3): 6 8.19-8.12

:’t: O (m, 1H), 7.94-7.85 (m, 2H), 7.59-7.39 (m, 4H), 7.17-6.88 (m, 3H), 6.76
-6.68 (m, 1H), 5.65 (d J = 1.8, 1H), 4.23 (s, 1H); °C NMR: (151 MHz, CDCl5) & 165.4, 141.1,
134.2, 132.8, 131.8, 130.9, 130.0, 129.1, 126.8, 126.6, 126.1, 1252, 125.2, 123.7, 120.4, 117.1,
114.9, 57.6; ESI-HRMS exact mass calculated Ci;gH;3NO, for [M+Na+] 298.0838, found
298.0832;
HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 23.4 min (major), 27.8 min.

Chromatogram (zx-5-97-race ad-h pl 0.7.org)

=
=1
23407

o
0
s
27 948

0 5 10 15 20 25 30
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Cone.

1 23407 632583.188 22903436.000 50.1603
2 27.948 344079.563 22757048.000 40.8397
Total 1176662.750 45660484.000 100.0000

Chromatogram (zx-5-97-1 ad-h pl 0.7.org)

1,300
1,200
1,100
1,000-

24.425

800-
700
600
500
400

300

200 &

100 ,] &
0 S N 1

0 H 10 15 20 25 30
Time{min)

R ()

Results
Peak No. PeakID Ret Time Height Area Conc.

1 24425 1097013.750 43912980.000 99.6460
2 29538 2770.197 156000469 0.3540
Total 1099783.947 44068980.469 100.0000
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(R)-6-(tert-butyl)-3-phenyl -3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3m)4:

0.0 White solid, 98% yield, 99.8% ece

tBu/©:N [a]y =-110.2 (¢ 0.90, CHCL) [Lit.": [a]; = +100.7 ( ¢ 0.76, CHCI;)
H
3m for 98% ee]; '"H NMR (300 MHz, CDCly) & 7.39 (m, 5H), 7.02-6.81

(m, 3H), 5.03 (s, 1H), 4.21 (s, 1H), 1.30 (s, 9H);
HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 70/30;
flow = 0.7 mL/min; Retention time: 7.5 min (major), 9.2 min.

Chromatogram (zx-6-50-race OD-H P2.org)

r
g
7532

g
9195

Tims{min)

Results
Peak No. Peak ID Ret Time Height Area Conc.
1 7532 247042547 4428020.000 552642
2 9.195 142327.297 3384438.000 44.7358
Total 389360.844 8012458.000 100.0000

Chromatogram (zx-6-50-1 OD-H P2. org)

@
=3
=

7.515

100 &
0 8
i

0 1 2 3 4 s 7 8 F] 0 1 12

]
Time(min)

Results
Peak No. PeakID Ret Time Height Area Conc.

1 7.515 333018438 9725139.000 99.9249
2 9202 403.796 7310.501 0.0751
Total 533422234 9732449.501 100.0000
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(R)-6-chloro-3-phenyl) -3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3n)4:

Jo8e
Cl N
H
3n

White solid, 98% yield, 99.7% ee.

[a]h = —129.1 (c 0.84, CHCL) [Lit.*: [0]y = +125.2 ( ¢ 0.84, CHCL)

for 98% ee]; 'H NMR (300 MHz, CDCL): & 7.38 (s, SH), 6.96 (d, J =

8.5 Hz, 1H), 6.83 (dd, J=8.3, 1.8 Hz, 2H), 5.08 (d, J = 1.9 Hz, 1H), 4.38 (s, 1H);

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 14.5 min (major), 21.4 min.

Chromatogram (zx-5-119-race od-h pl 0.7.org)

450
400-
8
350 =
300
F— [
£ E
£ 250 =
= 200
150
100
50+ JL
0 s 10 15 20 2 30
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc,
1 14.530 294785.625 9507120.000 352171
2 21407 181846.578 £357664.500 46.7829
Total 476632203 17864784.500 100.0000
Chromatogram (zx-5-119-1 od-h pl 0.7.crg)
350 2
=~
-
300
250
E 200
= 150
100
50 §
f\__ ]
0 r !
0 2 4 & 8 10 12 14 16 18 20 2 24
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 14.750 296165.969 9923858.000 998718
2 22.463 362.932 12742.553 0.1282
Total 206528.901 9936600.553 100.0000
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(R)-7-chloro-3-phenyl) -3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (30):

Cl 0.0 White solid, 98% yield, 99.7% ee
\©i [a]ff = —53.6 (¢ 1.0, CHCly); 'H NMR (300 MHz, CDCls): 6 7.38 (s,

N
H
30 5H), 7.07-6.97 (m, 2H), 6.75 (d, J = 8.4 Hz, 1H), 5.06 (d, J = 1.8 Hz,

1H), 4.31 (s, IH). ®C NMR (151 MHz, CDCl;): & 164.4, 141.1, 135.9, 131.0, 129.2, 129.1, 127.4,
125.1, 124.9, 117.3, 115.6, 59.0; ESI-HRMS exact mass calculated C4H;(CINO, for [M-H]
258.0327, found 258.0325;

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 17.7 min (major), 30.5 min.

Chromatogram (zx-0-110-race od-h pl 0.7.0rg)

200
190
180-
170 5
160 =
150 -
140
’g 130
= 120 2
=110 al
= 8
100
90
B0
70
&0
50 k
40
30-
] 5 10 15 20 25 30 35
Time(min)
Results
Peak No. PeakID Ret Time Height Area Cone.
1 17.707 106635.156 3711980.750 47.7764
2 30.565 57865395 4057505500 522236
Total 164500.551 7769486250 100.0000
Chromatogram (zx-5-110-1 od-h pl 0.7.org)
170+
160
150
140 %
130- 1
120
110+
__ 100
E 90
= 80
270
60+
50
40
30
20 8
10- A\ &
0 - s o A J- T
L] s 10 15 20 25 £l 35
Time(min)
Results
Peak No. PeakID Ret Time Height Area Cone.
1 16.030 126137.570 4182616250 99.1516
2 29.738 428.787 35790.301 0.8484
Total 126566.357 4218406.551 100.0000
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(R)-6-(methyl)-3-(4-methoxyphenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3p):

/©:O (0] White solid, 97% yield, 99.3% ee

Me N [a]; = —117.5 (¢ 0.92, CHCLy); '"H NMR (300 MHz, CDCl,):
H
3p OMe & 7.32 (d, J = 8.6 Hz, 2H), 6.92 (m, 3H), 6.69-6.59 (m, 2H),

4.98(d, J=1.8, 1H), 4.12 (s, 1H), 3.80 (s, 3H), 2.29 (s, 3H); >C NMR (151 MHz, CDCl;): & 165.7,
160.0, 139.0, 135.0, 132.2, 128.8, 128.6, 120.9, 116.6, 115.3, 114.4, 58.8, 55.3, 21.0; ESI-HRMS
exact mass calculated CcHsNOs for [M+Na+] 293.0944, found 292.0937;

HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/'PrOH = 80/20;
flow = 0.7 mL/min; Retention time: 24.4 min, 28.8 min (major).

Chromatogram (ZX-5-88-RACE(1) AD-H P1 0.7 224.org)

280
260
240
20 @
o ;
200 g &
—~ 180- &
-]
= 180
=140
120
100
80
o N
40 Al
20
0 5 10 15 20 25 30
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 24.352 136832.344 5832687.000 433191
2 28.845 146346.844 7037586.000 54.6809
Total 283179.188 12870273.000 100.0000
Chromatogram (ZX-5-88-1(1) AD-H P1 0.7 224.org)
550
£00
450 g
4001 &8
350
2
= 200
= 290
200
150
100 2
o
0 (R, o e
0 H 10 15 20 25 20
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 24850 1967.657 70489.516 0.3206
2 28.9%0 352780.500 21918850.000 99.6794
Total 354748.157 21989339.516 100.0000
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(R,E)-3-styryl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (3q):

Yellow solid, 28% yield, 95% ee.

0._0
@ [a]y =-40.3 (¢ 0.7, CHCls); '"H NMR (300 MHz, CDCls): & 7.40-7.28
N NF
H (dd, J = 16.4, 4.7 Hz, 5H), 7.08-7.01 (m, 2H), 6.92-6.86 (dd, J = 7.8,
3q

1.5 Hz, 1H), 6.84-6.69 (m, 2H), 6.45-6.12 (dd, J = 15.9, 7.2 Hz, 1H),
4.82-4.60 (d, J = 7.2 Hz, 1H), 4.12 (s, 1H). *C NMR (126 MHz, CDCls): & 165.61, 141.60,
136.11, 135.86, 132.49, 129.38, 129.27, 127.51, 125.87, 123.57, 121.28, 117.72, 115.88, 58.27.
ESI-HRMS exact mass calculated C;¢H;sNO3 for [M-H'] 250.0874, found 250.0871;
HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/'PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 10.6 min (major), 11.9 min.

Chromatogram (ZX-6-69-rac AD P1 0.7 224 1.org)

-
=]
E=1

0.5

12332

WK}
1]
8

; B s NN

0 2 4 -] g 10 12 14
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Cone.

1 10.573 348768.688 5849111.500 50.5249
2 12332 303140563 5727583.500 49.4751
Total 651909250 11576695.000 100.0000

Chromatogram (ZX-6-69-1 AD P1 0.7 224 1.org)

o
&
10207

LR Cmv)
o
L=

0 2 4 6 10 12 14

g
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 10.207 620443.500 10392644.000 97.6340
2 11.898 15990.828 251852.297 23660
Total 636434328 10644496297 100.0000
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(R)-1-methyl-3-phenyl-3,4-dihydroquinoxalin-2(1H)-one (5a)3:

I\l/le White solid, 83% yield, 99.3% ee
N O 20 3 20

©: [a]y =-160.1 (¢ 0.5, CHCI) [Lit.”: [a], = —153.0 (¢ 0.4, CHC]l5) for 92%
N eel; "H NMR (300 MHz, CDCl3): & 7.41-7.26 (m, 5H), 6.98-6.86 (m, 3H),
ba

6.78-6.73 (m, 1H), 5.07 (s, 1H), 4.34 (s, 1H), 3.40 (s, 3H); °C NMR (126
MHz, CDCls): 6 166.7, 139.8, 135.2, 129.4, 129.0, 129.0, 127.8, 124.5, 120.2, 115.5, 114.6, 61.5,
29.9;

HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 14.5 min, 19.6 min (major).

Chromatogram (zx-6-51-race ad-h pl 0.7 224, org)
o
500 2
-
450- T
400 2
3
350 B
E 300
=250
= 200
150
100
50
0 . I,
0 2 4 B 8 10 12 14 16 8 20
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 14540 437921.813 9534490.000 49.7764
2 19.643 324949.719 9620146.000 502236
Total 762871.531 19154636.000 100.0000
Chromatogram (zx-6-51-1 ad-h pl 0.7 254. org)
1,100 2
1,000 2
900+
200
__ 700
E e
= 500
400
300
200 .
#
100- -
0 P, .rk o | - i .
2 4 8 3 10 12 4 16 18 20 2
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 14.353 4367.999 91446.398 03257
2 19.255 953061313 27986246.000 99.6743
Total 957529511 28077692398 100.0000
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(R)-3-(4-methoxyphenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (5b):

I\l/Ie White solid, 80% yield, 99.5% ee
N.__O

(:[ [a]y =-117.2 (¢ 0.7, CHCl;); "H NMR (300 MHz, CDCl;): & 7.29 (d,
H J=28.5 Hz, 2H), 6.98-6.82 (m, 5H), 6.76-6.69 (m, 1H), 4.99 (s, 1H),
5b OMe

4.32 (s, 1H), 3.77 (s, 3H), 3.39 (s, 3H); °C NMR (151 MHz, CDCls):
5 166.4, 159.5, 134.6, 131.2, 128.4, 128.3, 123.7, 119.5, 114.8, 114.1, 114.0, 60.3, 55.3, 29.2;
ESI-HRMS exact mass calculated C,sH;sN,O, for [M+Na+] m/z 291.1109, found 291.1104;
HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 60/40;
flow = 0.7 mL/min; Retention time: 12.9 min (major), 18.2 min.

Chromatogram (zx-5-5l-race od-h pb 224. org)

750
700
850
800
=50
500

~ 450

‘% 400

= %0
300
250
200
150
100

0

12878

18217

10 20

Time(min)

12

Results
Height
466111.906
299786250
765898.156

Ret Time Conc.
502593
49.7407

100.0000

Peak No. Peak ID
1 12.878
2 18.217

Total

13220572.000
13084137.000
26304709.000

Chromatogram (zx-5-51-1 od-h p6 224.org)

500

400

12625

350

300

(v

= 250

i

200

150

100
50

18252

T
14

o

12 20 2

Time(min)

0 2 4 6 8 10 % 1

Results

Peak No. Peak ID Ret Time Height Area Conc.

1 12.625
2 18252

287377313
317488

§187170.000
11954.070

99.8542
0.1458

Total

287694.801
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(R)-3-(4-methylphenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (Sc)3 :

I\I/Ie

C :N

N
H
5¢c

0]

Me

White solid, 79% yield, 99.5% ee
[a]y = —109.1 (¢ 0.7, CHCl3) [Lit.’: [a]y = +106.2 (¢ 0.4, CHCl3)
for 89% ee]; '"H NMR (300 MHz, CDCls): & 7.28-7.24 (m, 2H), 7.12

(d, J=17.8 Hz, 2H), 6.976.84 (m, 3H), 6.776.70 (m, 1H), 5.02 (s, 1H),

4.33 (s, 1H), 3.39 (s, 3H), 2.32 (s, 3H); °C NMR (126 MHz, CDCL;): & 166.9, 138.8, 136.8, 135.3,

130.2, 130.1, 129.5, 127.7, 124.4, 120.2, 114.6, 61.3, 29.9, 21.8; ESI-HRMS exact mass

calculated C6HsN,O, for [M+Na+] m/z 275.1160, found 291.1155;

HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 16.6 min, 22.7 min (major).

Chromatogram (ZX-5-89-RACE AD-H P1 0.7 224.o0rg)

700
™~
850 a8
800 =
550-
o~
500 &
450 N
3 400
= 350
= 300
250
200
150
100
50
0 .Ir\\-—-_ K 2 . 1
2 4 6 8 10 12 14 16 18 20 2 24 26 28
Time(min)
Results
1k No. Peak ID Ret Time Height Area Cone.
1 16.657 564434813 13868713.000 49.8348
2 22,782 409918.188 13960644.000 50.1652
tal 974353.000 27829357.000 100.0000
Chromatogram (ZX-5-88-1 AD-H P1 0.7 224.org)
1,000 =
&8
900 Iy
800
700
. 600
E
= 500
= 400
300
200
2
100 5
P A L1 2
6 8 10 12 14 16 18 20 2 24 2% 28
Teme{min)
Results
Peak No. PeakID Ret Time Height Area Cone.
1 16.170 2819.037 64030.500 02178
2 2207 863602563 29330020.000 99.7822
Total 866421599 29394050500 100.0000
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(R)-3-(4-fluorophenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (5d):

I\l/Ie White solid, 79% yield, 99.9% ee
N.__O

@[ [a]y =-150.3 (c 0.5, CHCly) [Lit.*: [0]; = +144.8.4, (¢ 0.4, CHCl;) for
N 92% ee]; 'H NMR (300 MHz, CDCls): § 7.40-7.33 (m, 2H), 7.04-6.88
5d F

(m, 5H), 6.75 (dd, J = 7.6, 1.6 Hz, 1H), 5.03 (s, 1H), 4.33 (s, 1H), 3.39
(s, 3H); ®C NMR (151 MHz, CDCls): § 166.0, 162.6 (d, J = 247.6Hz), 134.8 (d, J = 4.5Hz), 128.9
(d, T =9.0Hz), 128.3, 123.8, 119.7, 115.6 (d, J = 21.1Hz), 114.9, 114.0, 60.2, 29.3; ESI-HRMS
exact mass calculated C;sH3FN,O for [M+H+] m/z 279.0910 found 279.0904;
HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 14.7 min, 17.6 min (major).

Chromatogram (ZX-5-90-RACE AD-H P1 0.7 224.org)

400
350 &
= 5
300 =
250
E
F 200
" 1s0
100
y
i M
[} 2 4 6 8 10 12 14 16 18 20
Time({min)
Results
eak No. Peak ID Ret Time Height Area Conc.
1 14.725 293641.281 6323468.500 48.0239
2 17.637 261944000 6843867.000 51.9761
‘otal 555585281 13167335.500 1000000
Chromatogram (ZX-5-90-1 AD-H P1 0.7 224.org)
850 E
800 ~
750 T
700
650
600
550
?__v‘ 500
= 450
= 400
350
300
250
200
150 =
100 =
0 =
=" P 1 . -
4 & 8 10 12 14 16 18 20 22 24
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 14743 405.161 11496312 0.0566
2 17.817 726920.125 20307098.000 999434
Total 727325286 20318594312 100.0000
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(R)-3-(3,4-dimethylphenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (5e):

Me White solid, 56% yield, 99.5% ee
|
N.__O
(:[ [a]y = —=57.9 (¢ 0.5, CHCL); 'H NMR (300 MHz, CDCly): & 7.17 (s,
Me
N 1H), 7.08 (d, J = 1.6 Hz, 2H), 6.97-6.86 (m, 3H), 6.76-6.70 (m, 1H),
5e Me

4.99 (s, 1H), 3.40 (s, 3H), 2.23 (s, 6H); "C NMR (126 MHz, CDCl5): &
165.9, 136.5, 136.3, 136.0, 134.2, 129.4, 128.0, 128.0, 123.9, 123.2, 119.0, 114.2, 113.4, 60.2,
28.7, 19.4, 19.0; ESI-HRMS exact mass calculated C7H;sN,O for [M+H'] m/z 266.1419, found
266.1411;

HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 13.0 min, 20.5 min (major).

Chromatogram (zx-6-53-race ad-h pl 0.7 224.org)

&850

800- 8
750 o
700
650
€00
50 2
- S00 put
B &
= 400-
= 350
300
250
200
150
100
50
0 L ————
01 2 3 4 567 8 898 10 1 12|3|4i5|lﬁ|?18l9202|22232425
Time(min)
Results
Peak No. PeakID Ret Time Height Area Cone.
1 12.982 686383.250 13595829.000 45,6850
2 20498 422186250 13768204.000 50.3150
Total 1108569.500 27364033.000 100.0000
Chromatogram (zx-6-53-1 ad-h pl 0.7 224.org)
750 2
L-]
700 "
650
600
5504
500
— 450
£ 400
=30
= 300
250
200
150
100- g
50 i
0 L
2 4 B 2 10 12 14 16 18 20 2 24
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 13.053 2617.071 48462.703 0.2315
2 20,610 639586313 20885580.000 99.7685
Total 642203.384 20934042.703 100.0000
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(R)-3-(2-methylphenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)- one (5h):

I\llle White solid, 79% yield, 99.7% ee
N._O

@ Me  [q]} =-127.3 (c 0.6, CHCLy); 'H NMR (300 MHz, CDCls): & 7.37 (d, J =
N 7.4 Hz, 1H), 7.24-7.17 (m, 3H), 7.00-6.90 (m, 3H), 6.71-6.65 (m, 1H), 5.24
5h

(s, 1H), 4.17 (s, 1H), 3.42 (s, 2H), 2.46 (s, 3H); "C NMR (126 MHz,
CDCls): 6 166.0, 136.7, 136.4, 134.7, 130.5, 128.2, 127.8, 127.0, 125.9, 123.2, 119.1, 114.2, 113 4,
57.7, 28.7, 19.3; ESI-HRMS exact mass calculated CsH;¢N,O for [M+H'] m/z 253.1335, found
253.1330;
HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/PrOH = 90/10;
flow = 0.7 mL/min; Retention time: 25.2 min, 27.4 min (major).

Chromatogram (zx-6-52-rac ad-3 p0 0.7.org)

450 E o
§ 8
400 5
350
300
z
E 250
= 200
150
100
50
ot [ | ] o3 J 3
o s 10 15 20 F-3 30 35 40 45 S0 55
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Con.
1 25215 393965.219 17416078.000 50,7115
2 21.382 364220638 16927390.000 492885
Total 738194.906 34343468.000 100.0000
350
300
250 g
g
E 200
=150
100
50 2
&
&
0 Sa, A i
0 5 10 15 20 25 30
Trmea(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 25.790 218453.563 99103515.000 99.8710
2 29.240 44164 12320217 0.1242
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(R)-1-methyl-3-(naphthalen-1-yl)-3,4-dihydroquinoxalin-2(1H)-one (5i):
e White solid, 69% yield, 99.9% ee
)
(:[ ‘ [a]s =-53.6 (¢ 0.6, CHCL3); '"H NMR (300 MHz, CDCl3): & 8.29 (d, J =

O 8.2 Hz, 1H), 7.95-7.72 (m, 2H), 7.60-7.33 (m, 4H), 7.10-6.82 (m, 3H),

z-Z

Iz

5i
6.66 (dd, J = 7.0, 2.1 Hz, 1H), 5.74 (s, 1H), 4.29 (s, 1H), 3.47 (s, 3H);

C NMR (151 MHz, CDCL): & 166.4, 134.9, 134.4, 134.2, 131.3, 129.3, 128.9, 128.7, 126.5,
125.8, 1259, 125.2, 124.0, 123.7, 119.7, 114.8, 114.1, 58.7, 29.3; ESI-HRMS exact mass
calculated C;9H4N,O for [M+H '] m/z 289.1335, found 289.1339;

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;
flow = 0.7 mL/min; Retention time: 40.4 min (major), 46.0 min.

Chromatogram (zx-5-105-race ad-h pl 0.7.org)

850
800
750
To0
650
&00

40382

45990

< 500
— 450
S 400
350
300
250

200
150
100
50
0

S 10 15 20 25 20 35 40 45 S0 55 B0
Time{min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 40382 639656 938 56696752.000 505288
2 45.990 612508375 55510160.000 49.4712

Total 1302205.313 112206912.000 100.0000

Chromatogram (zx-5-105-1 ad-h pl 0.7.org)

280
260
240
2204
200
180
160
140
120
100
80
&0
40

20 {\ H
0- A >

[} 5 W 15 20 25 30 35 40
Time(min)

40035

WA ()

45283

o
wn

50 55

Results
Peak No. Peak ID Ret Time Height Area Cone.

1 40035 156311.125 12048941.000 99.0748
2 45283 206.072 3033.995 0.0252
Total 156517.197 12051974.995 100.0000
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(R)-1-benzyl-3-(4-methoxyphenyl)-3,4-dihydroquinoxalin-2(1H)-one (5j):

I|3n White solid, 69% yield, 98.9% ee
N.__O

@ [a]y = —80.0 (¢ 0.7, CHCL;); "H NMR (300 MHz, CDCls): & 7.36 (d,
N J=8.7 Hz, 2H), 7.23 (m, 5H), 6.87 (m, 4H), 6.78-6.67 (m, 2H), 5.33

5j OMe "
25.05 (m, 3H), 439 (s, 1H), 3.79 (s, 3H); °C NMR (151 MHz,

CDCl): 6 166.5, 159.6, 136.7, 134.7, 131.1, 128.7, 128.3, 127.6, 127.1, 126.5, 123.8, 119.5, 115.6,
114.2, 60.3, 55.3, 45.9; ESI-HRMS exact mass calculated C,,HyN,O, for [M+H '] m/z 345.1598,
found 345.1589;

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 15.6 min (major), 23.9 min.

Chromatogram (zx-5-53-race od-h pl 224. org)
3s0
2
300 b
250
= o
= 200 2
= a8
150
100
] k
0 = g )
] 5 10 15 20 Frt
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 15.643 264416531 15938082.000 493175
2 23902 160449219 16379238.000 50.6825
Total 424865.750 32317320.000 100.0000
Chromatogram (zx-5-53-1 od-h p2 0.7.org)
240
220
200
180
160- §
o
‘é‘ 140
= 120
= 100
20
&0
40-
% JLJL g
-
0 q
et
S 10 15 20 25 30
Time(min)
Results
*eak No. Peak ID Ret Time Height Area Conc.
1 16.968 139476.031 8437684.000 99.4620
2 24.860 731.188 45638.652 0.5380
[otal 140207220 8483322652 100.0000
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(R)-1-(4-methoxybenzyl)-3-(p-tolyl)-3,4-dihydroquinoxalin-2(1H)-one (5k):

Fl’MB

: :N
N

H

5k

O

White solid, 67% yield, 99.9% ee.
[oc]zlf =-53.6 (¢ 0.5, CHCly); 'H NMR (300 MHz, CDCl5): 6 7.35-7.27
(d, J=17.8 Hz, 2H), 7.17-7.06 (m, 4H), 6.94-6.69 (m, 6H), 5.27-4.98

(m, 3H), 4.49- 4.31 (s, 1H), 3.84-3.55 (d, J = 1.2 Hz, 3H), 2.39- 2.24 (s,

3H); C NMR (126 MHz, CDCL): 5 166.99, 159.39, 138.83, 136.68, 135.38, 130.15, 129.48,

128.57, 128.31, 127.68, 124.44, 120.21, 116.32, 114.89,, 61.36, 55.95, 45.99, 21.85; ESI-HRMS

exact mass calculated C,3H,,N,O for [M+H+] m/z 359.1754, found 359.1747,

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 21.6 min (major), 28.5 min.

Chromatogram (ZX-6-42-RAC OD-H Pl.org)

450
400
350 3
]
300 5 =
—_ -
E2%0 &
= 200
150
100
50
o]
0 5 10 15 20 25 30 35
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.

1 21.638 267826313 22679680.000 49.6578
2 28497 222940328 22992222 000 503422
Total 490766.641 45671902.000 100.0000

Quantification: Area/Area®
Chromatogram (IX-6-42-1 OD-H Pl.org)
350
300 o
o~
250
z
:_‘:. 200
10
100
0 g
&
o et
0 5 10 15 20 25 30 35
Time(min)
Results
Peak No. PeakID Ret Time Height Area Conc.
1 21.555 268948.625 22538076.000 99.9525
2 28287 130.404 10702.951 0.0475
Total 269079.029 22548778.951 100.0000
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(R)-6,7-difluoro-1-methyl-3-phenyl-3,4-dihydroquinoxalin-2(1H)-one (51):

| Yellow solid, 80% yield, 99.6 % ee

F. N.__O
D: [a]y =-51.0 (¢ 0.8, CHCly); '"H NMR (300 MHz, CDCl3) § 7.42-7.25
F H (s, 5H), 6.85-6.68 (m, 1H), 6.60-6.47 (dd, J = 10.8, 7.3 Hz, 1H),

Sl 5.04-4.94 (d, J = 1.6 Hz, 1H), 4.53-4.36 (s, 1H), 3.34-3.24 (s, 3H); °C
NMR (125 MHz, CDCls) 6 165.5, 146.1(dd, J = 242.5 Hz, 13.7 Hz ), 143.6 (dd, J = 236.2.5 Hz,
13.7 Hz ), 138.3, 130.8 , 128.7, 128.4, 126.9, 124.2 (d, J= 7.5 Hz) , 104.4 (d, J = 22.5 Hz), 102.7
(d, J = 22.5 Hz), 60.4, 29.5; ESI-HRMS exact mass calculated C,;H,,N,O, for [M-H] m/z
273.0845, found 273.0841;

HPLC analysis: Chiralpak AD-H column (250 mm); detected at 254 nm; hexane/PrOH = 90/10;

flow = 0.7 mL/min; Retention time: 12.8 min (major), 17.8 min.

7504 2
700 @
850
800
550 o
00 g
P 8
E 450
= 400
=350
300
250
200
150
100
50
0 I
B 10 15 20 2% 20
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 16.353 642079.000 15831369.000 48.0695
2 2590 423554.750 17103514.000 51.9305
Total 1065633.750 32935383.000 100.0000
850 2
800 5
750 8
700
650
600
550
< 500
= 450
= 400
- 350
300
250
200
150 =
100 =
X M vi
0 A ol
0 s 10 15 20 25 30
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 16.410 2282925 56108.594 0.1878
2 26.153 726906.125 29824520.000 99.8122
Total 729189.050 29880628.594 100.0000
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5. Synthesis of benzomorpholine 6, tetrahydroquinoxaline 7 and glycine amide 8:

©:O 0 1.Et,0, LiAlH,, 0 °C ©:O
N%\z_omo, PhsP, THF N
H

H

3b

rt, 12h
OMe 6 OMe

To a solution of dihydrobenzoxazinones 3b (0.2 mmol, 51 mg) in Et,O, LiAlH4 (12 mg, 0.32
mmol) was added in portions at 0 °C. The resulting mixture was stirred at 0 °C for 1 h. After
excess LiAIH4 was decomposed by wet ether, water was added and the mixture was extracted with
EtOAc. The combined extracts were washed with brine, dried (Na,SO,), and concentrated under
reduced pressure to afford dark oil. The dark oil and triphenylphosphine (104 mg, 0.4 mmol) were
dissolved in dry THF under nitrogen. DIAD (80 mg, 0.4 mmol) was added dropwise at 0 °C. The
mixture was stirred at 30 °C for 12 h. After removing the solvent in vacuo, the crude product was
purified by flash chromatography (petroleum ether/ethyl acetate 10:1) to afford benzomorpholine
6 as white solid (40 mg, 83% yield, 99% ee).

PMB

E’MB |
N O N
N THF, reflux N
H H

7
4k

To a solution of dihydroquinoxalinones 4k (36 mg, 0.1 mmol) in THF 1.5 mL, BH5-THF (1.0

M in THF, 0.25 mL, 0.25 mmol) was added slowly at room temperature. After the completion of
the addition, the reaction was refluxed for 3 h. The reaction mixture then cooled and the solvent
was evaporated in vacuo, the crude was purified by flash chromatography (petroleum ether/ethyl

acetate 10:1) to afford tetrahydroquinoxaline 7 (34 mg, 99% yield, 98% ee).

OH ., 9
O ° N Bn
©: pyridin-2-ol, BnNH, N”
> H
N
N THF, rt, 12h
3c

Pyridin-2-0l (3 equiv) benzylamine (5 equiv) were added to a solution of

dihydrobenzoxazinone 3¢ in THF. The mixture was stirred at room temperature for 12 h, then
diluted with water and extracted with EtOAc. The extracts were dried and evaporated. Purification
of the crude product by column chromatography on silica gel (ethyl acetate/hexane) afforded the

pure product 8.
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6. Characterization data and HPLC chromatogram of derivative 6, 7, 8:

(R)-3-(4-methoxyphenyl)-3,4-dihydro-2H-1,4-benzoxazine (6)5:

@Ol White solid, 83% yield, 99% ee

N~ Pmp [0l =-60.3 (¢ 0.6, CHCls) [Lit.>: [a]y = +55.5, (¢ 1.0, CHCls) for 98% ee];
H
6

'H NMR (300 MHz, CDCl3): & 7.31 (d, J = 7.4 Hz, 2H), 6.94-6.87 (m, 2H),
6.87-6.61 (m, 4H), 4.45 (dd, J = 8.8, 2.8 Hz, 1H), 4.24 (dd, J = 10.6, 3.1Hz, 1H), 3.96 (m, 1H),
3.81 (s, 3H);

HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 12.3 min (major), 19.6 min.|

1,200 &
1,100 =
1,000
900
800 &
T 700 S
% 600
= s00
400
300
200
100
e AN A
0 2 4 & 8 10 12 14 16 18 20 2 24
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 12327 1027099.000 24360364.000 49.4006
2 19.595 647153.250 24951502.000 50.5994
Total 1674252.250 49311866.000 100.0000
1,200- g
1,100 %
1,000-
900
800
& 700
Z 600
= so0
400
300
200- ~
100 s
o o i T - T T .l 1 - T
2 4 1 8 10 12 14 16 18 20 2 24
Time(mn)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 11.802 1079673.875 24420142.000 99.5003
2 18.577 4557.676 122647.805 0.4997
Total 1084231.551 24542789.805 100.0000
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(R)-1-(4-methoxybenzyl)-3-(p-tolyl)-1,2,3,4-tetrahydroquinoxaline (7):

PMB Green oil, 99% yield, 98% ee
N

©i [a]s = -41.0 (c 0.4, CHCL); 'H NMR (300 MHz, CDCl3): § 7.43-7.19
N
H (m, 6H), 7.00-6.76 (m, 2H), 6.71-6.58 (m, 4H), 4.58-4.44 (d, J = 5.6 Hz,
7

1H), 4.47-4.31 (s, 2H), 4.10 (s, 1H), 3.93-3.78 (d, J = 2.0 Hz, 3H),
3.53-3.17 (d, J = 6.3 Hz, 2H), 2.44-2.22 (d, J = 2.0 Hz, 3H); °C NMR (126 MHz, CDCly): &
159.33, 139.30, 138.33, 135.27, 135.16, 131.10, 129.98, 129.07, 127.66, 119.79, 118.58, 114.66,
112.80, 56.37, 55.99, 55.52, 54.70, 21.84. ESI-HRMS exact mass calculated C,3H,4N,O, for
[M+H"] m/z 345.1961, found 345.1953.
HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20:

flow = 0.7 mL/min; Retention time: 23.7 min (major), 36.1 min.

650

o
600- "
] o
550 7 g
500 &
450
_ 400
£ 350
= 300
T 20
200
150
100
50
. Raew o N
0 5 10 15 20 25 30 35 40
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 23.748 327353438 41825032.000 48,7274
2 36,082 474806.063 44009744.000 312726
Total 1002159500 85834776.000 1000000
1,200
2 :

1,100
1,000
200
00
700
600
500
400
300

200 §
100 ’ || 2
0 - b
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 3B 40 42 44
Time(min)

K )

Results
Peak No. Peak ID Ret Time Height Area Conc.
1 23.768 1031093250 £9244192.000 99.1239
2 36.805 10538326 788779.500 0.8761
Total 1041631.576 90032971.500 100.0000
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(R)-N-benzyl-2-((2-hydroxyphenyl)amino)-2-(p-tolyl)acetamide (8):

OH Brown solid, 90% yield, 99% ce

H
©/N N-BN [a]y =-120.0 (¢ 0.5, CHCL); '"H NMR (300 MHz, CDCls): 6 7.53 (t, J =
H
6.1 Hz, 1H), 7.25 (m, 8H), 6.77 (m, 1H), 6.64 (d, J = 6.9 Hz, 2H), 6.54 (d,
. J=17.7Hz, 1H), 4.68 (s, 1H), 4.52 (dd, ] = 15.0, 6.3 Hz, 1H), 4.36 (dd, J
Me

=15.0, 5.7 Hz, 1H), 2.32 (s, 3H); °*C NMR (126 MHz, CDCls): § 172.7,
144.1, 138.4, 137.7, 135.6, 135.4, 129.8, 128.6, 127.6, 127.4, 127.3 121.0, 119.3 114.6, 112.6,
64.5,43.4, 21.2; ESI-HRMS exact mass calculated C»,H,,N,O, for [M+H+] m/z 347.1754, found
347.1745;
HPLC analysis: Chiralcel OD-H column (250 mm); detected at 254 nm; hexane/PrOH = 80/20;

flow = 0.7 mL/min; Retention time: 12.8 min (major), 17.8 min.

280
260
@«
240 -3
220 ]
200
180 g
S 180 =
= 140
=120
100
80
&0
40
20
0 +T -
0 2 4 8 8 0 12 14 16 18 20 2 24
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 12.848 203728.484 6592162.500 49.9626
2 17.807 144449625 6602023500 50.0374
Total 348178.109 13194186.000 100.0000
1,100 8
1,000
800
800
700
T 600
= 500
400
300
200 .
o
100 2
. Fles L1
2 4 6 8 10 12 14 16 18 20
Teme{min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 12.768 967877938 28279146.000 99.8442
2 17.857 969.046 44137.438 0.1558
Total 968846983 28323285438 100.0000 .
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7. Crystal analysis of 3g:

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

z

Mu (mm-1)
F000

F000*

h, k, lmax
Nref

Tmin, Tmax
Tmin’

C-C = 0.0130 A

a=4.4197(5)
alpha=9%0
173 K

Calculated
1181.7(2)

P21 21 21

P 2ac 2ab

C14 H10 Br N 02
Cl14 H10 Br N 02
304.13

1.709

4

3.470

608.0

607.12

5,13,27

2081([ 1262)
0.439,0.500
0.350

b=11.6677(13)

beta=90

Wavelength=0.71073

c=22.915(2)

gamma=90

Reported
1181.7(2)

P 21 21 21

P 2ac 2ab

Cl14 H10 Br N 02
Cl14 H10 Br N 02
304.14

1.710

4

3.470

608.0

5,13,27
2081
0.453,0.745

Correction method= # Reported T Limits: Tmin=0.453 Tmax=0.745
AbsCorr = MULTI-SCAN

Data completeness= 1.65/1.00

R(reflections)= 0.0562( 1396)

s =1.021

Theta (max)= 25.002

wR2 (reflections)= 0.0994( 2081)

Npar= 163

63 Y

™ PLATON-Apr 20 08:31:00 2016 -4(70316)

12 mo_2016150P 21 21 21

R = 0.06

RES=

Prob
Temp

0

nn
=Iun
wo

-15 X
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