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1. General

Unless otherwise specified, all reactions were carried out in flame-dried glassware with magnetic
stirring under an atmosphere of nitrogen. Solvents were dried and distilled by standard procedures.
NMR spectra were recorded on a Varian spectrometer (300 MHz for 'H, and 100 MHz for "°C).
Chemical shifts are reported in & ppm referenced to an internal SiMe, standard for 'H NMR and
chloroform-d (6 77.16) for C NMR. HPLC was performed on a JASCO 2000 instrument by
using Daicel AS-H, AD-H and AD-3 column with 2-propanol/hexane as the eluent at 214 nm.

2. General Procedure for In(OTf);-catalyzed Friedel-Crafts Reaction of Arenes 1 with

N-tert-Butanesulfinylimino Ester 2.

~L ~L

_S. S

0°7°N IN(OTf); (30 mol%) O”~ NH
Ar-H + J\ ] /'\
H™ ~COOEt CH,Cly, 1t EtO,C" “Ar
1 2 1- 8h 3

Under nitrogen atmosphere, In(OTf); (0.075 mmol, 30 mol%) was placed into a glass reaction
vessel, glyoxylate imine 2 (0.25 mmol) in 2 mL of dry CH,Cl, and arene 1 (0.375 mmol) were
added successively. The mixture was stirred at room temperature and monitored by TLC. When
the reaction was over, a saturated aq. NH4Cl was added and the mixture was extracted with
CH,Cl; (10 mLx3). The combined organic phase was dried over Na,SO,, filtered, and
concentrated. The residue was purified by silica gel flash chromatography to afford the
corresponding a-arylglycine product 3.

3. Determination of the Diastereoselectivity / Enantiomeric Excess.

O
I
HN/S"’é 1. HCI, dioxane, rt HNJ\CH3
EtOZC * CAr 2. ACZO, Et3N,CH2CI2 EtOZC * Ar
or
I
_s.,
HN"7"<~  m.CPBA, CH,Cly, 1t NHBuUs
EtO,C” * Ar EtO,C” * Ar

The diastereoselectivities of the a-arylglycine products were measured as enantiomeric excess for
their acetate or N-sulfonylate derivatives after the removal or oxidation of the sulfinyl group by
chiral HPLC analysis. a-Arylglycines 3e and 4 were converted to the corresponding N-sulfonylate,
all others were converted to their acetate. The HPLC reference compound was a mixture of related
products consisting of R and S enantiomers.
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4. Characterization and HPLC of the Obtained Chiral a-Arylglycines

(R)-ethyl 2-(2,4-dimethoxyphenyl)-2((R)-1,1-dimethylethylsulfinamido)acetate (3a).

P 89% vield, yellow oil. 'H NMR (300 MHz, CDCLy): & 1.15 (s, 9H), 1.18 (t,
& 3H), 3.77 (s, 3H), 3.79 (s, 3H), 4.13-4.20 (m, 2H), 4.51 (d, J = 4.2 Hz, 1H),
O” " NH

: 5.19 (d, J = 4.2 Hz, 1H), 6.43-6.45 (m, 2H), 7.10 (d, J = 9.0 Hz, 1H); *C
Etozcm NMR (100 MHz, CDCL): & 14.14, 22.51, 55.39, 55.55, 55.82, 56.00, 61.85,

MeO OMe 98.94, 104.22, 118.74, 130.12, 158.21, 161.03, 172.03; ESI-MS (m/z, %)
3a 344 [M+H]+; ESI-HRMS calcd for C;sHy5NNaOsS [M+Na+] 366.1351,

found 366.1351.

HPLC (acetate): 98% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90 / 10; flow = 0.7 mL / min; Retention time: 21.8 min (maj), 23.8 min.

21632

g
g 400
#
300 5
7
200- b
o : t T
s 10 15 n = ) 3n
Titne(redn)
Results
Peak MNo. Peak ID Ret Time Height Arvea Cone.
1 21632 674104563 22R94653.000 15333
2 23.507 120262 539 4845240 500 17 4667
Total 303367.102 2TTIPERT 500 100.0000
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350
300 B
250 =
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=
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b
5 . e
.50
5 10 15 20 25 30
Tie{zudzs)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 21.782 228540 954 T478351.000 99,1270
2 23807 1939009 B3E5T. 797 0.8730
Total 230479993 T544208. 797 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(2,4,6-trimethoxyphenyl)acetate (3b).

\I/ 91% yield, colorless oil. 'H NMR (300 MHz, CDCl3): 6 1.10 (s, 9H), 1.17
; (t, 3H), 3.77 (s, 6H), 3.80 (s, 3H), 4.09-4.22 (m, 2H), 4.58 (d, J = 5.1 Hz,
O//S‘I;IH OMe 1H), 5.49 (d, J = 5.1 Hz, 1H), 6.09 (s, 2H); *C NMR (100 MHz, CDCl;): &
EtO,C ' 14.27, 22.44, 51.35, 55.39, 55.76, 55.85, 61.59, 90.68, 107.92, 158.83,
MeO ome 161.38, 172.55; ESI-MS (m/z, %) 374 [M+H]"; ESI-HRMS calcd for

3b C7H,,NNaOgS [M+Na'] 396.1457, found 396.1454.

HPLC (acetate): 97% de. Chiracel AD-3 Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 95 / 5; flow = 0.7 mL / min; Retention time: 58.2 min (maj), 63.9 min.

450 |
400 ]
350
300]

B 250

[ 200 ]

#

57.740
B2057

150+

100+
50
0 I

O 5 10 15 20 25 30 35 40 45 S0 55 €D 65 7O
Tiredroin)

Results
Peak No. Peak ID Ret Time Height Area Cone.
1 57740 158619875 14331035.000 300777
2 62057 143025 135 14286591 000 49 97223
Total 301645000 28617626000 100.0000
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650-
500
550
500
450

T 400

7 350

# =00
250
200
150
100

50 '

09 1

-50

55.202

Tirne(rair)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 58.202 434911063 42354564.000 DE AR5
2 63.023 6152331 575405313 13405
Total 441063393 42930059313 100.0000
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(R)-ethyl 2-(2,4-dimethoxy-6-methylphenyl)-2-((R)-1,1-dimethylethylsulfinamido)acetate (3c).

L 84% vyield, colorless oil. "H NMR (300 MHz, CDCls): & 1.11 (s, 9H), 1.16

: (t, 3H), 2.36 (s, 3H), 3.73 (s, 3H), 3.78 (s, 3H), 4.09-4.21 (m, 2H), 4.63 (d,
O”""NH Me J=3.0 Hz, 1H), 5.33 (d, J = 3.9 Hz, 1H), 6.29 (d, J = 5.7 Hz, 2H); °C
EtO,C . NMR (100 MHz, CDCl;): & 14.24, 20.24, 22.50, 53.44, 55.26. 55.63, 55.71,
MeO ome ©61.79,96.58, 107.05, 117.52, 139.22, 158.74, 160.17, 172.34; ESI-MS (m/z,

3c %) 358 [M+H]"; ESI-HRMS calcd for C;7H;NOsS [M+H'] 358.1688,

found 358.1697.

HPLC (acetate): 95% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 95 / 5; flow = 0.7 mL / min; Retention time: 28.0 min (maj), 31.3 min.

750-
700
650-
£00-
550-
500-
450
’E 400
{7 30
# 300
250-
200-
150+

1004
50
0 I

T T R L A L A B o A LA AL R R A T TR
0123435676 910112131415 161718192021 222324 2526 27 26 293031 32 33 3435

30,798

27932

Tirne(rnin)
Results
Peak No. Peak ID Ret Time Height Area Con.
1 27932 374280063 15683889.000 376559
2 30798 594641 938 25966624000 623441
Total S6E922.000 41650583000 100.0000
1,300+
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Results
Peak No. Peak ID Ret Time Height Arvea Conc.
1 27083 914985313 41353624.000 OF 4477
] 31320 2583801 1083123125 25523
Total D40ETH 203 A2A3674T 125 100.0000
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(R)-ethyl 2-(2-chloro-4,6-dimethoxyphenyl)-2-((R)-1,1-dimethylethylsulfinamido)acetate (3d).

~L

80% yield, yellow oil. 'H NMR (300 MHz, CDCl3): & 1.12 (s, 9H), 1.18 (t,
3H), 3.76 (s, 3H), 3.79 (s, 3H), 4.09-4.23 (m, 2H), 4.59 (d, J = 4.2 Hz, 1H),

oS wH ol 5.60 (d, J = 4.2 Hz, 1H), 6.34 (d, J = 2.1 Hz, 1H), 6.52 (d, J = 2.4 Hz, 1H);
E1O,C” °C NMR (100 MHz, CDCly): § 14.22, 22.44, 55.65, 55.91, 56.01, 62.07,
oo ome 97:93. 10612, 117.96, 135.60, 159.09, 160.55, 171.42; ESI-MS (m/z, %)
ad 378 [M+H]"; ESI-HRMS calcd for C;¢Ha4CINNaOsS [M+Na'] 400.0961,

found 400.0945.

HPLC (acetate): 98% de. Chiracel AD-H Column (250

mm); detected at 214 nm; n-hexane /

i-propanol = 90 / 10; flow = 0.7 mL / min; Retention time: 18.6 min (maj), 21.8 min.

450 [
. 5
400- =
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% 200 ] 3
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100-
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0 ' — T
o 2z 4 & & 10 1z 14 16 18 2 22 M
Tizme{ min)
Results
Peak Mo. Peak ID Ret Time Height Area Conc.
1 18457 151422 688 3190979.000 250934
2 21473 aT1378.250 D0E2754.000 40016
Total 522800938 12373733000 100.0000
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Time{rei)
Results
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1 18 5098 264955781 6240307 000 020435
2 21.340 1725836 EE25 203 1.0564
Total 266621 617 A306832.203 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(2,4,5-trimethoxyphenyl)acetate (3e).

L 86% vyield, colorless oil. "H NMR (300 MHz, CDCl5): & 1.16 (s, 9H), 1.17
e (t, 3H), 3.79 (s, 3H), 3.80 (s, 3H), 3.87 (s, 3H), 4.11-4.21 (m, 2H), 4.51 (d,
O”""NH

: ome =33 Hz, 1H), 530 (d, I =39 Hz, 1H), 6.51 (s, 1H), 6.74 (s, 1H); "°C
Etozcm NMR (100 MHz, CDCly): § 14.15, 22.56, 55.13, 55.85, 56.09, 56.57, 56.93,
MeO OMe 61.97,97.96, 112.45, 117.52, 143.19, 149.81, 151.89, 171.98; ESI-MS (m/z,
3e %) 396 [M+Na]"; ESI-HRMS calcd for Ci7H,,NNaOgS [M+Na'] 396.1457,

found 396.1455.

HPLC (sulfonylate): 98% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 80 / 20; flow = 0.7 mL / min; Retention time: 30.2 min (maj), 40.4 min.
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Results
Peak No. Peak ID Ret Time Height Area Cone.
1 28798 187152141 9339194.000 37.9480
2 38798 234610594 15270694.000 620511
Total 4217627534 24609882 .000 100.0000
400
350
.
300 4
2
2501
g
¥ 200
w
150
100
G
50 =
g
0 PPN : 1ol i
-50 T T T T T T T T T
5 10 15 20 25 30 35 40 45
Titne(rairg
Results
Peak No. Peak ID Ret Time Height Area Comne.
1 30.257 232606 844 13109203.000 90 2008
2 40457 1576393 1035611 766 0.7992
Total 254183237 13214814.766 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(2-hydroxy-4,5-dimethoxyphenyl)acetate (3f).

~L

o‘S‘NH

72% yield, yellow oil. "H NMR (300 MHz, CDCly): & 1.21 (t, 3H), 1.25 (s,
9H), 4.10-4.28 (m, 2H), 4.52 (d, J = 1.5 Hz, 1H), 5.21 (d, J = 2.7 Hz, 1H),
5.89 (s, 2H), 6.46 (s, 1H), 6.62 (s, 1H), 7.90 (br, 1H); *C NMR (100 MHz,
CDCly): & 14.16, 22.71, 55.87, 56.30, 62.49, 99.56, 101.35, 108.15, 113.68,

o)
EtOZC/I;E N
HO o

3f

141.28, 148.77, 150.90, 171.63; ESI-MS (m/z, %) 344 [M+H]".

HPLC (acetate): 93% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 80 / 20; flow = 0.7 mL / min; Retention time: 13.8 min, 16.7 min (maj).
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Results
Peak No. Peak ID Ret Time Height Area Comne.
1 13815 BO5T54.625 20158124000 579533
2 16.782 541351 438 14623280000 42 0467
Total 1407106 063 347853404000 100.0000
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1 13.793 15598970 338129750 34856
2 16747 346773219 D362763.000 Dg.5144
Total 362372188 O700892.750 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(2,3,4-trimethoxyphenyl)acetate (3g).

60% yield, yellow oil. "H NMR (300 MHz, CDCL3): § 1.17 (s, 9H), 1.18 (¢,
3H), 3.84 (s, 6H), 3.88 (s, 3H), 4.11-4.24 (m, 2H), 4.59 (d, J = 3.9 Hz, 1H),

L

07 H 5.18 (d, J = 3.6 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H);
EtOZCD\ 3C NMR (100 MHz, CDCly): & 14.13, 22.61, 55.75, 55.84, 55.98, 60.77,
MeO OMe 61.14, 62.06, 106.98, 123.75, 123.90, 142.15, 151.91, 154.07, 171.84;
3;’“"6 ESI-MS (m/z, %) 374 [M+H]"; ESI-HRMS calcd for C;;H»NNaO4S

[M+Na'] 396.1457, found 396.1467.

HPLC (acetate): 70% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90 / 10; flow = 0.7 mL / min; Retention time: 21.6 min (maj), 27.8 min.
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Results
Peak Mo. Peak ID Ret Time Height Area Cone.
1 22090 495001 188 17524566000 581538
2 28090 242650 625 12610315.000 41 3462
Total F3TTI0.813 30134881.000 100.0000
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Results
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1 21 645 523384250 17966410 000 547425
2 27752 a5641.320 3234764.000 152575
Total 589025 570 21201174000 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(2,3,4-trimethoxy-6-methylphenyl)acetate (3h).

L

_S.
O” 'NH Me
EtO,C
MeO
OMe

3h

OMe

74% yield, yellow oil. "H NMR (300 MHz, CDCLy): § 1.15 (s, 9H), 1.18 (t,
3H), 2.34 (s, 3H), 3.79 (s, 3H), 3.83 (s, 3H), 3.85 (s, 3H), 4.08-4.22 (m,
2H), 4.73 (d, J = 1.2 Hz, 1H), 5.29 (d, J = 2.7 Hz, 1H), 6.46 (s, 1H); *C
NMR (100 MHz, CDCl3): § 14.22, 19.97, 22.61, 53.61, 55.76, 55.82, 60.70,
60.98, 61.99, 109.11, 122.28, 132.79, 139.91, 152.28, 153.17, 172.08;
ESI-MS (m/z, %) 388 [M+H]"; ESI-HRMS calcd for CisH3NOgS [M+H']
388.1794, found: 388.1791.

HPLC (acetate): 73% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 95 / 5; flow = 0.7 mL / min; Retention time: 27.4 min (maj), 33.8 min.
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Results
Peak No. Peak ID Ret Time Height Area Conc.
1 26732 637613938 24727806.000 463511
2 329352 10408 250 28421154.000 536489
Total 1232022.188 53348960.000 100.0000
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Results
Peak MNo. Peak ID Ret Time Height Arvea Cone.
1 7 432 TLTA05 188 F991ATL 000 B 4747
2 33822 05241773 4503160.000 135153
Total R17246 61 FITRAZA1 100 1000000

10
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(R)-ethyl 2-(2,4-dimethoxy-3-methylphenyl)-2-((R)-1,1-dimethylethylsulfinamido)acetate (3i).

L 72% vyield, yellow oil. '"H NMR (300 MHz, CDCl5): & 1.16-1.18 (m, 12H),
i 2.15 (s, 3H), 3.77 (s, 3H), 3.81 (s, 3H), 4.09-4.23 (m, 2H), 4.59 (d, J = 3.0
O™ 'NH Hz, 1H), 5.27 (d, J = 3.9 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H), 7.06 (d, J = 8.1
EtO,C Hz, 1H); *C NMR (100 MHz, CDCls): & 9.56, 14.15, 22.67, 55.09, 55.66,
MeO OMe 55.84, 61.55, 62.10, 106.18, 119.99, 123.10, 126.58, 157.46, 159.03,
3iMe 172.15; ESI-MS (m/z, %) 380 [M+Na]; ESI-HRMS caled for

C17H27NNaOsS [M+Na'] 380.1508, found 380.1506.

HPLC (acetate): 79% de. Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90 / 10; flow = 0.7 mL / min; Retention time: 29.2 min, 35.4 min (maj).
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Results
Peak No. Peak ID Ret Time Height Area Cone.
1 20740 264567031 37120236.000 241669
2 36.073 546097 250 116479080.000 758331
Total 310664251 153500316.000 100.0000
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Results
Peak MNo. Peak ID Rei Time Height Arvea Cone.
1 20165 45889 371 5695477000 10.2159
2 35365 253721 891 50055768.000 307241
Total 209611 262 35751245.000 100.0000

11
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(4-methoxynaphthalen-1-yl)acetate (3j).

P 66% yield, white solid. '"H NMR (300 MHz, CDCLy): § 1.10 (t, 3H), 1.13 (s,
I 9H), 4.01 (s, 3H), 4.08-4.21 (m, 2H), 4.66 (s, 1H), 5.50 (s, 1H), 6.76 (d, J =
O™ "NH 8.1 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.47-7.51 (m, 2H), 7.98 (d, J = 7.8
EtO,C O Hz, 1H), 8.30 (d, J = 7.8 Hz, 1H); *C NMR (100 MHz, CDCL): § 14.08,

O oMe 22.63, 55.63, 55.79, 59.32, 62.33, 102.97, 122.79, 123.90, 124.34, 125.33,
126.33, 126.95, 128.62, 131.90, 156.24, 172.41; ESI-MS (m/z, %) 364
3j [M+H]+; ESI-HRMS calcd for CioHosNNaO4S [M+Na'] 386.1402, found
386.1411.

HPLC (acetate): >99% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol =90 / 10; flow = 0.7 mL / min; Retention time: 19.0 min (maj), 24.1 min.
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Results
Peak No. Peak ID Reit Time Heighi Arvea Cone.

1 18852 275026 938 5206722.500 20,1718
2 13632 TA0571 500 N9 1286 100 9 8382
Total Q05508 438 26258008 500 100.0000
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Tirae(reir)
Results
Peak MNo. Peak ID Ret Time Height Area Cone.
1 19.040 229190.500 3953454.250 907716
2 24132 142073 6737.400 0.1700
Total 220418 A6 3962504.750 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(1-methoxynaphthalen-2-yl)acetate (3j).

L 22% yield, white solid. "H NMR (300 MHz, CDCLy): & 1.13 (t, 3H), 1.21 (s,
2 9H), 4.00 (s, 3H), 4.07-4.21 (m, 2H), 5.73 (d, J = 3.9 Hz, 1H), 6.77 (d, J =
O”>NH OMe 7.8 Hz, 1H), 7.47-7.61 (m, 3H), 8.18 (d, J = 8.4 Hz, 1H), 8.31 (d, J = 8.4 Hz,
E10,C” OO 1H); “C NMR (100 MHz, CDCly): § 14.12, 22.65, 55.68, 56.46, 56.74,
61.88, 103.27, 122.85, 123.40, 125.06, 125.51, 126.11, 127.19, 127.46,
3 131.78, 156.21, 172.01; ESI-MS (m/z, %) 364 [M+H]"; ESI-HRMS calcd

for C1oH,sNNaO,S [M+Na'] 386.1402, found 386.1390.

HPLC (acetate): >99% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90 / 10; flow = 0.7 mL / min; Retention time: 19.1 min, 23.9 min (maj).

1,400
1,300
1,200
1400
1,000
00
B00-
700-
600 ]
500
400
300
200
100

19198

24132

P (o)

5 10 ) 15 20 5 30
Time(rnin)
Results
Peak No. Peak ID Ret Time Height Area Conr.

1 19198 1123718875 27573620000 47.5011
2 24132 1007833.500 30474742 000 524989

Total 2131557 375 58043362000 1000000

iz}

550
500
450@
400
350 |
Eauu-
% 250
200

1504
100
50

F19.090

0 T . T
R L o e e L B B L L B B L B Y L L b LS L L LAY L L
o4 2345 67 & 9101121314 154617 1819 20 21 22 23 24 25 26 27 25 29 30

Titne(rain)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 19.080 407 462 10616200 0.07a1
2 23923 535504375 13845546 000 088730
Total 533911 837 13957162 800 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(2-methoxynaphthalen-1-yl)acetate (3K).

72% vield, white solid. 'H NMR (300 MHz, CDCls): 8 1.06-1.10 (m, 12H), 3.98
(s, 3H), 4.11-4.18 (m, 2H), 4.76 (s, 1H), 6.10 (s, 1H), 7.28-7.36 (m, 2H), 7.46
(dd, J = 8.4 Hz, 7.2 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.84 (d, J = 9.0 Hz, 1H),
7.93 (d, J = 9.0 Hz, 1H); *C NMR (100 MHz, CDCls): & 14.14, 22.51, 52.18,
55.69, 57.17, 62.12, 113.67, 118.42, 123.34, 123.76, 127.09, 128.75, 129.47,
130.90, 132.31, 155.83, 172.77; ESI-MS (m/z, %) 364 [M+H]"; ESI-HRMS
caled for C1oHgNO,S [M+H'] 364.1582, found: 364.1578.

HPLC (acetate): >99% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90 / 10; flow = 0.7 mL / min; Retention time: 19.3 min (maj), 22.6 min.

800
7504
7004
B350
800
550

500

£ 450

B 2
[ 400 o
® 350 T
300
250
200
150
100
50
03 T T T
i 5 10 15 20 25
Tirnef rin)
Results
Peak No. Peak ID Rei Time Height Area Conc.
1 19208 320611 969 GOE3979 500 225435
2 22248 TEIE96.563 20903754.000 TT.4565
Total 1104508 531 2A9ETTE3.500 100.0000
[
1,000- e
a00 b
00
700
< 500
E
1 500
w
400
300
200
g
100 &
0 I ot | ;
0 2 4 & & 10 12 14 16 18 @ 22 24 = 28
Tire(rair)
Results
Peak No. Peak ID Rei Time Height Area Conc.
1 10263 Q50367125 229E53524.000 09 8262
2 22563 1149 328 40010.262 0.1738
Total 951516.453 23023534262 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(4-hydroxynaphthalen-1-yl)acetate (31).

~L

_S.

0”7 NH

3l
found 372.1244.

EtO,C

OH

74% vield, yellow solid. "H NMR (300 MHz, CDCls): 8 1.06 (t, 3H), 1.18 (s,
9H), 4.09-4.18 (m, 2H), 4.77 (d, J = 2.1 Hz, 1H), 5.49 (d, J = 2.1 Hz 1H),
6.78 (d, J = 7.8 Hz 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.43-7.46 (m, 2H),
7.92-7.96 (m, 1H), 8.18 (s, 1H), 8.28-8.32 (m, 1H); >C NMR (100 MHz,
CDCly): 5 14.04, 22.74, 56.03, 59.76, 62.42, 107.83, 122.59, 123.16, 123.86,
124.93, 125.69, 126.80, 129.66, 132.14, 153.98, 172.40; ESI-MS (M/z, %)
350 [M+H]"; ESI-HRMS caled for CjsH,sNNaO,S [M+Na'] 372.1246,

HPLC (acetate): 98% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol =90 / 10; flow = 0.7 mL / min; Retention time: 16.2 min (maj), 24.9 min.

1,800
1,600
1,400
o
1,200 -
E1.000]
L
#s00 §
6004 =
400
200
i I . JA A N L !
§ 10 12z 14 16 18 20 2z 2 2 a0
Tite( i)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 15910 1049745750 25747065 .000 370066
2 24.450 303980 844 19417976000 420034
Total 1553726.594 45165044.000 100.0000
1,300
1,200 2
1,100 @
1,000
00
&00
E 7001
5 600
# 500
400
00 |
200 - =3
3
100 =
0: AN N Ll .
1004
0 10 15 20 2
Tirmefrin)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 16.190 99699 375 25443638 000 98 9571
2 24947 a078.157 268154406 1.0420
Total 1002778 032 25711792 406 100 0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(1-hydroxynaphthalen-2-yl)acetate (31).

~L

o‘S‘NH OH

3I'

15% yield, yellow solid. "H NMR (300 MHz, CDCls): § 1.19 (t, 3H), 1.28 (s,
9H), 4.11-4.29 (m, 2H), 4.59 (s, 1H), 5.36 (d, J = 2.7 Hz, 1H), 7.25 (d, J =
8.4 Hz, 1H), 7.39 (d, J = 8.7 Hz, 1H), 7.45-7.52 (m, 2H), 7.76-7.79 (m, 1H),
8.26-8.30 (m, 2H); *C NMR (100 MHz, CDCls): & 14.11, 22.68, 56.53,
57.25, 62.76, 114.46, 120.34, 122.67, 125.57, 126.79, 127.07, 127.51,
134.83, 151.71, 171.29; ESI-MS (m/z, %) 372 [M+Na]"; ESI-HRMS calcd
for C1sH>3NNaO,S [M+Na'] 372.1246, found 372.1253.

HPLC (acetate): 97% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90 / 10; flow = 0.7 mL / min; Retention time: 21.4 min, 24.7 min (maj).
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(2-hydroxynaphthalen-1-yl)acetate (3m).

70% yield, yellow solid. "H NMR (300 MHz, CDCls): & 1.05 (t, 3H), 1.21 (s, 9H),
4.05-4.18 (m, 2H), 4.82 (s, 1H), 6.22 (s, 1H),7.17 (d, J = 8.7 Hz, 1H), 7.26 (dd, J
= 6.6 Hz, 8.4Hz, 1H), 7.39 (dd, J = 8.4 Hz, 7.2Hz, 1H), 7.67-7.74 (dd, J = 8.7 Hz,
8.4Hz, 2H), 7.80 (d, J = 8.4Hz, 1H), 9.55 (br, 1H); >C NMR (100 MHz, CDCl;):
8 14.07, 22.72, 52.00, 55.76, 62.32, 112.46, 118.40, 122.77, 122.90, 126.69,
128.74, 128.95, 130.81, 132.61, 155.18, 173.00; ESI-MS (m/z, %) 372 [M+Na]";
ESI-HRMS calcd for CisH,3sNNaO4S [M+Na'] 372.1246, found 372.1246.

HPLC (acetate): 98% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 95 / 5; flow = 0.7 mL / min; Retention time: 43.4 min (maj), 47.4 min.

1,200
1,100
1,000
900
00
700
600
500
400 ]
300
200

100 l
0- h I

s 10 15 20 25 30 35 40 45 S0 55

AST

()

>—44 023

Tire{Tain)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 44023 213212313 13811243.000 144132
2 43157 1090117125 82012416.000 855868
Total 1303320 438 Q5823650.000 100.0000
400 &
]
e
350 =
300
250-
E o
H
# 150
100
g
50 h:
i] .rl L I_L_ ‘I T
-50- T T T T
0 s 10 15 20 25 30 35 40 45 s 58
Tiraelroin)
Results
Peak Mo. Peak ID Ret Time Height Area Conc.
1 43 448 3218474 208058 484 0.9039
2 47397 334161.000 22007366 000 00 0961
Total 337389.474 23116324 484 100.0000
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(R)-ethyl 2-(2,7-dimethoxynaphthalen-1-yl)-2-((R)-1,1-dimethylethylsulfinamido)acetate (3n).

74% yield, white solid. "H NMR (300 MHz, CDCls): & 1.05-1.24 (m, 12H), 3.86
(s, 3H), 3.95 (s, 3H), 4.10-4.17 (m, 2H), 4.71 (s, 1H), 6.06 (s, 1H), 6.96-7.00
(dd, J = 1.5 Hz, 8.7 Hz, 1H), 7.11 (d, J = 8.7 Hz, 1H), 7.25 (d, J = 1.5 Hz, 1H),
7.64 (d, J = 9.3 Hz, 1H), 7.738 (d, J = 6.9 Hz, 1H); *C NMR (100 MHz,
CDCLy): & 14.16, 14.29, 22.55, 52.14, 55.33, 55.57, 57.00, 62.09, 101.66, 110.87,
116.61, 124.82, 130.20, 130.53, 133.79, 156.50, 158.59, 172.88; ESI-MS (m/z,
%) 416 [M+Na]"; ESI-HRMS calcd for CyH»;NNaOsS [M+Na'] 416.1508,

found 416.1516.

HPLC (acetate): 98% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol =90 / 10; flow = 0.7 mL / min; Retention time: 15.4 min (maj), 17.6 min.
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Results
Peak No. Peak ID Ret Time Height Area Con.

1 15703 429111094 11110039 000 153943
2 17240 1077589 375 32639272.000 T4A052

Total 1506700 469 43745311.000 100.0000
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Results
Peak No. Peak ID Ret Time Height Area Cone.

1 15398 555048 375 14239966 000 09 1422
2 17.503 4385118 133213307 08572

Total 559433 493 14363179 207 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(5-methylfuran-2-yl)acetate (30).

L 90% yield, colorless oil. '"H NMR (300 MHz, CDCls): & 1.22 (s, 9H), 1.25 (t,
: 3H), 2.25 (s, 3H), 4.19-4.28 (m, 2H), 4.41 (d, J = 4.8 Hz, 1H), 5.03 (d, J=5.4
0" NH Hz, 1H), 5.91 (s, 1H), 6.18 (s, 1H); *C NMR (100 MHz, CDCl;): & 13.07,

EtOzC/\f)/ 14.13, 22.57, 55.36, 56.23, 62.52, 106.53, 109.86, 147.66, 153.04, 169.70;
ESI-MS (m/z, %) 310 [M+Na]"; ESI-HRMS calcd for C;3H,;NNaO,4S [M+Na']
310.1089, found 310.1094.

30

HPLC (acetate): 90% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 95 / 5; flow = 0.7 mL / min; Retention time: 20.8 min (maj), 26.1 min.
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Results
Peak No. PeakID Ret Time Height Area Cone.
1 20498 422514063 15349044000 42 8037
2 25.532 SET507 625 20436054000 57.1063
Total 1050021 682 35785002 000 1000000
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o 5 TR 20 -
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Results
Peak No. Peak ID Ret Time Height Arvea Conc.
1 20795 TEL548 563 26013320000 040549
Z 261228 40046 980 1382126 250 50451
Total E23505.543 27305446 250 100.0000
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(R)-ethyl 2-((R)-1,1-dimethylethylsulfinamido)-2-(5-methylthiophen-2-yl)acetate (3p).

~L

_S.
0"~ NH

EtOZC/\ES/)/

3p

74% yield, colorless oil. 'H NMR (300 MHz, CDCLy): & 1.26 (m, 12H), 2.44 (s,
3H), 4.18-4.28 (m, 2H), 4.57 (d, J = 4.8 Hz, 1H), 5.20 (d, J = 4.8 Hz, 1H),
6.60-6.61 (m, 1H), 6.84 (d, J = 3.3 Hz, 1H); BC NMR (100 MHz, CDCl;): &
14.14, 15.54, 22.73, 56.35, 56.95, 62.60, 125.18, 126.38, 137.78, 140.82,
170.57; ESI-MS (m/z, %) 326 [M+Na]+; ESI-HRMS calcd for C;3H,;NNaOsS,
[M+Na'] 326.0860, found 326.0862.

HPLC (acetate): 79% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90 / 10; flow = 0.7 mL / min; Retention time: 29.4 min (maj), 33.6 min.

260 g
240 o
220
200
180-
160
B 140 g
H 1209 ]
1004
&0
60
0
204
0 : — T
=204 - — ——— - —
5 10 15 M 25 a0 s 4n
Tirve(tedr)
Results
Pealk MNo. Peak ID Ret Time Height Area Conc.
1 73 587 100177 695 2339595750 28,4707
2 73048 222772 591 5272101000 715298
Total 323050 586 2217696 750 100.0000
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0 2 4 6 & 10 12 14 16 16 20 22 24 26 28 30 32 34 35 36 40 42 44
Titue{zoin)
Results
Peak MNo. Peak ID Ret Time Height Arvea Conc.
1 20 448 515467 469 18963830.000 20,4490
2 33607 Q1584 148 2136887 750 10,5510
Total 406851 617 21200717750 100.0000
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5. General procedure for the synthesis of the chiral Friedel-Crafts dialkylation product (4).

vy
un-Sso

_S. -
/@\ o” JN\ In(OTf), EtOOCUkCOOEt
+
MeO OMe H COOEt CH,Cly, rt MeO

OMe
12h

Under nitrogen atmosphere, In(OTf); (0.25 mmol, lequiv) was placed into a glass reaction vessel,
glyoxylate imine 2 (0.25 mmol) in 2 mL of dry CH,Cl, and arene 1 (0.125 mmol) were added
successively. The mixture was stirred at room temperature and monitored by TLC. When the
reaction was over, a saturated aq. NH4Cl was added and the mixture was extracted with CH,Cl,
(10 mLx3). The combined organic phase was dried over Na,SQOy, filtered, and concentrated. The
residue was purified by silica gel flash chromatography to afford the corresponding product 4.
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6. Characterization and HPLC of the chiral Friedel-Crafts dialkylation product (4).

(2R,2'R,26R)-diethyl-2,2'-(4,6-dimethoxy-1,3-phenylene)bis(2-((R)-1,1-dimethylethylsulfinamido
)acetate) (4).

43% yield, colorless oil. "H NMR (300 MHz, CDCls): & 1.14-1.20 (m,
24H), 3.85 (s, 6H), 4.08-4.21 (m, 4H), 4.51 (d, J = 4.2 Hz, 2H), 5.29 (d,

0”7 NH HN~ S0 J = 4.2 Hz, 2H), 6.44 (s, 1H), 7.07 (s, 1H); BC NMR (100 MHz,
EtO,C co,et  CDCls): & 14.17, 22.58, 55.00, 55.87, 55.90, 61.94, 95.56, 118.29,
MeO OMe 129.81, 158.38, 171.73; ESI-MS (m/z, %) 549 [M+H]"; ESI-HRMS

4 calcd for Cp4HsoN>NaOgS, [M+Na+] 571.2124, found 571.2133.

HPLC (sulfonylate): >99% de. Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 70 / 30; flow = 0.7 mL / min; Retention time: 17.4 min (maj), 23.7 min.
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Results
Peak No. Peak ID Rei Time Height Arvea Conc.
1 17 698 399575188 37348212000 60.1960
2 23808 465545 938 24696174000 30.8040
Total 263121125 62044386000 1000000
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Results
Peak No. PeakID Ret Time Height Area Cone.
1 17452 341260.504 30850145.000 05 0064
7 23692 39502 1116.209 0.0036
Total 341900186 30800264209 100.0000
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7. The synthesis and HPLC of (R)-2-(chloroamino)-2-(2,4-dimethoxyphenyl)acetic acid
((R)-5).

~L

_S.
0"~ NH NH, - HCI

- 1. LiOH, H,0O/dioxane, 0°C
EtO,C HOOC
2. HCI / dioxane, rt
MeO OMe 91% vyield, two steps MeO OMe
3a (R)-5

To a round bottomed flask containing LiOH (37.8 mg, 0.9mmol, 10 equiv) was added distilled
H,0 (5.0 mL), and the resulting solution was cooled to 0 °C. A solution of 3a (30.0 mg, 0.09
mmol, 1.0 equiv) in dioxane (5.0 mL) was cannulated into the reaction flask. The resulting
solution was stirred at 0 °C for 3 h. The reaction mixture was then concentrated to remove the
dioxane, and the remaining material was diluted with distilled H,O (3 mL) and EtOAc (3 mL) and
placed in a seperatory funnel. 1 N NaHSOy4 (2 mL) was added and the aqueous layer was extracted
with EtOAc (5%4 mL). The combined organic layers were dried over Na,SOs, filtered, and
concentrated under reduced pressure. The crude product was isolated with no further purification
as a white solid. Subsequently, the crude product was treated with 5 mL solution of dry HCl in 1,
4-dioxane at room temperature for 1 h. The reaction mixture was concentrated en vacuo, and the
amine hydrochloride was precipitated with dry diethyl ether. The precipitate was collected by
filtration and washed with diethyl ether to yield the (R)-5 (20 mg, 91% yield) as a white solid.

NH, -HCI 91% yield, white solid. [0],®® = -111.2 (¢ 0.5, MeOH); The absolute
HOOG : configuration was determined to be (R) according to literature [lit'[a]y* =
MQCLOME +106.6 (¢ 1.0 MeOH)]. "H NMR (300 MHz, CD;0D): & 3.83 (s, 3H), 3.88
(R)-5 (s, 3H), 5.10 (s, 1H), 6.58-6.61 (dd, J = 2.4 Hz, 8.4 Hz, 1H), 6.64 (d, J =
2.1 Hz, 1H), 7.27 (d, J = 8.4 Hz, 1H); '°C NMR (100 MHz, CD;0D): 8 53.75, 56.06, 56.24, 99.73,
106.42, 114.21, 132.48, 159.90, 164.16, 171.17.
Ref 1: D. Enders, M. Seppelt, and T. Beck, Adv. Synth. Catal., 2010, 352, 1413.
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8. Copies of 'H and "C NMR Spectra of Compounds 3a-p, 4 and (R)-5.
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