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1. General information

Unless otherwise noted, materials were purchased from commercial suppliers and used
without further purification. All reactions were carried out in air and used undistilled solvent,
without any precautions to exclude moisture unless otherwise noted. Anhydrous THF was freshly
distilled from sodium and benzophenone. Column chromatography was performed on silica gel
(100~200 mesh). Enantiomeric excesses (ee) were determined by HPLC using corresponding
commercial chiral columns as stated at 30 °C with UV detector at 254 nm. Optical rotations were
reported as follows: [o] p (¢ g/100 mL, solvent). All 'H NMR (400 MHz), ’F NMR (376 MHz)
and °C NMR (101 MHz) were recorded on a VARIAN INOVA-400 spectrometer with chemical
shifts reported as ppm (in CDCI;, TMS as internal standard). High resolution mass spectrometry
data were obtained with an HP1100 LC/MSD mass spectrometer and an LC/Q-TOF MS
spectrometer.

Chiral guanidine 3a and 3b were prepared according to the literature.!"! Chiral guanidine 4
was prepared from L-fert-leucinol according to the literature.”! B-Ketoesters 6a-h and 60,
o-cyano carbonyl compounds 6i-jl*! and p-diketones 6k-n"’ were prepared according to
literature procedures. The racemic products were synthesized using tetramethyl guanidine (TMG)

as catalyst.
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2. General procedure for preparation of chiral guanidines

General method for the synthesis of guanidines 1a-k using a published procedure[é]

Ar. Ar Ar. Ar
@) NH e} N
>< ]% >:S RNH,, CuCl, K,CO3 . >< j% \ H-R
O ™, NH THF, 40 oC O ™, NH
/N /<
Ar" Ar Ar Ar
1: Yield: 60-93%

Under nitrogen atmosphere, to a suspension of K,COj3 (0.8 mmol, 4.0 equiv) and CuCl (0.42
mmol, 2.1 equiv) in THF (2 mL) was added thiourea (0.2 mmol, 1.0 equiv). After stirring at room
temperature for 10 min, amine (0.24-0.40 mmol, 1.2-2.0 equiv) was added. The resulting mixture
was stirred at 40 °C for 4-72 h. Progress of the reaction was monitored by TLC. After completion
of the reaction, the mixture was cooled to room temperature and quenched by saturated NH4Cl
aqueous solution. The pH was adjusted to 5 by the addition of 1M HCI. The mixture was extracted
with dichloromethane and the combined organic layers were filtered through a pad of celite with
the aid of dichloromethane. The filtrate was washed with brine and dried (Na,SO,4). After
evaporation of the solvent, the crude residue was purified by column chromatography on silica gel
(dichloromethane/methanol = 50/1-20/1) to give guanidine hydrochloride salt as a solid.

Generation of the free guanidine: To the guanidine hydrochloride salt dissolved in
dichloromethane (20 mL) was added 2 M NaOH (4 mL) and stirred until the basification was
finished (2 h). The aqueous phase was extracted with dichloromethane, washed with brine, dried
(K5CO3) and the solvent was removed under reduced pressure to yield the free guanidine as a
solid.

Characterization Data of 1a-k
Yield: 90%; White solid; mp 103.7-105.7 °C; [OL]D21 =-166.9 (c
Q 0.26, CH,Cl,); "H NMR (400 MHz, CDCls) 6 7.41-7.16 (m, 25H),
N 4.71 (brs, 2H), 4.46 (d, J = 14.7 Hz, 1H), 4.28 (d, J = 14.7 Hz,
\>_H 1H), 1.00 (brd, 6H); BC NMR (101 MHz, CDCl;) ¢ 146.3, 143.6,
NH 141.9, 140.5, 129.8, 129.5, 128.7, 128.5, 128.0, 127.8, 127.7,
127.4, 127.3, 127.0, 126.9, 126.4, 110.5, 80.3, 78.7, 67.2, 66.2,
Q 48.1, 27.0, 26.8; IR (KBr): 3406, 3057, 3026, 2984, 2930, 1665,
1599, 1493, 1445, 1379, 1370, 1242, 1169, 1093, 1051, 1030, 750,
a 698 cm'; HRMS (ESI) Caled. for CioH3sN;O, ([M+H])

Yield: 90%; White solid; mp 106.7-108.4 °C; [o]p** = -130.8
Q (¢ 0.27, CH,CL,); '"H NMR (400 MHz, CDCl;) 6 7.41-7.18 (m,

N 24H), 4.71 (s, 2H), 4.43 (d, J = 14.5 Hz, 1H), 4.27 (d, J = 14.5

><O N Hz, 1H), 1.30 (s, 9H), 1.01 (brd, 6H); '*C NMR (101 MHz,
Yy, _NH CDCly) & 149.8, 146.3, 141.8, 137.3, 129.7, 129.5, 128.7,
Q 128.0, 127. 8, 127.6, 127.4, 127.0, 126.4, 125.4, 110.4, 80.2,
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78. 6, 67.3, 66.1, 47.6, 34.5, 31.4, 27.0, 26.8; IR (KBr): 3413, 3057, 2962, 2866, 1662, 1634, 1370,
1242, 1170, 1095, 751, 699 cm’; HRMS (ESI) Caled. for C43HigN;0, ([M+H]) 636.3590, Found

636.3582.

e,
y:
(L

Yield: 60%; Yellow solid; mp 136.0-137.4 °C; [a]p™ =
-182.3 (¢ 0.14, CH,CL); '"H NMR (400 MHz, CDCls) &
8.38 (s, 1H), 8.35-8.32 (m, 2H), 8.00-7.97 (m, 2H),
7.81-7.03 (m, 25H), 5.39 (s, 2H), 4.80 (d, J = 8.8 Hz, 1H),

MHz, CDCls) 0 146.0, 143.8, 141.9, 134.1, 131.6, 130.4,
130.0, 129.5, 129.1, 128.6, 128.3, 127.8, 127.4, 127.2,
126.2, 125.1, 124.6, 110.2, 80.2, 80.1, 78.8, 66.2, 39.6,
27.0; IR (KBr): 3408, 3057, 2984, 2928, 1655, 1493, 1169,

N\>_H
0™, _NH O 4.70 (d, J = 8.4 Hz, 1H), 1.06 (s, 6H); °C NMR (101
1c

1096, 751, 700 cm’™'; HRMS (ESI) Caled. for C47H,N;0, (IM+H]') 680.3277, Found 680.3266.

Yield: 83%; White solid; mp 135.6-137.2 °C; [a]p> = -173.8 (c
0.18 CH,Cl,) 'H NMR (400 MHz, CDCl3) § 7.49-7.12 (m, 30H),
5.67 (brs, 1H), 4.69-4.62 (m, 2H), 4.24 (s, 1H), 1.06 (brs, 3H),
0.97 (brs, 3H); °C NMR (101 MHz, CDCl;) & 146.1, 144.6, 143.8,
142.9, 141.7, 129.6, 129.4, 128.6, 128.5, 128.4, 127.9, 127.8,
127.7, 127.4, 127.3, 127.1, 126.9, 126.7, 126.6, 110.6, 80.9, 79.0,
66.3, 27.0, 26.8; IR (KBr): 3408, 3058, 3026, 2985, 2931, 1669,
1623, 1380, 1371, 1242, 1170, 1093, 751, 699 cm™'; HRMS (ESI)
Calcd. for C4sH4N;0, ((M+H]") 656.3277, Found 656.3258.

Yield: 73%; White solid; mp 207.0-208.4 °C; [oc]D22 =-152.6 (¢ 0.21,
CH,CL); '"H NMR (400 MHz, CDCl;) 6 7.52 -7.15 (m, 20H), 4.57
(s, 2H), 4.48 (brs, 1H), 3.87 (d, /=10 Hz, 1H), 3.77 (d, J = 8.4 Hz,
1H), 3.49 (t, /= 9.6 Hz, 1H), 1.19 (brs, 3H), 1.06 (brs, 3H), 0.97 (s,
9H); *C NMR (101 MHz, CDCly) J 151.6, 129.5, 128.5, 127.9,
127.3, 126.8, 109.9, 79.8, 78.9, 66.4, 63.2, 33.2, 27.3, 27.0; IR
(KBr): 3391, 3349, 3089, 3062, 2983, 2967, 1635, 1519, 1494, 1446,
1371, 1249, 1168, 1089, 1022, 754, 699 cm™; HRMS (ESI) Calcd.
for C3sH44N30, ([M+H]") 590.3383, Found 590.3401.

Yield: 78%; White solid; mp 109.7-111.9 °C; [oc]D21 = -160.8 (c
0.18, CH,CL,); '"H NMR (400 MHz, CDCl;) 6 7.65-6.13 (m, 20H),
4.78-7.74 (m, 1H), 4.67-4.60 (m, 1H), 3.36 (brs, 1H), 2.06-184 (m,
1H), 1.65-1.55 (m, 4H), 1.07-1.22 (m, 5H), 0.95 (brs, 6H); “C
NMR (101 MHz, CDCl;) ¢ 149.5, 146.5, 144.1, 142.1, 129.9,
129.6, 128.7, 128.1, 127.6, 127.3, 126.8, 126.2, 110.3, 80.0, 78.2,
67.8,66.0,51.7,34.2,33.9,26.9,25.9,25.2; IR (KBr): 3412, 3058,
3032, 2929, 2852, 1659, 1632, 1493, 1446, 1382, 1371, 1244,
1170, 1091, 750, 670 cm™'; HRMS (ESI) Calcd. for C3gHyN;0,
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([M+H]") 572.3277, Found 572.3280.
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Yield: 64%; Yellow solid; mp 194.1-195.4 °C; [a]p™ = -152.7
(¢ 0.38, CH,Cl,); 'H NMR (400 MHz, CDCls) 6 7.86 (d, J =
7.4 Hz, 2H), 7.55-6.99 (m, 22H), 6.78 (d, J = 8.0 Hz, 2H),
4.90 (brs, 1H), 4.77-4.67 (m, 2H), 2.23 (s, 3H), 1.29 (s, 3H),
1.08 (s, 3H); >*C NMR (101 MHz, CDCly) 6 152.8, 145.9,
145.5, 145.2, 142.1, 141.7, 132.2, 130.3, 129.4, 129.0,
128.6, 128.0, 127.8, 127.7, 127.6, 127.4, 123.2, 110.6, 81.6,
79.8, 66.7, 65.8, 27.3, 26.8, 21.0; IR (KBr): 3395, 1627,
1600, 1399, 1094, 820, 751, 702 cm™; HRMS (ESI) Calcd.

for C3H37N;0, (M+H]") 580.2964, Found 580.2974.
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616.2940, Found 616.2938.
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Yield: 64%; Yellow solid; mp 187.8-190.2 °C; [oc]D19 = -181.1 (¢
0.30, CH,CL); '"H NMR (400 MHz, CDCl;) 6 7.66-6.78 (m,
23H), 5.26 (d, J=9.2 Hz, 1H), 5.02 (d, J=9.2 Hz, 1H), 4.62 (s,
1H), 1.86 (brd, 6H), 1.00 (s, 3H), 0.79 (s, 3H); *C NMR (101
MHz, CDCly) 6 149.5, 145.7, 145.4, 144.7, 142.0, 141.5, 129.2,
128.9, 128.5, 128.3, 127.7, 127.5, 127.5, 127.4, 127.3, 126.8,
123.0, 111.8, 80.9, 79.1, 67.2, 66.7, 26.8, 26.4, 18.4, 18.0; IR
(KBr): 3362, 3060, 2986, 2934, 1638, 1395, 1381, 1095, 698
cm”’; HRMS (ESI) Caled for CyHsoN30,Na([M+Na]")

Yield: 87%; White solid; mp 229.2-230.5 °C; [o]p> = -110.4 (¢
0.20, CH,Cl,); 'H NMR (400 MHz, CDCls) 6 7.93 (d, J = 7.8 Hz,
2H), 7.33-6.85 (m, 21H), 4.89 (d, J = 9.1 Hz, 1H), 4.72 (d, J =
9.2 Hz, 1H), 4.43 (s, 1H), 3.31-3.25 (m, 1H), 2.83-2.77 (m, 1H),
1.28-1.25 (m, 6H), 1.08-1.05 (m, 6H), 0.94 (s, 3H), 0.48 (d, J =
6.7 Hz, 3H); °C NMR (101 MHz, CDCl3) 6 149.6, 145.9, 145.5,
142.4, 141.5, 1413, 141.1, 129.8, 129.3, 128.6, 128.6, 127.8,
127.6, 127.4, 127.3, 127.1, 123.5, 123.4, 110.7, 81.5, 79.0, 67.1,
66.0, 28.1, 27.9, 27.3, 26.7, 25.1, 24.7, 23.3, 22.1; IR (KBr):

3382, 3064, 2991, 2960, 1628, 1589, 1380, 1371, 1244, 1091, 758, 701 cm™'; HRMS (ESI) Calcd.
for C44HusN305 ([M+H]") 650.3747, Found 650.3759.
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Yield: 93%; White solid; mp 114.7-117.3°C; [oc]D19 =-1213 (c

0.16, CH,CL); "H NMR (400 MHz, CDCl3) 8 7.91 (d, J = 6.2
Hz, 2H), 7.53 (d, J = 6.8 Hz, 2H), 7.41- 6.98 (m, 17H), 6.78 (s,
2H), 5.09 (brs, 1H), 4.73 (d, J = 8.8 Hz, 1H), 4.65 (d, J = 8.8
Hz, 1H), 1.30-1.16 (m, 24H); *C NMR (101 MHz, CDCl3) §

152.6, 152.1, 147.8, 145.4, 142.0, 141.4, 129.0, 128.4, 127.8,
127.6,127.5,127.1, 117.3, 116.8, 110.2, 81.4, 80.2, 66.2, 65.6,
34.8,31.4,27.0,26.7; IR (KBr): 3385, 2963, 2866, 1625, 1588,
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1380, 1372, 1094, 699 cm’; HRMS (ESI) Calcd. for C4sHsN3O,Na ([M+Na]*) 700.3879, Found
700.3864.

Bh Ph Yield: 80%; Yellowish solid; mp 163.4-165.7 °C; [oc]D25 =-109.9

(c 0.22, CH,CL); 'H NMR (400 MHz, CDCl3) 6 8.06 (d, J =

O Q 8.2 Hz, 2H), 7.72-7.29 (m, 33H), 7.08 (d, J = 8.1 Hz, 3H),

5 N 6.96-6.89 (m, 2H), 5.06 (d, J = 9.2 Hz, 1H), 4.88 (d, J = 9.2

>< \>_H Hz, 1H), 4.56 (s, 1H), 3.36-3.29 (m,1H), 3.00-2.81 (m, 1H),

0™, _NH 1.35-1.26 (m, 6H), 1.12-1.05 (m, 9H), 0.58 (d, J = 6.8 Hz, 3H);

3C NMR (101 MHz, CDCLy) § 149.5, 144.7, 144.5, 142.3,

O Q 141.5, 141.3, 141.1, 140.7, 140.6, 140.4, 140.3, 140.2, 130.2,

PH o 129.8, 139.0, 128.2, 127.6, 127.2, 126.5, 125.9, 123.7, 123.6,

1k 123.5, 111.0, 81.5, 79.3, 66.8, 65.8, 28.1, 28.0, 27.4, 26.8, 25.1,

24.8, 23.4, 22.2; IR (KBr): 1178, 3029, 2958, 1625, 1487,

1398, 1087, 764, 697 cm™'; HRMS (ESI) Caled. for CesHeaN30, ([M+H]) 954.4954, Found
954.4999.

Synthesis of chiral guanidine 2

HO._CO,Et

Yom = OfTE = OO -
—_— —_— —_—

HO™ "CO,Et 0~ O 0~ N3

diethyl L-tartrate O O

TADDOL TADDOL-N3
o) o NH o] N o
Q! %CX! o~ T, 0
-, NHj» o “
(o] , —NH O™ "/ ~NH
TADDOL-NH, TADDOL-thiourea 2

Reagents and conditions: (a) cyclohexanone, PTSA, ZnCl,, benzene, reflux, 18 h; (b)
bromobenzene, Mg, THF, reflux, 1.5 h, 75% (2 steps); (c) SOCl,, Et;N, CH,Cl,, reflux, 3 h; (d)
NaNj3;, DMF, 80 °C, 72 h, 71% (2 steps); (e) LiAlH,, THF, 0 °C, 4 h, 1 M NaOH, 2 h, 84%; (f) CS,,
pyridine, 60 °C, 83%; (g) 2,6-diisopropylaniline, CuCl, K,COs, THF, 40 °C, 48 h, 64 %.

Synthesis of TADDOL according to the literature procedurem

Cyclohexanone (2.4 g, 2.5 mL, 24 mmol, 1.5 equiv) was added to a solution of diethyl
L-tartrate (3.3 g, 16 mmol), ZnCl, (0.1 g) and pTsOH (0.1 g) in dry benzene (60 mL) and the
reaction mixture was refluxed for 18 h with Dean-Stark removal of MeOH. After cooling to room
temperature, NaHCO; (0.4 g) was added and the mixture was stirred for 15 min. Water (25 mL)
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was added and the organic layer was separated. The aqueous layer was extracted with EtOAc (30
mLx2). The combined organic layers were washed with water, brine, dried (Na,SO4) and
concentrated to give (2R,3R)-dioxaspiro [4,5] decane-2,3-dicarboxyl-diethylester (4.6 g,
quantitative) as a yellow oil. The crude product obtained was used for subsequent reaction without
further purification.

Under nitrogen atmosphere, to the Grignard reagent in tetrahydrofuran (60 mL) obtained
from bromobenzene (12.6 g, 80 mmol, 5.0 equiv) and magnesium powder (2.1 g, 88 mmol, 5.5
equiv) was added, with ice cooling bath, a solution of (2R,3R)-dioxaspiro [4,5] decane-2,3-
dicarboxyl-diethylester (4.6 g, 16 mmol) in tetrahydrofuran (5 mL). After completion of the
addition, the reaction mixture was heated at reflux for 1.5 h, then cooled to room temperature. An
aqueous saturated ammonium chloride solution (80 mL) was added and the organic layer was
separated. The aqueous layer was extracted with ethyl acetate (80 mLx1, 40 mLx2). The
combined organic layers were washed with brine, dried (Na,SO,). After evaporation of the solvent,
the crude residue was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate = 10/1) to give TADDOL (6.1 g, 75%) as a white solid. 'H NMR (400 MHz, CDCl;): o
7.57-7.47 (m, 4H), 7.39-7.21 (m, 16H), 4.55 (s, 2H), 3.73 (brs, 2H), 1.50-1.31 (m, 4H), 1.31-1.07
(m, 6H).

Synthesis of TADDOL-N3.

Under nitrogen atmosphere, to a solution of TADDOL (1.520 g, 3 mmol, 1.0 equiv) in
CH,Cl, (20 mL) was added thionyl chloride (1.071 g, 9 mmol, 3.0 equiv) at room temperature.
The resulting solution was then heated under reflux while a solution of triethylamine (1.821 g, 18
mmol, 6.0 equiv) in CH,Cl, (20 mL) was introduced over a period of 3 h. Progress of the
reaction was monitored by TLC. After completion of the reaction, the reaction was cooled to
room temperature and concentrated to give a brown solid. The crude product obtained was used
for subsequent reaction without further purification. To a solution of the crude product in DMF
(12 mL) was added NaNj3 (0.780 g, 12 mmol, 4.0 equiv). The reaction mixture was stirred at 80
°C for 72 h. After cooling to room temperature, the reaction mixture was poured into water (100
mL), then extracted with ether (100 mLx1, 60 mLx2). The combined organic layers were washed
with water (50 mLx3) and dried (Na,SO,). After evaporation of the solvent, the crude residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 50/1) to
give a yellowish solid. The crude residue was crystallized from ethanol to give TADDOL-N;
(1.187 g, 71% ) as a white solid. mp 162.1-163.7 °C; [a]p'® = 6.6 (¢ 0.49, CH,Cl,); 'H NMR (400
MHz, CDCls) 6 7.40-7.18 (m, 20H), 4.90 (s, 2H), 1.49-1.39 (m, 4H), 1.30-1.22 (m, 6H); °C
NMR (101 MHz, CDCl,) ¢ 142.0, 140.2, 129.6, 128.3, 128.1, 127.8, 127.7, 127.6, 110.7, 80.0,
73.2, 36.7, 25.0, 24.1; IR (KBr): 3446, 3060, 2929, 2853, 2120, 1376, 1366, 1267, 1107, 756,
737, 698 cm™'; HRMS (ESI) Calcd. for C34H3,N¢O,Na([M+Na]") 579.2484, Found 579.2473.

Synthesis of TADDOL-NH,.

To an ice-water cooled suspension of LiAlH,4 (0.455 g, 12 mmol, 6.0 equiv) in THF (15 mL)
was added, dropwise, a solution of TADDOL-N; (1.113 g, 2 mmol, 1.0 equiv) in THF (15 mL).
The reaction mixture was stirred at 0 °C for 4 h. Progress of the reaction was monitored by TLC.
After completion of the reaction, 1 M NaOH (8 mL) was added carefully. The mixture was diluted
with ether (15 mL) and Na,SO4 (8.0 g) was added. After stirring for a further 2 h at room
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temperature, the mixture was filtered through a pad of celite with the aid of ether. The filtrate was
dried over K,COs. After evaporation of the solvent, the crude residue was purified by column
chromatography on silica gel (dichloromethane/methanol = 20/1) to give TADDOL-NH, (0.851 g,
84%) as a white solid. mp 228.4-231.7°C; [a]p'’ = -43.3 (¢ 0.27, CH,CL); 'H NMR (400 MHz,
CDCl3) 0 7.55-7.50 (m, 4H), 7.35-7.29 (m, 6H), 7.24-7.10 (m, 10H), 4.20 (s, 2H), 2.21 (brs, 4H),
1.51-1.36 (m, 4H), 1.28-1.22 (m, 6H); *C NMR (101 MHz, CDCl;) 6 150.2, 143.9, 129.4, 128.1,
127.8, 127.4, 127.1, 126.9, 126.5, 108.0, 81.5, 62.8, 36.7, 25.3, 24.1. IR (KBr): 3359, 2942, 2858,
1493, 1367, 1352 1123, 767, 740, 704 cm’'; HRMS (ESI) Caled. for CsHsN,Oo([M+H]")
505.2855, Found 505.2863.

Synthesis of TADDOL-thiourea:

Under nitrogen atmosphere, carbon disulfide (204 pL, 3.4 mmol, 2.0 equiv) was added to a
solution of the diamine 1a (0.850 g, 1.7 mmol) in pyridine (3 mL). The reaction mixture was
stirred at 60 °C for 7 h. After cooling to room temperature, to the reaction mixture was added
CH,Cl, (30 mL) and water (10 mL). The pH was adjusted to 2-3 by the addition of a 1 M HCI
solution. The mixture was extracted with dichloromethane (20 mLX3) and the combined organic
layers were washed with 1M NaOH (20 mLx1), brine (20 mLx1) and dried (Na,SO,). After
evaporation of the solvent, the crude residue was purified by column chromatography on silica gel
(petroleum ether/ethyl acetate = 10/1) to give TADDOL-thiourea (762 mg, 83%) as a white solid.
Mp 258.3-261.2 °C; [a]p>* = -197.5 (¢ 0.11, CH,Cl,); '"H NMR (400 MHz, CDCls) 6 7.60-7.57 (m,
4H), 7.44-7.34 (m, 6H), 7.29-7.26 (m, 6H), 7.20-7.11 (m, 4H), 6.87 (s, 2H), 4.58 (s, 2H), 1.55-
1.22 (m, 10H); C NMR (101 MHz, CDCl3) d 185.7, 143.6, 139.8, 129.3, 128.8, 128.4, 128.0,
127.9, 127.7, 111.3, 77.3, 70.7, 36.3, 24.9, 23.7; IR (KBr): 3378, 3058, 2935, 1635, 1447, 1366,
1119, 755, 699 cm'l; HRMS (ESI) Calcd. for C35H34N2028Na([M+Na]+) 569.2239, Found
569.2216.

Synthesis of 2:

Under nitrogen atmosphere, to a suspension of K,CO; (55.3 mg, 0.4 mmol, 4.0 equiv) and
CuCl (20.8 mg, 0.21 mmol, 2.1 equiv) in THF (1 mL) was added TADDOL-thiourea (54.7 mg,
0.1 mmol, 1.0 equiv). After stirring at room temperature for 10 min, 2,6-diisopropylaniline (24.2
mg, 0.2 mmol, 2.0 equiv) was added. The resulting mixture was stirred at 40 °C for 48 h. Progress
of the reaction was monitored by TLC. After completion of the reaction, the mixture was cooled to
room temperature and quenched by saturated NH4Cl (15 mL) aqueous solution. The pH was
adjusted to 5 by the addition of 1M HCI. The mixture was extracted with dichloromethane (20
mLx3) and the combined organic layers were filtered through a pad of celite with the aid of
dichloromethane. The filtrate was washed with brine and dried (Na,SO,). After evaporation of the
solvent, the crude residue was purified by column chromatography on silica gel
(dichloromethane/methanol = 20/1) to give guanidine hydrochloride salt as a solid (143.1 mg).
The guanidine hydrochloride salt was dissolved in dichloromethane (20 mL) , then added 2 M
NaOH (4 mL) and stirred until the basification was finished (2 h). The aqueous phase was
extracted with dichloromethane washed with brine, dried (K,COj3) and the solvent was removed
under reduced pressure to yield the free guanidine 2 (44.2 mg, 64%) as a white solid. mp
117.2-118.6 °C; [a]p> = -118.2 (¢ 0.28, CH,CL,); 'H NMR (400 MHz, CDCl;) 6 7.92 (d, J = 7.0
Hz, 2H), 7.43-6.81 (m, 21H), 4.85 (d, J=9.2 Hz, 1H), 4.71 (d, J=9.2 Hz, 1H), 4.46 (s, 1H),
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3.28 (dt, J = 13.5, 6.7 Hz, 1H), 2.82 (dt, J = 13.6, 6.8 Hz, 1H), 1.55-1.06 (m, 19H), 0.48 (d, J
= 6.8 Hz, 3H); °C NMR (101 MHz, CDCl3) 6 149.6, 149.5, 145.9, 145.9, 145.5, 142.4, 142.2,
141.4, 141.3, 141.1, 129.6, 129.2, 128.4, 128.4, 127.7, 127.6, 127.5, 127.4, 127.2, 127.0,
127.0, 123.4, 123.3, 123.3, 111.0, 80.6, 78.3, 67.0, 65.9, 36.7, 35.9, 27.9, 27.7, 25.0, 24.9,
24.5,23.9, 23.6, 23.1, 21.9; IR (KBr): 3376, 3059, 2933, 1624, 1447, 1398, 1109, 755, 699
em’'; HRMS (ESI) Caled. for CayHs:N;0, ([M+HT") 690.4060, Found 690.4029.

3. General procedure for fluorination of 1,3-dicarbonyl and a-cyano carbonyl
compounds

O O
R X Ry — NFSI, 1i _ R X R
_ A a,COg, Tol, -40 °C Ty _ AN 2
5a-n 6a-n

To a Schlenk tube equipped with a magnetic stir bar and charged with compound 5 (0.2 mmol)
was added toulene (2 mL), followed by the 1i (0.02 mmol), and the mixture was stirred at r.t. for 5
min before cooling to -40 °C. Then to this mixture was added NFSI. After stirring at -40 °C for
another 10 min, to the resulting solution was added Na,CO; (0.22 mmol). The resulting solution
was stirred at -40 °C until complete consumption of 5. The temperature was raised to room
temperature. The solution of the crude product was concentrated in vacuo and the residue was
purified by column chromatography on silica gel(petroleum ether/ethyl acetate) to give the
product 6.

Methyl 2-fluoro-1-0xo-2,3-dihydro-1H-indene-2-carboxylate'"!
0 Prepared according to the general procedure with a reaction time of 5 d
O as white solid (99% yield) after silica gel chromatography
(EtOAc/petroleum ether). mp 78.2-80.3 °C (lit.,’*) 79-81 °C); [a]p® =
F O— 22.8 (¢ 0.20, CH,CL,); 'H NMR (400 MHz, CDCl3) 6 7.85 (d, J = 7.7
6a Hz, 1H), 7.74-7.70 (m, 1H), 7.52-7.46 (m, 2H), 3.82 (s, 3H), 3.85-3.78
(m, 1H), 3.45 (dd, J = 23.3, 17.7 Hz, 1H). Enantiomeric excess was determined to be 81%
(determined by HPLC using chiral OD-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C,

0.8 mL/min, tyinor = 11.8 min, tpgjor = 13.7 min).

VWDT A, Wavelengih=254 nm (ZLW120121201205-2120120515\12051502.D)
maAU
300 8
1 ~ @
250 b ~
4 n ]
2004 \I‘ P
1 |
150 |‘| |\|
3 \ M
100 | |‘ | |‘
50% ‘| I\ }‘ I\
0 e —
e, ——,
5 10 15 20 min
Peak RetTime Type Width Area Height Area
# [min min mAU *5 mal %
1 11.765 EBB 0.2600 3965.55493 234.35696 48,4367
2 13.713 BE 0.2993 4055.91870 208.94138 50.5633



VWD1 A, Wavelength=254 nm (ZLW\2012\201 206-2‘.261 20612112061202.D0)
mAU =
400 -
350
300
250
200
180 —; -
100 =
50 "
04 AN , ,
0 é 1‘0 I ‘ 1|5 2IO min|
Peak RetTime Type Width Area Height Area
# min [min mAl *3 [mAl %
1 11.711 VB 0.2580 725.1627Z2 47 .97733 9.5779
2 13.578 BB 0.2887 6846.06250 365.00783 90.4221
Methyl 2,5-difluoro-1-oxo0-2,3-dihydro-1H-indene-2-carboxylate
0 Prepared according to the general procedure with a reaction time of

6 d as white solid (99% yield) after silica gel chromatography
(EtOAc/petroleum ether). mp 89.8-90.8 °C; [oc]D19 =20.2 (c 0.46,
0— CH,Cl,); '"H NMR (400 MHz, CDCl;) § 7.87 (dd, J = 9.1, 5.3 Hz,

1H), 7.20-7.16 (m, 2H), 3.83 (s, 3H), 3.83-3.76 (m, 1H),3.43 (dd, J

=228, 17.9 Hz, 1H); *C NMR (101 MHz, CDCl3) 6 193.2 (d, J =
18.3 Hz), 168.2 (d, J=261.4), 167.4 (d, J=27.9), 153.8 (dd, J=10.8, 3.9 Hz), 129.6, 128.3 (d, J
=10.1 Hz), 117.2 (d, J=23.7 Hz), 113.6 (d, J = 23.8 Hz), 94.6 (d, J=202.5 Hz), 53.4, 38.1 (dd, J
=243, 2.0 Hz); "’F NMR (376 MHz, CDCL3) 6 -98.1, -163.8; IR (KBr): 3077, 2969, 1767, 1729,
1263, 1206, 1087, 648 cm™; HRMS (ESI) Calcd. for C;;HgOsF,Na ([M+Na]") 249.0339, Found
249.0336. Enantiomeric excess was determined to be 84% (determined by HPLC using chiral
OD-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.6 mL/min, tpine = 10.5 min, tnajor =
11.7 min).

O

6b

VIWD1 A, Wavelengin=254 nm (ZLW\12121003.0)
mAU E
300
250 g .
200 S N
150 3 "
100
50
0] |\,
0 25 5 75 10 " T 12s 15 175 min]
Peak RetTime Type Width Area Height Area
# min [min mAll *35 [mAl %
1 10.4%86 VV 0.2237 2981.79932 199.69%9307 50,3051
2 11.729 VvV 0.2484 2945,63159 177.99185 49,6949
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VWD A, Wavelengih=254 nm (ZLW\12121002.0)
mAU ] &
400 S
350
300 5
250 -
200 5
150
1004 3
] =
50 4 =]
0] AN
0 25 75 0 125 15 175 min)
Peak RetTime Type Width Area Height Lrea
# [min min mAaU 3 maU %
1 10.4%98 VB 0.2083 511.561895 37.58287 7.8509
Z 11.725 BB 0.2403 6004.39648 384.81897 92.1491

Methyl 5-chlor0-2-ﬂuoro-1-0xo-2,3-dihydr0-1H-indene-Z-carboxylate[g]

O

Cl F
6C

0)

O_

Prepared according to the general procedure with a reaction time
of 6 d as yellowish solid (99% yield) after silica gel
chromatography (EtOAc/petroleum ether). mp 88.7-91.4°C (lit.,™
89-91 °C); [a]p”> = 17.8 (¢ 0.25, CH,Cl,); '"H NMR (400 MHz,
CDCl3) 6 7.78 (d, J = 8.2 Hz, 1H), 7.51 (d, J = 0.8 Hz, 1H),
7.47-7.44 (m, 1H), 3.82 (s, 3H), 3.82-3.75 (m, 1H), 3.42 (dd, J =

22.9, 17.8 Hz, 1H). Enantiomeric excess was determined to be 84% (determined by HPLC using
chiral OD-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, tyipo = 12.4 min,

tmajor = 14.9 min).

YWD1 A, Wavelength=254 nm (ZLW\201 209-2\20120822\12082201 .D)
mAU ] 2
700 3 E §
600 4 =
500
400
3004
200
100
O:
; =
0 5 10 15 20 min|
Peak RetTime Type Width Ares Height Ares
i [min] min mal *3 [mAU %
1 12.380 VB 0.2875 1.21034e4 48.88141 49,9329
2 14.880 BB 0.3273 1.2135%e4 569.35748 50.0671
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VWD1 A, Wave\er;gth=254 nm (ZLW'201208-2\201 2095é‘.1 2092204.D)
mAU ¥
400 —; 3
350 -
3003
250 3
200
150 3
1 <
100 2
507 &
0 VAN
0 é WIO 1|5 2|O min
Peak RetTime Type Width Areas Height Areas
i min min mAl 3 [mAaU %
1 12.504 VB 0.2773 684.04287 37.95286 7.9515
2 14.841 BB 0.3279 7918.65967 375.01346 92.0485
Methyl 5-br0m0-2-ﬂu0r0-1-ox0-2,3-dihydr0-1H-indene-Z-carboxylate[8]
0 Prepared according to the general procedure with a reaction time

0 of 7 d as white solid (99% yield) after silica gel chromatography

(EtOAc/petroleum ether). mp 87.6-90.1 °C (lit.,”! 88-90 °C);

F O— [a]p" = 57.4 (¢ 0.50, CH,CL); '"H NMR (400 MHz, CDCl3) &

6d 7.71-7.69 (m, 2H), 7.62 (dd, J = 8.3, 0.7 Hz, 1H), 3.82 (s, 3H),

3.82-3.75 (m, 1H), 3.43 (dd, J=22.9, 17.8 Hz, 1H). Enantiomeric

excess was determined to be 78% (determined by HPLC using chiral OD-H column,
hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, ty;no = 13.2 min, tmajor = 16.2 min).

Br

VWD A, Wavelengin=254 nm (ZLW\201210-220121013112101301.D)
mAU ] g
400 4 o ﬁ
350 ©
300 3
250 3
200
150
100
50 3
0
0 é 1‘0 1‘5 2‘0 min|
Peak RetTime Type Width Area Heigh Area
# min min mAU *3 [mAaU %
1 13.240 BB 0.3028 7438.05176 377.25070 50.0126
2 16.226 BB 0.3607 7434,29395 320.67545 49,9874
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VWD1 A, Wavelength=254 nm (ZLW\201210-2\201 2101 2.3‘.12101302‘D)
mAU ]
300—; ~
250 o
ZDD—E
1505
1oo—f o
q &
50 2
0 VAN
T T T T T T
0 ] 10 15 20 min|
Pezk RetTime Type Width Area Height Ares
# min] min mAU *3 [malU %
1 13.299 PB 0.2947 626.25610 32.71204 10.9760
2 16.217 BB 0.3570 5079.43701 219.73856 89.0240

Methyl 2-fluoro-5-methoxy-1-0x0-2,3-dihydro-1H-indene-2-carboxylate

O
O

MeO F O—
6e

Prepared according to the general procedure with a reaction
time of 7 d as white solid (98% yield) after silica gel
chromatography (EtOAc/petroleum ether). mp 106.4-107.7 °C;
[a]p” = 69.6 (¢ 0.41, CH,CL); '"H NMR (400 MHz, CDCl;) &
7.77 (d, J= 8.6 Hz, 1H), 6.98 (dd, J = 8.6, 2.2 Hz, 1H), 6.91 (s,
1H), 3.92 (s, 3H), 3.82 (s, 3H), 3.75 (dd, J=17.6, 11.1 Hz, 1H),

3.38 (dd, J = 23.0, 17.7 Hz, 1H); *C NMR (101 MHz, CDCl3) 6 192.9 (d, J = 18.4 Hz), 168.0 (d,

J=27.9 Hz), 166.9, 154.0 (d, J =

4.0 Hz), 127.6, 126.3, 116.8, 109.8, 95.1 (d, J=201.2 Hz), 55.9,

53.2,38.2 (d, J = 24.1 Hz); "°’F NMR (376 MHz, CDCL3) 6 -163.5; IR (KBr): 3019, 2959, 1764,
1712, 1271, 1206, 1102, 649 cm™'; HRMS (ESI) Calcd. for Cj,H;;04,FNa ([M+Na]") 261.0539
Found 261.0549. Enantiomeric excess was determined to be 79% (determined by HPLC using
chiral OD-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, tyino = 18.7 min,

tmajor = 20.6 min).

VWD1 A, Wavelength=254 nm (ZLW\201210-2'20121 065\12100501 .D)
mal ]
E - ©
‘IZD: 2 S
100 ® 5
80
60 |
40
20
0
T T T T T
S 10 15 20 25 30 miny
Peak RetTime Type Width ARrea Height ARrea
i min min mAl] 3 [mAU %
1 18.691 BV 0.5115 3102.568934 892.30386 49.6963
2 20.626 VB 0.5163 3140.49023 93.68258 0.3037
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VWD1 A, Wavelength=254 nm (ZLW'\201210-2120121 DE]S‘.T 2100502.D)
mAU
<]
175 TS
o
150 N
125
100
75
50 §
25 2
0 1
‘ : S
5 10 15 20 25 30 min|
Peak RetTime Type Width Ares Height Lres
# (min (min] mAU *3 [mal %
A o - A - ) A 5 - o~y - Il
1 18.827 PV 0.4920 558.64551 17.49272 10.4814
~ -~ ~ - - s o e W el ~ — -~ P,
2 20.556 VB 0.5116 4771.24805 144.06799 B89.5186

Methyl 2-fluoro-4-methyl-1-0x0-2,3-dihydro-1H-indene-2-carboxylate

O
O

F O—

of

Prepared according to the general procedure with a reaction time of 10
d as white solid (93% yield) after silica gel chromatography
(EtOAc/petroleum ether). mp 126.1-127.6 °C; [a]p'’ =36.2 (¢ 0.37 ,
CH,Cl,); '"H NMR (400 MHz, CDCl3) 6 7.68 (d, J = 7.7 Hz, 1H), 7.52
(d, J=7.4 Hz, 1H), 7.39 (t,J=7.5 Hz, 1H), 3.82 (s, 3H), 3.70 (dd, J =
17.7, 11.6 Hz, 1H), 3.31 (dd, J = 23.6, 17.7 Hz, 1H), 2.37 (s, 3H); °C

NMR (101 MHz, CDCl;) ¢ 195.4 (d, J=17.9 Hz), 167.9 (d, J = 27.9 Hz), 149.9 (d, J = 3.5 Hz),
137.3, 136.0, 133.0, 128.8, 123.0, 94.6 (d, J = 201.1 Hz), 53.2, 37.2(d, J = 23.8 Hz), 17.8; "F
NMR (376 MHz, CDCl;) ¢ -164.1; IR (KBr): 3074, 2961, 2920, 1765, 1722, 1270, 1205, 1086,
775, 674 cm’'; HRMS (ESI) Calcd. for Cj,H;;05FNa ([M+Na]") 245.0590, Found 245.0586.
Enantiomeric excess was determined to be 75% (determined by HPLC using chiral OD-H column,
hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, ty;no = 12.3 min, tmajor = 13.7 min).

VWD1 A, Wavelength=254 nm (ZLW'\201211-2\20121 17912111801 .D)
mAU ]
| -
3004 b5 ©
E o 2
250 T =
2004
150 3
1004
504
0
1 T T T T T T
0 2.5 5 7.5 10 12.5 15 17.5 20 min|
Peak RetTime Type Width Area Height Area
¥ [min [min mAlU 5 (mAU %
1 12.314 VvV 0.2814 4620.47314 251.37808 49,9621
-~ - L ] -~ e A -~ Ao -~ o~y A o) -~ T
2 13.796 VB 0.3135 4627.48242 226.99458 50.0379
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VWD1 A, Wavelength=254 nm (ZLW'201211-21201211 7 9112111902.D)
mAU ] o
— wn
] ]
] o
400
300
2004
B w
b o
1004 o
0
T T T T T T | T
0 2.5 5 7.5 10 12.5 15 17.5 min|
Peak RetTime Type Width Ares Height Area
# min min mAU 3 [mal %
1 12.316 BV 0.2791 1243.1575¢ 68.36427 12.4872
2 13.752 VB 0.3157 8712.32422 423.81823 87.5128
. . 8
Methyl 2-fluoro-6-methyl-1-ox0-2,3-dihydro-1H-indene-2-carboxylate'™
0 Prepared according to the general procedure with a reaction time of

O 8 d as white solid (98% yield) after silica gel chromatography

(EtOAc/petroleum ether). mp 117.1-118.4 °C (lit.,”™! 101-104 °C);

F O™ 14159 = 16.2 (¢ 0.39, CH,Cl); 'H NMR (400 MHz, CDCly) & 7.64

69 (s, 1H), 7.52 (d, J = 7.8 Hz, 1H), 7.39 (d, J = 7.9 Hz, 1H), 3.81 (s,

3H), 3.75 (dd, J=17.5, 11.0 Hz, 1H), 3.39 (dd, J=23.2, 17.5 Hz, 1H), 2.43 (s, 3H). Enantiomeric

excess was determined to be 78% (determined by HPLC using chiral OD-H column,
hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, ty;no = 10.6 min, tmajor = 13.2 min).

YWD1 A, Wavelength=254 nm (ZLW'201210-2120121016112101601.D)
mAU ] b
w
] = ©
400 -
] @
300
200
100
O ] L
T T T T
0 S 10 15 20 min
Peak RetTime Type Width Ares Height Ares
i [min] [min mAl = (mAU ] %
T & n ) ey - -~ a o ke ] - A ™ e NakrNa ) ) -~ =
1 10.581 BB 0.2287 6347.83447 421.,2030% 50.0137
-~ ] - - - -~y - - - e ] - -~ -~ ) -
2 13.176 PB 0.2867 6344.36133 341.42920 49,9863
VWD1 A, Wavelength=254 nm (ZLW‘.201210-2!201210716\12101602.D)
mAaU
| o™
250 - 2
q el
200
150
100 4 -
- (-]
] 0
50 =]
0 A
T T T U T T T T T
0 2.5 5 7.5 10 12.5 15 17.5 20 min|
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Peak RetTime Type Width Ares Height Ares
# min [min] mAU *3 [mAl ] %
1 10.589 VB 0.2270 484.39337 32.64612 11.1743
2 13.173 VB 0.2819 3850.47852 209.02850 88.8257

Methyl 2-ﬂuoro-l-oxo-l,2,3,4-tetrahydr0naphthalene-Z-carboxylate[g]

0 0 Prepared according to the general procedure with a reaction time of 10
d as colourless oil (90% yield) after silica gel chromatography

o~ (EtOAc/petroleum ether); [o]p'’ =3.5 (¢ 0.32, CH,CL); 'H NMR (400

F MHz, CDCl3) ¢ 8.08 (dd, /=7.9, 1.1 Hz, 1H), 7.56 (td, J="7.5, 1.4 Hz,

6h 1H), 7.38 (dt, J = 7.8, 3.9 Hz, 1H), 7.28 (m, 1H), 3.84 (s, 3H),

3.23-3.16 (m, 1H), 3.13-3.05 (m, 1H), 2.8.-2.68 (m, 1H), 2.60-2.51(m,
1H). Enantiomeric excess was determined to be 80% (determined by HPLC using chiral OD-H
column, hexane/2-propanol = 95/5, X = 254 nm, 30 °C, 0.8 mL/min, tyi = 15.9 min, tmajor = 17.3

min).

VWD1 A, Wavelengh=254 nm (ZLW\201210-2120121026112102601.0)

mAU ]
400
350
3003
250 3
200
150
1005

15.883
17.342

o

k RetTime Type Width Bresz Height Lrea
- . . S h .

83 BV 0.3330 &7
42 VB 0.3652 6813.

VWDTA, Waveleﬁgth=254 nm (ZLW‘.201210-2‘.201210%6\12102603.D)

16.902

S

=
TR
15.531

1 15.531 BV 0.325
2 16.902 VB 0.362
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2-Fluoro-1-0x0-1,2,3,4-tetrahydronaphthalene-2-carbonitrile

O
CN

F

6i

Prepared according to the general procedure with a reaction time of 12 d as
colourless oil (84% yield) after silica gel chromatography (EtOAc/
petroleum ether); [G]Dls =-67.3 (c 0.32, CH,Cly); 'H NMR (400 MHz,
CDCl3) 6 8.10 (dd, J=7.9, 1.1 Hz, 1H), 7.63 (td, J= 7.6, 1.4 Hz, 1H), 7.43
(t,J=17.6 Hz, 1H), 7.33 (d, J = 7.8 Hz, 1H), 3.37-3.32 (m, 2H), 2.82-2.65
(m, 2H); C NMR (101 MHz, CDCL3) § 184.0 (d, J = 19.1 Hz), 142.2,

135.6, 129.3 (d, J = 1.3 Hz), 129.0, 128.9, 128.0, 113.7 (d, J = 35.2 Hz), 87.3 (d, J = 195.8 Hz),
33.9 (d, J=21.9 Hz), 25.4 (d, J=7.5 Hz); "°’F NMR (376 MHz, CDCl;) 6 -160.4; IR (Neat): 3070,
2940, 1709, 704 cm; HRMS (ESI) Caled. for C;;HsNOFNa ([M+Na]") 212.0488, Found
212.0483. Enantiomeric excess was determined to be 82% (determined by HPLC using chiral
OD-H column, hexane/2-propanol = 95/5, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 12.0 min, toiner

=12.9 min).
VWD1 A, Wavelength=254 nm (ZLW\201 21203!12120?;02.D)
mAU ]
1753 g2 o
150 3 - 3
1253 n
1003
75
50
253
0
-25
1 I I 1 I 1 1 1 I
0 2 4 6 8 10 12 14 16 min|
Peak EFEetTime Type Width Area Height Arez
¥ [min min mAll *35 [mAlU %
1 11.983 BV 0.2494 2517.39722 154.854987 49,7301
2 12.878 VB 0.2699 2544 ,71826 44 ,22397 0.2699
VWD1A, Wavsleﬁglh=254 nm (ZLW‘.2D121203‘.121203‘03D}
mAU ] g
600 4 -
500
400—5
300
200é =)
] g
100 o o
O*: L
T T T T T T T T T T
0 25 5 75 10 125 15 17.5 min|
Peak RetTime Type Width Ares Height Ares
# [min min mAU *3 mAal %
1 11.946 BV 0.2497 9775.35938 600.38049 G91.0489
2 12.850 VB 0.2760 961.0285 52.90715 8.9511
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2-Fluoro-1-0x0-2,3-dihydro-1H-indene-2-carbonitrile

O

6j

Prepared according to the general procedure with a reaction time of 8 d as
colourless oil (89% yield) after silica gel chromatography (EtOAc/

CN petroleum ether); "H NMR (400 MHz, CDCl3) ¢ 7.90 (d, J = 7.7 Hz, 1H),

7.79 (td, J = 7.6, 1.1 Hz, 1H), 7.54 (t, J = 7.8 Hz, 2H), 3.94 (dd, J = 18.0,
13.3 Hz, 1H), 3.65 (dd, J = 23.0, 18.1 Hz, 1H); °C NMR (101 MHz,
CDCl3) 6 190.1 (d, J=19.0 Hz), 148.2 (d, J= 2.9 Hz), 137.9, 131.5, 129.6,

126.9, 126.5, 114.7 (d, J = 36.1 Hz), 86.5 (d, J = 197.5 Hz), 39.3 (d, J = 24.6 Hz); '°’F NMR (376
MHz, CDCl;3) 6 -158.29; IR (Neat): 3077, 2928, 1736, 736 cm'l; HRMS (ESI) Calcd. for
C10H¢NOFNa ([M+Na]") 198.0331, Found 198.0334. Enantiomeric excess was determined to be
39% (determined by HPLC using chiral OD-H column, hexane/2-propanol = 95/5, A = 254 nm, 30
°C, 0.8 mL/min, tygjor = 13.0 min, tpiner = 14.5 min).

mAU
500
4004
300

2004

VWD1 A, Wavelength=254 nm (ZLW\2012120811 2120801 D)

-012
14.462

0
Peak RetTime Type Width Arez Height Lrea
# [min min mAU *3 [malU %
1 3.012 BV 0.2991 1.04352e4 527.90173 49,5771
2 4,462 VB 0.3346 1.06132e4 478.30350 50.4229
VWD1TA, Waveleﬁgth=254 nm (ZLW!Z[H21208‘.121208‘03D}
mAU ] £
175+ s
150
125—2
100—2 @
| w
75 ¥
50—2
25
OE -
LB R N I T 1 L R R ™1 T T
0 2.5 5 7.5 10 12.5 15 17.5 20 min|
Peak RetTime Type Width Area Height Area
# [min] min] mAU *5 [mAlU %
1 13.175 BY 0.2885 3102.77075 157.33357 ©9.5074
2 14,659 VB 0.3354 1381.17163 61.16313 30.4926
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2-Acetyl-2-fluoro-2,3-dihydro-1H-inden-1-one

O Prepared according to the general procedure with a reaction time of 8 d as
O colourless oil (91% yield) after silica gel chromatography (EtOAc/
petroleum ether); 'H NMR (400 MHz, CDCl;)  7.77 (d, J = 7.7 Hz, 1H),
F 7.68 (t,J=17.5 Hz, 1H), 7.50 (d, J=7.7 Hz, 1H), 7.44 (t, J = 7.4 Hz, 1H),
6k 3.79 (dd, J=17.0, 9.2 Hz, 1H), 3.27 (dd, J=22.1, 17.2 Hz, 1H), 2.48 (d, J
= 5.0 Hz, 3H); C NMR (101 MHz, CDCl3) d 204.0 (d, J = 30.5 Hz), 196.2 (d, J = 17.8 Hz),
151.5 (d, J=4.7 Hz), 136.7, 132.9, 128.5, 126.5 (d, J = 1.3 Hz), 125.4, 101.5 (d, J = 201.8 Hz),
36.8 (d, J = 22.8 Hz), 26.2; "’F NMR (376 MHz, CDCls) 6 -162.3; IR(Neat): 2973, 2926, 1716,
1625, 734 cm™; HRMS (ESI) Caled. for C;;HoO,FNa ([M+Na]") 215.0484, Found 215.0491.
Enantiomeric excess was determined to be 33% (determined by HPLC using chiral AD-H column,

hexane/2-propanol = 95/5, A = 254 nm, 30 °C, 0.6 mL/min, ty;no = 15.9 min, tmajor = 17.2 min).

DAD1 A, Sig=254,4 Ref=360,100 (C:\HPCH EI\-‘I!1‘.DATA“ZLW‘.ZO121 1\20121130112113001.D)
mAU ] & o
1 @ =
1 3 &
200 2o
150
100
50
0 ‘ .
—
0 5 10 15 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU>*s (mAU %
1 15.925 BB 0.3591 4583.34229 195.78459 50.048
2 17.246 BB 0.3793 4574.53223 187.04327 49.9519
DAD1 A, S\g=254,£‘1 Ref=360,100 (C:\HPCH EI‘\-‘M‘.DATA:.Z.LW‘.QO‘IQW 120121130112113002.D)
mAU
b w
300 ] &
] o
250
2004 8
] ~~
150 3 3
100
50—5
0 .
T T T T
0 5 10 15 20 min|
Peak RetTime Type Width Area Height Area
# min] [min] (mAU*s [mAU] %
1 14,724 BB 0.3332 2939.1418 136.50108 33.5582
2 15.926 BB 0.3554 5819.19043 253.85568 66.4418
2-Acetyl-2,5-difluoro-2,3-dihydro-1H-inden-1-one
0 Prepared according to the general procedure with a reaction time of 8

0 d as white solid (99% yield) after silica gel chromatography

(EtOAc/petroleum ether). mp 72.1-73.3 °C; 'H NMR (400 MHz,

= F CDCl3) 6 7.79 (dd, J = 8.4, 5.3 Hz, 1H), 7.18-7.12 (m, 2H), 3.78 (dd, J
6l =17.4, 8.8 Hz, 1H), 3.26 (dd, J=21.7, 17.4 Hz, 1H), 2.49 (d, /= 5.1
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Hz, 3H); "C NMR (101 MHz, CDCls) 6 204.0 (d, J = 30.4 Hz), 194.2, 168.3 (d, J = 260.2 Hz),
154.6, 129.3, 128.1 (d, J=10.4 Hz), 117.2 (d, J = 24.0 Hz), 113.6 (d, J = 23.0 Hz), 101.6 (d, J =
202.7 Hz), 36.8 (d, J = 23.4 Hz), 26.4; '’F NMR (377 MHz, CDCl3) ¢ -98.6, -162.1; IR (KBr):
2956, 2923, 1734, 1713, 742, 687 cm’'; HRMS (ESI) Calcd. for C;;HzO,F,Na ([M+Na]")
233.0390, Found 233.0391. Enantiomeric excess was determined to be 40% (determined by HPLC
using chiral AS-H column, hexane/2-propanol = 95/5, A = 254 nm, 30 °C, 0.6 mL/min, tyimor = 17.0

min, tmgjor = 19.7 min).

DAD1 B, Sig=254,16 Ref=360,100 (C:‘.HF’CHEM‘.T!DATA;.ZLW‘.201211‘.20121 1154112111501.D)
mAU ]
175—5 @ o
E o ~
150 & &
1 o @
125 n "
100
75
50
25—;
04
I T T T T
o] 5 10 15 20 25 min|
Peazk RetTime Type Width Ares Height Ares
i (min] [min (mAU*s [mAU %
1 16.959 BB 0.5260 4191.00244 125.35831 49,9962
2 19.670 BB 0.5263 4191.63330 125.29539 0.0038
DAD1 B, Sig=254,16 Ref=360,100 (C.!HPCHEI\-1!1‘.DAT.E\‘ZLW\ZO1211!20121 115112111502.D)
mAU 7 o
- "]
E =
175 2
150 3
125 @
] 5
100 4 <
753
50
254
0 . T
- 1 - r 1 r 1T T T T+ T 1T T Fr T T 7
0 5 10 15 20 25 miny
Peak RetTime Type Width Bres Height Area
i [min] [min (mAU*s mal %
1 16.879 BB 0.3753 1945,18750 80.66766 29.9008
2 19.450 BB 0.4292 4560.27930 164.62288 70.00992
2-Acetyl-5-chloro-2-fluoro-2,3-dihydro-1H-inden-1-one
O Prepared according to the general procedure with a reaction time of 8

O d as white solid (90% yield) after silica gel chromatography

(EtOAc/petroleum ether). mp 63.8-65.3 °C; 'H NMR (400 MHz,

Cl F CDCl3) 0 7.70 (d, J = 8.2 Hz, 1H), 7.50 (s, 1H), 7.42 (d, J = 8.2 Hz,
6m 1H), 3.76 (dd, J=17.4, 8.9 Hz, 1H), 3.25 (dd, J=21.8, 17.4 Hz, 1H),

2.48 (d, J= 5.1 Hz, 3H); C NMR (101 MHz, CDCls) § 203.7 (d, J = 30.3 Hz), 194.7 (d, J= 17.7
Hz), 152.8 (d, J = 4.8 Hz), 143.5, 131.3, 129.5, 126.8 (d, J = 1.3 Hz), 126.5, 101.4 (d, J = 203.0
Hz), 36.5 (d, J = 23.3 Hz), 26.1; "’F NMR (376 MHz, CDCl;) 6 -161.9; IR (KBr): 2920, 2846,
1741, 1717, 821 cm’'; HRMS (ESI) Caled. for C;HsO,FCINa ([M+Na]") 249.0095, Found
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249.0096. Enantiomeric excess was determined to be 43% (determined by HPLC using chiral
AS-H column, hexane/2-propanol = 95/5, A = 254 nm, 30 °C, 0.6 mL/min, tyinor = 15.2 min, tugjor
=17.0 min).

DAD1 B, Sig=254,16 Ref=360,100 (C:‘.HPCHEMH\DATA‘.ZLW\.201211‘.20121 114112111401.D)
mAU ] 8
1 ™~
] o
200 H - ~
N (=2}
1 =]
] @
150 N
100
50
04
T T T T T T T T T
0 25 ] 7.5 10 12.5 15 17.5 20 min|
Peak RetTime Type Width Area Height Area
# min min mAU* s mAal] %
1 15.205 BB 0.2713 3680.00684 207.073%94 49,8538
-~ -~ -~ -y - o A - -~ ala -~ i -~
2 6.922 BB 0.3786 3701.58545 150.68094 50.1462
DAD1 B, Sig=254,16 Ref=360,100 (C:\HPCH EMIDATAZLW201211201211 144112111402.D)
mAU ]
300 2
4 (=2}
k| ©
250 -
zoo—f
] 5
150 - &
] @
1004
50 4
0-
—_— -0 - e e s_—Y— e m
0 ] 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# min min mAlU*s ‘mAU %
1 15.207 BB 0.3385 2362.16187 108.70590 28.60687
2 16.985 BB 0.3779 5885.20850 242.23814 71.3933

2-Acetyl-2-fluoro-5-methoxy-2,3-dihydro-1H-inden-1-one
O
O

MeO F
6n

Prepared according to the general procedure with a reaction time of
14 d as colourless oil (82% yield) after silica gel chromatography (EtOAc/petroleum ether). 'H
NMR (400 MHz, CDCl;) 6 7.69 (d, J= 8.6 Hz, 1H), 6.95 (dd, J= 8.6, 2.2 Hz, 1H), 6.91 (s, 1H), 3.91 (s,
3H), 3.73 (dd, J = 17.2, 8.8 Hz, 1H), 3.21 (dd, J = 21.9, 17.2 Hz, 1H), 2.47 (d, J = 5.0 Hz, 3H); "°F
NMR (376 MHz, CDCl;) & -161.4; >*C NMR (101 MHz, CDCl;) 6 204.4 (d, J=30.7 Hz), 193.9 (d, J =
17.8 Hz), 166.9, 154.6 (d, J = 4.8 Hz, 1H), 127.3, 125.9, 116.8, 109.5 (d, J = 1.3 Hz), 101.9 (d, J =
201.2 Hz), 55.9, 36.8 (d, J = 22.9 Hz), 26.3; IR(Neat): 2924, 2854, 1736, 1717, 1597, 1210, 1060,
819 cm’'; HRMS (ESI) Caled. for C;,H;;OsFNa ([M+Na]") 245.0590, Found 245.0599.
Enantiomeric excess was determined to be 25% (determined by HPLC using chiral OD-H column,
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hexane/2-propanol = 95/5, A = 254 nm, 30 °C, 0.8 mL/min, tyinor = 11.7 min, tisjor = 12.8 min).

VWD1 A, Wavelength=254 nm (ZLW\20121206112120601.0)
mAU ]
200 >
150 - g
100—5
50—5
0
7
6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
=== === | === === | === | === | === |
1 11.729 wv 0.2710 2625.65698 148.02196 49.7505
2 12.772 VB 0.2918 2651.99707 139.44887 50.2495
VWD1 A, Wavelengih=254 nm (ZLW'20121206\12120602.D)
mAU ]
175
150 g
E o~
125 o
100
75
50
25
0
o 95 5 75 40 435 45 175 mirl
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU 1 3

e | ==== | ==mm=mm | ====mmmm e | ===mmmmm e | ===m=mm- |
1 11.666 Vv  0.2634 1470.77173  85.44897 37.3455
2 12.678 VB 0.2875 2467.50952 132.29709 62.6545
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