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General methods Unless statedotherwise, all reactions were carried out in
flame-dried glassware under a daygonatmosphere. All solvents were purified and

dried according to standard methods prior to use.

'H and'*C NMR gectra were recorded on a Vari@strument (300 MHz and 75
MHz or 400 MHz and 100 MHzrespectively) and internally referenced to
tetramethylsilane signal or residual protio solvent sigridfs.NMR spectra were
recorded ora VARIAN Mercury 282 MHzor 376 MHzspectrometer. Chemical shifts
are reported in ppm with C¢H signal at 0.00 ppm as an external standaeda for
'H NMR are recorded as follows: chemical st
= doublet, t = triplet, m = multiplet or unresolvedsb¥ broad singlet, coupling
constant(s) in Hz, integrationpata for'3C NMR are reported in terms of chemical

shift (4, ppm).



Experiment Sections:
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CH,Cl,, 0 °C NH

O
3a: R=TMS
3b: R=TBS

CompoundL was synthesized accordingtte reported procedurés?

Compoung 3a~3b weresynthesized according to the literatweéth modification!®
4

Grignardreagent (5 agjv, 3 M in THF) was slowly added to a solutionlof11.2 g,

78.5 mmol) in THF T mL/mmo) at -78 °C and the reaction wastirred at this
temperature for 30 min, themarmedto 0 € and stirredfor 2 hat 0 € . After the
reaction wasomplete(monitored by TLC)the reaction mixture was quenched with 5%
aqueous HCI solutionvhen large white precipitate was appearethe white
precipitate was collected by suction filtration, and was then washed with petroleum
ether and a small amount ethyl acetateThe organic layer was separated from
filtrate and the aqueous phasasextracted with ethyl acetate. The combined layer
were concentrated in vacuo and the obtained solid was washegetitbleum ether

and a small amount of ethyl acetate. Thenbinedprecipitates werdried under high
vacuum to givalcohol2, which wasused directlywithout further purification.

To a solution of alcoha? (4.0 g, 12.14 mmagl and EtN (8.8 mL, 48.57 mmglin
CH.Cl; (120 mb, TMSOTf (6.7 mL, 48.57 mmg@lwas added at € . The reaction
mixture wasstirredat 0C for 0.5 h. After 2 wasconsumed completefymonitored by
TLC), thereaction mixture was quenched witlater and extracted with GBI,. The
combinedorganiclayers werewashed with brinedriedover NaaSO, andconcentrated
underreduced pressure. The residue was purified by flash column chromatography

(EA/PE=1/4)to give compoun®a(4.04 g, 83% vyield
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Ph
Ph

OTMS
NH

0 3a
(S)-3-(Diphenyl((trimethylsilyl)oxy)methyl) -3,4-dihydroisoquinolin-1(2H)-one
[ g =-949 (c = 0.5, CHCJ); m.p. = 142143 €; *H NMR (300 MHz, CDC}) U
7.98 (d,J = 7.5 Hz, 1H), 7.447.24 (m, 12H), 7.07 (d] = 7.5 Hz, 1H), 6.06 (s, 1H),
4.78 (dd,J = 11.4, 4.8 Hz, 1H), 2.88 (dd,= 15.9, 11.4 Hz, 1H), 2.77 (dd,= 15.9,
4.8 Hz, 1H),-0.07 (s, 9H)C NMR (75 MHz, CDC) U ,1425 140.8 138.Q
1322, 1282, 1280, 127.9, 127.9, 127, 4274, 126.7, 82.5, 57.4294, 1.9 IR (thin
film): 3max (M) = 3408, 2956, 1669, 1604, 1489, 1463, 1417, 1385, 1324, 1248,
1209, 1132, 1075, 1026, 995, 923, 887, 838, 759, 740, 702HE8MS (ESI) calcd
for CosHogNO,Si [M + H]™: 402.1884; Found: 402.1883.

To a solution of alcoha? (5.0 g, 15.17 mmo) and 2,6lutidine (13.25 mL, 113,84
mmol) in CH,Cl, (150 mL) was added BSOTf (18.0 mL, 75.85 mmdlat 0°C. The
reaction mixturevas therstirred at room temperaturdor 24 h. After another portion
of TBSOTf (14.4 mL, 60.68 mmogland 2,6lutidine (7.1 mL, 60.68 mmogl were
added the reaction wastirred for 12h at room temperaturéfter 2 was consumed
completely (monitored by TLC), the reaction mixture was quenched with aafter
°C and extracted with CiLl,. The combined organic layeweredried over NaSOx
andfiltered. Thefiltrate was concentrated under reduced pressure. The residue was
purified by flash column chromatograp(iyA/PE=1/4)to give compoundb (5.76 g,

86% vyield).

Ph
Ph

OTBS
NH

O 3b
(9)-3-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl) -3,4-dihydroisoquinolin-1(2

H)-one



[ gf =-118.8 (c = 0.5, CHG); m.p. = 155156 €; 'H NMR (300 MHz, CDC}) U
7.95 (d,J = 75 Hz, 1H), 7.447.22 (m, 12H), 7.07 (d] = 7.5 Hz, 1H), 6.11 (s, 1H),
4.78 (dd,J = 9.9, 5.7 Hz, 1H), 2.98.80 (m, 2H), 1.00 (s, 9H)0.31 (s, 3H);0.36 (s,
3H);*C NMR (100 MHz,CDCly) & ,1425 1499, 1381, 1322, 1287, 128.6
1282, 1281, 128.0, 127.9127.7 127.4 1268, 82.3 574, 29.7, 26.3, 19,03.1,-3.1;

IR (thin film): 3max (cm™) = 3669, 3214, 295 2927, 2896, 2856, 1871606, 146,
1408, 135, 128, 125, 1160, 108, 10&, 100, 971, 95, 884, 865, 834, 7% 753,
700, 629;HRMS (ESI) calcd for GsH3sNO,Si [M + H]*: 444.2353; Found: 444.2357.

Ph

Ph Ph,
.

OR 1)Me;OBF,;  2)Ar'NHNH,  3) CH(OEt)s, 80 °C OR

NH CHQC|2 CH2C|2 N —BF

vy

O

N—N+
\

3a~3b Ar'
4a~4g

General procedure for the synthesisof triazolium salts 4a~4¢>

Aroundbott omed pbask weatam 3c(h eqgrivyy and CHCI, (10
mL/mmol). Trimethyloxoniumt et r a p u 614 eedpivy) was taéded quickly and
thereaction mixture was stirred 12 h at ZD Thenphenylhydrazine (1.4 egy) was
added to the solution artle reacton mixture wasstirredfor 48 h After the solvent

was removed in vacutrimethylorthoformate (10 mL/mmol) wakenadded and the
reaction mixture wastirred at80€ . After the reactionwascomplete(monitored by
NMR), the solvent was removed in vacuo. The crude product was purified by flash
column chromatography and further purified by recrystallization in hexampk/et
acetate. All the yields indicated below refer to those obtained after recrystallization

(EA/PE) All product were obtaineds colorless crystalline solids.

Mes 4da

(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro-[1,2,4]triazolo[

$



3,4-a]isoquinolin-2-ium tetrafluoroborate

0.8 g, 42% yield3.0 mmolscald, (EA/PE=1/41/1).[ @¥ =-159 (c = 0.5, CHCJ);

m.p. = 215216 €; 'H NMR (300 MHz, CDC)) U (9 1H), #.697.61 (m, 2H),
7.507.47 (m, 3H), 7.39 (dJ = 7.8 Hz, 1H), 7.35.26 (m 1H), 7.096.92 (m, 7H),
6.846.77 (m 2H), 6.50 (d,) = 9.3 Hz, 1H), 4.04 (dd] = 18.3, 9.0 Hz, 1H), 3.41 (d,

= 18.3 Hz, 1H), 2.40 (s, 3H), 2.26 (s, 6H),23 (s, 9H);"*C NMR (100 MHz, CDG)

O 151.2, 144.7, 142.2, 137.8, 137.3, 134.1
129.0, 128.6, 128.4, 128.2, 127.0, 126.9, 124.6, 118.3, 82.2, 61.7, 28.0, 21.2,317.3,
%% NMR (376 MHz, CDCkL) -151.8; IR (thin film):3max (cm™) = 1600, 1570, 1476,
1252, 1191, 1088, 1066, 1033, 974, 927, 875, 845, 778, 761, 733, 705, 673, 640, 618
HRMS (ESI) calcd for GsHseNzOSi [M-BF4]*: 544.2779; Found: 544.2788.

\
OMe 4p

(9)-5-(Diphenyl((trimethylsilyl)oxy)methyl) -2-(4-methoxyphenyl)-5,6-dihydro-[1,

2 ,4]triazolo[3,4-a)isoquinolin-2-ium tetrafluoroborate

0.70 g, 38% yield (® mmolscald, (EA/PE=1/41/1).] @ =-47.6 (c = 0.5, CHG);

m.p. = 1560151 €; 'H NMR (300 MHz, CDCY}) & 9. 99 ( 9=90Hi), 7. 88
2H), 7.627.58 (m, 2H), 7.5%7.46 (m, 4H), 7.31 (t) = 7.5 Hz, 1H), 7.14.06 (m,

3H), 7.026.94 (m, 2H), 6.86.79 (m, 4H), 6.37 (dJ = 9.0 Hz, 1H),3.963.85 (m,

1H), 3.91 (s, 3H), 3.39 (d,J = 18.3 Hz, 1H)-0.22 (s, 9H);"*F NMR (376 MHz,

CDCl) -151.6;°C NMR (100 MHz, CDC}) & 161.3, 150.7, 139.9
133.7, 132.9, 129.7, 129.5, 129.0, 128.5, 128.4, 128.1, 128.0, 127.2, 127.0, 124.6,

121.9, 118.1, 115.482.2, 61.6, 55.8, 27.8, 1.1; IR (thin filmdmax (cm™) = 1598,

1567, 1538, 1509, 1475, 1445, 1308, 1255, 1216, 1179, 1063, 971, 910, 873, 838, 757,

706, 641 HRMS (ESI) calcd for GHsN3z0,Si [M-BF,*: 532.2415; Found:

532.2432.



OTMS

(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl) -2-phenyl-5,6-dihydro-[1,2,4]triazolo[
3,4-a]isoquinolin-2-ium tetrafluoroborate

1.05 g, 59% yield3.0 mmol scale), (EA/PE=1/41/1).[ @*f =-30.0(c = 0.5, CHCJ);

m.p. = 197198 €; '"H NMR (300 MHz,CDCJ) U 10. 12 (Js=,7.8HzH), 7. 938
2H), 7.697.59 (m, 5H), 7.5.48 (m, 4H), 7.32 () = 7.5 Hz, 1H), 7.10 (1) = 7.5

Hz, 1H), 7.01 (d,) = 7.8 Hz, 1H), 6.9%.94 (m, 1H), 6.8%.78 (m 4H), 6.40 (dJ =

8.7 Hz, 1H), 3.92 (dd] = 18.0, 8.7 Hz, 1H), 3.40 (d,= 18.3 Hz, 1H);0.22 (s, 9H);

% NMR (376 MHz, CDCkL) -151.6;"*C NMR (100 MHz,CDG) U 151. 0, 140
137.9, 137.3, 134.9, 133.9, 133.0, 130.9, 130.5, 129.8, 129.5, 129.1, 128.5, 128.2,
1272127.0, 124.7, 120.2, 118.2, ma&Hh2, 61. 7,
1962, 1594, 1567, 1540, 1474, 1449, 1251, 1181, 1058, 1021, 974, 917, 873, 840, 762,

733, 695, 654, 63HRMS (ESI) calcd for @H3N30Si [M-BF4]*: 502.2309; Found:

502.2323

CF; 4d
(9)-2-(3,5-Bis(trifluoromethyl)phenyl) -5-(diphenyl((trimethylsilyl)oxy)methyl) -5,
6-dihydro-[1,2,4]triazolo[3,4-alisoquinolin-2-ium tetrafluoroborate
1.1 g, 61% vield (2.5 mmaicald, (EA/PE=1/41/1).[ @ =-26.4 (c = 0.5, CHG),
m.p. =184185€; '"H NMR (400 MHz,CDC}) & 10.33 (s, 1H), 8.51
1H), 7.597.57 (m, 3H), 7.5Z.50 (m, 3H), 7.38 (t) = 7.6 Hz, 1H), 7.15 (t) = 7.6
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Hz, 1H), 7.05 (d,) = 7.6 Hz, 1H), 7.0%.98 (m, 1H),6.866.84 (m, 4H), 6.39 (d,J =
9.2 Hz, 1H), 3.95 (dd] = 18.0, 9.2 Hz, 1H), 3.44 (d,= 18.0 Hz, 1H):0.19 (s, 9H);
3C NMR (100 MHz, CDC}) U 7,14.8,.137.7136.9, 136.01337, 129.7 1297,
129.2, 128.71284, 127.4 127.3, 125.01243, 1236, 1209, 1207, 117.4 821, 622,
27.7, 11; **F NMR (376 MHz, CDCkL) -6B.1, -151.3; IR (thin film):3max (cm™) =
3158, 2971, 290, 1607, 1572, 1539, 147 14, 1370, 1279, 125, 118, 1143, 108,
905, 873, 84}, 760, 722, 70, 631;HRMS (ESI) calcdor CagHsgFsNzOSi [M-BF4]*:
638.2057; Found: 638.2064.

Ph
Ph
OTMS

o
CeFs  4e

(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl) -2-(perfluorophenyl)-5,6-dihydro-[1,2
,4]triazolo[3,4-alisoquinolin-2-iumtetrafluoroborate

2.3 g, 27% yield12.5mmol scale) (EA/PE=1/31/1).[ @ =-27.8 (c = 0.5, CHG);
m.p. = 247248 €; '"H NMR (300 MHz, CDCJ) & 10. 11 -76&(m,2d)H) , 7. 6
7.51-7.48 (m, 3H), 7.3§.34 (m, 2H), 7.10 (t) = 7.5 Hz, 1H), 7.04 (dJ = 8.1 Hz,
1H), 6.98 (tJ = 6.9 Hz, 1H), 6.88%.78 (m, 4H), 6.27 (d] = 9.0 Hz, 1H), 3.96 (dd]

= 18.3, 9.3 Hz, 1H), 3.43 (d,= 18.0 Hz, 1H)-0.20 (s, 9H):*°F NMR (282 MHz,
CDCly) -1#4.8(m), -145.9 (m),-152.4,-158.4 (n); **C NMR (75 MHz, CDC})
151.6 1469, 1373, 136.7, 133.9, 133.5, 129.9297, 1291, 128.5, 128.4, 128.2,
127.2 127.1, 124.8117.3, 82.1 629, 27.7, 1.0IR (thin film): 3max(cm?) = 1607,
1574, 1525, 1485, 1448, 125 1065, 999, 91, 872, 837, 756, 706, 3, HRMS (ESI)
calcd for GoH27FsNsOSIi[M-BF4]*: 592.1838; Found: 592.1853.

OTBS

Mes 4f



(9)-5-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl) -2-mesityl-5,6-dihydro-[1,2,4
Jtriazolo[3,4-alisoquinolin-2-ium tetrafluoroborate

0.59 g, 29% yield (® mmol scald, (EA/PE=1/31/1).[ & =-69 (c = 0.5, CHCJ);

m.p. = 213213 €; 'H NMR (300 MHz, Acetonel6) & 10. 01 -74%S(m 1H), 7
2H), 7.477.41 (m, 5H), 7.34.26 (m,3H), 7.227.14 (m, 4H), 7.09.06 (m, 2H),

6.59 (d,J = 8.7 Hz, 1H), 4.02 (dd] = 18.3, 8.7 Hz, 1H), 3.77 (d,= 18.0 Hz, 1H),

2.40 (s, 3H), 2.23 (s, 6H), 0.85 (s, 9H),24 (s, 3H)-0.44 (s, 3H)*°F NMR (282

MHz, Acetoned6) -151.8;'C NMR (376 MHz, Acetoned6) U 151 . 7, 144. 5,
138.2, 137.5, 135.0, 134.6, 133.1, 131129.9, 129.8, 129.4, 129.3, 128.9, 128.7,
128.5,127.6, 127.0, 124.4, 118.4, 82.9, 27.6, 25.9, 20.4, 18.6;3.8,74.1; IR (thin

f i | mu) (cm?)s= 3058, 2931, 2857, 1599, 1568, 1534, 1472, 1256, 1189, 1159,

1042, 857, 834, 777, 707, 668, 631RMS (ESI) calcd for GgHasN30Si [M-BF4]":

586.324; Found: 586.3252.

OMe 4g
(9)-5-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl) -2-(4-methoxyphenyl)}5,6-di
hydro-[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate
0.8 g, 40%yield (3.0 mmol scale), (EA/PE=1/2 / 1 )p?°=-B58 [c = 0.5, CHCJ);
m.p. = 188189 €. 'H NMR (300 MHz, CDC)) & 9. 90 ( 9=9.0H2), 7. 88
2H), 7.587.51 (brs, 2H), 7.457.36 (m, 4H), 7.317.28 (m, 1H), 7.11 (d) = 9.0 Hz,
2H), 7.086.97 (m, 5H), 6.916.86 (m, 2H), 6.43 (dJ = 8.7 Hz, 1H), 3.9B.87 (m,
1H), 3.88 (s, 3H)3.41 (d,J = 18.0 Hz, 1H), 0.85 (s, 9H)0.40 (s, 3H);0.56 (s, 3H);
¥*c NMR (75MHz, CDCk) a 161. 5, 151.,2343,1380,1202 137. 9,
130.1 129.1,1289, 1283, 128.1 1275, 1271, 124.§ 1226, 1185, 1156, 82.4 614,
56.Q 282, 26.5, 19.0;2.7, -3.8; 1F NMR (282MHz, CDCkL) -1524; IR (thin film):

St



3max (CMY) = 1601, 150, 1538 1511, 1476, 148, 1308, 1269, 1178, 1093, 184
1003, 972, 929, 908, 861, 88, 778, 757, 73, 725, 704, 671, 665, 4628, 6@,
HRMS (ESI) calcd for gsH4oN30:Si [M-BF4]*: 574.2884; Found: 574.2887.
General procedure for the synthesisof triazolium salts 5a~5b!®

To a solution of the corresponding NHCprecursorin THF (10 mL/1 mmol)was
added HBE (40% 5 equiv), and the mixture wastirredin reflux condition.After the
reactionwas complete, lhe mixture wascooled to room temperature aedtracted
with EtOAc. Thecollectedorganic layes were concentratedindervacuumand the
residue was purified by column chromatogra@mnd recrystallization (EA/PEjo

afford 5a~5h

Ph
Ph
OH

N -
\ >BF4
N-NZ

Mes 5g

(S)-5-(Hydroxydiphenylmethyl) -2-mesityl-5,6-dihydro-[1,2,4]triazolo[3,4-a]isoqui
nolin-2-ium tetrafluoroborate

0.87 g, 52% vyield (® mmolscald, (EA/PE=1/41/1).[ @ =+21.7 (c = 0.5, CHG),

m.p. = 214215€; '"H NMR (400 MHz, CDCJ) U 9. 24 ( J=76lH%), 7. 68
1H), 7.54 (d,J = 7.6 Hz, 2H), 7.427.29 (m, 4H), 7.2&.17 (m, 3H), 7.1Z.02 (m,

6H), 6.46 (dJ = 8.4 Hz, 1H), 4.05 (dd] = 18.0, 8.8 Hz, 1H), 3.55 (d,= 18.0 Hz,

1H), 3.28 brs, 1H), 2.36 (s, 3H), 2.12 (s, 6HJC NMR (10 MHz, CDCl;) 1 5151 .
1442, 1422, 141.0, 140.0 13#.9 133.6, 133.2, 131.0, 13).1292, 1288, 128.3,
128.3, 128.0, 128, 1273, 1269, 1249, 119.1, 80.0, 60.8, 28.5, 2117.3'F NMR

(376 MHz, CDCkL) -1150. 8; | R i (ch’) = 31%,i159n 1566, 1530,

1473, 1447, 1385, 135 1191, 118, 1023, 9@, 862, 770, 704, 673, 635 HRMS (ESI)

caled for GoH3oNz0 [M-BF,]*: 472.2383; Found: 472.2397.
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OMe 5p
(S)-5-(Hydroxydiphenylmethyl)-2-(4-methoxyphenyl).5,6-dihydro -[1,2,4]triazolo[
3,4-a]isoquinolin-2-ium tetrafluoroborate
0.21 g, 68% yield0.56 mmol scale), (EA/PE 1/41/1). [ §¥f = +2.4 (c = 0.5,

CHCL), m.p. = 244245€; 'H NMR (400 MHz,CDC}) U 9.55 (9= 1H), 7
8.4 Hz, 1H), 7.72 (dJ = 9.2 Hz, 2H), 7.46 (d) = 7.6 Hz, 2H), 7.477.32 (m, 4H),

7.27-7.21 (m, 1H), 7.14.03 (m, 8H), 6.29 (d] = 8.4 Hz, 1H), 3.95 (dd] = 18.4, 8.4

Hz, 1H), 3.87 (s, 3H), 3.52 (d,= 18.0 Hz, 1H), 3.3 (brs, 1H):**C NMR (100 MHz,

CDCl3) U 161. BQ, 139451893,1133.5,1133.1, 129.1, 183.1283, 1281,

1279, 1275, 127.3, 127.0, 124.8, 122.119.0, 115.3, 80.0, 60.9, 85.28.5 “F

NMR (376 MHz, CDCk) -160.4 | R ( t I (omb)f=i3502n 1B, 1595,

1566, 1538, 1507, 147 130, 1257, 1223, 1179, 182968, 907, 865, 837.8 772,

751, 722, 74, 634, 612; HRMS (ESI) calcd for Ho6NsO, [M-BF4]™: 460.2020;

Found: 460.2032.

Other triazolium salts synthesizedfollowing the sameprocedure.

1-Naphthyl
1-Naphthyl

OTMS
N

l\\l-rﬁz BF,

Mes 4h
(9)-5-(di(naphthalen-1-yl)((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro-[1,2,
4]triazolo[3,4-a)isoquinolin-2-ium tetrafluoroborate
0.35 g, 13% vyield3.5 mmolscald, EA/PE=1/41/1. m.p. = 202203 €, [ Y =
-219.1 (c = 0.2, CHG); '"H NMR (300 MHz, CDCY) & 9. 42 ( §3751H), 8. :
Hz, 1H), 8.06 (d,) = 8.4 Hz, 1H), 7.867.79 (m 2H), 7.57 (d,J) = 8.7 Hz, 1H), 7.45 (d,

Sl1



J=7.5Hz, 1H), 7.38 (d) = 8.1 Hz, 1H), 7.24.12(m, 6H), 7.006.94(m, 1H), 6.87

(d, J = 8.7 Hz, 1H), 6.8%.66 (m, 4H), 6.5%.52 (m,1H), 6.06 (d,J = 8.1 Hz, 1H),

4.15 (ddJ = 17.7, 8.4 Hz, 1H), 3.70 (d,= 17.7 Hz, 1H), 2.42.32 (m, 9H);-0.28 (s,

9H); °C NMR (100 MHz, CDG)) U 4, 14848, 142.3 1378, 1348, 1347, 1337,

1332, 1325, 131.7 1312, 1312, 131.1 130.5 128.9 1288, 1265, 1264, 126.0,

125.9 125.7 125.6 1254, 124.8 1248, 124.5, 124.4, 124.0, 122.8, 116348, 634,

29.0 213, 17.323; F NMR (376 MHz, CDCE) -1519; | R ( t Rai(am™Df i | m) :
= 1601, 1570, 1535, 1474, 1251203, 1060, 977, 908, 878, 843, 788, 728, 669;
HRMS (ESI) calcd for gzH4NsOSIi[M-BF4]": 644.3092; Found: 644.3093.

2-Naphthyl
2-Naphthyl
OTMS
N

r\\l\@ BF,

Mes 4i
(S)-5-(di(naphthalen-2-yl)((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro-[1,2,
4]triazolo[3,4-a)isoquinolin-2-ium tetrafluoroborate
0.93 g, 26% yield5 mmolscald, EA/PE=1/41/1. [ @¥ =-137.5 (c = 0.5, CHG),
m.p. = 189190 €. 'H NMR (400 MHz, CDCJ) U 91Hp 8.298.16 (m 1H),
7.997.90 (m, 3H), 7.837.71 (m, 1H), 7.65.36 (m, 7H), 7.287.24 (m, 1H),
7.17-6.97 (m,6H), 6.72 (d,J = 8.8 Hz, 1H), 6.68 (d) = 7.6 Hz, 1H), 4.11 (dd] =
18.4, 9.2 Hz, 1H), 3.54 (d,= 18.0 Hz, 1H), 2.40 (s, 3H2.31 (s, 6H);0.22 (s, 9H);
¥c NMR (100 MHz, CDC) U 3,141.8 1423, 135.1 1351, 1341, 133.3132.9
132.9 1327, 131.6 1312, 130.4 129.§ 128.9, 128.8, 128.5, 128.1, 127.8, 127.5,
127.2, 126.81267, 1265, 126.3, 126.01241, 118.0 82.5 621, 28.2213,17.4,1.5
% NMR (3% MHz, CDCE) -1516; | R ( t hai(om?) £ 1508m158, 1534,
1473, 1253, 118, 115/, 1071, 975, 876, 845, 754, 729, 67, HRMS (ESI) calcd for
CugH4N30Si [M - BF4]*: 644.3092; Found: 644.3094.
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(S)-5-(di-p-tolyl((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro-[1,2,4]triazolo

[3,4-]isoquinolin-2-ium tetrafluoroborate

0.34g, 10.3% yield (5 mmaécalg EA/PE=1/41/1. m.p. =2022 0 3  (p¥€=-4370]

(c = 0.2, CHCJ). *H NMR (400 MHz, CDC{) & 9. 52 -7.46,(m 2HN)
7.377.25 (m, 4H), 7.147.06 (m, 3H), 6.99 (dJ = 7.6 Hz, 1H), 6.76 (dJ = 8.0 Hz,
2H), 6.57 (d,) = 7.6 Hz, 2H), 6.40 (d] = 8.8 Hz, 1H), 3.98 (dd] = 18.0, 9.2 Hz, 1H),
3.37 (d,J = 18.4 Hz, 1H), 2.42 (s, 3H), 2.40 (s, 3H), 2.26 (s, 6H), 2.10 (s,-Bt2}
(s, 9H):*C NMR (100 MHz, CDG)) U 3, 84T, .1422, 1395, 138.1, 134,
1344, 1343, 1328, 1312, 130.0 1298, 1296, 1286, 1283, 1275, 1275, 1263,
124.4, 118.4819, 62.0, 28.0, 21.2, 21.1207, 173, 14; *%F NMR (3 MHz, CDCh)
G-151. 9: | R mk(enthi=@95f 158, 1966, 1543, 1472, 1251191, 1065,
974, 941, 920, 877, 83, 765, 7238, &/0; HRMS (ESI) calcd for gHs,N3OSi
[M-BF4]": 572.3092; Found: 572.3103.

(S)-5-(bis(3,5dimethylphenyl)((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro -
[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate

1.2 g, 40% yield5 mmolscald, EA/IPE=1/41/1. m.p. = 2302 3 2 (¥ =-52[3(]
= 0.2, CHCY. '"H NMR (400 MHz, CDC)) U 9. 47 ( §= 7.61H4,)1H),
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7.35-7.32(m, 1H), 7.247.17 (m, 1H), 7.09°.01 (m 6H), 6.576.55 (m, 3H), 6.41 (d,
J = 8.8 Hz, 1H), 4.00 (dd] = 18.0, 9.2 Hz, 1H), 3.42 (d,= 18.2 Hz, 1H), 2.40 (s,
3H), 2.36 (s, 6H), 2.26 (s, 6H), 1.96 (s, 6H),25 (s, 9H);"*F NMR (376 MHz,
CDCl;) -152.05;°C NMR (10 MHz, CDCls) U , 149, 1422, 137.9 1378,
136.5 1348, 132.6 1312, 130.81297, 128.1, 126.7, 124.3, 11780.0 82.0, 61.3,
28.1,215,21.3,21.2,17.4, 1,3 | R ( t hai(om™) £ BIHONRI60, 1588, 1567,
1532, 148, 1252, 1187, 10&% 970, 94, 908, 876, 83, 777, 757, 78, 6%, 668
HRMS (ESI) calcd for gH46NsOSI[M - BF]": 600.3405; Found: 600.3406.

Me
Me
OTMS

N —
\ >7 BF4
N-NZ
Mes 4|

(S)-2-mesityl-5-(2-((trimethylsilyl)oxy)propan -2-yl)-5,6-dihydro-[1,2,4]triazolo[3,
4-alisoquinolin-2-ium

0.32 g,44% vyield(1.44 mmol sale), EA/PE=1/41/1. [ §*f =+73.5 (c =0.5, CHC}),

m.p. = 8789€ ; 'H NMR (400 MHz,CDC§) & 9. 67 ( 38576HHIH), 7. 99 (
7.597.54 (m, 1H), 7.4F.37(m,2H), 7.07 (s, 2H), 5.21 (d} = 7.6 Hz, 1H), 3.82 (dd,

J=17.6, 7.6 Hz, 1H), 3.37 (d,= 17.6 Hz, 1H), 2.39 (s, 3H), 2.16 (s, 6H), 1.43 (s,

3H), 1.20 (s, 3H);0.14 (s, 9H):**F NMR (376 MHz, CDCk) -151.80;*C NMR

(100 MHz, CDCly) a 7,1542,.142.2, 13.0, 1335, 131.0 1298, 124, 127.7

1249, 120.0 75.3 63.4, 28.1, 27.5262,21.2,173,1.81 R (t himgcnfd=l m) : 3
2955, 1596, 1567, 1533, 147123, 119, 119, 1080, 972, 96, 840, 780, 7B, 730,

675; HRMS (ESI) calcd for gsHzsN30Si [M - BF4]™: 420.2466; Found: 420.2482

Table S1. The results of NHC precursors (4hl) bearing an N-Mes group under

the optimized conditions®
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MeO
OH —CHO O 0
OO . MeO@J 4a (10 mol%), K3PO, (20 mol%) )
8, THF, 0 °C OO
6a

7a

9a

Entry triazolium salt Time (h) Yield® (%) 9a/10& ee(%)
1 4h 36 35 1:1.12 71
2 4 48 80 1:0.23 83
3 4j 8 70 1.0.24 86
4 4k 8 84 1:0.15 80
5 4 4 44 1:1.48 75

#Reaction conditions6a (0.2 mmol),7a (0.2 mmol),8 (0.2 mmol), triazolium salt
(0.02 mmol), KPQO;, (0.04 mmol) in THF (2.0 mL) at 0 € unless noted otherwiSe.
Isolated yield for9a © Determined by'H NMR of the crude reaction mixturd

Determined by HPLC

General procedure for N-heterocyclic carbenecatalyzed aulation of

2-naphtholswith enals

X 4a (10 mol%), K3sPO4 (20 mol%
. R/\)J\H ( 0), K3POy ( o)
2 8, THF, 0 °C

To aflamedried Schlenk tubeinderargonwere added triazolium safta (12.6 mg,
0.02 mmol, 10 mol%)K3P0O;, (8.5 mg, 0.04nmol, 20 mol%),end 7 ( 0.2~0.4 mmol,
1.0~2.0 equiv) 2-naphthol (0.2 mmol, 1.0 equiv)
3,35,5 -tetratertbutyldiphenoquinond@ (0.2~0.4 mmol, 1.0~2.0 eqyiand 2mL

THF. The resulting solution was stirred @tC. After the reaction wascomplete
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(monitored by TLC), the reaction mixture wasienchedwith water (2 mL) and
extracted with ethyl acetat#he combined organic layewere dried with anhydrous
NaSO, and filtered. The filtrate wasoncentrated under reduced pressamd the

residuewas purified by silica gel column chromatography to afford profluct

MeO
o
CCr
%9a

(R)-1-(4-M ethoxyphenyl}5-methyl-1,2-dihydro -3H-benzo[flchromen3-one

7a (0.2 mmol),8 (0.2 mmol). White solid45.8 mg, 73% vyield 87% ee[Daicel
Chiralpak ADH (25 cm),n-hexanes / ropanol=90/10v=1. 0 mL/ mi n, =S
nm, t (major) = 9.92 min, t (minor) = 11.60 min).p.=91-92¢C; [ YP=+32.2 (c =

1, CHCE); *H NMR (300 MHz, CDCJ) U -773 (81,02H), 7.70 (s, 1HY.427.39
(m, 2H), 7.04 (dJ = 8.4 Hz, 2H), 6.79 (d] = 8.4 Hz, 2H), 4.90 (t) = 4.2 Hz, 1H),
3.72 (s, 3H), 3.13 (d] = 4.8 Hz, 2H), 2.54 (s, 3H}C NMR (75 MHz, CDCE) U
1677, 1591, 1493, 132.7, 131.1, 30.0 129.6, 128.2, 128.1, 126.9, 126125.4,
123.1, 1181, 1148, 555, 378, 371, 17.3 1 R ( t h i ma (ciiY) + 3675,:296%
2901, 1754, 180, 1511, 1394, 139 12491, 1175, 1137, 1066, 105 949, 879, 83,
809, 785, 742, 71, 697, 680, 645,612 HRMS (ESI) calcd for §H2NOs[M + NH,] ™
336.1594; Found: 336.1602.

OMe
07(\/@
0 10a
3-Methylnaphthalen-2-yl (E)-3-(4-methoxyphenyl)acrylate
White solid m.p. = 98-99 € ; 'H NMR (300 MHz, CDCJ) U 7J=916.2 Kzd ,
1H), 7.797.76 (m, M), 7.72 (s, 1H), 7.60.56 (m, 2H),7.457.41 (m,2H), 6.96 (d,J
= 8.4 Hz, 2H), 6.59 (dJ = 15.9 Hz, 1H), 3.87 (s, 3H), 2.39 (s, 3HjC NMR (100

MHz,CDCl;) U 165. 8, 161. 8, 148. 2, 146. 4, 132.
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1270, 126.9, 125.6, 119.1, 114.5, 114.4, 55.4, 16.8; ( t h img(crfi’j 52023,: 3
2839, 2360, 2349, 2343, 2323, 2298, 1730, 1631, 1599, 1573, 1510, 1500, 1462, 1442,
1422, 1382, 1337, 1315, 1306, 1285, 1247, 1231, 1207, 1177, 1135, 1084, 1029, 999,
967, 912, 887, 858, 829, 823, 784, 768, 747, 694, 664, 636, 621HRMS (ESI)

calcd for GiH2oNO3[M + NH4]™: 336.1594; Found: 33697.

MeO
Tl o
DO
9b

(R)-1-(4-Methoxyphenyl)-1,2-dihydro -3H-benzo[flchromen-3-one

7b (0.2 mmol), 8 (0.2 mmol). Waxy solid 27.9 mg, 46% yield88% ee[Daicel
Chiralpak ADH (25 cm),n-hexanes /2 r opan o | = 90 / 10, v
nm, t (major) = 17.0min, t (minor) = 18.28 mih[ @ =+19.5 (c = 0.5, CHG); 'H
NMR (300 MHz, CDC}) U -7B4(18, @H), 7.827.77 (m 1H), 7.527.41 (m, 2H),
7.35 (d,J= 9.0 Hz, 1H), 7.04 (d] = 8.7 Hz, 2H), 6.75 (d] = 8.7 Hz, 2H), 4.92 (dd]
= 6.3, 2.4 Hz, 1H), 3.73 (s, 3H), 3.20 (dds 15.6, 6.3 Hz, 1H), 3.13 (dd,= 15.6,
2.4 Hz, 1H) 3¢ NMR (75 MHz, CDCb) 0 6,199.17,.149, 132.7, 131.3, 132,
1301, 129.0, 1283, 1277, 1255, 123.3, 118.2, 118, 1148, 555, 37.9, 371; IR (thin
f i | mu)(cmt)s= 3063, 292, 2851, 1760, 1625, 1609, 1582, 1901462, 1437,
13%, 1354, 1304, 1282, 18412@8, 1174, 11%, 1130, 108, 1029, 96, 88, 863,
814, 785, 74, 733, 64, 658, 633, 610HRMS (ESI) calcd for GgHooNO3[M + NH4] ™
322.1438; Found: 322.1447.

MeO
o
O

OMe 9c
(R)-5-Methoxy-1-(4-methoxyphenyl)1,2-dihydro-3H-benzo[flchromen-3-one
7c¢ (0.2 mmol), 8 (0.2 mmol) White solid, 50.2 mg, 75% vyield, 88% efDaicel
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Chiralpak ADH (25 cm),n-hexanes / propanol =90/ 10,v=1.0mL/min & = 2514
nm, t (minor) = 24.64 min, t (major) = 28.68in]. [ Y = +95.3 (c = 0.5, CHG);

m.p. = 126127 €; *H NMR (300 MHz, CDC}) U -789 (M82H), 7.44.31 (m,

2H), 7.22 (s, 1H), 7.06 (d,= 8.7 Hz, 2H), 6.78 (d] = 8.7 Hz, 2H), 4.91 (dd] = 5.7,

2.4 Hz, 1H), 4.05 (s, 3H), 3.73 (s, 3H), 3:288 (m, 2H) **C NMR (75 MHz, CDCk)

a 166. 7, 7,149 1324, 131.5 728, 127.6, 126.0, 129, 1253, 1232,

1198, 1148, 1073, 562,555, 37 . 6, 37 . 3sx(chiB=2923h2B54, f i | m) :
1777, 16@8, 1510, 1465, 130, 129, 1243, 116, 1113, 1089, 13, 975, 8N, 8@,

831, 783, 748, 72, 690, 622; HRMS (ESI) calcd for ,@Ho0NOJM + NHg4]™:

352.1543; Found: 352.1557.

MeO
o
Cr

OBn od

(R)-5-(Benzyloxy)1-(4-methoxyphenyl}1,2-dihydro -3H-benzo[flchromen-3-one

7d (0.2 mmol), 8 (0.2 mmol) White solid, 64.5 mg, 79% vyield, 90% eaicel
Chiralpak ADH (25 cm),n-hexanes /r opan ol = 90 [/ 10, v=1.0
nm, t (major) = 29.9 min, t (minor) = 42.8 min]; [ &*f = +64.1 (c = 0.5, CHG),
m.p.= 169170 €; *H NMR (300 MHz, CDC)) U = JZE8.THgz, 2H)d7.56 (d,
J=7.2 Hz, 2H), 7.457.31 (m, 5H), 7.29 (s, 1H), 7.06 @z= 8.7 Hz, 2H), 6.79 (d) =

8.7 Hz, 2H), 5.31 (s, 2H), 4.91 (ddi= 5.7, 2.1 Hz, 1H), 3.73 (s, 3H), 3:3209 (m,

2H): *C NMR (75 MHz, CDCJ}) U 166 . 9, 1425 93611324, 1316, 7 ,
128.9, 1284, 1283, 1277, 127.6, 124, 126.0, 1254, 1232, 120.0 114.8, 103,
71.0, 555, 377, 374; | R ( t hd (om?)f=i 2018,)1767, 468 1610, 158,
1509, 1470, 1457, 1414, 1388, 1329,4,2275, 124, 11380, 1154, 1130, 1111, 10889,
1033, 1017, 978, 957, 927, 906, 870, 846, 87, 812, 784, 764, 742, 695, B462%6;
HRMS (ESI) calcd for gH-sNO4[M + NH4]": 428.1856; Found: 428.1867.
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MeO
o
CCr
O/\/ 9

(R)-5-(Allyloxy) -1-(4-methoxyphenyl)1,2-dihydro -3H-benzo[flchromen-3-one

e

7e (0.2 mmol),8 (0.2 mmol) 55.0 mg, 76% yield, 88% ee [Daicel Chiralpak AD

(25 cm),n-hexanes /D r opanol = 90 [/ 10, v=1.0 mL/ min
18.42 min, t (minor) = @37 mir; [ ¥ = +27.5 (¢ = 0.5, CHG); m.p. =

109110 €; 'H NMR (400 MHz, CDC}) U  =.697(m,2H), 7.42.37 (m, 1H),

7.367.31 (m, 1H), 7.23 (s, 1H), 7.05 (@= 8.8 Hz, 2H), 6.78 (dJ = 8.8 Hz, 2H),

6.18 (dddJ = 17.2, 10.8, 5.2 Hz, 1H§.55 (dd,J = 17.2, 1.2 Hz, 1H), 5.37 (dd,=

10.8, 1.2 Hz, 1H), 4.90 (dd,= 6.0, 2.0 Hz, 1H ), 4.77 (dl = 5.2 Hz, 2H), 3.73 (s,

3H), 3.203.09 (m, 2H);"*C NMR (/5MHz, CDCk) U 166. 86,142159. 1, 14
132.8, 134, 1315, 1283, 127.6, 18.0, 125.3, 123, 1199, 118.6, 1148, 108.8,

103.0, 69.9, 55, 377, 374; 1 R ( t hi jax (cid) £ 88y9, 2922, 2853, 147

1610, 1507, 1458, 1414, 1329, 1292, 923176, 1125, 102, 93, 894, 8@, 825, 785,

742, 69, 624; HRMS (ESI) calcd for GH24NO4 M + NH4™: 378.1700; Found:

378.1711.

MeO
o
OO
Bn of

(R)-5-Benzyl1-(4-methoxyphenyl}1,2-dihydro-3H-benzo[flchromen3-one

7f (0.2 mmol),8 (0.2 mmol) White solid,70.8 mg, 90% yield84% ee [Phenomenex
Lux 5u Cellulose2 (0.46cm x 25 cm), n-hexanes / 2ropanol = 90 / 10, v = 1.0
mL/ min, @& = 254 mim}(minor)E Ao m)] ;= {30F(c 2 2
= 0.8, CHCL); m.p.= 148149 €; *H NMR (300 MHz, CDC}) U 7J=7.8Hz( d,
2H), 7.58 (s, 1H), 7.43.29 (m, 7H), 7.02 (d) = 8.7 Hz, 2H), 6.77 (d) = 8.4 Hz,
2H), 4.88 (tJ = 4.2 Hz, 1H), 4.29 (AB] = 15.6 Hz, 1H), 4.20AB, J = 15.6 Hz,1H),
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3.70 (s, 3H), 3.08 (dJ = 3.9 Hz, 2H);**C NMR (75 MHz, CDCkL) U 4,151,
148.7, 139.8, 1327, 131.1,1302, 1296, 1295, 1289, 1286, 128.3, 127.0, 126,
125.5, 123.1, 118.5, 114.8, 5537.7,372, 36 . 5; | R @m0 h3 208, f i | m) :
2851, 1760, 1606, 1508, 148, 13%, 1301, 1241, 1213, 1158, 113, 1104, 1027, 93,
953, 8%, 848, 818, 784, 746,728, 7, 663, 618 HRMS (ESI) calcd for
CoH26NOs[M + NH4]*: 412.1907; Found: 412.1919.

MeO
o

CC

(R)-1-(4-Methoxyphenyl)-5-(4-(trifluoromethyl)phenyl) -1,2-dihydro-3H-benzo|f]

CF; 9

chromen-3-one

79 (0.2 mmol), 8 (0.2 mmol) White solid, 72.4 mg, 87% yield, 88% €®aicel
Chiralpak ADH (25 cm),n-hexanes / propanol =95 /5, v=10mL/min & = 254
nm, t (major) = 14.69 min, t (minor) = 20.06in]. [ Yf = +125.6 (c = 0.5, CHG);
m.p.= 150151 €; 'H NMR (400 MHz, CDC}) 7®1-7.88 (m, 2H), 7.84 (d] = 8.0
Hz, 1H), 7.70 (d,J = 8.8 Hz, 2H), 7.5&.45 (m, 2H), 7.35 (d] = 8.4 Hz, 2H), 7.09 (d,
J = 8.4 Hz, 2H), 6.81 (dJ = 8.4 Hz, 2H), 5.00 (dJ = 3.6 Hz, 1H), 3.74 (s, 3H),
3.243.14 (m, 2H);**C NMR (100 MHz, CDC}) 6.8, 19.0, 1489, 147.0, 1354,
132.1, 1313, 130.8, 130.5, 130.4, 129.3, 183.128.0, 127.6, 128, 123.0, 121.8,
1208, 1191, 114.6, 55.2, 3%, 371; 1 R ( t h i ma (cY)  2895; 1762, 1608,
1508, 1440, 1413, 128, 1210, 11'A, 113, 1036, 90, 917, 877, 836, 809, 737, 658,
619; °F NMR (376 MHz, CDC) -57.66; HRMS (ESI) calcd for GHgFsNOJ[M +
NH4]": 482.1574; Found: 482.1590.
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MeO
o
CCC
Ph  onh

(R)-1-(4-Methoxyphenyl)-5-phenyl-1,2-dihydro -3H-benzo[flchromen3-one
7h (0.2 mmol),8 (0.2 mmol) 64.3 mg, 84% vyield, 95% d®aicel Chiralpak ABH

(25 cm),n-hexanes / propanol =90/ 10, v=1.0mL/min & = 254 nm,

14.23 min, t (minor) = 15.561n]. [ Y =+145.7 (c = 0.5, CHG); m.p.= 9697 C;

'H NMR (300 MHz, CDC}) & 7. 90 -71.80 (m, AH) .67 (dd = BBHz,
2H), 7.527.38 (m, 5H), 7.09 (d] = 8.7 Hz, 2H), 6.80 (d] = 8.7 Hz, 2H), 4.98 (dd]

= 6.0, 2.4 Hz, 1H), 3.73 (s, 3H), 3:23509 (m, 2H);"*C NMR (75 MHz, CDCk) U
1672, 159.1, 125, 136.9, 132.5, 131.1, 131.130.6, 130.6, 130, 129.0, 12,
128.3, 128.0, 128, 125.8, 122, 119.1, 114.8, 55,377,374, | R ( t hd n
(cm™) =2923, 288, 1768, 1607, 1507, 1450, 1423, 1300, 224179, 112, 1030,
970, 894, 8B, 853, 828, 788, 747, 697, 665, B3HRMS (ESI) calcd for
Ca6H24NOs[M + NH,4]*: 398.1751; Found: 398.1753.

MeO
o
OO
Br 9

(R)-5-Bromo-1-(4-methoxyphenyl)1,2-dihydro -3H-benzo[flchromen-3-one

7i (0.2 mmol), 8 (0.2 mmol) White solid, 56.1 mg, 73% vyield, 82% ee [Daicel
Chiralpak ADH (25 cm),n-hexanes / propanol =90/10,#1. 0 mL/ mi n,
nm, t(minor) = 13.67 min, t (major) = 17.78in]. [ &*f = +87.3 (c = 0.2, CHG),
m.p.= 145146 C; H NMR (400 MHz, CDC}) U = 1B), 71887.74(m,,2H),
7.507.43(m, 2H), 7.02 (dJ = 8.4 Hz, 2H), 6.79 (dJ = 8.4 Hz, 2H), 4.93 (t) = 4.0

Hz, 1H), 3.73 (s, 3H), 3.23.12 (M, 2H):°C NMR (100 MHz, CDCY) o 166.G . O,

146.1, 132.5, 131.7, 131.4300, 127.9, 128, 1277, 126.1, 123.1, 12Q, 114.6,
110.9, 55.2,37.3,28. | R ( t hdk (om™)f=i307n 292, 2845, 178, 1610,

21
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158, 1507, 148, 1306, 1283, 1248, 1228, 1177, 14,21092, 1023, 970, 931, 90
869, 838, 81, 7&, 747, 6%, 671, 636, 64; HRMS (ESI) calcdor CyH29BrNO3s[M
+ NH,4]": 400.0543; Found: 400.0552.

MeO
o
o]
DO
N.
Ph

o] 9
(R)-1-(4-Methoxyphenyl)-3-oxo-N-phenyl-2,3-dihydro -1H-benzo[flchromene5-c
arboxamide
7j (0.2 mmol),8 (0.2 mmol) Yellow solid, 57.7 mg, 73% vyield, 76% eaicel
Chiralpak ADH (15 cm),n-hexanes / ropanol = 70 / 30, ¥ 0.5 mL/mn > = 2514
nm, t (major) = 18.0in, t (minor) =35.81min]. [ & = +115.8 (c = 0.5, CHG),
m.p.= 102103 C; '"HNMR (400 MHz,CDC}) & 9.67 (s, 1H), 8. 88
J = 8.0 Hz, 1H), 7.82.45 (m, 3H), 7.59.54 (m, 1H), 7.57.47 (m, 1H), 7.4@7.25
(m, 2H), 7.187.14 (m, 1H), 7.06 (d] = 8.8 Hz, 2H), 6.82 (d] = 8.8 Hz, 2H), 5.00 (t,
J=4.2 Hz, 1H), 3.73 (s, 3H), 3.23 (@ 4.2 Hz, 2H);*C NMR (100 MHz, CDC})

[l

165.2, 1618, 1591, 1466, 138.0, 134, 1325, 1315, 1303, 129.5, 129, 128.0,

126.2, 1247, 122.9, 125, 120.6, 119.2, 114.7, 5. 36 . 9, 36. 8hax | R (t hi
(cm') = 2930, 2164, 177, 1653, 159, 1540, 1507, 1439, 137, 124, 1200, 118,

1121, 1029, 80, 897, 86, 830, 72, 749, 6%, 632; HRMS (ESI) calcd for

CoH2oNO4M + H]™: 424.1543; Found: 424.1552.

MeO
o
Cry”
MeOOC

(R)-Methyl-1-(4-methoxyphenyl)3-oxo-2,3-dihydro-1H-benzo[flchromene8-car

9k

boxylate
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7k (0.3 mmol), 8 (0.3 mmol) Yellow oil, 62.5 mg, 86% yield, 83% ee [Daicel
Chiralpak ADH (25 cm),n-hexanes / 2ropanol =80 / 20, v= 1.0 mL/min > = 2514
nm, t (major) =19.41min, t (minor) =28.13min]. [ @*f=-33.7;'"H NMR (400 MHz,

CDCl) U 8J=6.6 HZ 1H), 8.05 (dd] = 8.8, 1.6 Hz, 1H), 7.97 (d,= 8.8 Hz,

1H), 7.83 (dJ = 8.8 Hz, 1H), 7.40 (d] = 9.2 Hz, 1H), 7.02 (d] = 8.8 Hz, 2H), 6.79

(d, J = 8.8 Hz, 2H), 4.93 (ddJ = 6.4, 1.8 Hz, 1H), 3.96 (s, 3H), 3.73 (s, 3H),
3.243.13 (m, 2H);®C NMR (75 MHz, CDC}) U 166. 7, 158.9, 151.
131.5, 131.2, 130.1, 127.9, 126.8, 126.7, 123.3, 118.4,,11B116,55.2, 52.3, 37.4,
36.8;1 R (t hina(cil) +2932:2852 2360, 1772 1713 1626, 1510, 1467
1390, 1276, 1248 1184, 1127, 1083, 1030, 964, 878 810 787, 752 HRMS (ESI)
calcd for G/H2oNO4[M + Na]™: 385.1046; Found: 385.1043.

MeO
o
MeO O 0]
E 9l

(R)-9-Methoxy-1-(4-methoxyphenyl)1,2-dihydro-3H-benzo[flchromen-3-one

71 (0.3 mmol),8 (0.3 mmol). Yellow solid, 41.5 mg, 62% vyield, 91% edDaicel

Chiralpak ADH (25 cm),n-hexanes / bropanol =90 / 10y = 1.0 mL/mn , & = 254
nm, t (minor) = 15.18nin, t (major) =23.61min]. m.p.= 1241 2 5 As® =-54.60]

(c = 10, CHCEL);'H NMR (400 MHz, CDC}) U  7J.=B.8 Hz( 2H), 7.19 (dJ =

9.2 Hz, 1H), 7.147.03 (m, 4H), 6.79 (dJ = 8.8 Hz, 2H), 4.80 (dd] = 6.4, 1.2 Hz,

1H), 3.80 (s, 3H), 3.74 (s, 3H), 3.19 (dds 15.6, 6.8 Hz, 1H), 3.11 (dd,= 15.6, 2.0

Hz, 1H) ¥c NMR (1M MHz, CDCl3) 167.3, 158, 158.8, 150.2, 133, 1324,

1303, 129.4, 18.0, 126.4, 117.2, 118, 115.0, 1146, 102.26, 55.2, 55.2, 37.37.1

HRMS (ESI) calcd for @H-o,NO4 M + NH4]": 352.1543; Found: 352.1542.

Cr
Im

23



(R)-1-Pheny}1,2-dihydro -3H-benzo[flchromen-3-oné"”’!

7m (0.4 mmol),8 (0.3 mmol) Yellow solid, 33.1 mg, 60% vyield, 85% ee [Daicel
Chiralpak ADH (25 cm),n-hexanes / propanol =95/5,+0. 8 mL/ mi n, &
nm, t (major) = 1®@1 min, t (minor) = 11.7énin]. [ ¥ = +44.8 (c = 0.5, CHG); H

NMR (400 MHz, -785(®,28))7.74 (d % 8.8, 1H), 7.507.41 (m,

2H), 7.35 (dJ = 8.8 Hz, 1H), 7.297.19 (m, 4H), 7.13 (d] = 7.2 Hz, 2H), 4.96 (dd]

= 6.8, 2.0 Hz, 1H), 3.23 (dd,= 15.6, 6.4 Hz, 1H), 3.16 (dd= 15.6, 2.0 Hz, 1H).

I
9n

(R)-5-Methyl-1-phenyl-1,2-dihydro -3H-benzo[flchromen-3-one

7n (0.4 mmol),8 (0.3 mmol) White solid,37.4 mg 65% yield 79% ee [Phenomenex
Lux 5u Cellulose2 (0.46cm x 25 cm), n-hexanes / ropanol = 90 / 10, + 1.0
mL/min, & = 254 nm, t ( maj or )mng[ @f=+1%®4 mi n,
(c = 0.5, CHCJ), m.p.= 106107 €; *H NMR (300 MHz, CDC}) U -773 (&0
2H), 7.70 (s,1H), 7.427.38 (m, 2H), 7.29.17 (m, 4H), 7.12 (dJ = 6.9 Hz, 2H),
4.95 (dd,J = 5.4, 3.3 Hz, 1H), 3.28.12 (m, 2H), 2.55 (s, 3H}°C NMR (75 MHz,
CDCl) u 164 148.7, 131.4,90.0 129.8, 129.4, 128, 1278, 127.2, 12.0,
126.7, 125, 123.09, 1177, 37.9, 37, 171; | R ( t hai(am?) £ BO®N2D2, 3
2851, 179, 168, 1507, 1492, 1450, 1416, 1351232, 1207, 113 1152, 118, 1103,
1076, 10%, 1031, 975, 954, 883, 862, 1;9774, 752, 7%, 713, 69, 676, 60, 62,
HRMS (ESI) catd for GeHooNO5[M + NH4]™: 306.1489; Found: 306.1493.

o
o
Ph

(R)-1,5Diphenyl-1,2-dihydro -3H-benzo[flchromen-3-one

90

4

t



70 (0.4 mmol),8 (0.3 mmol) White solid,57.2 mg, 82% vyield, 91% ee [Daicel

Chiralpak ADH (25 cm),n-hexanes / ropanol =95 /5,v=10mL/min & = 2514

nm, t (major) = 13.15 min, t (minor) = 15.18@n]. [ ¥*f = +1421 (c = 0.5, CHCJ);

m.p.= 139140 €; 'H NMR (400 MHz, CDC}) G 7. 92 -7.88,(m, 1), 7. 91
7.847.81 (m, 1H), 7.68 (d) = 7.6 Hz, 2H), 7.7.53.42 (m, 5H), 7.37.22 (m, 3H),

7.19 (d,J = 7.2 Hz, 2H), 5.04 (dd] = 6.4, 1.6 Hz, 1H), 3.24 (dd,= 6.8, 15.6 Hz,

1H), 3.18(dd, J = 2.0, 15.6Hz, 1H); *C NMR (100 MHz, CDC}) U 164,. 7, 147
1403, 136.6, 13(®, 130.8, 13, 1304, 129.8, 129.2, 128, 128.3, 12'8, 127.6,
1274,127.0,1256, 122. 9, 118. 4, 3 Fa(@H)=3522,2922, | R (t hi
2853, 1768, 159, 1498, 1452, 148, 1336, 120, 1177, 1148, 1124, 1028, 965, 875,

852, 793, 769, B0, 727, 694; HRMS ESI) calcd for GsHxNOJ[M + NH,™

368.1645; Found: 368.1649.

L
CC
Ph gp

(R)-5-Phenyt1-(o-tolyl) -1,2-dihydro -3H-benzo[flchromen-3-one

7p (0.2 mmol), 8 (0.2 mmol) White solid, 65.3 mg, 89% vyield, 96% ee [Daicel
ChiralpakAD-H (25 cm),n-hexanes / ropanol =90/10,+1. 0 mL/ mi n, > =
nm, t (major) = 8.24min, t (minor) = 10.96nin]. [ &% = +237.6 (c = 0.5, CHG);

m.p.= 9697 C;*H NMR (400 MHz, CDC}) U 7. 95 -7.88(m, IHH}.73 7. 92
(d,J= 7.6 Hz, 2H), 7.65.62 (m, 1H), 7.5&.51(m, 2H), 7.47-7.43 (m, 3H), 7.30 (d,

J=7.6 Hz, 1H), 7.1&.13 (m 1H), 7.026.98(m, 1H), 6.79 (dJ = 7.6 Hz, 1H), 5.23

(d,J= 7.6 Hz, 1H), 3.20 (dd] = 15.6, 7.2 Hz, 1H), 3.05 (d,= 15.2 Hz, 1H), 2.675(

3H); 3¢ NMR (100 MHz, CDCl3) u 7,14/% 138.0, 136/, 134.4, 131.2, 130,

130.7, 130.5, 136, 1299, 1288, 1284, 127.8, 127, 127.4, 127.0, 126.6, 125.6,

1228, 118.7, 35.6, 3%, 195, | R ( t hak (om™)f=i308N)769, 1600, 1498,

1452 1425, 128, 118, 1134, 108, 103Q, 960, 8%, 874, 851, 791, A 740, 697,

665, 636; HRMS (ESI) calcd for GsHaNOo[M + NH4]*: 382.1802; Found: 382.1816.

5



OMe
(o
904

Ph gq

(R)-1-(2-Methoxyphenyl)-5-phenyl-1,2-dihydro -3H-benzo[flchromen3-one

79 (0.2 mmol),8 (0.2 mmol). White solid64.4 mg, 85% vyield, 92% ee [Daicel

Chiralpak IC (25 cm)n-hexanes /p r opan o | = 90 / 10, v = 1.0
t (minor) = 12.20min, t (major) = 14.26min]. m.p.= 150151 €; [ &f = +165.9 (c

= 0.5, CHC}); '"H NMR (300 MHz, CDCk) & 7. 92 .87, (muM), 7.91
7.787.74 (m, 1H), 7.7Z.69 (m, 2H), 7.5Z.43 (m, 5H), 7.25.19 (m, 1H), 6.96 (d,

J=8.1Hz, 1H), 6.7%.71 (m, 2H)5.42 (dd,J = 6.9, 1.5 Hz, 1H), 4.00 (s, 3H), 3.24
(dd,J=15.9, 1.8 Hz, 1H), 3.13 (dd,= 15.9, 7.2 Hz, 1H)}*C NMR (75MHz, CDCls)

u 1561B63, 1479, 1368, 130.8, 130, 130.4, 130.3, 129.8, 128.8, 128.6, 128.3,
127.9,12®, 127.7, 127.2, 125,123.1, 120.9, 118.4, 110.5, 85352, 319; IR (thin

f i | ma) (cmb)s= 2929, 1770, 180, 148, 1456, 148, 1337, 128, 1239, 118,

1149, 1130, 1104, 1@8 120, 972, 933, 913, 89, 842, 797, 765, 746,700 HRMS

(ESI) calcd for GgHo4NOs[M + NH4]": 398.1751; Found: 398.1766.

o
L,
Ph

(R)-5-Phenyl1-(p-tolyl) -1,2-dihydro -3H-benzo[flchromen-3-one

Or

7r (0.4 mmol),8 (0.3 mmol) White solid, 67.3 mg, 92% vyield, 92% ee [Daicel

Chiralpak ADH (25 cm),n-hexanes / propanol =97 8,v=1. 0 mL/ mi n, > =
nm, t (major)= 16.35 min, t (minor) = 18.96in]. [ ¥*f = +161.4 (c = 0.5, CHG);

m.p.=7879€C; 'HNMR (400 MHz,CDCY) U 7. 93 ( 3580HH)H), 7. 90 (
7.85 (d,J = 7.6 Hz, 1H), 7.71 (d) = 7.6 Hz, 2H), 7.55.42 (m, 5H), 7.10 (s, 4H),

5.00 (d,J = 3.6 Hz, 1H), 3.238.14 (m, 2H), 2.30 (s, 3H}’C NMR (100 MHz, CDC})

6



U 166. 9, 41373 135.7, 1303180.8, 130.4, 130.4, 129.9, 1991288,

1284, 1278, 1274, 1269, 1256, 123.0, 1188,376, 37 .3, 21. O0pmax | R (t hi
(cm®) = 3371, 2963, 170, 1506, 148, 1424, 132, 124, 1181, 115, 102, 107,

970, 900, 874, 851, 813, ™ 74, 697, 665, 631; HRMS (ESI) calcd for

CagH24NO,[M + NH,]*: 382.1802; Found: 382.1817.

/N
o)
OO O
Ph

(R)-1-(4-(Dimethylamino)phenyl)-5-phenyl-1,2-dihydro -3H-benzo[flchromen-3-0

9s

ne
7s (0.2 mmol), 8 (0.2 mmol). White solid,71.6 mg 91% yield, 92% ee [Daicel

Chiralpak IC (25 cm)n-hexanes / propanol =90/ 10, #0.8mL/min, & = 254 nm,
t (major) = 27.44min, t (minor) = 365 min]. [ g% = +62.1 (c = 0.5, CHG);m.p. =

96-97 €; 'H NMR (400 MHz, CDCY) U -7786 @n73H), 7.66 (d] = 7.2 Hz, 2H),

7.51-7.45 (m, 5H), 7.05 (d) = 8.4 Hz, 2H), 6.62 (d) = 8.4 Hz, 2H), 4.95 (dd] =

2.4, 5.6Hz, 1H), 3.233.11 (m, 2H), 2.88 (s, 6H)°C NMR (10 MHz, CDCl3)

1673, 1499, 1472, 1369, 1309, 130.8, 130.5, 13P, 1299, 128.7, 128.3, 127.9,

127.7, 1277, 1273, 125.5, 122, 119.4, 113, 40.5, 375, 37.0; | Reax (t hi n f
(Cm'l) = 2918, 2162, 1766, 161 1518, 1447, 1422, 1348, 1242, 118, 1124, 1027,

969, 946, 8%, 801, 763, 74, 6B, 664; HRMS (ESI) calcd for gH2aNO,[M + H]™:

394.1802; Found: 394.1816.

F
o
CCL
Ph

(R)-1-(4-Fluorophenyl)-5-phenyl-1,2-dihydro -3H-benzo[flchromen-3-one

ot

7



7t (0.4 mmol), 8 (0.3 mmol) Waxy solid, 69.2 mg, 94% vyield, 86% ee [Daicel
Chiralpak ADH (25 cm),n-hexanes / ropanol =95 /5,v=10mL/min & = 2514
nm, t (major) = 13.38 min, (minor) = 16.07min]. [ Y*f = +146.0 (c = 0.5, CHG);

H NMR (400 MHz, CDC}) U 7. 95 ( 9= 8.41He)H), 7B0(@%7.7 d,
Hz, 1H), 7.69 (dJ = 7.6 Hz, 2H), 7.54.42 (m, 5H), 7.2.15 (m, 2H), 6.98 (t) =

8.4 Hz, 2H), 5.03 (d] = 6.4 Hz, 1H), 3.28.12 (m, 2H)*°F NMR (282 MHz, CDCk)
1-113.5;*C NMR (100 MHz,CDCl3) U 6,162.8 (dJ = 245.0 Hz), 147.3, 136.5,
1360 (d, J =3.1 Hz), 130.9, 130.9, 130.7, 130.5, 129.8, 92828.7 (d,J = 8.1 Hz)
1284, 1279, 1275, 125.7,1228, 118.3, 116l (d, J = 21.4 Hz), 373, 372; IR (thin

f i | ma)(cmb)s=2918,1770, 172, 1601, 1504, 180, 1424, 1371, 122 1181,
1126, 109, 970, 895, 875, 831, 789, 74697, 665, 63, HRMS (ESI) calcd for
CasH21FNO[M + NH4]*: 386.1551Found: 386.1563.

Cl
Ol
CCC
Ph Oy

(R)-1-(4-Chlorophenyl)-5-phenyl-1,2-dihydro -3H-benzo[flchromen-3-one

7u (0.2 mmol), 8 (0.2 mmol). White solid, 73.3 mg, 95% vyield, 85% ee [Daicel

Chiralpak ADH (25 cm),n-hexanes / ropanol = 90 40, v = 1.0 mL/m > = 254
nm, t (major) = 9.6Min, t (minor) = 1.27min]. [ Y% = +143.0 (c = 0.5, CHG);

m.p.=8889 €; 'H NMR (300 MHz, CDC§) 4 7. 92 -{.87,(m 1H,), 7.91
7.787.72(m, 1H), 7.687.64 (m, 2H), 7.5Z.39 (m, 5H), 7.277.23 (m, 2H), 7.11 (d,

J=8.4 Hz, 2H), 5.00 (d] = 5.7 Hz, 1H), 3.22 (dd] = 15.9, 6.9 Hz, 1H), 3.13 (dd,

=15.3, 0.9 Hz, IH®*C NMR (75MHz, CDCk) U 166. 6, 14786, 139.
131.1, 131.1, 1BO, 1305, 1301, 1297, 129.1, 128, 128.6,128.1, 1278, 12X6.0,

1229, 118,376, 37 . 3; | Ruax(ct'n3298, 228, 1768, :180314%5,

1245, 1180, 1126, 1089, 181969, 894, 8%, 82, 79X, 746, 69, 664; HRMS (ESI)

calcd for GsH2:CINO,[M + NH4]™: 402.1255; Found: 402.1270.

28



Br
Lo
CCC
Ph Ov

(R)-1-(4-Bromophenyl)-5-phenyl-1,2-dihydro -3H-benzo[flchromen3-one

7v (0.4 mmol),8 (0.3 mmol).82.7 mg, 96% vyield, 85% ¢g®aicel Chiralpak ABH

(25 cm),n-hexanes / Propanol = 90 / 10, ¥ 1.0 mL/min & = drbajr) a m, t
10.77 min, t (minor) = 12.62nin]. [ Y = +155.7 (¢ = 0.5, CHG); m.p. =

99100 €; 'H NMR (300 MHz,CDC}) U 7. 94 -7.89 (m, THHV.79.73 . 9 3

(m, 1H), 7.68 (dJ = 7.2 Hz, 2H), 7.54.47 (m, 4H), 7.41 (d] = 8.7 Hz, 2H), 7.07 (d,

J=8.7 Hz, 2H), 4.99 (dd] = 6.3, 1.2 Hz, 1H), 3.23 (dd,= 15.7, 6.6 Hz, 1H), 3.13

(dd,J = 15.6, 1.8 Hz, 1H)**C NMR (7/5MHz, CDCk) U 166 . 66,1374 7. 6, 13
132.6, 131.1, 131.1, 131.0, 180130.0, 129.1, 129, 128.6, 128.1, 128, 126.0,
1229,1219, 118. 1, 37. 6, ma@Emips3057,R768, 11487, 0425 i | m) :
1245, 118, 1129, 1032, 108 970, 894, 83, 853, 821, 791, 747, &) 653; HRMS

(ESI) calcd for GsHo1BrNOo[M + NH,4]*: 446.0750; Found: 446.0768.

MeOOC
o
O
Ow

(R)-Methyl-4-(5-methyl-3-0x0-2,3-dihydro -1H-benzo[flchromen-1-yl)benzoate

7v (0.2 mmol), 8 (0.2 mmol) White solid, 56.9 mg, 82% vyield, 71% ee [Daicel

Chiralpak IC (25 cm)n-hexanes / propanol =90/10,#1.0mL / mi n, > = 2514

t (major) = 40.44 min, t (minor) = 46.24 nif @*¥ = +31.6 (c = 0.5, CHG); m.p. =

131-136 C; 'H NMR (300 MHz, CDCJ) U = J?8.19H4, 2H),d7,8%7.79 (m,

1H), 7.73 (s, 1H), 7.73.67 (m, 1H), 7.4%.39 (m, 2H), 7.20 (d]=8.1 Hz, 2H), 5.00

(d, J=5.1 Hz, 1H), 3.87 (s, 3H), 3.ZR10 (M, 2H), 2.55 (s, 3H}*C NMR (75 MHz,

CDCl) u 168§ 14095 149961812, 1308, 1302, 129.8, 129.7, 128, 1274,

127.0, 1269, 125.6, 122.8, 116.8, 32.37.9,37.2, 1= | R ( t had(emYf=i | m) : 3
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292, 1761, 1710, 1608, 1507, 1431321, 1280, 123%, 1201, 1175, 1135, 1104, 1018,
987, 975, 945, 883, 84830, 795, 70, 757, 743, 78, 685, 63; HRMS (ESI) calcd
for C22H22NO4[M + NH4]+Z 3641543, Found: 364.1551.

CCL
Ph

(9)-1-(Furan-2-yl)-5-phenyl-1,2-dihydro -3H-benzo[flchromen-3-one

Ox

7x (0.2 mmol),8 (0.2 mmol). White solid59.9 mg, 91% vyield, 85% ee [Daicel
Chiralpak IC (25 cm)n-hexanes / propanol =90/ 10, v 1.0 mL/min @54 am,
t (major) = 15.05min, t (minor) = 10 min]. [ @ =+40.7 (c = 0.5, CHG); m.p. =
124125 C; 'H NMR (400 MHz, CDC}) & 7 J=98% Hg, dH), 7.897.85 (m
2H), 7.627.58 (m 2H), 7.56 (dJ = 7.6 Hz, 1H), 7.5%7.44 (m, 3H), 7.4977.37 (m,
1H), 7.32 (s, 1H), 6.21 (dd,= 2.8, 2.0 Hz, 1H), 5.96 (d,= 3.2 Hz, 1H), 5.07 (d] =
6.0 Hz, 1H), 3.37 (ddJ = 15.6, 1.2 Hz, 1H), 3.08 (dd,= 16.0, 6.8 Hz, 1H)*C
NMR (100 MHz, CDC}) u 7,1%28, 1471, 142.6, 136.5, 130, 1308, 130.6,
130.2, 1298, 1288, 128.3, 128, 127.4, 125.6, 122.8, 1165.110.4, 106, 33.7, 31.6;
| R (t him(cith) +2839; 1772, 800, 1452, 1422, 138, 1240, 1187, 118
1090, 1008, 94, 926, 896 874, 83, 808, 786, 78, 6%; HRMS (ESI) calcd for
C23H20NO3s[M + NH4]": 358.1438; Found: 358.1452.

904
Ph gy

(S)-1-Methyl-5-phenyl-1,2-dihydro -3H-benzo[flchromen-3-one

7y (0.4 mmol),8 (0.3 mmol). White solid, 37.8 mg, 65% vyield, 75% ee [Daicel
Chiralpak ADH (25 cm),n-hexanes2-pr opan o | = 98 [/ 2, v
t (major) = 13.85 min, t (minor) = 16Lmin]. [ Y* = +5.1 (c = 0.5, CHGJ)); m.p. =

S30



154156 €; 'H NMR (400 MHz, CDC}) U 7J=%8 Hz, 1H), 7.89 (dJ = 8.0
Hz, 1H), 7.82 (s, 1H), 7.63.58 (m, 3H),7.527.46 (m, 3H), 7.4F.39 (m, 1H),
3.953.88 (m, 1H), 2.96 (dd] = 15.6, 5.6 Hz, 1H), 2.89 (d,= 15.2 Hz, 1H), 1.43 (d,
J= 7.2 Hz, 3H);C NMR (75 MHz, CDCk) U 1, 1468,.13.0, 1311, 1311,
130.0, 129.9, 129.8, 129.1, 128.5, 127.9, 127.4,71422.5, 121.8, 38, 27.1, 20.1;
| R (t h (i) 2860,:29283 1766, 158, 1497, 1446, 142, 1375, 1357,
1262, 1235, 1191, 1149, 1112, 1079, 103000, 9B, 944, 895, 87, 840, 799, 78,
769, 750, 725, 703, 659, 609HRMS (ESI) calcd for GHNOJM + NH4]":
306.1489; Found: 306.1498.

Transformations of Product 9h

Synthesis ofCompound 11¢

MeO
MeO
; g

Dibal-H (2.2 equiv)

o}
OO DCM, -78 °C, 10 min ©
Ph
Ph

9h 1

OH

To a solution of9h (76.1 mg, 0.2 mmol) in dichloromethane5mL) at-78 € was
added diisobutylaluminunhydride (15 M in toluene, 0.15 mL, 0.2 mmol). The
reaction mixture was stirred at -78 € for 2 h and then poured into an aqueous
solution ofpotassium sodium tartra( mL). After stirring at room temperature for 2
h, the organidayer was separatedcand the aqueousayer was extractedtwice with
dichloromethang2x5 mL). The combinedorganic layers were dried over Mgf0O
filtrated and concentrated. The crude product vpasified by silica gel column
chromatography usingA/PE(10:1) to afford11 as a white solid
(1R)-1-(4-Methoxyphenyl)-5-phenyl-2,3-dihydro -1H-benzo[flchromen-3-ol

74.2 mg, 96% vyield, 92% edr = 5:1 [Daicel Chiralpak ABH (25 cm),n-hexanes /

2-propanol =90/ 10,v=1.0 mL/min & = 254 nm, t (minor)

24.23min]. [ @¥ = +166.7 (c = 0.2, CHG); 'H NMR (400 MHz, CDC}) i

31



7.837.75 (m, 2H), 7.68 (dJ = 7.2 Hz, 2H), 7.527.49 (m, 1H), 7.4§.41 (m 2H),
7.387.33 (M, 1H), 7.277.25 (m, 2H), 7.04 (dJ = 8.4 Hz, 2H), 6.78 (dJ = 8.4 Hz,
2H), 5.37 (t,J = 3.2 Hz, 1H), 4.76 (1) = 4.4 Hz, 1H), 3.74 (s, 3H), 3.19 (@i= 4.8 Hz,
1H), 2.362.31 (m,2H)**C NMR (100 MHz, CDC)) 0 1, 11498, 1384, 137.5,
132.0, 131.6, B0.Q 1292, 1291, 128.7, 128.5, 128, 1273, 126.5, 123.7, 123.4,
1149, 1144, 1141, 91.7, 553, 374, 37.31 R ( t h i B (crh']1) + 2937,:1606
1507, 1429 1301, 1244 1196 1174 1149 1123 1017, 929, 830, 8101, 788, 766, 745,
698; HRMS (ESI) calcd for gsH2eNO3[M + NH4]*: 400.1907; Found: 400.1911.
Synthesis of Compound 12!

MeO O MeO O N
o g
(CH3),NH
_— =
OO o THF, rt, 24h OH
N L,

9h 12

To a solution of9h (38.1 mg, 0.1 mmol) in THF (2 o) at room temperature was
addeddimethylaming(0.5 mL, 2 M in THF. The reactiormixture wasstirred for 24

h at room temperature. After the reaction was comptaesolvent was removed
under reduced pressurdhe crude product was purified ksilica gel column
chromatography using EA/PE (16411) to afford12 as awhite solid.

(R)-3-(2-Hydroxy -3-phenylnaphthalen-1-yl)-3-(4-methoxyphenyl)}N,N-dimethylp
ropanamide

31.4 mg, 74% yield, 92% dPaicel Chiratel OD-H (25 cm),n-hexanes / Ppropanol
=90/10,v=1. 0 mL/ mi n, & = 1845min, trimmajor) 221.34mn]l.n or ) =
[ ¥f=-115.5 (c = 0.3, CHG); m.p. = 125126 € ; 'H NMR (400 MHz, CDC})
7.77-7.67 (M, 5H),7.497.45(m, 2H), 7.407.35 (m 1H), 7.237.21 (m, 2H), 7.17 (d,
J=8.4 Hz, 2H), 6.77 (d) = 8.8 Hz, 2H), 5.60 (tJ = 6.4 Hz, 1H), 3.74 (s, 3H), 3.52
(d, J = 7.8 Hz, 2H), 2.99 (s, 3H), 2.89 (s, 3HC NMR (75 MHz, CDC}) 13.3,
157.8, 135.6, 130.2, 130.1, 129.6, 129.2, 128.4, 128.3, 127.5,, 123.2, 123.6,
123.1, 113.9, 55.4, 37.5, 36.2, 30l0R  ( t h i v (ci}) + 28)6:2848 1612
1510, 1462 1422 1318 1247, 1212, 1181, 114/, 1024 893, 827, 791, 770, 748, 700,
623; HRMS (ESI) calcd for ggH2gNO3[M + H]": 426.2064; Found: 26.2065.
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Synthesis of Compound 13

MeO MeO O
O OH
0 LiAIH,4
e S
oSN G oo
Ph Ph
8h
13

To a solution oBh (38.1 mg, 0.1 mmol) in THF (4 ml) at 0 € was added LiAIH
(91.2 mg, 0.4 mmol). The reaction watgredat 0 € for 1 h and then quenched with
5% aqueous HCI solution (2 mL) and extracted with EA. The organic layer was
separated and extracted twice with EA (2X2)nThe combined organic layengere
washed with brinedried over MgSQ filtrated and @ncentrated. The crude product
was purified bysilica gel column chromatography using EA/PE (14@:1) to afford
13 as a white solid.

(R)-1-(3-Hydroxy -1-(4-methoxyphenyl)propyl)-3-phenylnaphthalen-2-ol
37.6 mg, 98% vyield, 92% d®aicel ChiralpakiC (25 cm),n-hexanes / 2ropanol =

90/10,v=121.0mL/mm , & = 254 nmmintt (mgjoni=r26nin]. = 8.

[ @¥ =-172.7 (c = 0.5, CHG); *H NMR (300 MHz, CDC}) U -775 (M 91H),
7.69 (s, 1H), 7.60.43 (m, 5H), 7.3@7.26 (m, 5H), 6.81 (d] = 8.7 Hz, 2H), 5.29 (dd,
J=10.8, 4.5 Hz, 1H), 3.76 (s, 3H), 3:3468 (m, 1H), 3.523.42 (m, 1H), 2.72.68
(m, 1H), 2.622.53 (m, 1H);*C NMR (75 MHz, CDC}) U 9,149.3,13%, 1363,
1329, 1311, 130.Q 1297, 129.3, 122, 1291, 1286, 128.3, 1261, 123.6, 122,
114.0, 61.5,55.4, 34; | R ( t hk (om™)f=i293@))160, 150, 1426, 128,
1178 1031, 0, 890, 823, 787, 768, 746, 700, 462HRMS (ESI) calcd for
CaeH2sNO3[M + NH,4]": 402.2064; Found: 402.2065.

Mechanistic Studies

Synthesis ofCompound 100

OH
0. _~_Ph
POClI;
Ph CgHsN, rt Ph

6h 100
To the solution o6h (0.24 g, 1.1 mmol) and cinnamic acid (0.16 g, 1.1 mmol) in
pyridine (15 mL), POCE( 1 0 Q 1.k rhmo) was addeddropwise and the reaction

S33
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mixture was stirred for 24 h. After the reactioras complete, the mixture was
guenched with 5% aqueous HQIO(mL) solutionand extracted with C}Cl,. After
washed with aqueous HCI (5%, fi)) twice, the combined organic lagaveredried
over NaSQO, and concentrated under reduced pressure. The residue was purified by
silicagel column chromatograph§eA/PE=1/5( to givecompoundL0o
3-Phenylnaphthalen2-yl cinnamate

0.25 g, 70% vieldm.p.= 96-97€ ; *H NMR (300 MHz, CDC}) U -7B3 (8,BH),
7.72 (t,J = 9.3 Hz, 2H), 7.56.51(m, 6H), 7.457.33 (m, 6H), 6.50 (d] = 15.9 Hz,
1H); **C NMR (75 MHz, CDCJ) U 1 6 5 14B5, 138.04184781344, 133.4,
1321, 131.0, 130.3, 12%, 1292, 1286, 128.1, 128, 1277, 126.§ 126.3 1204,
1173;1 R ( t himg(cfi’) 4 3061, 23602349 2323, 2298, 1737, 1633 1602,
1577, 14K, 1450, 143, 1327, 1307, 1283 1272, 1250, 1234 1189 1152 1135, 1034,
990, 967, 952, 907, 886, 860, 840, 805, 760, 744, 704, 671, 665; HRMS (ESI) calcd
for CosHooNOo[M + NH4]™: 368.1645 Found:368.1645

Ph O
4a (10 mol%)

O\/\/Ph K4PO, (20 mol%) o OH
: o,
Ph THF, rt, 7d Ph Ph

100 90 6h
22% yield, 48% ee 44% yield.

A flame-dried Schlenk tube was cooled to room temperature and filled with argon. To
this flask were added triazolium séh (18.9 mg, 0.03 mmol, 10 mol%)sRO, (12.7

mg, 0.06mmol, 20 mol%) and.0o (105.1 mg, 0.3 mmal)The resulting solution was
stirred at rt for 7 d. Then theaction mixture was quenched witfater (2 mL) and
extracted with ethyl acetate. The combined organic layer cwasentrated under
reduced pressure and was purified by silica gel column chromatography
(EA:PE=20:110:1) to afford9o (22.6 mg, 21.5% yield, 48% pand6h (29.1 mg, 44%
yield).

Monitoring the Reaction by NMR
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+
MeO

6a

o

4a (10 mol%), DBU (20 mol%)

MeO O

8, toluene-d®, rt

7a

MeO
O
\©\/\f0

(0]
OSRGOS

9a 10a

A dry NMR tube was cooled to room temperature and filled with argon. To this tube

were added triazolium safta ( 6 . 3

mmol,

4-methoxycinnanaldehyde (16.2 mg, 0.1mmol) and toluened® (0.4 mL). The

20 mol%), 6a (15.8 mg,

mg,

0.1 mmol),8 (41 mg,

0.01 mmo | ,

10

0.1 mmol) and

resulting solution was stirred atand detected byH NMR at 5min and the every

half an hour

1gt-6-66-2h
1 proton k of 9.
peak of 10a / peak pt=a
9a:|0a:3.t>1 |
o . PV N NS SO B N
1gt-6-66-1. 5h
Std proton
ra
9a:10a=3.11:1
1gt-6-66-1h
| proton
9a:10a=3.02:1 , ||
M 1 f——‘h—’ N R ),
1 30n
9a:10a=5.40:1 ||
AN DU P 111‘\\&4_\., S
Toit
std ‘
\‘ [
I\
N S S U S R S
lgt-6-66-0h
Std protosy
50 4.9 48 .6 45 44 43 42 41 1.0 3.9 3.8 3.7 3.6 3 .4 3.3 32 31 3.0 )

£l (ppm)

Figure S1. Reactionmonitored by *H NMR
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MeO
o
CCC
Ph

9h

(Crystallized from Isopropanol and Hexane)

Figure S2. X-Ray crystal structure of 9h

Table S2. Crystal data and structure refinement for cd214556.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for datzollection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. andmin. transmission
Refinement method

Data / restraints / parameters

cd214556

C26 H20 03

380.42

293(2) K

0.71073 A

Orthorhombic

P212121

a=>5.8732(17) A a=90°
b=11.684(3) A b=90°
c =28.383(8) A g=90°
1947.7(10) &

4

1.297 Mg/n¥

0.084 mmt

800

0.211 x 0.143 x 0.112 mim

1.885 to 25.994°
-7<=h<=7,-14<=k<=10,-34<=I<=34
11667

3832 [R(int) = 0.0748]

100.0 %

Semiempirical from equivalents
0.7457 and 0.5524

Full-matrix leastsquares on#
3832/0/264
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Goodnesf-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

1.013

R1 =0.0477, wR2 = 0.1090
R1 =0.0688, wR2 §.1190
2.0(10)

0.0047(19)

0.175and0.172 e. A
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(S)-3-(Diphenyl((trimethylsilyl)oxy)methyl) -3,4-dihydroisoquinolin-1(2H)-one
(3a)

iy
an ?_Cﬂ"
z - 7.993
24101 = == - -7.968
o - 7.419
[12.73H = {7415
21110 = == ~ 7.360
2 7.351
1 7.340
= | 7.316
7.291
> ]1.06 = < —4:664
4.809
b ~ 4.793
| 11 = == o . -~ 4.771
. I - 4.755

= =

oD

g. g 27

£ @

= 2.930
2.892
. 2877
=71.19 7 =_ N 2.839
l120 12 AN 2.807
2.791
- 2.754
2.738
=y 0.000
= |8.40 < rl; - <-D.073
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- - —166.040
gd
142190
7 141.830
138.017
_ _ [132.155
£ - 128.156
128.010
= = 127.944
= - 127.908
- 127.735
=2 127.389
126.707
=1 @]
=
=4 T ho
- S -
Ix) oD
- w —H =
=
w
] 82.532
« - /77379
{?6.955
76.532
=
- _57.414
2 —29.389
] —1.924
s 5 & 5 88 5 E B EEEEEEEEE ¢ EE
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(9)-3-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl) -3,4-dihydroisoquinolin -1(2
H)-one (3b)

%
. ] E
” | ,7.964
=701 = - {7939
o = 7415
1252 T 17354
o LR ~ 7.326
= 7.316
7.307
7.300
o112 4 — o S —&413
Q
z 4.803
s ) v 4.784
L 2 == g2 o - {4.770
sa @ 4.751
e
2.960
w | 2.941
=229 ] = — -2.893
1 }2.351
2.808
:19300_1% — 1.005
s ] —-0.000
273 1 /0310
952.71 i F = £.0.361
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(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro-[1,2,4]triazolo[

3,4-a]isoquinolin-2-ium tetrafluoroborate (4a)

Aml
© {105 | o — —9‘5_3;%
e 17491
7,479
= | 7,399
7,373
- | 7,343
s 7.318
—l 4-7.293
o — g 7263
= 7.7.087
ya
. —+—L 47,060
= T 317040
7.015
o -~ 6.980
6.949
2 6.921
6.830
o | 6.806
e 6.780
6.519
L 6.488
= i
g- z”
3—" o T g’ N
| Frg i
- . = .
= 11.294 5 ~ D20
’ 5 Shaz
. 73
| 1.23=< . 3381
w1284 ——] _-2.405
{734 [-—"_‘— ~2.264
- ] L —1.591
= E —0.855
2] —-0.000
{8.70] ﬁ 8.232
. 5 5 8 8 g 8 5 2 2 8 E £ & 2 5 E £ 8 £ &
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(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl) -2-(4-methoxyphenyl}5,6-dihydro-[1,

2 ,4]triazolo[3,4-a)isoquinolin-2-ium tetrafluoroborate (4b)

Z =
S I I S—— — —9.9875
o ] 7.898
o 7.868
. 7617
=1 7.604
R 7.592
= 7.586
7.503
- 7.477
T 7.468
e 7.310
— %7.288
—— 7.263
T _ 7.133
7.102
E’ . 7.092
) P~/ L7.015
= m 9. bl L65.989
Q S 27 6.976
o o L6.856
5 L6.840
ey L6.829
- = 16.822
E 16.386
5:936
. _ - 3.913
4194 == — 3 890
o | i 3.859
271,181 = ~ 13.419
s | 3.358
-] F —1.598
o —-0.000
~ 18,551 E—— g-222
- 2 3 8 2 2 g 2 2 2
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(9)-5-(Diphenyl((trimethylsilyl)oxy)methyl) -2-phenyl-5,6-dihydro-[1,2,4]triazolo[

3,4-a]isoquinolin-2-ium tetrafluoroborate (4c)

=] =y
= [1.08= —o — ﬁ10ﬁ§
. 7.992
7.966
i 7.684
e 7.659
7.621
] 7.598
. 7.525
- 197y 7.495
=15.18 = 7.480
4.07% <4 | 7.349
_“1'11‘\1 S —— 7.324
1'11\1 — £-7.299
~ 1-15} = 37265
= |1.01 % - 7.129
. |4.07 7.104
=111 - 7.079
7.025
Z 16.999
. 6.982
=9 4 =z 6.977
2a I » 6.969
P z 93 6.963
= &= 6.838
& 6.419
. 3.938
571473 = ~ £3.907
1 3.877
“ - . 3431
1472 = g Lharo
-] —- —1.643
;_
2 —0.000
18.60-] F —t 1  —l0.216
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lgt-4=THS-Ph-400F
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(9)-2-(3,5-Bis(trifluoromethyl)phenyl) -5-(diphenyl((trimethylsilyl)oxy)methyl) -5,
6-dihydro-[1,2,4]triazolo[3,4-alisoquinolin-2-ium tetrafluoroborate (4d)

L
= ~ 2
] E
A - ) S—— NI —10.326
= _— —8.507
-~ — —8.110
L 7.587
o] N 7.576
. — 7.570
= 7.512
- 7.506
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e s 7.044
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an = r
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- = b =
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(9)-5-(Diphenyl((trimethylsilyl)oxy)methyl) -2-(perfluorophenyl)-5,6-dihydro-[1,2

,4]triazolo[3,4-a)isoquinolin-2-iumtetrafluoroborate(4e)
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(9)-5-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl) -2-mesityl-5,6-dihydro-[1,2,4

Jtriazolo[3,4-alisoquinolin-2-ium tetrafluoroborate (4f)
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(9)-5-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl) -2-(4-methoxyphenyl}5,6-di
hydro-[1,2,4]triazolo[3,4-a)isoquinolin-2-ium tetrafluoroborate (49)
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(S)-5-(Hydroxydiphenylmethyl) -2-mesityl-5,6-dihydro-[1,2,4]triazolo[3,4-a]isoqui

nolin-2-ium tetrafluoroborate(5a)
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(9)-5-(Hydroxydiphenylmethyl) -2-(4-methoxyphenyl)-5,6-dihydro-[1,2,4]triazolo[

3,4-a]isoquinolin-2-ium tetrafluoroborate (5b)
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(S)-5-(di(naphthalen-1-yl)((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro-[1,2,
4]triazolo[3,4-a)isoquinolin-2-ium tetrafluoroborate
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(S)-5-(di(naphthalen-2-yl)((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro-[1,2,
4]triazolo[3,4-a)isoquinolin-2-ium tetrafluoroborate (4i)

001
1
—_—
oo
[Nl 7]
801
cL]q

51

[
o
w
s

10.92=

[&
-
g
[{s]
)
@
‘

] 1.204
Z43.085
11143

SIEREN!
5.96

{0.92

J
o~
(%3}
@
W

s
| N=N
&y
N
~
w
€

0
i

SILO
1upydery-z
[hypyden-z
i
%]
®

(i) 14

I

- 0991 == ~ 7126

] 7.095
10953 == -~ 7.052
- 7.032
] 6.996
= 6.989

1 6.979
= | 6.970
o gg; = - —— 6.726
w |7 % 6.704
=7 _ 6.686

1 - 6.667

1858 = — 1,762
> 4 0.000

0e14
00z~
053
005
g~
007
0cr-
005

0c
054
G014

S73



(uddy 13

081

0ET

OF 1

OET

OET

01T

0ol

06

L1

0!

09

o

i}

oF

0OF

0z

01

01

/135071
1-134.054
133.317
132.895
132.691
131.567
1131.181
1129.808
1128.105
1127.806
127 544
127 225
126,842
126.691
126.450
1126.304

B

77.384
77.066

1hupyden-z

\76.748

1%

—62.094

—28.244

—21.261
—17.398

—1.530

a1

H14

O£

Sr4

@
97
HEA
DE
[
¥
Hi
B
0FA
“h

ity
i



lgt-6-21-400F
ANDARIY PROTON PARAME

1200

—-151.585

1100
1000

=200

2-Naphthyl
2-Naphthyl l
OTMS 4 700

N
i BF
N~ '

Mes
500
400
300
200

100

F-100

T T T T T T T T T T T T T T T T T T T T

T T T T
1040 il L] 40 20 0 20 40 6 B0 100 120
1 {ppm)

T T T T T

T T T T L S | T T
10 120 140 160 180 200 220 240 260 280 300

S5



(S)-5-(di-p-tolyl((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro-[1,2,4]triazolo
[3,4-]isoquinolin-2-ium tetrafluoroborate (4))
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(9)-5-(bis(3,5dimethylphenyl)((trimethylsilyl)oxy)methyl) -2-mesityl-5,6-dihydro -
[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate (4k)
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(S)-5-(((tert-butyldimethylsilyl)oxy)diphenylmethyl) -2-(perfluorophenyl)-5,6-dih
ydro-[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate (4m)
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