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General Methods.

All reactions utilizing air- or moisture-sensitive reagents were carried out in
flame-dried glassware under a dry Ar atmosphere. All solvents were purified and
dried according to standard methods prior to use.

'H NMR spectra were recorded on a VARIAN Mercury 300 MHz spectrometer
in chloroform-ds;. Chemical shifts are reported in ppm with the internal TMS signal at
0.0 ppm as a standard. The data is being reported as (s = singlet, d = doublet, t =
triplet, m = multiplet or unresolved, brs = broad singlet, coupling constant(s) in Hz,
integration). °C NMR spectra were recorded on a VARIAN Mercury 75 MHz
spectrometer in chloroform-d;. Chemical shifts are reported in ppm with the internal
chloroform signal at 77.0 ppm as a standard. ’F NMR spectra were recorded on a
VARIAN Mercury 282 MHz spectrometer. Chemical shifts are reported in ppm with
CCI5F signal at 0.00 ppm as an external standard.

Optical rotation ([a]p) were measured on a Perkin-Elmer785A UV/VIS Detector
polarimeter. Enantiomeric excesses were assesses by HPLC analysis on a chiral
stationary phase, CHIRALPAK AD-H or CHIRALCEL OD-H or CHIRALPAK
AS-H (Daicel Chemical Ind., Ltd., ® 0.46mm x 25 cm).

Keto-aldehydes 5j!"! and 51 were synthesized according to the literature.
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Preparation® of the lactam 4.

1. CICH,COCI, Et3N

2 CH2C|2 0°C NH
2. KO'Bu, i-ProH fo
CH,Cl,, 0°C 0o

To a solution of 3™ (6.0 g, 36.4 mmol) and triethylamine (11.2 mL, 80 mmol) in
CH,ClI, (200 mL) at 0°C was slowly added chloroacetyl chloride (3.2 mL, 40 mmol)
over 20 min. The mixture was allowed to warm to ambient temperature and stirred for
about 6 h. The solution was then cooled to 0°C and potassium tert-butoxide (13.1 g,
153 mmol) in 2-propanol (100 mL) was added dropwise over 30 min. The mixture
was allowed to warm to ambient temperature and stirred for about 2 d. After
completion (monitored by TLC), the solvent was removed under reduced pressure.
Water (50 mL) was added to the residue, and the mixture was extracted with ethyl
acetate (50 mL x 3). The combined ethyl acetate extract was washed with brine, dried
over anhydrous Na,SO4 and then concentrated under reduced pressure. The crude
product was purified by flash column chromatography to afford the title compound 4
as a white solid (3.6 g, yield 66%): R (1:1 petro-ether to ethyl acetate) = 0.3; [o]p”" =
+97.1° (¢ = 1.00, CHCI3). *H NMR (300 MHz, CDCls) & 0.85 (s, 3 H), 1.00 (s, 3 H),
1.08 (m, 1 H), 1.13 (s, 3 H), 1.53-1.74 (m, 4 H), 3.37 (d, J = 6.6 Hz, 1 H), 3.66 (d, J =
6.9 Hz, 1 H), 3.77 (d, = 15.3 Hz, 1 H), 4.12 (d, J = 15 Hz, 1 H), 6.38 (brs, 1 H); ©*C
NMR (75 MHz, CDCls) & 10.9, 20.3, 21.8, 25.7, 32.7, 47.2, 48.9, 50.0, 57.9, 65.8,
83.4, 171.1; IR (KBr): vimax (cm™) = 3178, 3066, 2955, 2873, 1688, 1429, 1353, 1114,
830, 807, 446; MS (EI, m/z, rel. intensity) 209 (M", 19), 95 (100); HRMS (EI) calcd
for C1,H;oNO, (M"): 209.1416; Found: 209.1423.
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Preparation™ of triazolium salts 1.

1) Me3gO*BF,", CH,Cl, rt © la Ar = CgHs

7~ AT 1b Ar = 4-OMeCgH
2) AtNHNH,, CH.Cl, 1t N by
NH ) 2, CH.Cly, AN);I\/I ®  1c Ar=2,4,6-(CHz)3CeH,

1d Ar = CgFs

o)
o]
3) HC(OEt), PhCI, 110 °C 5 le Ar = 3.5-(CFD,CaH

A flamed-dried 50 mL round bottom flask was charged with lactam 4 (0.50 g, 2.4
mmol) and CH,Cl, (15 mL). Trimethyloxonium tetrafluoroborate (0.43 g, 2.9 mmol)
was added and the mixture was stirred for about 1 d at rt. The corresponding aryl
hydrazine (2.4 mmol) was added and stirred for another 1 d. The solvent was
evaporated and chlorobenzene (25 mL) was added, followed by triethyl orthoformate
(2.5 mL / day, 15 mmol). The mixture was then heated to 110°C and stirred at this
temperature for about 3 d. After completion (monitored by NMR), the solvent was
removed under reduced pressure. The crude product was purified by flash column
chromatography and further purified by recrystallization in hexane/ethyl acetate. All

the yields indicated below refer to those obtained after recrystallization.

-

s~ Ph
N I ®

fN
o
1a: white solid, yield 35%. [o]p™ = +29.4° (¢ = 1.00, CHCl3). *H NMR (300 MHz,
CDCl3) 8 0.66 (s, 3 H), 0.86 (s, 3 H), 1.00 (s, 3 H), 1.19-1.28 (m, 2 H), 1.55-1.59 (m,
1 H), 1.79-1.82 (m, 1 H), 2.65 (d, J = 4.8 Hz, 1 H), 4.07 (d, J = 7.2 Hz, 1 H), 4.46 (d,
J=6.9Hz, 1 H),4.72 (d,J = 15.3 Hz, 1 H), 5.03 (d, J = 15 Hz, 1 H), 7.46-7.53 (m,
3 H), 7.85-7.88 (m, 2 H), 10.26 (s, 1 H); **C NMR (75 MHz, CDCls) & 11.0, 20.2,
21.2,25.4,32.4,48.2,49.6, 50.0, 58.7, 60.8, 83.8, 120.5, 130.1, 130.6, 134.9, 139.0,

151.2; IR (KBr): vinax (cm™) =3104, 2879, 1594, 1394, 1227, 1104, 1063, 975, 805,
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764, 688, 521; MS (ESI, m/z, rel. intensity) 310.2 (M-BF,); HRMS (ESI) calcd for
Ci9H24N30 (M-BF4): 310.1914; Found: 310.1914.

1b: pale yellow solid, yield 30%. [a]p*® = +31.7° (¢ = 1.00, CHCl3). *H NMR (300
MHz, CDCl3) & 0.67 (s, 3 H), 0.87 (s, 3 H), 1.01 (s, 3 H), 1.25-1.29 (m, 2 H),
1.61-1.68 (m, 1 H), 1.80-1.90 (m, 1 H), 2.64 (d, J = 4.8 Hz, 1 H), 3.83 (s, 3 H), 4.08
(d, J = 6.9 Hz, 1 H), 4.44 (d, J = 6.9 Hz, 1 H), 4.70 (d, J = 15.3 Hz, 1 H), 5.03 (d, J
=15.3 Hz, 1 H), 6.94 (d, J = 9.0 Hz, 2 H), 7.77 (d, J = 9.3 Hz, 2 H), 10.13 (s, 1 H);
3C NMR (75 MHz, CDCls) § 11.0, 20.2, 21.2, 25.4, 32.4, 48.2, 49.6, 49.9, 55.7,
58.7, 60.7, 83.8, 115.0, 122.2, 128.0, 138.2, 151.0, 161.1; IR (KBr): Vi (cm™) =
3154, 2947, 1590, 1514, 1459, 1261, 1110, 1062, 977, 827, 522; MS (ESI, m/z, rel.
intensity) 340.2 (M-BF,); HRMS (ESI) calcd for Cy0Hy6N3O, (M-BF4): 340.2020;
Found: 340.2014.

g

/QN,MES

N I ®
N

Ve
@]

1c: colorless crystalline, yield 25%. [a]p™’ = +6.6° (¢ = 1.00, CHCl3). *H NMR (300
MHz, CDCls) & 0.67 (s, 3 H), 0.88 (s, 3 H), 1.02 (s, 3 H), 1.22-1.25 (m, 2 H),
1.58-1.66 (m, 1 H), 1.82-1.85 (m, 1 H), 2.01 (s, 6 H), 2.37 (s, 3 H), 2.65 (d, J = 4.2
Hz, 1 H), 4.12(d,J = 6.9 Hz, 1 H), 4.55(d,J = 7.2 Hz, 1 H), 4.74 (d,J = 15.0 Hz, 1
H), 5.02 (d, J = 15.0 Hz, 1 H), 7.00 (s, 2 H), 9.80 (s, 1 H); *C NMR (75 MHz,
CDCLy) & 11.1, 17.0, 20.1, 21.1, 21.2, 25.3, 32.6, 48.2, 49.6, 50.0, 58.7, 60.7, 84.0,
129.6, 131.1, 141.8, 143.1, 151.1; IR (KBr): vma (cm™) =3141, 2951, 2927, 1589,
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1458, 1222, 1105, 1060, 976, 805, 647, 522; MS (ESL, m/z, rel. intensity) 352.2
(M-BF3); HRMS (ESI) caled for C5,HsoN3O (M-BFy): 352.2383; Found: 352.2400.

BF,
©

&N/CGFS

N I ®
N

wa

1d: white solid, yield 35%. [o]p" = +29.0° (¢ = 1.00, CHCI;). *"H NMR (300 MHz,
CDCl3) 8 0.64 (s, 3 H), 0.91 (s, 3 H), 1.03 (s, 3 H), 1.24-1.39 (m, 2 H), 1.67-1.71 (m,
1 H), 1.93-1.97 (m, 1 H), 2.46 (d, J = 4.2 Hz, 1 H), 4.14 (d, J = 6.6 Hz, 1 H), 4.55 (d,
J=6.9Hz, 1 H), 475 (d, J = 15.0 Hz, 1 H), 5.05 (d, J = 15.0 Hz, 1 H), 10.14 (s, 1
H); *C NMR (75 MHz, CDCl5) § 10.9, 19.8, 21.0, 25.1, 32.4, 48.4, 49.5, 50.1, 58.5,
60.9, 83.8, 110.7, 136.2, 139.0, 141.7, 142.2, 145.3, 152.2; IR (KBr): Vmax (cm™)
=3134, 2967, 1608, 1531, 1517, 1394, 1215, 1076, 1004, 987, 852, 800, 628, 524,
462; MS (ESI, m/z, rel. intensity) 400.2 (M-BF,); HRMS (ESI) calcd for C;9H;9N30O
(M-BF,): 400.1443; Found: 400.1436.

BF
@ Q
I~
NN CF
D

1le: white solid. yield 25%. 'H NMR (300 MHz, CDCl5) & 0.66 (s, 3 H), 0.85 (s, 3 H),

O

1.02 (s, 3 H), 1.17-1.27 (m, 2 H), 1.58-1.60 (m, 1 H), 1.79-1.83 (m, 1 H), 2.64 (d, J =
4.5Hz, 1 H),4.11 (d, J = 6.9 Hz, 1 H), 4.53 (d,J = 6.9 Hz, 1 H), 4.77 (d, J = 15.0 Hz,
1 H), 5.10 (d, J = 15.3 Hz, 1 H), 7.95 (s, 1 H), 8.44 (s, 2 H), 10.47 (s, 1 H); °F NMR
(282 MHz, CDCLy): § -63.3, -151.5, -151.6. *C NMR (75 MHz, CDCl;) & 11.0, 20.3,
21.0, 25.4, 29.7, 32.3, 48.3, 49.6, 49.9, 58.7, 61.2, 83.8, 120.3, 121.2, 124.0 (m),
133.8 (q, J = 34.8 Hz), 136.0, 140.5, 160.0; IR (KBr): vinax (cm™) =3134, 2967, 1608,
1531, 1517, 1394, 1215, 1076, 1004, 987, 852, 800, 628, 524, 462; MS (ESI, m/z, rel.
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intensity) 446.2 (M-BF,); HRMS (ESI) calcd for C;H2,N30Fs (M-BF,): 446.1672;
Found: 446.1662.

General procedure for the preparation of keto-aldehydes (5a-i, 5k)

The preparation of keto-aldehyde 5a is representative.

O/ O/

/ (@]
KoCO /
&O ' Br\)J\Ph — °
acetone, rt. Ph

7 0

To a solution of the acetal® (1.1 g, 6 mmol) in acetone (5 mL) was added K,COs3
(0.7 g, 5 mmol). After stirring for 0.5 h, w-bromoacetophenone (1 g, 5 mmol) was
added and the mixture was stirred at room temperature overnight. After completion
(monitored by TLC), water was added to the solution, and the mixture was extracted
with ethyl acetate. The combined ethyl acetate extract was washed with brine, dried
over anhydrous Na,SO4 and then concentrated under reduced pressure. The crude
product was purified by flash column chromatography (hexane/EtOAc = 10/1).
7: yellow solid, yield 70%. *H NMR (300 MHz, CDCl3) & 3.38 (s, 6 H), 5.31 (s, 2 H),
5.77 (s, 1 H), 6.82 (d, J = 8.4 Hz, 1 H), 7.02 (t, J = 7.5 Hz, 1 H), 7.26 (dd, J = 1.8,
15.6 Hz, 1 H), 7.47-7.62 (m, 4 H), 8.00 (d, J = 8.4 Hz, 2 H).

o~ o)
/ |
O p-TsOH
o/\[(Ph THF/H,0, 80°C O/\th
7 o 5a O

To a solution of 7 (0.27 g, 1 mmol) in THF (4 mL) /H,O (1 mL) was added
p-TsOH (0.028 g, 0.1 mmol), and the solution was heated at 80°C for 2h. After
completion (monitored by TLC), the mixture was cooled to room temperature and
extracted with CH,Cl,. The combined organic layers were washed successively with
saturated NaHCOs, brine, dried over anhydrous Na,SO4 and then concentrated under
reduced pressure. This material was suitable for the next reaction. The compound

could be further purified by recrystallization in hexane/ethyl acetate.
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5al” (entry 1, Table 2): white solid, yield 100%. *"H NMR (300 MHz, CDCl3) & 5.44
(s, 2 H), 6.86 (d, J = 8.1 Hz, 1 H), 7.07 (t, J = 7.8 Hz, 1 H), 7.48-7.55 (m, 3 H), 7.66
(t, J=7.5Hz, 1 H), 7.89 (dd, J = 1.5, 7.8 Hz, 1 H), 8.01 (d, J = 7.8 Hz, 2 H), 10.59 (s,
1 H).

5b®! (entry 2, Table 2): white solid, yield 40%, 2 steps. '"H NMR (300 MHz, CDCl;)
8 3.86 (s, 3 H), 5.52 (s, 2 H), 7.14 (d, J = 4.8 Hz, 1 H), 7.46 (m, 3 H), 7.60 (m, 1 H),
7.92 (d, J = 7.2 Hz, 2 H), 10.66 (s, 1 H);*C NMR (75 MHz, CDCl;) & 56.1, 74.8,
118.0, 119.3, 124.2, 127.7, 128.8, 129.7, 133.7, 134.4, 150.4, 151.8, 190.6, 194 4.

7
Weews
O
5¢ (entry 3, Table 2): white solid, yield 77%, 2 steps. 'H NMR (300 MHz, CDCl5) &
3.80 (s, 3 H), 5.37(s,2 H), 6.32 (s, 1 H), 6.56 (d,J = 8.7 Hz, 1 H), 7.49 (t, J = 7.5 Hz,
2 H),7.62 (t,J=7.5Hz, 1 H), 7.83 (d,J = 8.7 Hz, 1 H), 7.97 (d, J = 7.5 Hz, 2 H),
10.38 (s, 1 H); ®C NMR (75 MHz, CDCl3) & 55.6, 70.7, 99.2, 106.5, 119.3, 128.0,
128.9, 130.7, 134.0, 134.1, 161.9, 165.9, 188.1, 193.4; IR (KBr): Vi (cm™) = 3064,
2910, 1705, 1668, 1601, 1401, 1263, 1211, 1107, 1066, 983, 838, 765, 690, 660, 583,

449; MS (EI, m/z, rel. intensity) 270 (M", 2), 151 (100); HRMS (EI) calcd for
C16H1404 (M ): 270.0892; Found: 270.0888.

eens
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5d (entry 4, Table 2): yellow solid, yield 40%, 2 steps. 'H NMR (300 MHz, CDCl3) &
2.33 (s,3 H),5.40(s,2 H), 6.65 (s, 1 H), 6.85(d, J=7.8 Hz, 1 H), 7.50 (t, J = 7.5 Hz,
2 H), 7.63 (t, J = 7.5 Hz, 1 H), 7.74 (d, J = 7.8 Hz, 1 H), 7.97 (d, J = 7.8 Hz, 1 H),
10.49 (s, 1 H); *C NMR (75 MHz, CDCl3) § 22.2, 70.7, 113.2, 122.6, 123.0, 128.0,
128.5, 128.9, 134.1, 147.3, 160.3, 189.2, 193.5; IR (KBr): Vs (cm™) = 3059, 2909,
1707, 1681, 1608, 1403, 1259, 1211, 981, 813, 761, 687, 666, 591, 453; MS (EI, m/z,
rel. intensity) 254 (M", 1), 105 (100); HRMS (EI) calcd for C¢H 1403 (M"): 254.0943;
Found: 254.0946.

7
OZN\©5

)

0]

5e (entry 5, Table 2): yellow solid, yield 70%, 2 steps. '"H NMR (300 MHz,
DMSO-ds) 6 6.06 (s, 2 H), 7.47 (dd, J = 2.4, 7.8 Hz, 1 H), 7.60 (t, J = 7.5 Hz, 2 H),
7.73 (t, J = 7.5 Hz, 1 H), 8.04 (d, J = 7.2 Hz, 2 H), 8.44 (dd, J = 2.4, 7.8 Hz, 2 H),
10.46 (s, 1 H); °C NMR (75 MHz, DMSO-ds) & 72.4, 116.2, 124.1, 124.7, 128.7,
129.6, 131.3, 134.5, 134.9, 141.8, 165.3, 188.6, 193.8; IR (KBr): Vimax (cm™) = 3114,
2885, 1917, 1702, 1688, 1611, 1586, 1430, 1341, 1285, 1228, 1081, 975, 763, 679,

559; MS (EIL, m/z, rel. intensity) 267 (M'-H,O, 12), 105 (100); Anal. calcd for
CisH1iNOs: C, 63.16; H, 3.89, N, 4.91; Found: C, 62.98; H, 3.95, N, 4.83.

i
"X,
~ L
o
5f (entry 6, Table 2): yellow solid, yield 94%, 2 steps. *H NMR (300 MHz, CDCl;) &
5.47 (s,2 H), 6.81 (d,J =8.7Hz, 1 H), 7.42 (d, J = 8.7 Hz, 1 H), 7.52 (t,J = 7.5 Hz,
2 H), 7.66 (t,J =7.2 Hz, 1 H), 7.79 (s, 1 H), 7.97 (d, J = 7.5 Hz, 2 H), 10.51 (s, 1 H);

B3C NMR (75 MHz, CDCl3) § 70.8, 114.4, 126.0, 127.2, 127.8, 128.0, 129.0, 133.8,
134.3, 135.1, 158.7, 188.2, 192.9; IR (KBr): Vs (cm™) = 1708, 1677, 1598, 1401,
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1277, 1230, 1186, 973, 815, 755, 685, 584, 552; MS (EI, m/z, rel. intensity) 274 (M",
1), 105 (100); Anal. calcd for C;sH;ClOs: C, 65.58; H, 4.04; Found: C, 65.49; H,
4.27.

0
|

OMe 0]
5¢g (entry 7, Table 2): white solid, yield 71%, 2 steps. 'H NMR (300 MHz, CDCls) &

3.84 (s, 3 H), 5.46 (s, 2 H), 7.12 (d, J = 3.9 Hz, 2 H), 7.42 (m, 1 H), 7.43 (d, J = 8.4
Hz, 2 H), 7.87 (d, J = 8.4 Hz, 2 H), 10.62 (s, 1 H); *C NMR (75 MHz, CDCls) & 56.0,
747, 117.9, 119.2, 124.2, 129.0, 129.1, 129.5, 132.6, 140.0, 150.1, 151.7, 190.4,
193.3; IR (KBr): vimax (cm™) = 2928, 1705, 1685, 1587, 1481, 1396, 1259, 1204, 1091,
1064, 965, 915, 777, 745, 653, 579, 535; MS (EI, m/z, rel. intensity) 304 (M, 3), 139
(100); Anal. calcd for CiH3Cl104: C, 63.06; H, 4.30; Found: C, 62.82; H, 4.54.

]
@f OMe

T

O

5h (entry 8, Table 2): white solid, yield 45%, 2 steps. 'H NMR (300 MHz, CDCl;) &
3.89 (s, 3 H), 5.38 (s, 2 H), 6.86 (d, J = 8.7 Hz, 1 H), 6.98 (m, 2 H), 7.06 (t, J = 3.6
Hz, 1 H), 749 (td, J = 1.8, 7.8 Hz, 1 H), 7.86 (dd, J = 1.8, 7.8 Hz, 1 H), 7.98 (d, J
=8.4 Hz, 2 H), 10.58 (s, 1 H); ®*C NMR (75 MHz, CDCls) § 55.5, 70.6, 112.7, 114.1,
121.5, 125.2, 127.1, 128.5, 130.4, 135.7, 160.4, 164.2, 189.6, 192.0; IR (KBr): Vmax
(cm™) = 2960, 2867, 1683, 1599, 1305, 1225, 1174, 975, 834, 757, 651, 589, 499,

441; MS (EIL, m/z, rel. intensity) 270 (M", 1), 135 (100); HRMS (EI) calcd for
C16H1404 (M ): 270.0892; Found: 270.0885.
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5il'! (entry 9, Table 2): pale reddish powder, yield 65%, 2 steps. 'H NMR (300 MHz,
acetone-de) 06 4.02 (s, 3 H), 5.75 (s, 2 H), 7.10 (t, J = 7.2 Hz, 1 H), 7.25 (q, J = 8.7 Hz,
2 H), 7.60 (td, J = 1.8, 8.1 Hz, 1 H), 7.77 (dd, J = 1.8, 7.5 Hz, 1 H), 8.12 (dd, J = 2.1,
9.0 Hz, 1 H), 8.26 (d, J = 2.1 Hz, 1 H), 10.62 (s, 1 H); ®°C NMR (75 MHz,
DMSO0-d¢) 6 56.8, 70.5, 111.0, 112.5, 114.1, 121.1, 124.4, 127.5, 128.1, 129.6, 132.7,
136.2, 159.6, 160.4, 189.2, 191.7; IR (KBr): vimex (cm™) = 2974, 2867, 1702, 1665,
1594, 1481, 1406, 1300, 1257, 1205, 992, 763, 680, 578, 443; MS (EIL, m/z, rel.
intensity) 348 (M", 1), 215 (100); HRMS (EI) caled for C;¢H;BrO; (M'-H,0):
329.9897; Found: 329.9892.

5j1" (entry 10, Table 2): pale yellow crystalline. ‘H NMR (300 MHz, CDCls) & 2.34
(s, 3 H), 4.68 (s, 2 H), 6.81 (d, J = 8.7 Hz, 1 H), 7.11 (t, J = 7.5 Hz, 1 H), 7.55 (dt, J
= 1.8, 7.8 Hz, 1 H), 7.88 (dd, J = 1.8, 7.8 Hz, 1 H), 10.58 (s, 1 H).

: :o/\[H<
0]
5k (entry 11, Table 2): white solid, yield 80%, 2 steps. 'H NMR (300 MHz, CDCls) &
1.26 (s, 9 H), 5.03 (s, 2 H), 6.72 (d, J = 8.7 Hz, 1 H), 7.05 (t, J = 7.5 Hz, 1 H), 7.49
(dt, J = 1.8, 8.1 Hz, 1 H), 7.85 (dd, J = 1.8, 7.8 Hz, 1 H), 10.57 (s, 1 H); **C NMR

(75 MHz, CDCl) & 26.2, 43.1, 68.8, 112.4, 121.4, 125.2, 128.5, 135.6, 160.3, 189.6,
208.6; IR (KBr): vimay (cm™) = 2981, 2870, 1716, 1684, 1598, 1481, 1233, 989, 757,
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648, 503; MS (EI, m/z, rel. intensity) 220 (M", 1), 57 (100); HRMS (EI) calcd for
Ci13H1603 (M ): 220.1099; Found: 220.1095.

(@]
51 pale yellow oil. *H NMR (300 MHz, CDCl3)  2.33 (s, 3 H), 4.14 (s, 2 H), 7.21

(d, J = 6.6 Hz, 1 H), 7.48-7.59 (m, 2 H), 7.82 (dd, J = 1.8, 6.9 Hz, 1 H), 10.01 (s, 1

H).
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General Procedure for Intramolecular Crossed Aldehyde-Ketone Benzoin

Reactions

@)

The reaction of keto-aldehyde 5a is representative (entry 1, Table 2). A flame
dried Schlenk tube was cooled to room temperature and filled with argon. To this
flask were added triazolium salt 1d (3.2 mg, 0.006 mmol, 6 mol %), DBU (0.76 uL,
0.005 mmol, 5 mol %), THF (1 mL). The mixture was stirred for 0.5 h at room
temperature, keto-aldehyde 5a (26 mg, 0.1 mmol) was added. After the reaction was
complete (monitored by TLC), the reaction was cooled to 0°C, and water was added.
The product was extracted with CH,Cl, (5 mL x3). The combined organic layers were
dried over anhydrous Na,SO4, concentrated under reduced pressure, and then purified
by silica-gel column chromatography (hexane/EtOAc = 10/1) to afford benzoin
product 6a as a white solid.
6al”! (entry 1, Table 2): white solid, 93% yield, 84% ee [Daicel Chiralpak AD-H,
hexanes/2-propanol = 90/10, v = 1.0 mL/min™', A = 230 nm, t (minor) = 13.64 min, t
(major) = 16.65 min]. "H NMR (300 MHz, CDCl3) & 4.23 (s, 1 H), 447 (d, J=11.1
Hz, 1 H), 4.85(d,J=11.7 Hz, 1 H), 6.96 (d, J=8.1 Hz, 1H), 7.07 (t, J=7.5 Hz, 1 H),
7.03-7.36 (m, 3 H), 7.44-7.54 (m, 3 H), 7.93 (dd, J=1.5, 8.1 Hz, 1 H).

OMe

6b (entry 2, Table 2): white solid, 96% yield, 76% ee [Daicel Chiralcel OD-H,

hexanes/2-propanol = 75/25, v=0.5 mL- min'l, A =230 nm, t (major) = 16.77 min, t
(minor) = 19.95 min]; [a]p>’ = +41.7° (¢ = 1.45, CHCl;). '"H NMR (300 MHz, CDCl;)
03.85(s,3 H),430 (s, 1 H),448 (d,J=11.7Hz, 1 H), 499 (d,J=11.7 Hz, 1 H),
6.95-7.05 (m, 2 H), 7.26-7.33 (m, 3 H), 7.45-7.53 (m, 3 H); °C NMR (75 MHz,
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CDCl) 6 56.1, 73.2, 74.0, 117.2, 118.5, 119.7, 121.6, 126.0, 128.6, 128.7, 138.1,
148.6, 151.3, 194.5; IR (KBr): vmax (cm™) = 3398, 3002, 2872, 1679, 1489, 1440,
1272, 11443, 1028, 973, 767, 694, 636, 558, 470; MS (EI, m/z, rel. intensity) 270 (M,
12), 151 (100); Anal. calcd for Ci¢H1404: C, 71.10; H, 5.22; Found: C, 70.83; H,
5.43.

OH
O O]

6¢” (entry 3, Table 2): white solid, 99% vyield, 87% ee [Daicel Chiralcel OD-H,
hexanes/2-propanol = 90/10, v = 0.5 mL-min™', A = 230 nm, t (major) = 25.88 min, t
(minor) = 28.79 min]; [a]p™ = -7.0° (¢ = 1.35, CHCl3). *H NMR (300 MHz, CDCl3) &
3.82(s,3H),4.26 (s, 1 H),4.46 (d,J=11.4 Hz, 1 H),4.81 (d,J=11.7 Hz, 1 H), 6.39
(d, J=2.1Hz, 1H),6.62(dd, J =2.1, 8.7 Hz, 1 H), 7.30-7.35 (m, 3 H), 7.45-7.48 (m,
2 H), 7.86 (d, J = 8.7 Hz, 1 H); ®*C NMR (75 MHz, CDCls) & 55.7, 72.9, 74.2, 100.8,
110.9, 112.8, 125.9, 128.6, 129.3, 139.0, 163.7, 166.8, 192.9.

OH
™Ph

O
6d (entry 4, Table 2): white solid, 92% yield, 78% ee [Daicel Chiralcel OD-H,

hexanes/2-propanol = 98/2, v = 0.8 mL - min™, A = 230 nm, t (major) = 21.15 min, t
(minor) = 24.13 min]; [o]p>° =+28.5° (¢ = 1.20, CHCls). *H NMR (300 MHz, CDCl;)
52.35(s,3 H),426(s,1H),445(d,J=114Hz, 1 H),4.82(d,J=11.4 Hz, 1 H),
6.77 (s, 1 H), 6.88 (d, J = 7.8 Hz, 1 H), 7.29-7.33 (m, 3 H), 7.45-7.48 (m, 2 H), 7.82
(d, J = 8.4 Hz, 1 H); ®*C NMR (75 MHz, CDCl;) & 22.0, 73.2, 73.8, 116.8, 118.0,
123.4, 126.0, 127.4, 128.6, 128.7, 138.7, 148.6, 161.6, 194.1; IR (KBr): Viay (cm™) =
3396, 3057, 2879, 1678, 1619, 1450, 1349, 1261, 1263, 1100, 1041, 950, 757, 699,
643, 551, 495; MS (EI, m/z, rel. intensity) 254 (M", 2), 135 (100); Anal. calcd for
Ci6H1405: C, 75.57; H, 5.55; Found: C, 75.59; H, 5.71.
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o)

02N o

2 ~=Ph
o)

6e (entry 5, Table 2): white solid, 95% yield, 93% ee [Daicel Chiralpak AS-H,
hexanes/2-propanol = 95/5, v = 1.0 mL - min™, A = 230 nm, t (major) = 70.75 min, t
(minor) = 76.28 min]; [o]p”’ =+288.4° (¢ = 1.25, CHCL). ‘H NMR (300 MHz,
CDCl3) 6 4.21 (s, 1 H), 4.59 (d, J=12.0 Hz, 1 H), 5.04 (d, J=12.0 Hz, 1 H), 7.11 (d,
J=29.1 Hz, 1H), 7.35-7.37 (m, 3 H), 7.44-7.47 (m, 2 H), 8.35 (dd, J = 3.3, 9.6 Hz, 1
H), 8.82 (d, J = 3.0 Hz, 1 H); *C NMR (75 MHz, CDCl3) & 73.5, 73.6, 118.8, 119.3,
124.1, 125.9, 129.0, 129.4, 131.0, 136.9, 142.5, 165.0, 192.8; IR (KBr): Viay (cm™) =
3422, 1698, 1619, 1527, 1482, 1338, 1076, 1014, 846, 752, 700, 615, 551, 499; MS
(EI, m/z, rel. intensity) 285 (M", 3), 166 (100); Anal. calcd for C;sH;;NOs: C, 63.16;
H, 3.89, N, 4.91; Found: C, 63.27; H, 4.13, N, 4.91.

o
e on
™Ph
o

6f (entry 6, Table 2): yellow solid, 94% yield, 90% ee [Daicel Chiralcel OD-H,
hexanes/2-propanol = 90/10, v = 1.0 mL~min'1, A =230 nm, t (major) = 9.23 min, t
(minor) = 10.33 min]; [a]p*’ =+96.2° (¢ = 2.23, CHCl;). *H NMR (300 MHz, CDCl5)
04.19 (s, 1 H),4.45(d,J=12.0 Hz, 1 H), 4.86 (d,J=11.7 Hz, 1 H), 6.91 (d,J=9.0
Hz, 1 H), 7.31-7.33 (m, 3 H), 7.41-7.45 (m, 3 H), 7.88 (d, J = 2.7 Hz, 1 H); *C NMR
(75 MHz, CDCl3) 6 73.4, 73.7, 119.7, 119.9, 125.9, 126.8, 127.5, 128.8, 129.0, 136.6,
137.9, 159.9, 193.6; IR (KBr): vmax (cm™) = 3418, 1684, 1605, 1479, 1423, 1279,
1106, 1031, 974, 827, 754, 698, 618, 497; MS (EI, m/z, rel. intensity) 274 (M", 10),
155 (100); Anal. calcd for C;sH;;ClOs: C, 65.58; H, 4.04; Found: C, 65.76; H, 4.22.
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6g (entry 7, Table 2): white solid, 96% yield, 74% ee [Daicel Chiralpak AD-H,
hexanes/2-propanol = 80/20, v = 1.0 mL-min™', A = 230 nm, t (major) = 36.12 min, t
(minor) = 38.28 min]; [a]p>’ =+14.2° (¢ = 1.57, CHCl;). *H NMR (300 MHz, CDCl5)
03.87,(s,3 H),4.29 (br, 1 H),4.48 (d,J=11.7 Hz, 1 H), 4.95 (d, J=11.7 Hz, 1 H),
6.98-7.09 (m, 2 H), 7.26 (d, J = 7.2 Hz, 2 H), 7.40 (d, J = 8.4 Hz, 2 H), 7.49 (d, J =
8.1 Hz, 1 H); ®*C NMR (75 MHz, CDCl;) & 56.1, 72.8, 73.9, 117.4, 118.5, 119.4,
121.8, 127.5, 128.9, 134.7, 136.6, 148.6, 151.2, 194.1; IR (KBr): Vimay (cm™) = 3449,
1685, 1607, 1491, 1299, 1257, 1042, 904, 839, 760, 728, 625, 527, 487, 404; MS (EI,
m/z, rel. intensity) 304 (M", 14), 151 (100); Anal. calcd for C;sH;3ClO4: C, 63.06; H,
4.30; Found: C, 63.11; H, 4.46.

O
QH
Lo
(e}

6h (entry 8, Table 2): white solid, 93% yield, 90% ee [Daicel Chiralpak AD-H,
hexanes/2-propanol = 75/25, v=0.5 mL- min'l, A =230 nm, t (minor) = 25.54 min, t
(major) = 31.13 min]; [a]p> =+74.3° (c = 1.00, CHCl;). 'H NMR (300 MHz, CDCls)
03.73 (s, 3 H), 427 (s, 1 H), 443 (d,J=11.4 Hz, 1 H), 4.83 (d, J = 12.0 Hz, 1 H),
6.82 (d,J=72Hz 2 H), 694 (d,J=84Hz, 1H),7.03(,J=7.2Hz | H), 7.39 (m,
2 H), 7.48 (m, 1 H), 7.91 (dd, J = 1.5, 7.8 Hz, 1 H); ®*C NMR (75 MHz, CDCl5) &
55.1, 73.0, 73.5, 114.0, 117.9, 119.1, 121.8, 127.4, 127.5, 130.2, 136.6, 159.8, 161.3,
194.6; IR (KBr): vina, (cm™) = 3429, 2968, 2839, 1687, 1608, 1516, 1479, 1261, 1017,
829, 758, 602, 553, 495, 410; MS (EI, m/z, rel. intensity) 270 (M", 2), 135 (100);
Anal. calcd for C16H1404: C, 71.10; H, 5.22; Found: C, 70.75; H, 5.41.

0 Br

H
Lo
@)
61 (entry 9, Table 2): white solid, 99% yield, 87% ee [Daicel Chiralpak AD-H,

|IO

hexanes/2-propanol = 90/10, v = 1.0 mL- min”, L = 230 nm, t (minor) = 30.81 min, t
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(major) = 35.33 min]; [a]p"’ =+36.3° (¢ = 1.85, CHCl3). *H NMR (300 MHz, CDCls)
8 3.83 (s, 3 H), 427 (s, 1 H), 443 (d, J=11.7 Hz, 1 H), 4.79 (d, J=11.7 Hz, 1 H),
6.79 (d, J=8.4 Hz, 1 H), 6.97 (d, J=11.7 Hz, 1 H), 7.06 (t, J = 8.1 Hz, 1 H), 7.32 (dd,
J=124,84Hz, | H), 7.49-7.54 (m, 1 H), 7.70 (d, J = 2.4 Hz 1 H), 7.91 (dd, J = 1.8,
7.8 Hz, 1 H); *C NMR (75 MHz, CDCl;) & 56.2, 72.6, 73.4, 111.6, 112.0, 118.0,
118.8, 122.1, 126.3, 127.7, 131.2, 131.8, 136.9, 156.1, 161.3, 194.0; IR (KBr): Viax
(cm™) = 3420, 3387, 1683, 1603, 1500, 1477, 1458, 1266, 1016, 948, 817, 754, 630,
625, 507; MS (EI, m/z, rel. intensity) 348 (M", 2), 121 (100); Anal. calcd for
C16H13BrO4: C, 55.04; H, 3.75; Found: C, 55.04; H, 4.03.

@]
@]

6j'") (entry 10, Table 2): white solid, 94% vyield, 2% ee [Daicel Chiralpak AD-H,
hexanes/2-propanol = 98/2, v = 1.0 mL - min™', A = 230 nm, t (major ) = 22.57 min, t
(minor) = 27.78 min]; [o]p> =+0.2° (¢ = 1.05, CHCl;). *H NMR (300 MHz, CDCl;) &
1.44 (s, 3 H), 3.89 (s, 1 H), 4.19 (d, J=11.1 Hz, 1 H), 4.28 (d, J = 11.4 Hz, 1 H), 6.96
(d,J=8.1Hz, 1 H), 7.03 (t, J=7.5 Hz, 1 H), 7.49 (t, J=7.8 Hz, 1 H), 7.86 (d, J = 7.8
Hz, 1 H); *C NMR (75 MHz, CDCL3) § 22.3, 70.6, 74.5, 117.8, 118.1, 121.8, 127.6,
136.5, 161.2, 196.5.

O

611"%): colorless oil, 87% yield, 48% ee [Daicel Chiralpak AS-H, hexanes/2-propanol =
90/10, v=0.7 mL-min™, A = 230 nm, t (major) = 13.38 min, t (minor) = 25.63 min];
[a]p”® =+26.4° (¢ = 0.60, CHCl3). 'H NMR (300 MHz, CDCl5) & 1.45 (s, 3 H), 3.22 (s,
1 H),3.23 (d,J=16.8 Hz, 1 H), 3.29 (d, J=16.8 Hz, 1 H), 7.38 (d, J = 7.5 Hz, 1 H),
7.43 (d,J=28.1 Hz, 1 H), 7.64 (dt,J=1.2,7.5Hz, 1 H), 7.77 (d,J = 8.1 Hz, 1 H), .
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Table 1. Crystal data and structure refinement for Triazolium Salt 1c.

Identification code cd27300

Empirical formula C22 H30 B F4 N3 0O

Formula weight 439. 30

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, P2(1)

Unit cell dimensions a = 12.0906(18) A alpha = 90 deg
b =7.9338(12) A beta = 116.257(2) deg.
c = 13.540(2) A gamma = 90 deg.

Volume 1164.8(3) A'3

7, Calculated density 2, 1.252 Mg/m 3

Absorption coefficient 0.099 mm -1

F (000) 464

Crystal size 0.497 x 0.205 x 0.181 mm

Theta range for data collection 1.68 to 25.50 deg

Limiting indices -11<=h<=14, -9<=k<=9, -16<=1<=16

Reflections collected / unique 6146 / 2332 [R(int) = 0. 1465]

Completeness to theta = 25.50 99.5 %

Absorption correction Empirical

Max. and min. transmission 1.00000 and 0. 75123

Refinement method Full-matrix least—squares on F 2

Data / restraints / parameters 2332 /1 / 287

Goodness—of-fit on F 2 0.948

Final R indices [I>2sigma(I)] R1 = 0.0626, wR2 = 0. 1517

R indices (all data) R1 = 0.0821, wR2 = 0. 1626

Absolute structure parameter -10(10)

Extinction coefficient 0.010(4)

Largest diff. peak and hole 0.249 and -0.211 e.A™-3
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