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Kumar 5 FWl2A Yb(OT), (SlHZH (111) EelEFomuedxvlo|2)E A1gste] 2-cldolmthz(l,2-

alFEd, old/slel= e gHsl= P oA Ec =Y 3o 93l 1-ofu|Ewd-olntix[]1,2-a] I B H Y
Y- 3 AE A s Basdth [17]. o] Hato] kA, Chaubet 5% TiCly =¥ EolW HC1S w2 A}

f3to] olmthx[1,2-a]lF ol e FASE £33 9] aza-Friedel-Crafts WF&S B3k v} Qit} [18]. ¥ 4ty
AHES gt 71d Adady Add JidS el F oo Ags d=FS dFegit. B dyeA s A &4
e =

AtolZe] A2 Aol ik AlEZAQA ATt dso=2 [19] SFE 125H fFde Folddelrs o]
o Fg =wE AFE3 XA HIF(copper—catalyzed nucleophilic addition) WS E3] 2-ddolm|t}x
[1,2-al7E]ld (3}3h= 2)9 a3pdoela A2 C-3 2878t WS /MEeqT.
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209] Wd wel s3HE la~ljE A5E (88-95%) = FAdsta, SigtE 2v oM EIFHESZEEH 5% 2-ob|
=gdy AydB o]z 3o 93 93% FE&E AAT (= 3). T3, 3stE 29 IAA FUke] JhE
S gelsly] g&f, ¥ W= 35E la (R=Ph)E 29 7[d 2 A998y, 3E 29 -3 F&7]3tE 9
gl ZujAlE ZANSFSTE (= 4). Cu(OTf), (copper(II) trifluoromethanesulfonate):= 100°C2] DMF
(dimethylformamide)ell Al S}3t& la®t 3= 2 Alolo] Whgol 7 £& Fuj= vetwon, s3E 3a& 56%
o] &= AAY (= 4, 3% 6). €3 &vlE DMSO (dimethyl sulfoxide)@ WM™ S=&o] 5694 66%= %
7t (= 4, &5 11). o] §lo] wes F3std A E] FAEHRA g ¢ Edo] 34Hfdrt. g
ZulQl Bi(0Tf);, Yb(OTf);, Zn(OTf); % La(0Tf),%= 33HE 3as H|xd &2 Ay (& 4, 35 13-
16). ¥ @y EL Cu(0Tf), 5 AtEgozH I3E 325 24X ol 45 4 dS ¢4 Ay, & dyxt
gt D 7HA] gEge A Fv] FQiEe] 10mol% VWl Aew W HX7
Ed&o] 10mol%s =3t 45
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2wyl el WY NwlAS AR Yol A ES} 2-sdeln|tha[1,2-al 2 el Folx 4t FujE sl
of ATA Hob WLOE (-3 B/ olmthE[1,2-a]0 NS (HF FHOE H& FEE FHT & 9
o,

Tk, Boddgel Wb uhg
(benzyloxycarbonyl) X

olx (-3 Zg7|3tE olmthx[1,2-a]l¥ e 318 FHAOSFE (b
g1 357|357} 7hs st

fols
N
1o,
ofo
o
o e

EHo 7He3 g9

% 12 &4H9 (alpidem), &3 % (zolpidem), AF2]H % (saripidem) ¥ WZI Y (necopidem)®] &35
YehdY,

T 2% AYA| FIA A N-opdelng o] HFARZA N-HESAFIR Do = E (33E 1)S YERAL.
T 32 NHlESAF R Do A E (S E DI 2-Fidoelntbx[l,2-al 9l (3= 2)9 F4E YERE
3}shuk-g-4] o]t}

L 4% 3E 1lag ol&3te] stE 29 C-35 #&7]|sstdd oA HAHSE YRl Aol

T 5= NHESAZIR Do = E (SEE DY 2-Fdolngzx(1,2-al98d (3FE 2)& o] &3 -3 &
Z1gtE oluthx[1,2-al T A (3= 3) FAAEHE EAIS Zolrt.

W Qs % AT U
Hodtyol 48 g AAE] AWsith, oy B ool Wy AA
= 7oAl B4 A As 717 Aol Al A s
TAe TR GAskA] Z3 AFESIIY. ARvlEI I AFSE B
2 ARSI "H-NMR 2~FEHL Varian Mercury-300 MHz FT-NMR 2

i, AZEY A (e Hz2 JE35it. 93 #49 A8 s (singlet), d (doublet), t (triplet), dd
(doublet of doublet) ¥ m (multiplet)© 2 ¢F3d}ar, (DClyx= &1 B i 2dit=g o] &3, uaiax
A ~AEY Hr] B o] 23} (HRMS-ESI)E Agilent technologies 6220 TOF LC / MS £37]5 o]&3to] 7]
=a9lrh, HEe MELEWP 1 gAoA 343w, wgshd ebgch. uhet SzelEoes (L0 DC-
Plastikfolien 60, F254 (Merck, & 7 0.2 mm) Zet=gdo] Ag71AS 43l ZHoEE o] &3l

(254 nm)E o] &3dte] #AFSAY e p-ofAdHs|E W/wE IATEIHYA (PMA)CE A5 Y] ‘L}xl-o}_
At AEvE Y AAE Kieselgel 60 (60-120 mesh, Merck)S o]-&3to] Fas}itt.

S8 13 B3E 28 ARGl S§E 33 A|X3}7] A7 ARk Ay HA

N-HAE A7t dolm = AE (benzyloxycarbonylamino sulfone) (33 1) (0.24 mmol)d} 2-#do|mth
[1,2-a]9 g9 (3= 2) (0.04 g, 0.20 mmol)S F volw&dZAlo]= (DMSO) (2 mL)ol] B3 Wkl &
o Cu(OTf)y (0.01 g, 0.02 mmol)E oAl 7}sla, AA 297] 3 100CAA 2447+ 5 nwk H

pul

g8 5, Aoz A3a 00 (10 mL)E 7}k 5 EtOAc (2 x 20 mL)2 FE3vt. &3 F7]18viE2 10 (2
x 156 ml), A9 (15 a2 AHE & T NaSO,2 dAxda AFgsHasdc. 49 AZvEady
(EtOAc/Hexane=1/3-1/2)2 Z33HES AAste] &3 33E 3& AU}

W (dAde-gdolvttx[1,2-a]l 9 g d-3-d)E) 7kt E - (3t¥E  3a): FE&: 66% Ry = 0.27
(EtOAc/Hexane=1/1); ™4} 3a; =7 187-189 C; 1 NMR (300 MHz, CDCl) & 7.70-7.64 (4, m), 7.40-
7.27 (114, m), 7.22-7.15 (30, m), 6.76 (1M, d, J = 7.8 Hz), 6.65 (1H, t, J =6.9 Hz), 5.70 (1H, d, J =
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7.8 Hz), 5.09 (2H, s); 13C NMR (75 MHz, CDCl;) & 155.8, 145.4, 145.2, 137.9, 136.1, 134.2, 129.2,
129.0, 128.7, 128.6, 128.4, 128.2, 128.1, 126.4, 124.8, 124.0, 118.5, 118.2, 112.6, 67.5, 50.5; HRMS-
ESI m/z [M + H]+ caled. for CogHauNsOs: 434.1869, found 434.1861.

wld (2-ddolntrx(l,2-al T g|d-3-) (p-ED)H ) 7HatHl o] E (8= 3b): & 33% Ry = 0.25
(EtOAc/Hexane=1/1); 34 117); =74 180-182 C; H MR (300 MHz, CDCl,) & 7.71-7.60 (4H, m), 7.38-
7.29 (9H, m), 7.14-7.09 (5H, m), 6.71 (1H, d, J = 8.4 Hz), 6.56 (1H, t, J = 6.9 Hz), 5.96 (1H, br s),
5.06 (2, s), 2.32 (3H, s); C NMR (75 MHz, CDCly) & 155.8, 145.2, 145.1 137.8, 136.1, 134.8, 134.2,

129.9, 128.9, 128.6, 128.5, 128.3, 128.1, 126.2, 124.7, 124.2, 118.6, 117.9, 112.4, 67.4, 50.5, 21.3;
HRMS-ESI III/Z [M + NE{]Jr calcd. for C29H25N302Nai 4701844, found 470.1855.

W (G-vEAAY) @2-FHdo|nttz[1,2-a] 9 2 d-3-2)WE) 7t ol E (33E 3¢): F&: 35%; R = 0.31
(EtOAc/Hexane=1/1); 394 31 ==7 190-192 C: H NMR (300 MHz, CDCly) & 7.67 (2H, d, J = 9.0

Hz), 7.64 (2H, d, J =9.0 Hz), 7.39-7.30 (8H, m), 7.17 (1H, td, J =8.7, 1.5 Hz), 7.10 (2H, d, J = 8.7
Hz), 6.82 (2H, d, J = 8.7 Hz), 6.67 (I1H, d, J =8.4 Hz), 6.63 (I1H, t, J =8.4 Hz), 5.75 (1H, d, J

7.8 Hz), 5.05 (2H, s). 3.77 (3H, s); C NMR (75 MHz, CDCls) & 159.5, 155.8, 145.4, 145.2, 136.3,

134.6, 130.2, 129.1, 128.6, 128.3, 128.2, 127.7, 124.5, 124.1, 118.9, 118.2, 114.8, 112.5, 67.5, 55.6,
50.5; HRMS-ESI m/z [M + Na]+ caled. for CogHasNsOsNa: 486.1794, found 486.1799.

WA (4-ERrdd)@e-ddolntx[1,2-a]9gd-3-)me)7lutr ol E (33E 3d): F&: 53%; R = 0.27
(EtOAc/Hexane=1/1); 3]WA T); %24 191-193 C; H MR (300 Mz, CDCls) & 7.66-7.62 (4, m), 7.41-
7.32 (100, m), 7.18 (1H, td, J = 7.8, 0.9 Hz), 7.05 (21, d, J = 7.8 lz), 6.66 (1, d, J = 7.8 Hz),
6.64 (1M, t, J = 7.5 Hz ), 5.84 (1, br s), 5.10 (2H, s); C NMR (75 MHz, CDCl;) & 155.9, 145.8,

145.4, 137.5, 136.3, 134.4, 132.3, 129.1, 128.7, 128.5, 128.4, 128.3, 128.2, 124.8, 123.9, 122.2,
118.4, 118.3, 112.8, 67.7, 50.5; HRMS-ESI m/z [M + H]+ calcd. for CggHasBrNsOp: 512.0974, found 512.0961.

4-(((AZSAD) 7R obv i) (2-sd o] vz [ 1, 2-a] 9] 2 -3-) &) sl d ofAlEIolE (3}5h= 3e): &
51%; Ri = 0.49 (EtOAc/Hexane=1/1); ®}4] 318]; H NWR (300 MHz, CDCly) & 7.66 (2H, d, J = 6.6 Hz), 7.62

(1H, d, J =6.9 Hz), 7.55 (1H, d, J =8.7 Hz), 7.37-7.28 (8H, m), 7.15 (2H, d, J =8.4 Hz), 7.10 (1H,
td, J =6.9, 1.2 Hz), 6.98 (2H, d, J =8.4 Hz), 6.72 (1H, d, J =7.8 Hz ), 6.47 (1H, t, J =6.0 Hz),

5.85 (1, br s), 5.06 (2, s), 2.25 (3H, s); C NMR (75 Miz, CDCl;) & 168.9, 155.9, 150.5, 145.4,
145.2, 136.2, 135.6, 134.2, 129.0, 128.6, 128.5, 128.2, 128.1, 128.0, 127.4, 124.6, 124.1, 122.1,
118.4, 117.9, 112.5, 67.4, 50.3, 21.2; HRMS-ESI m/z [M + Na]+ caled. for CsHysNsONa: 514.1743, found
514.1752.

WA ((4-Alofwmd) (2-sd o]m|thz[1,2-a] T 2l d-3-d) W &) 7hutel o] E (8}3h= 3f): & 31%; Ry = 0.17
(EtOAc/Hexane=1/1); WA 1a]; == 193-195 C; 1 MR (300 Miz, CDCl;) & 7.64 (2H, d, J = 9.9
Hz), 7.57-7.50 (4H, m), 7.35-7.28 (10H, m), 7.20 (1H, td, J = 8.1, 0.9 Hz), 6.75 (1H, d, J = 7.8 Hz),
6.69 (1H, t, J = 6.9 Hz), 5.89 (1, br d, J = 8.1 Hz ), 5.15 (2, s); C NMR (75 MHz, CDCly) & 156.0,
146.0, 145.4, 143.7, 136.0, 133.9, 132.8, 129.0, 128.8, 128.7, 128.6, 128.5, 128.4, 127.2, 125.2,
123.6, 118.4, 118.3, 117.6, 113.1, 112.1, 68.0, 50.5; HRMS-ESI m/z [M + HI" caled. for ColyN,Os:
459.1821, found 459.1807.
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W (-HE=RSE) (2-sdolnttx[1,2-a] 9 2 d-3-) L) 7hatvl o] E (838 3g): & 41%; R = 0.17
(EtOAc/Hexane=1/1); W&l 3A]; %3 188-190 C: H MR (300 MHz, CDCly) & 8.03 (2H, d, J = 8.7

Hz), 7.62 (1H, d, J = 6.9 Hz), 7.58 (2H, d, J =9.3 Hz), 7.54 (I1H, d, J = 6.3 Hz), 7.53 (1H, d, J =
6.3 Hz), 7.33-7.27 (9H, m), 7.17 (1H, t, J =7.8 Hz), 6.76 (1H, d, J = 7.8 Hz), 6.64 (1H, t, J =6.9

Hz), 6.26 (I1H, br s), 5.16 (2H, s); 13C NMR (75 MHz, CDCls;) & 156.1, 147.8, 145.6, 145.4, 136.1,
129.1, 128.7, 128.6, 128.5, 128.4, 128.3, 127.4, 125.2, 124.1, 123.6, 118.4, 117.7, 113.1, 67.9, 50.5;
HRMS-EST m/z [M + H]+ caled. for CusHasN,O4: 479.1719, found 479.1713.

HWd Cre-2-dC-ddolvvz(l, 2-a] Ve d-3-d) ) 7kt o] B (8thE 3h): &0 52% Ry = 0.28

(EtOAc/Hexane=1/1); H24 1A, =54 160-162 C; MR (300 MHz, CDCly) & 7.94 (1H, d, J = 6.9

Hz), 7.68 (21, d, J =6.9 Hz), 7.55 (1, d, J =9.0 Hz), 7.40-7.25 (9H, m), 7.09 (1H, t, J =6.9 Hz),
6.61 (14, d, J =6.6 Hz), 6.58 (1H, t, J = 6.6 Hz), 6.36 (1H, br s), 6.25 (1H, t, J = 3.0 Hz), 6.12

(1, d, J =2.4 Hz), 5.01 (20, s); C MR (75 MHz, CDCls) & 155.6, 150.5, 145.1, 145.0, 142.8, 135.9,
134.0, 129.0. 128.6, 128.5. 128.4, 128.2, 128.1, 128.0, 124.7. 124.4. 117.7. 116.8, 112.4. 110.7,
108.0, 67.3, 46.1; HRMS-ESI m/z [M + H] calcd. for ColoNsOs: 424.1661, found 424.1666.

WA ((2-gldolmvhx(1,2-a] 9] 2] d-3-9) (F] e A-2-L) vl &) 7hutel o] B (3}jf= 3i): & 50% Ry = 0.29

(EtOAc/Hexane=1/1); @34 31A]; =34 164-166 C; MR (300 MHz, CDCl;) & 7.80 (1H, d, J = 6.9

Hz), 7.71 (2H, d, J =6.9 Hz), 7.67 (1H, d, J =9.0 Hz), 7.42-7.27 (9H, m), 7.19 (1H, td, J =7.8, 0.9
Hz), 6.93 (1H, t, =3.3 Hz), 6.87 (1H, d, J =7.8 Hz), 6.78 (1H, d, J = 3.3 Hz), 6.68 (1H, t, J =

6.3 Hz), 5.95 (1H, br s), 5.05 (2H, s); 13(3 NMR (75 MHz, CDCl;) & 155.4, 145.3, 145.1, 142.5, 135.9,
134.0, 129.0, 128.7, 128.6, 128.3, 128.2, 127.6, 126.0, 125.4, 124.9, 124.3, 118.2, 118.1, 112.7,
67.6, 47.8; HRMS-ESI m/z [M + H]+ calcd. for CueHzNs0.S: 440.1433, found 440.1442.

A (1-2-ddolmttx(1,2-a] FEd-3-d) )7kt o] E - (& 3j): FE&T 3% R = 0.25
(EtOAc/Hexane=1/1); TH&}4 ol 'H NWR (300 MHz, CDCls) & 7.66 (2H, d, J = 6.3 Hz), 7.60 (1H, d, J =
8.7 Hz), 7.39-7.27 (9H, m), 7.13 (10, t, J = 7.8 Hz), 6.73 (1, (1M, d, J = 7.8 Hz), 5.56 (1H, br s),
5.26 (I, q, J =7.8 Hz), 5.04 (2H, s), 1.82 (2H, m), 1.18-1.05 (6H, m), 0.73 (3H, t, J =6.9 1z ); 'C

NMR (75 MHz, CDClz) & 156.0, 144.6, 144.2, 136.1, 135.0, 129.4, 128.6, 128.4, 128.2, 128.1, 128.0,

124.3 120.0, 117.8, 112.4, 67.2, 47.6, 33.3, 31.3, 26.2, 22.5, 14.1; HRMS-ESI m/z [M + Na]+ caled. for
C27H29N302Nai 4502157, found 450.2149.

4-stol == A dd) (2-Hd ol v b [ 1,2-a] ¥ 2l d-3-d) W &) 7lulw o] E (F3HE 3k): MeOH (4 mL)ol ¥
e (0.12 g, 0.24 mmol) &N K005 (0.07 g, 0.49 mmol)E 718} EIES AFLoA] 24]
, SuiE 7St AASACH, = MAHES IN HCIEZ 38k, EtOAc (2 x
g o HO0 (15 mL)¢ A9 (15 nb) & AHsta, F4 NaS0,&2 Hxshe,
AFo A FE=AA WA a4 538 3FE 3f (0.08g, 75%)F AU, Ry = 0.34 (CH.LClo/MeOH=10/1); =

4%
£
=
olo
ro
A1l
oo ot

A 213-215 C; H NIR (300 MHz, DMSO) & 9.51 (1H, s), 8.74 (1H, d, J = 7.2 Hz), 8.31 (1H, s), 8.14
(1H, d, J =6.3 Hz), 7.79 (2H, d, J =6.3 Hz), 7.64 (1H, d, J =9.0 Hz), 7.46-7.23 (8H, m), 6.87 (2H,
d, J =7.8Hz), 6.80 (1H, t, J =6.9 Hz), 6.71 (2H, d, J = 6.3 Hz), 6.59 (1H, d, J = 7.8 Hz), 5.01

(2H, q. J =8.7 Hz); C NMR (75 MHz, DMSO) & 156.6, 155.9, 144.2, 143.6. 136.7. 134.2, 128.3, 128.2,

127.7, 127.5, 127.1, 125.9, 124.8, 119.0, 116.9, 115.5, 111.7, 65.8, 49.2; HRMS-ESI m/z [M + H]+
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calcd. for CusHaaNsOs: 450.1818, found 450.1804.

z=9
EH1
e SoSWerTvaerTviie 5@
Cl

N/ Vi N
Cl = Me = N

(0] 0 Me—y Me ‘-N

J

n /I\npr E/N‘ } Bu O

alpidem zolpidem necopidem saripidem
EH2

&
NHCbz o H. Ncbz X NHCbz
Lewis acid J u-
_— —
R Ts R -X R Nu
1
N-benzyloxycarbonylamno N-acylimmium 1on R =aryl. heteroaryl, alkyl
sulfone Nu-X = Nucleophile
Ts = Tosyl
EH3
NHCbz
ecro CvANHy ArSONa
agHCO,H H,0.70°Cc R . Ts
070, a]
HEQTH R = arvl. heterocyclic. aliphatic
o Ar = p-tolyl
_ NBS/TsOH _ O NaHCO, C”\)_@
CH«CN reflux EIUH . 12h
2h 92%
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k1

rg,

NHCbz

1a

catalyst (10 mol%a)

golvent, 100 °C, 24h

2
Entry Catalyst Solvent Yield (%)°
1 No catalyst DMF NER-
2 InCl; DMF 31
3 AlCK DMF 27
4 Fell DMF 16
5 BF; DMF 37
] Cu(OT1), DMEF 56
7 Bi(OT5); DMF 47
8 Yh(OTi); DMF 35
9 Zn(0T1)y DME 42
10 La(OTh); DMFE 51
11 Cu(OTH), DMSO 66
12 InCl; DMSO 36
13 Bi(OTH); DMSO 63
14 Yb(OTH); DMSO 63
15 Zn(0T1)y DMSO 64
16 La(OT1), DMSO 65

“Reaction conditions: 1a (024 mmol). 2 (0.2 mmol) solvent (2 mL),

calatlyst (0.1 mmol) at 100 °C for 24 h.

"solated yield.
“No reaction
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k1
N2
%))

R

NHCbz
Ts

DMSO. 100 °C. 24h

=N
Cu(OTf) (10 mal%) & N_#
R NHCbhz

SS=50ol 10-1858953

Je 51%

= =N
fo

NHCbz
NE g3, o 3ga1%
=N
s Ny
NHCbz
4
3j31%
KCO5 (10 mol%)
e

MeOH. 11, 2 h
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