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X =Cl, Br, I, OTf
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R!X + RZzZnX RI-R2
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or Ni(PPhy),

R! = alkenyl, Aryl, allyl, benzyl, propargyl
R? = alkenyl, Aryl, alkynyl, alkyl, allyl, benzyl
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R!'-Sn(R"); + R2-X RI-R? + X—SnR'),

R! = Aryl, alkenyl, allyl, alkynyl, benzyl
R2= Aryl, alkenyl, X =1, Br, N2+
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R! = Aryl, alkenyl, alkyl
R? = Aryl, alkenyl, alkyl
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5 mol% Pd(OAc),

10 mol% P(O—t01)3 Ph
2) gCOZMe +  PhI % Sy
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el Cews 4 7AY

Mp 120 °C. *H NMR (400 MHz, CDCl3): 6 =2.58 (t, J = 2.4 Hz, 1 H, 6-H), 5.22 (d, J =
2.4 Hz, 2 H, 5-H), 7.62-7.75 (m, 2 H, 2,3-H), 7.89-7.99 (m, 2 H, 1,4-H) ppm. °C NMR
(100 MHz, CDCls): 0 =55.7, 78.6, 79.1, 127.0, 128.1, 128.6, 131.3, 138.3, 138.7, 139.0,
151.9 ppm.
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ol Caws 4 LAF o po b S5, 8,5 wogm,y O ygods

IH NMR (400 MHz, CDCls): § = 2.24 (t, J = 2.6 Hz, 1 H, 6-H), 4.12 (d, J = 2.8 Hz, 2 H,
5-H), 7.68-7.78 (m, 2 H, 2,3-H), 7.98-8.04 (m, 2 H, 1,4-H) ppm.
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'H NMR (400 MHz, CDCls): 6 = 5.48 (s, 2H, CHy), 7.63-7.77 (m, 4 H, 2,3,6-H), 7.92-
8.02 (m, 2 H, 1,4-H), 8.22 (d, J = 8.8 Hz, 2 H, 7-H) ppm.

(925 (Jol- =02 -V - 09 2 (U9 5= F)-T))- V- g, 5-F s )5 e 0-F
(Vo) ol oS
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ol Caws 4 L FO 0,00 b K5, 0,5 gy O yg0a (V:V))

IH NMR (400 MHz, CDCls): 6 = 4.38 (s, 2 H, CH>), 7.57 (d, J = 8.8 Hz, 2 H, 6-H),
7.70-7.79 (m, 2 H, 2,3-H), 8.00-8.06 (m, 2 H, 1,4-H), 8.18 (d, J = 8.8 Hz, 2 H, 7-H)
ppm.
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IH NMR (400 MHz, CDCl3): 6 = 4.93 (d, J = 4 Hz, 2 H, 5-H), 5.44 (s, 2 H, 9-H), 5.90
(brs, 1 H, NH), 7.35-7.53 (m, 7 H, Ar-H), 7.63 (d, J = 8.8 Hz, 2 H, 10-H), 7.73-7.87 (m,
2 H, 1,4-H), 8.21 (d, J = 8.8 Hz, 2 H, 11-H) ppm.

(VF) cygl- (V)Y — (oS 9 (goomo | o 350)— ¥ S )5 dgd VY
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03,91 ,8 .o 0018 gt I b odile Bl g puted Pl (2iSTy o JolS 5l a0 00500 Leo
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IH NMR (400 MHz, CDCls): § = 4.81 (d, J = 5.6 Hz, 2 H, 7-H), 6.62 (t, J = 5.6 Hz, 1 H,
NH, 6-H), 7.22 (dd, J = 4.8 Hz, J = 0.8 Hz, 2 H, 8-H), 7.26-7.48 (m, 6 H, Ar-H), 7.60
(d, J =8 Hz, 1 H, 4-H), 11.56 (s, 1 H, NH, 5-H) ppm.

9 =¥ )=V = (S (=¥ = S oS g - V))-Y-F Sy augs A-Y
(YO) 9 V--Y-g (b

MMOI) LS 98 (S WLV = (o F Y=g p(Jeid9 5= F)-Y))- Y=g, 5=V oS 5 5l bglore

Al ez Pl o 00500 Celw A Sae 4 (Y ML) lieg IS g0 P> 50 (Y mmol) ICH (- /0

el G o Al oty L5 5 0m 03,515 1 0k ools gt Jgilbl b owslesdl

IH NMR (400 MHz, CDCls): § = 4.75 (d, J = 14.4 Hz, 2 H, 6-H), 5.00 (d, J = 14.4 Hz, 2
H, 5-H), 7.26 (dd, J = 8.4 Hz, J = 1.2 Hz, 1 H, 4-H), 7.34-7.38 (m, 3 H, 2,7-H), 7.55-7.60
(m, 1 H,3-H), 7.72 (dd, J =8 Hz, J= 1.6 Hz, 1 H, 1-H), 8 (d, J = 9.2 Hz, 2 H, 8-H) ppm.
13C NMR (100 MHz, CDCl3): 6 = 66.5, 100.2, 114.7, 123.7, 125.3, 127.7, 129.7, 131.1,

Y



131.4, 131.6, 138.2, 146.1, 147.8, 148.0, 151.4, 196.8 ppm. IR (KBr): v = 2912, 1651,
1596, 1584, 1516, 1456, 1340, 1299, 1264, 1168, 1065, 835, 761, 710 cm™™.

(L= -Y -0 1 (89 50— F)-1))- V- (S 9oV oS 5 ayd A-Y

(YA) (dliS giuS (g
EtsN 4 (Y mol%) Cul «(¥/&d mol%) Pd(PPhs)2Cl2 «(- /&6 mmol) 5 ¢ yii-F— sV 51 ool
Yo oS oY oS 5 e D 0300 ABES B Doy Q;ﬂ o> <o (Y mL) DMF o (\ mL)
VW Soe ay 25Ty o adlsl ioSTy bslse b (+/8F MMON) LS S (55 -V =) ~Y-os,2)
o3ls gt ST L owle Bl g juses Mo 2Sly LeoSS 5l day 0B 03500 551 sles o el
&ygody (V) Sl JsloliSan Pl b 8,5 s5kg,S s ) ooliiul b alls 03,91 ,5 0

ol G a0 7 00 0y00 b S5, 8,5 Ggm,

IH NMR (400 MHz, CDCl3): 6 = 4.19 (s, 3H, CHs), 4.38 (s, 2H, CH,), 7.55-7.63 (m, 4
H, 2,3,7-H), 7.83-7.98 (m, 2 H, 1,4-H), 8.17 (d, J = 8.8 Hz, 2 H, 8-H) ppm.

(V) dliS g0uS S gio— Y — g, l5-F angsVe-Y

VY e 0 > MlS (Ve ML) gl ;0 (VN0 MG /0 MMOL) o o]
Glos po el ¥ e 4y 2STy bglss 5 0yo,8 aslsl (34 Mg o /0 MMOl) LS 52,5's 1S 6o
g Soysl Sygoas 00518 ol eols gtz OTL g 0ad poed Pl s A 03jen Gl
el s 4 1AN (0,00 L 5, o

(A+) S oS g ooV g, 5 ¥ 4y V)Y

(YF- mg . mmol) NazS.9H20 5 (Y49 mg « Y mmol) - S90S, 05 go-V.¥ 5 bl

mL ) mmol) woy e s ol 000 3BT sloo jo el ¥ o 4 (O ML) DMF P> o

soolowu—lbomwb uw)5MWJ>L> QAJ‘j e J.Q'S)‘J.’.:M Lol (VY

\RA1



L S5 55leg,S g 5l eoliiwl b Lalls 00,5l 8 o Sid et SO Gae 4 b sles o
mg - /Ad mmol) 7A% g0 0 b S5, dua s slo ek & ygoas (V:4) Sliwl sl )l Ke-n M=

Mp 99-101 °C. 'H NMR (400 MHz, CDCls): 6 = 2.71 (s, 3 H, -SMe), 7.66 (td, J = 7.6
Hz,J=1.2 Hz, 1 H, 3-H), 7.73 (td, J = 7.7 Hz, J = 1.6 Hz, 1 H, 2-H), 7.95-8.01 (m, 2
H, 1,4-H), ppm. 3C NMR (100 MHz, CDCls): § = 13.8, 127.4, 128.2, 128.7, 130.2,
139.0, 141.3, 145.2, 155.9 ppm. IR (KBr): v* = 2925, 1559, 1525, 1481, 1377, 1341,
1316, 1264, 1236, 1173, 1118, 1017, 998, 959, 746, 650, 430 cm.

(M-AY) Q&wyﬁfwi—f—@dp—\' yoew gl ogoe gy VY-V
«(Y/6 mol%) Pd(PPhs)2Clz «(AY mg «+/d mmol) IS 5SS gio-Y-g IS-Y 51 boglse
03502 4B O e 4 55,1 9> s (VML) DMF P> 0 (\ mL) EtsN 4 (v mol%) Cul
Voo e STy 5 0y0,5 adlsl 2uSTy bglses 4y (+/8-) ML) olol ooSIT oo 0
gt ST b osilasdly 5 poies Pl (255 (o JolS 5 sy 03 31 (sles o sl

o] s & Sl L5 Sl b 31,5 silog,S ygims 51 ooliiasl b Ll 03,915 .0 o0l

(M) il oS (oo | )Y — S oY angs VY-V
mol%) Pd(PPh3)2Clz (AY mg <+ /0 mmol) - LS 5 S S gio-Y-g 5=V « agas bg, Gub
(+/-Y& mL /Y mmol) Lol Lss 9 (W mL) EtsN 4 (¢/# mg .Y mol%) Cul «(\Y mg .Y'/d
S 5 ookl b el 03,6158 .0l 00jan celu ¥ S 4y 08,1 5> <o (F ML) DMF s
oty (VML) 8 1 92y s 5 () Sl Sl 50N Pl b 1S 5ilog S

Dal Cews & (VYO MG+ /FA MMOL) 788 s0,40 b 5508 0,5 (S350 sl

Mp 100-101 °C. *H NMR (400 MHz, CDCls): 6 = 4.21 (s, 3 H, -OMe), 7.40-7.47 (m, 3
H, 6,7-H), 7.6 (td, J = 7.6 Hz, J = 1.6 Hz, 1 H, 3-H), 7.69 (td, J = 7.6 Hz, J = 1.6 Hz, 1
H, 2-H) , 7.72-7.75 (m, 2 H, 5-H), 7.86 (dd, J = 8.4 Hz, J = 1.2 Hz, 1 H, 1-H), 8.05 (dd,

ARIA



J=8.4Hz,J=1.2Hz, 1H,4-H) ppm. 3C NMR (100 MHz, CDCls): § = 54.4, 84.9, 95.6,
121.7, 126.9, 127.1, 128.4, 128.7, 129.6, 130.5, 132.5, 132.7, 138.7, 139.5, 157.2 ppm.
IR (KBr): v: =2970, 2206, 1570, 1553, 1490, 1444, 1394, 1363, 1337, 1224, 1133, 1110,
1002, 758, 686 cm™L. ESI-MS: m/z = 260 [M]*. HRMS for C17H13N20 Calculated [MH]
261.1028; Found m/z= 261.1029.

(AY) Jgl- -V -0 m (o] =V — o liS g5uS S i0- Y)Y augs 1F-Y
mol%) Pd(PPh3)2Clz «(AY mg <+ /0 mmol) - LS ¢S oS gio-Y-g IS-Y « ogas g, Gubo
mL &\ mmol) JshV-cpY—g,m 5 (V ML) EtsN 4 (/% mg .Y mol%) Cul «(\Y mg .¥/d
3 ookl b el 05,518 0 03500 celiu A Sde s 65,1 93 o (F ML) DMF s (+/+ Y
IVO oy b 5, awi byl & jgoas (Vi) Sliwl sl Ka-n Dl b S5 giles S g

Aol Cews 4 (A+ Mg <+ /Y'Y mmol)

Mp 169-170 °C. *H NMR (400 MHz, [D6] DMSO): 6 = 4.08 (s, 3 H, -OMe), 4.44 (d, J =
6 Hz, 2 H, -CHy), 5.61 (t, J = 6 Hz, 1 H, -OH), 7.67 (td, J = 7.6 Hz, J = 1.6 Hz, 1 H, 3-H)
, 7.78 (td, J=7.6 Hz,J =1.6 Hz, 1 H, 2-H), 7.86 (ddd, J =8.2 Hz, J = 1.4 Hz, J = 0.4 Hz,
1 H, 1-H), 7.96 (ddd, J = 8.4 Hz, J = 1.4 Hz, J = 0.4 Hz, 1 H, 4-H) ppm. 1*C NMR (100
MHz, CDCls): 6 = 49.9, 54.7, 79.9, 96.7, 127.0, 127.8, 128.7, 131.5, 132.3, 138.4, 139.1,
157.1 ppm. IR (KBr): v =3280, 3008, 2944, 2928, 2240, 1574, 1555, 1452, 1395, 1337,
1228, 1206, 1145, 1033, 1004, 950, 764, 646, 624, 611, 502 cm~t. HRMS for C1,H11N20;
Calculated [MH] 215.0821; Found m/z= 215.0820.

(AY) il guS S 90— Y — (1) = -1 352)-Y apd 1O-Y
mol%) Pd(PPhs).Clz2 «(AY mg «+ /& mMOl) ;IS 5SS 550 V= g IS=Y ¢ agas bg, Gub
5 (/Y mL /A mmol) V-5 3 (Y mL) EtsN 4 (#/# mg .Y mol%) Cul .(\Y mg ¥'/d
Oy 5l eolawl b alls 00,618 .0 00500 el V¢ Sde a5 65,1 9> <o (Y mL) DMF
mmol) 7V« oojb b S5, (gl oged (1€5, O ya0ds (V:A) Sliwl Jsl %N > U 81 Feileg,S

el Cewd 4 (AT MQ /YO

V5



'H NMR (400 MHz, CDCls): 6 =0.98 (t, J = 7.2 Hz, 3 H,-CH3), 1.50-1.60 (m, 2 H, 7-H),
1.71 (qui, J = 7.3 Hz, 2 H, 6-H), 2.59 (t, J = 7.2 Hz, 2 H, 5-H), 4.15 (s, 3 H, -OMe), 7.55
(td,J=7.6Hz,J=12Hz,1H,3-H), 7.64 (td, J=8.2 Hz, J = 1.6 Hz, 1 H, 2-H), 7.81 (d,
J=8Hz, 1H,1-H), 7.98 (d, J=8.2 Hz, 1 H, 4-H) ppm. 1*C NMR (100 MHz, CDCI3): §
=13.6,19.5,22.1, 30.2,54.2, 98.3, 126.7, 126.8, 128.5, 130.1, 133.0, 138.5, 139.2, 157.1
ppm. IR (CH2Cl2): v™ = 2948, 2928, 2865, 2228, 1573, 1472, 1450, 1394, 1361, 1335,
1247, 1226, 1209, 1136, 1017, 995, 759, 718, 605, 501 cm™t. HRMS for CisH17N.0
Calculated [MH] 241.1341; Found m/z= 241.13309.

(M) xS g5uSTH-Y V] gy98 Jusd-Y—guu-¥ angs 15—V

(¥ mL) g, IS ;o (A mg /Y mmol) IS g0 S( o] Juid)-Y— S gie =Y ]
Celo F ooe 4 1Sy bl g 05,5 aslsl (/¥ mL «+/# mmol) IC] s i > DlS
10 5o Lol ad S5 ) (slosed gy WIS gigecna] s Bl (amme 45 0 d 00500
Dl (TLC) (2iSTy (i JolS 3l ey 030 K5 (5,6 gy Syt GRSy boglins 4l
oA 08,518 0l Blo Jol> g,y g 08,5 a8Lal (Y ML) 0 Joilil oailoudl 4 g 0 juses
el Caws 4 (VoA Mg /YA MMOI) 78 0,00 L K5 0,5 igasy & g0

Mp 194-196 °C. *H NMR (400 MHz, [D6] DMSO): 6 = 7.66-7.71 (m, 3 H, 6,7-H), 7.86-
7.88 (m, 2 H, 2,3-H), 8.12-8.14 (m, 1 H, 1-H), 8.26-8.29 (m, 1 H, 4-H), 8.32-8.35 (m, 2
H, 5-H) ppm. 3C NMR (100 MHz, [D6] DMSO): 6 = 65.6, 128.4, 128.7, 128.9, 129.1,
129.2, 129.6, 130.0, 132.0, 139.6, 142.2, 145.8, 153.1, 160.1 ppm. IR (KBr): v" = 2961,
2918, 1544, 1480, 1441, 1384, 1326, 1317, 1260, 1182, 1134, 1096, 1046, 1019, 957,
802, 760, 686, 660, 602 cm™?. ESI-MS: m/z = 372 [M]*. HRMS for CisH1oN2OlI
Calculated [MH] 372.9838; Found m/z= 372.9841.

(AF) S oS (e 1 Jd)- V- g koY agd’ VY-
«(\Y mg /6 mol%) Pd(PPh3)2Clz «(\ <& mg «+ /& mmol) IS S (g5 Juita)-Y—g ,IS-Y

mL) DMF ,s (+/-4 mL ««/A mmol) -Le_wl Js 9 (Y mL) EtsN 4 (¢/# mg .Y mol%) Cul

VY



b 35 55leg,S g 3l oolitul b alls 03,9158 0 03jan celiw A Sow a4 (65,1 52 oo (F
mg - /YA mmol) 7¥# so,00 b 5,05 5,5 gy Sygmods (VYY) oliwl sl )i Ke-n M=
Mp 121-123 °C. *H NMR (400 MHz, CDCls): 6 = 2.74 (s, 3 H, -SMe), 7.42-7.48 (m, 3
H, 6,7-H), 7.66 (td, J=7.5Hz,J=12Hz, 1 H, 3-H),7.72 (td, J=7.7Hz,J =12 Hz, 1
H, 2-H), 7.75-7.78 (m, 2 H, 5- H), 7.98 (dd, J = 8.4 Hz, J = 1.2 Hz, 1 H, 1-H), 8.06 (d, J
=8 Hz, 1 H, 4-H) ppm. C NMR (100 MHz, CDCls): 6 = 13.2, 85.3, 98.1, 121.4, 127.6,
128.4,128.5, 128.9, 129.9, 130.5, 132.4, 137.8, 139.0, 141.1, 158.3 ppm. IR (KBr): v- =
2212, 1518, 1485, 1441, 1333, 1288, 1262, 1232, 1171, 1120, 1050, 1025, 958, 908, 758,

688, 666, 602 cmt. ESI-MS: m/z = 276 [M]*. HRMS for C17H13N2S Calculated [MH]
277.0799; Found m/z= 277.0801.

(A2) oS S Th-¥ Y] 5l 5 Juod-Y—gus—Y augs VA-Y
Mol (¥ ML) ke 9,05 55 ;0 (00 MG /Y MMOI) yJlS oS (| Juid)-V- g5 oY o]
F Oae a4 (iaSly bglie g ags,5 adlol (+/+Y mL o+ /f mmol) &l IS 9o pasl o 0 >
TLC L STy & pian o Sis S5, 6,2 | Ggury celo ¥ cdS 5l om od 0000 celw
39,5 ALl (Y ML) o, Joibl sailosdl @b o psed Pl 1Sy o JolS 51 o ol J 8
VO MMOl) Y0 605b b S5, (26,6 Ggry O ygods (@B 00,91 ,8 0 Blo Jol> Gy g

Al Cews 4 (OA mg

Mp 174-176 °C. *H NMR (400 MHz, CDCls): § = 7.55-7.63 (m, 3 H, 6,7-H), 7.84-7.91
(m, 4 H, 2,3,5-H), 8.22-8.27 (m, 1 H, 1-H), 8.37-8.42 (m, 1 H, 4-H) ppm. 3C NMR (100
MHz, CDCls): 6 = 80.1, 128.2, 128.9, 129.6, 129.73, 129.77, 130.0, 130.3, 134.0, 141.0,
141.9, 149.7, 150.9, 154.5 ppm. IR (KBr): v = 1549, 1515, 1478, 1440, 1327, 1286, 1240,
1214, 1183, 1129, 1091, 1029, 914, 789, 759, 732, 691, 669, 598, 436 cm™L. ESI-MS: m/z
= 388 [M]". HRMS for C16H10N2SI Calculated [MH] 388.9609; Found m/z= 388.9612.

YA



(AVA) ol oS TH-Y Y] g 598 (o | Juid)- ¥ — Juid -Y 4 1A-Y

«ONY mg /¥ mmoly IS STHY Y] 5,08 s Y-g0s-¥ (ogoe iy, Gob
il s 5 (+/0 mL) EtsN (f mg ¥ mol%) Cul (Y/Y mg .¥/&6 mol%) Pd(PPh3)2Cl>

03,918 0% 03500 Cuelw ¥V Saw 4 65,1 9> <o (Y mL) DMF s (+/+A mL .+ /# mmol)

R

Mp 210-211 °C. *H NMR (400 MHz, CDCls): § = 7.45-7.48 (m, 3 H, 6,7-H), 7.59-7.65
(m, 3 H, 9,10-H), 7.74-7.77 (m, 2 H, 5-H), 7.80-7.84 (m, 2 H, 2,3-H), 8.16-8.19 (m, 1 H,
1-H), 8.35-8.38 (m, 1 H, 4-H), 8.57-8.59 (m, 2 H, 8-H) ppm. *C NMR (100 MHz,
CDCls): 0 =78.6,99.2,99.4, 122.7, 127.3, 128.5, 128.64, 128.69, 128.7, 129.04, 129.07,
129.2, 129.3, 131.6, 131.9, 139.3, 142.4, 143.8, 153.1, 163.2 ppm. IR (KBr): v~ = 3447,
3061, 2962, 1555, 1481, 1407, 1306, 1259, 1216, 1180, 1100, 1083, 1067, 1022, 866,
802, 755, 686 cm™. ESI-MS: m/z = 346 [M]*. HRMS for C24H1sN,O Calculated [MH]
347.1184; Found m/z= 347.1188.

(AYD) oS S TH-Y Y] g 598 Juid-Y— (s - V=2 V- 558)-F augd VoY
Pd(PPh3)oClz «(YA Mg <+ /¥ mmMol) oy JLS ST Y] )98 Lid-Y-g0s-Y « ogac iy, subo
mL .-/f mmol) :p-V-35» 5 (+/0 mL) EtsN «(Y# mg .Y mol%) Cul (&6 mg ¥'/6 mol%)
3 ooliial bl 63,6158 0l 0330m el VY Soe 4 55,1 52 <o (F ML) DMF s (+/+ 0
TR o yp0 b Sy 05 guy Dygos (V1)) Sliwl sl ol Kan Pl b (31,5 gileg S ygim

el Cewd 4 (OA Mg /Y'Y mmol)

Mp 129-130 °C. 'H NMR (400 MHz, CDCls): 6 = 1.05 (t, = 7.4 Hz, 3 H, CHs), 1.61-
1.66 (m, 2 H, 7-H), 1.78-1.82 (m, 2 H, 6-H), 2.73 (t, = 7 Hz, 2 H, 5-H), 7.57-7.62 (m, 3
H, 10,11- H), 7.79-7.84 (m, 2 H, 2,3-H), 8.14-8.17 (m, 1 H, 1-H), 8.34-8.37 (m, 1 H, 4-
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H), 8.53-8.55 (m, 2 H, 9-H) ppm. 13C NMR (100 MHz, CDCls): § = 13.7, 20.0, 22.1, 30.6,
69.7,99.9, 101.4, 127.0, 128.4, 128.6, 128.8, 129.21, 129.26, 129.5, 131.3, 139.2, 142.3,
144.3,153.1, 162.8 ppm. IR (KBr): v* = 3426, 2954, 2925, 1486, 1464, 1444, 1408, 1383,
1314, 1186, 1130, 1057, 1026, 958, 766, 743, 683, 656 cm L. ESI-MS: m/z = 326 [M]".
HRMS for C2oH19N20 Calculated [MH] 327.1497; Found m/z= 327.1491.

Jo - Y-8 = (s h-¥ - llasS giS TB-Y Y1 5593 Jos-¥)-Y ags Y)Y
(AYC)

Pd(PPh3)2Clz «($0 mg «/\Y mMMOl) oIl 4 STH-Y Y] 5,98 Jid-Y-g00-Y ¢ cogos o9, 3ol
/¥ mmol) Jo-\V- kY=g ¢ (+/0 ML) EtsN (YY mg .Y mol%) Cul (b mg /6 mol%)
ooliinl b alls 00,9118 .0l 0000 el A o 0 (55,1 95 <o (Y ML) DMF o (/-0 mL
(VML) Jolie )3 dame j5kd s 9 (Fi7) Dbl JS 1SN Mo b (B1,S5Leg 57 (g

el Caws 4 (FA MG o /VF MmOl 7AF (0,00 b S5, 8,5 Ggus, & yg0ds

Mp 226-227 °C. *H NMR (400 MHz, CDCI3): § = 4.56 (d, J = 6 Hz, 2 H, -CHy), 5.65 (t,
J=6Hz, 1 H, -OH), 7.66-7.73 (m, 3 H, 7,8-H), 7.86-7.91 (m, 2 H, 2,3-H), 8.11-8.16 (m,
1 H, 1-H), 8.25-8.29 (m, 1 H, 4-H), 8.43-8.46 (m, 2 H, 6-H) ppm.1*C NMR (100 MHz,
CDCl3): 0 = 50.3, 73.5, 98.9, 100.6, 127.1, 128.4, 128.8, 129.2, 129.3, 129.9, 130.1,
132.5, 139.1, 142.1, 144.2, 153.2, 163.0 ppm. IR (KBr): v* = 3315, 1627, 1599, 1556,
1470, 1445, 1408, 1319, 1186, 1161, 1130, 1095, 1062, 1030, 924, 902, 765, 679, 606
cm L. ESI-MS: m/z = 300 [M]*. HRMS for C1gH13N20- Calculated [MH] 301.0977;
Found m/z= 301.0973.

(AV) oIl oS 1Y ¥ ] il 5 (i Juid) ¥ — Juid-F angd’ YY-Y

(OA mg Nd mmol) Il S e STOY N gl 5 i3 Y-g0-Y ( oges by, Gb
il Jid 5 (+/0 mL) EtsN «(V/2 mg ¥ mol%) Cul «(Y/# mg ¥/6 mol%) Pd(PPhs)2Cl>

oo)ﬂ)ﬁe A 0000 eelw A Do 4y ij)—l > <=5 (Y mL) DMF s (+/+Y mL /¥ mmol)

\Y-



b giiands g 3 (V1)) il Ll 300 oo b (31 S 55log ;S ygias 3l ool b Lalls

el Cewd 4 (O MG +/NY MMOI) 7AY/0 0,40 b K5, 0,5 gy & ,904 (Y ML) Jgb!

Mp 170-171 °C. *H NMR (400 MHz, CDCls): § = 7.41-7.47 (m, 3 H, 6,7-H), 7.54-7.63
(m, 3 H, 9,10-H), 7.70-7.73 (m, 2 H, 5-H), 7.83-7.88 (m, 2 H, 2,3-H), 8.19-8.22 (m, 1 H,
1-H), 8.24-8.27 (m, 2 H, 8-H), 8.38-8.40 (m, 1 H, 4-H) ppm. *C NMR (100 MHz,
CDCls): 0 = 82.6, 96.6, 112.4, 123.0, 128.4, 128.7, 128.8, 128.9, 129.5, 129.8, 129.9,
130.5, 131.9, 133.3, 140.8, 141.5, 150.9, 153.1, 154.5 ppm. IR (KBr): v* = 3057, 1550,
1480, 1440, 1389, 13.62, 1260, 1210, 1137, 1102, 1076, 1027, 943, 915, 803, 768, 689
cmt. ESI-MS: m/z = 362 [M]*. HRMS for C2sH1sN-S Calculated [MH] 363.0956; Found
m/z= 363.0953.

(AVE) oydlusS ST B-¥ ¥ ] 51 5 s ¥ — (s IV — e Y- 352)-Y 4y YY -V
Pd(PPhs)2Clz «(YY Mg «+/Y mmol) - LS o STHY Y] gl 5 Jid-Y-g00-Y ¢ sogos by, ub
mL «+/f mmol) p-V-3% 4 (\ mL) EtsN «(Y/# mg ¥ mol%) Cul «(f/A mg ¥'/6 mol%)
Sleslaiwl b ol oa)s—l)é A 03 ed Sl VY o 4 ngj o> < (Y ML) DMF s (+/+0
TN oy b S35 9,5 ©gmy Dgods (1Y) bl LUGISe-N Pl b (S5 5ikeg S (gt

Sl Cews 4 (8- Mg +/\Y mmol)
Mp 95-97 °C. 'H NMR (400 MHz, CDCls): § = 1.02 (t, J = 7.2 Hz, 3 H, -CH3), 1.55-1.62
(m, 2 H, 7-H), 1.71-1.78 (m, 2 H, 6-H), 2.69 (t, J = 7 Hz, 2 H, 5-H), 7.51-7.59 (m, 3 H,
10,11-H), 7.79-7.86 (m, 2 H, 2,3-H), 8.17-8.22 (m, 3 H, 9,1-H), 8.36-8.39 (M, 1 H, 4-H)
ppm. 3C NMR (100 MHz, CDCls): § = 13.7, 19.9, 22.1, 30.5, 73.6, 98.7, 113.0, 128.3,
128.6, 128.8, 129.3, 129.6, 129.8, 130.3, 133.3, 140.7, 141.4, 151.3, 152.0, 154.6 ppm.
IR (KBr): v- =3059, 2957, 2922, 2861, 1482, 1463, 1385, 1361, 1324, 1259, 1159, 1109,

1024, 917, 802, 760, 686 cm™. ESI-MS: m/z = 342 [M]*. HRMS for CzH19N2S
Calculated [MH] 343.1269; Found m/z= 343.1269.
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N oY 9 5 (Y = S oS TH-¥ Y] g3l 5 Jusd- Y)Y augs YP-¥
(AYT) Jof

Pd(PPh3)2Cl2 «($0 Mg /N Y mMol) - LS o STHY Y] gl 5 Jid-Y-g0u-Y  cogas g, subo
/f mmol) JHV- Y=g, 9 (+/0 ML) EtsN 4 (YY mg .Y mol%) Cul (& mg .¥/& mol%)
oozl Ll 05518 .0l 03308 sl Vo ke 4y (55,1 52 oo (F ML) DMF s (+/+ ¥ mL
(¥ ML) Jpbie ;3 s0me 5k s 5 (1) Slisl Jull 3500 Pl b B15 5505 S 9 ]

el w4 (DA MG /YA MMOD) 7AY 0,00 b S5, 8,5 rgusy & g0

Mp 199-200 °C. *H NMR (400 MHz, CDCls): 6 = 2.34 (br. s, 1 H, - OH), 4.72 (s, 2 H, -
CH,), 7.51-7.57 (m, 3 H, 7,8-H), 7.80-7.84 (m, 2 H, 2,3-H), 8.09-8.12 (m, 2 H, 6-H),
8.14-8.18 (m, 1 H, 1-H), 8.32-8.34 (m, 1 H, 4-H) ppm. *C NMR (100 MHz, CDCls): ¢ =
51.9, 72.9, 128.5, 128.6, 129.0, 129.2, 129.9, 130.8, 132.8, 140.8, 150.7, 154.2, 154.5
ppm. IR (KBr): v7 =3405, 2921, 1638, 1596, 1481, 1441, 1389, 1356, 1243, 1160, 1114,
1064, 1012, 959, 908, 757, 736, 681. ESI-MS: m/z = 316 [M]*. HRMS for C19H13N20S
Calculated [MH] 317.0749; Found m/z= 317.0748.

(AN S S Th-Y Y] 9,98 Jusd go-Y.¥ a5 YO-Y
mL) DMF ;s (¢0 mg «-/\Y mmol) -, LS o STHY Y4 98 Las-Y-g0u-Y S 5 51 Jolowo 4
Vo Do 4 bl .ol aslsl (OA mg (/Y mmol) K2COs 4 (f mg 5 mol%) Pd(OAC)2 «Y
Lglse g ol aslsl (YY Mg ¢+ /Y7 MMOl) ol Sig g Juid .ol 00508 55 ,] 9 Cog aiBo
s Pl (TLC) 1Sl o JolS 51 am ol 00jp2 Ae °C slos jo cels A Do 4y 1Sy
N M b S sileg S g 5l ooliiul b alls 03,51,3 0l sols giiuct O b osilagdl 5 0i
Cows 43 (00 MY /N0 MMOIY 72T (g0,00 b 5, 3,5 g, & ysods (Vi) ) Sliwl Ll 55

R
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Mp 210-212 °C. *H NMR (400 MHz, CDClg): 6 = 7.41-7.59 (m, 6 H, 9,10,6,7-H), 7.73-
7.80 (m, 4 H, 2,3,5-H), 7.87-7.91 (m, 2 H, 8-H), 8.15-8.20 (m, 1 H, 1-H), 8.23-8.27 (m,
1 H, 4-H) ppm. *C NMR (400 MHz, CDCI3): 6 = 116.5, 128.1, 128.6, 128.8, 128.9,
129.13, 129.15, 129.2, 129.8, 129.9, 130.7, 139.0, 142.4, 144.3, 153.6, 158 ppm. IR
(KBr): v =2962, 2931, 1742, 1466, 1445, 1403, 1308, 1284, 1261, 1179, 1152, 1096,
863, 799, 757, 694 cm™t. ESI-MS: m/z = 321 [M]*. HRMS for C22H1sN2O Calculated
[MH] 323.1184; Found m/z= 323.1183.

(M) o laS S Th-¥ Y] il 5 Juid 60— F.¥ angs V&V
mL) DMF ,o (¢d mg «+/\Y mmol) o, IS oo ST Y] g3l 5 - Y- g0u-Y oS 5 5l Jolono 4
Vo Do 4 bl ol aslsl (OA mg .+ /Y mmol) K2COs 4 (f mg 5 mol%) Pd(OAC)2 «Y
g ob adlsl (YY Mg /Y% mMMOl) ol Sig g Juid o 0l 03500 465,195 Cov addo
s Pl (TLC) STy ooy JolS 5l o ol 03502 A+ °C slos o cel A e 4y 23ST,

NPl b ST 5los, gt Sl eolitel b ol 00,515 0 0ol 5 ST b ol 5

Cawd 4 (OY MY+ /N0 MMOI) 7A so,00 b S5, 8,5 Gy Oygods (YY) Sliwl sl 5e

R

Mp 214-216 °C. *H NMR (400 MHz, CDCls): § = 7.36-7.42 (m, 3 H, 6,7-H), 7.44-7.50
(m, 5 H, 5,9,10-H), 7.56-7.59 (m, 2 H, 8-H), 7.76-7.84 (m, 2 H, 2,3-H), 8.19-8.24 (m, 2
H, 1,4-H) ppm. 3C NMR (100 MHz, CDCls): 6 = 128.0, 128.3, 128.5, 128.7, 128.9,
129.3, 129.4, 129.7, 129.9, 130.5, 130.9, 133.1, 133.7, 140.3, 141.4, 147.3, 150.7, 156.1
ppm. IR (KBr): v- =3054, 1479, 1440, 1385, 1356, 1261, 1240, 1178, 1124, 1091, 1071,
1027, 864, 802, 760, 693, 643 cm. ESI-MS: m/z = 337 [M]*. HRMS for C2:H15N2S
Calculated [MH] 339.0956; Found m/z= 339.0958.

\YY



M ST Jo - ¥ - S oS TH-Y Y] 993 Jusd-Y )Y — J51-E angs YV-Y
(1+)

mL) DMF ;s (80 Mg «+/Yd mmol) -y JUuS xS TH-Y Y198 fid-Y-g00-Y oS 5 51 Joloo 4

o [# mmol) oM ST L3l 9 (AY mg «+/# mmol) K2COs «(Y/\ mg ¥ mol%) Pd(OAC)2 (&

5 am b 035en Ar OC sles 45 455,] 92 v caclu Vo e 4y boglsee .o adlsl (+/+ Y mL

5 esliiad b el 65,51,8 i ools st T L owilondl 5 0i juses Pl STy ol JolS

TAF ope b K5y 0,5 wogmy Sygos (V1Y) sl JsllliKe-n Pl b 8 S gleg S oygies

el s 4 (FO Mg /Y mmol)

Mp 180-181 °C. 'H NMR (400 MHz, CDCla): § = 1.43 (t, J = 7 Hz, 3 H, -CH3), 4.37 (q,
J=7.2Hz, 2 H, -CHy) , 7.63-7.67 (m, 3 H, 8,9-H), 7.81-7.85 (m, 2 H. 2,3-H), 7.88 (d, J
= 15.6 Hz, 1 H, 6-H), 8-8.02 (m, 2 H, 7-H), 8.08 (d, J = 15.6 Hz, 1 H, 5-H), 8.16-8.19 (m,
1 H, 1-H), 8.34-8.36 (m, 1 H, 4-H) ppm. 3C NMR (100 MHz, CDCls): & = 14.4, 60.7,
111.7,123.6,128.53, 128.58, 128.6, 129, 129.3, 129.4, 129.5, 131.6, 132.1, 138.9, 142.2,
142.7,153.5,163.1, 167.4 ppm. IR (KBr): v: =2964, 1743, 1699, 1632, 1416, 1310, 1266,
1219, 1199, 1172, 1128, 1096, 1059, 801, 771, 753, 689 cm™. ESI-MS: m/z = 344 [M]".
HRMS for C,1H17N203 Calculated [MH] 345.1239; Found m/z= 345.1246.

S GLSIT agd ogas Sbgy YA-Y
> Zos (0 ML) EtsN P> 4 (Y mg <+ /- ¥ mmol) Pd(PPhs)2Cl2 4 (3 mg «+/-& mmol) Cul
bglsee 4y (Y0 mmol) ol oS 5 w9 (Y/YO MmOl suas )1 ol o a8lol 65
N STy ol JolS 5l am ol o0 BUT Gles jo il SO a4y iaSTly Lol adlal STy
T3 P 00,5 o ol s JT 36 5 o aslol STy bele 4y (0 ML) T 5 (Ve ML) o350

Vi 5o b Al 03,503 5 000, poliie Jsiia L Sl o 3 owilagbly i ot (ol;5am)

el Cws 4

\YY



(A82) 03Ul Ji)-F o9 i) e TAT

50 99z 55k 5 (1i%a-N) 156 Pl 5 5lan (alls 00 )51, 5 0 5w seges (g, b

IRV LRIPRVAN ¢ Gope b5, 0,5 gy Oysod (Y ML) ol

Mp 124-126 °C. 'H NMR (400 MHz, CDCls): § 7.42-7.44 (m, 3H, 4,5-H), 7.57-
7.61 (m, 2H, 3-H), 7.70 (dt, J = 8.8 Hz, J = 2.2 Hz, 2H, 2-H), 8.25 (dt, J = 9.2 Hz,
J=2.1Hz, 2H, 1-H) ppm; 13C NMR (100 MHz, CDCls): 6 87.5, 94.7, 122.1, 123.6,
128.5,129.3, 130.2, 131.8, 132.3, 146.9 ppm. IR (KBr): v 2213, 1591, 1512, 1345,
1175, 857, 764, 688.

(ABD) oy 3 (U1 Jsd)—V— g yii—F— g LS F augd YoV

5® 99me ok 5 (55e) JI 5 Pl e lamy (ol 00,518 5 0 5w (sogas 29, ek

ol Caws 4 LAY o pn b S5, 8,5 wgm, O ygod (Y ML) Jgibio

Mp 80-81 °C. 'H NMR (400 MHz, CDCls): § 7.41-7.48 (m, 3H, 5,6-H), 7.62-7.65
(m, 2H, 4-H), 7.74 (d, J = 8.4 Hz, 1H, 3-H), 8.15 (dd, J = 8.4 Hz, J = 2.4 Hz, 1H,
2-H), 8.35 (d, J = 2.4 Hz, 1H, 1-H) ppm; 3C NMR (100 MHz, CDCls): 6 84.9,
100.1, 121.5, 121.8, 124.5, 128.6, 129.7, 129.9, 132.0, 133.4, 136.8, 147.0 ppm.
IR (KBr): v 2209, 1577, 1514, 1346, 1157, 893, 835, 757, 740 cm™.

(A0C) (3 3 (Juoad | Jusd)—F— g JL5—) 4y YV-Y
5® d9e ok 5 (l55e) JI 5 Pl e 5l amy (ol 00,518 5 0 jw (sogas g, el
Sl Cawd 4 1A oy UK, 0,5 wogw,y Oyged (Y ML) il

Mp 67-69 °C. 'H NMR (400 MHz, CDCls): § 7.34-7.42 (m, 5H, 1,4,5-H), 7.50 (dt,
J =88 Hz, J =22 Hz, 2H, 2-H), 7.54-7.59 (m, 2H, 3-H) ppm; *C NMR (100
MHz, CDCls): 6 88.2, 90.3, 121.8, 122.9, 128.4, 128.5, 128.7, 131.6, 132.8, 134.2

ppm. IR (KBr): v 1588, 1494, 1438, 1396, 1088, 1008, 828, 752, 729, 685, 510 cm™
1
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(ABA) oyl b g0 ¥ o) dngs FY—Y
50 99z 55l 5 (1%a-N) 156 Pl s 5lam (alls 00 )51,8 5 0l s seges (g, b
ol Caws 4 LA Gopa b S5, 8,5 wgw, O yged (Y ML) Jgilio

Mp 52-53 °C. 'H NMR (400 MHz, CDCls): & 7.35-7.42 (m, 3H, 2,3-H), 7.55-7.61
(m, 2H, 1-H) ppm; IR (KBr): v 3060, 3019, 2924, 1597, 1569, 1492, 1439, 913,
753, 686 cm .

(A8€) &y 3 ( oo | Jsd)—F— S gio—) angs YY-Y
58 00z 55k 5 (li5a-n) JT 56 Pl yumes 5l am (alls 00513 5 0l s segee (g b
Sl Cawd a4 LAN o0 b K5, 0,5 wogay Syt (Y ML) Jgilie

Mp 45-46 °C. 'H NMR (400 MHz, CDCls): § 3.86 (s, 3H, CH3), 6.91 (dt, J = 8.8
Hz, J=2.5Hz, 2H, 2-H), 7.34- 7.39 (m, 3H, 5,6-H), 7.49-7.55 (m, 4H, 3,4-H) ppm;
IR (KBr): v 3056, 2992, 2958, 2934, 2835, 2215, 1597, 1568, 1508, 1461, 1440,
1287, 1245, 1027, 833, 754, 691 cm™.

QO ¢y 3 (o | Jus8)—F— Jsio—) augs YF-Y
5® 99e ok 5 (55e) JI 5 Pl e lamy (ol 00,518 5 0 jis (sogas oy, el
Sl Cawd 4 LAY o e UK, 0,5 wogmy Syt (Y ML) Jgilie

Mp 62-63 °C. 'H NMR (400 MHz, CDCla): § 2.41 (s, 3H, CH3), 7.20 (d, J = 8 Hz,
2H, 2-H), 7.33-7.41 (m, 3H, 5,6-H), 7.47 (d, J = 8.4 Hz, 2H, 3-H), 7.57 (dd, J =
7.6 Hz, J = 2 Hz, 2H, 4-H) ppm; IR (KBr): v 3078, 3049, 3028, 2917, 2858, 2212,
1590, 1568, 1506, 1482, 1408, 816, 754, 688, 513 cm .

(A88) 595U 1 (o8 (oo | Jusd)—F)—) angs ¥O-Y

5® 93z 55k 5 (pliSen) 156 Pl peses lam (ol 00,518 5 ad 5w seges by, Gk

ol Caws 4 1A Gopn b S5, 8,5 Ggm, O ygod (Y ML) Jgibio
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Mp 96-97 °C. *H NMR (400 MHz, CDCls): 6 2.64 (s, 3H, CHz3), 7.38-7.42 (m, 3H,
5,6-H), 7.56-7.61 (M, 2H, 4-H), 7.64 (dt, J = 8.8 Hz, J = 1.8 Hz, 2H, 3-H), 7.97 (dt,
J=8.4Hz, J = 1.8 Hz, 2H, 2-H) ppm; IR (KBr): v 3073, 2997, 2961, 2918, 2216,
1770, 1597, 1551, 1484, 1436, 1359, 1306, 1262, 855, 758, 689, 638 cm .

QA0h) ye( b l-V—pl-V-cco)-F—g mid—) aupd YP-Y
gl &ygon (o5aN) JI 56 Pl e 5l am jalls 00 )51,8 5 ad i ceges by, Gob
Sl Cawd 4 A0 o0 LS, 0,5

IH NMR (400 MHz, CDCls): ¢ 1.07 (t, J = 7.4 Hz, 3H, CHs), 1.67 (sextet, J = 7.2
Hz, 2H, CHy), 2.44 (t, J = 7 Hz, 2H, CHy), 7.52 (dt, J = 8.8 Hz, J = 2.2 Hz, 2H, 2-
H), 8.16 (dt, J = 8.8 Hz, J = 2.2 Hz, 2H, 1-H) ppm; 3C NMR (100 MHz, CDCls):
§ 13.5,21.5,21.9, 79.4, 96.6, 123.4, 131.2, 132.2, 146.5 ppm.

(AO1) oy 39 yad—F— (o l-V— -V 352)-) agsYV-Y
5® 99me ok 5 (55e) JI 5 Pl e 5l amy (ol 00,518 5 0 5w (sogas g, el
Dal s 0 7AYo, L) 0,5 mbe & jgoa (Y ML) Jgilio

IH NMR (400 MHz, CDCls): 6 0.97 (t, J = 7.2 Hz, 3H, CHs), 1.45-1.53 (m, 2H,
CHy), 1.59-1.66 (M, 2H, CHy), 2.47 (t, J =7 Hz, 2H, CHy), 7.52 (dt, J = 8.8, J =
2 Hz, Hz, 2H, 2-H), 8.16 (dt, J = 9.2 Hz, J = 2 Hz, 2H, 1-H) ppm; 3C NMR (100
MHz, CDCls): 6 13.6, 19.2, 22.0, 30.4, 79.2, 96.7, 123.4, 131.2, 132.2, 146.5 ppm.

(A8j)) ¢wlgo-YN-Ug Jud g0-F) angsVA-Y

a bl s b g ot ol sy )T 5185 sl ol b ocd S ages bs, eb
2° 990 53k 5 (O15%e-N) JT 56 Pl oz 5l amy (alls 00513 w0 5 Lol STy byl
el Cewd & 1A o, b S5y o gy Dygods (Y ML) Jgilia

Mp 80-81 °C. 'H NMR (400 MHz, CDCls): 6 7.35-7.43 (m, 3H, 2,3-H), 7.55-7.58
(m, 2H, 1-H) ppm; 3C NMR (100 MHz, CDCls): § 73.9, 81.5, 121.8, 128.4, 129.2,

\YY



132.5 ppm. IR (KBr): v 3078, 3047, 2923, 2146, 1567, 1481, 1436, 912, 753, 683

cm,

(A2a-1) (Il $STD-Y V] g g LS 5 atd (0908 o9, YA-Y
s I 435I DMSO P a5 155,143 s (410 MMOI) e Y S 52,55, SY
ol jiaSTly bglse 4 (/2 mmol) Sl SIT 4 (V/0 mmol) Ssg;8l (& mol%) Pd(OAC):
Sde a4y STy g oads adlsl (VVY MY ) MMOI) 0S 95 9350 55 sl 5L 4iBo O 5l o 0l
00ilosBl g 0 e P> (TLC) STy yads JolS 5l om .ol 00500 1+ °C sloo yo el V#
el 552N S b 31,5 sileg S ygins 51 ool by Lalls 05,51,8 0 ools g s ST

Dol Cawsd 093 o0 b Jgilio b Jgilil slo D b gt Lo g bl

[D-Y V]l —HV- Jd- V- (Jidg - F)- Y- Jy 3o0-) ap Fo-¥

(Ara) s gus

N P b S5 5ileg S i 3l osliiul b (alls 03,5158 5 o i agee (B3 ek

ortr b 55, 5,5 6laysls & ygods (V ML) Jgilio b gt g 3 (VVA) Szl Ll )55

el Cewd 4 (Yo - Mg o+ /FY mmol) 7AA

Mp 178-180 °C. *H NMR (400 MHz, CDCls): 6 = 5.59 (s, 2H, CH?>), 6.99 (dd, J =
7.2 Hz, J =2 Hz, 2H, 10-H), 7.19-7.23 (m, 3H, 11,12-H), 7.32 (d, J =7.2 Hz, 2H,
7-H), 7.49 (t, J = 7.6 Hz, 2H, 8-H), 7.57 (t, J = 7.6 Hz, 1H, 9-H), 7.76-7.79 (m, 2H,
2,3-H), 7.90 (dt, J = 9.2 Hz, J = 2.2 Hz, 2H, 5-H), 8.18 (dt, J = 8.8 Hz, J = 2.1 Hz,
2H, 6-H), 8.20-8.35 (m, 2H, 1,4-H) ppm; *C NMR (100 MHz, CDCls): 6 = 46.0,
110.6, 123.5, 127.1, 127.3, 127.6, 128.2, 128.5, 129.2, 129.5, 130.1, 130.22,
130.29, 137.2,139.7, 139.8, 140.8, 141.4, 142.6, 145.5, 149.2 ppm; IR (KBr): v- =
3061, 3031, 2927, 1593, 1550, 1509, 1477, 1436, 1336, 1243, 1105, 850, 753, 696,
654 cm™. HRMS for Cz9H21N4O, Calculated [MH] 457.1665; Found m/z= 457.1671.

\YA



[D-¥.YT50g s HY - g 9 V- Jid= Y~ (Jidg i F)-¥ s F1-Y
(A7D) ol giuS
N b S 55lag,S i ] ool b Lalls 63,518 5 A S eges by, Gab

Sl cews 4 (V£Y mg o+ /f mmol) /AY

Mp 182-184 °C. *H NMR (400 MHz, CDCls): § = 0.84 (t, J = 7.4 Hz, 3H, 12-H),
1.73-1.82 (m, 2H, 11-H), 4.34 (t, J = 7.6 Hz, 2H, 10-H), 7.49-7.51 (m, 2H, 7-H),
7.58-7.63 (m, 3H, 8,9-H), 7.72-7.78 (m, 2H, 2,3-H), 7.87 (dt, J=9.2 Hz, J = 2.2
Hz, 2H, 5-H), 8.17 (dt, J = 8.8 Hz, J = 2 Hz, 2H, 6-H), 8.16-8.32 (m, 2H, 1,4-H)
ppm; 3C NMR (100 MHz, CDCls): 6 = 11.2, 23.0, 44.3, 109.9, 123.5, 126.9, 128.0,
128.4,129.4, 129.5, 130.0, 130.1, 130.4, 139.6, 139.9, 140.8, 141.2, 142.4, 145.4,
149.2 ppm; IR (KBr): v- = 1593, 1556, 1538, 1504, 1476, 1431, 1407, 1334, 1086,
1069, 847, 787, 765, 746, 692 cmt. HRMS for CzsH21N4O2 Calculated [MH]
409.1665; Found m/z= 409.1666.

Y Vg -HV - Jg 9 39—V 8-V - (Js8g yii-F-g J5-V)-V gy FY-Y
af%c¢) u.JL.MS,....S[b

oSN Dby (S5 5le ) (g 5l ool b (alls 03,5158 5 0 3w (sogas g Gob
MmMol) 7AD (o0 b S5,y 0,5 gy Sygods (Y ML) Joilio b giiiacds o 5 (V:VT) Sl

el Cews & (VAY Mg o+ /Y

Mp 92-94 °C. *H NMR (400 MHz, CDCls): 6 = 0.84 (t, J = 7.4 Hz, 3H, CH3), 1.82
(m, J = 7.3 Hz, 2H, CH>), 4.46 (t, J = 7.4 Hz, 2H, CH5), 7.38-7.41 (m, 2H, 8-H),
7.46-7.51 (m, 3H, 9,10-H), 7.59 (d, J = 8.4 Hz, 1H, 7-H), 7.68-7.77 (m, 2H, 2,3-
H), 8.12 (dd, J = 8.6 Hz, J = 2.2 Hz, 1H, 6-H), 8.20-8.23 (m, 2H, 1,4-H), 8.34 (d,
J = 2.4 Hz, 1H, 5-H) ppm; *C NMR (100 MHz, CDCla): § = 11.2, 22.9, 44.6,
109.4, 121.5, 125.2, 126.9, 127.9, 128.4, 128.9, 129.3, 129.7, 129.8, 130.1, 134.1,

AR



136.1, 139.2, 139.6, 140.9, 141.2, 142.5, 147.3, 149.5 ppm; IR (KBr): v- = 1588,
1519, 1470, 1428, 1406, 1384, 1343, 1207, 1118, 758, 730, 700 cm. HRMS for
CasH20N4O2Cl Calculated [MH] 443.1275; Found m/z= 443.12609.

[D-Y Y] ol i~ HY = Joid-V— (b9 yicni—F— 9 5= V) Juig-) antd FY-Y
(A7d) il oS

Jll 55 ol b 31,555, ¢psi ) aslicial b (alls 0,518 5 08 5 sosas g, oo
mmol) /A« oo b S5,y 26,b 585, O yg0d (Y ML) Joilbio b guiciands oomas 5 (V:VY) Sl

ol Caws 4 (YAY Mg (/T4

IH NMR (400 MHz, CDCls): 6 = 0.84 (t, J = 7.4 Hz, 3H, 14-H), 1.20-1.32 (m, 2H,
13-H), 1.72-1.79 (m, 2H, 12-H), 4.49 (t, J = 7.6 Hz, 2H, 11-H), 7.38-7.41 (m, 2H,
8-H), 7.45-7.51 (m, 3H, 9,10-H), 7.60 (d, J = 8.8 Hz, 1H, 7-H), 7.68-7.77 (m, 2H,
2,3-H), 8.13 (dd, J = 8.4 Hz, J = 2.4 Hz, 1H, 6-H), 8.20-8.23 (m, 2H, 1,4-H), 8.34
(d, J = 2.4 Hz, 1H, 5-H) ppm; 3C NMR (100 MHz, CDCls): 6 = 13.6, 19.8, 31.7,
42.8, 109.4, 121.4, 125.2, 126.9, 127.9, 128.4, 128.9, 129.3, 129.7, 129.8, 130.1,
134.1, 136.1, 139.2, 139.6, 140.9, 141.2, 142.5, 147.3, 149.5 ppm; IR (KBr): v~ =
3061, 2957, 2929, 2868, 1665, 1584, 1519, 1471, 1429, 1382, 1343, 1117, 757,
728, 700 cm™t. HRMS for CzsH22N4O2Cl Calculated [MH] 457.1431; Found m/z=
457.1431.

[D-Y Y] g g gy —H V- Jc- ¥ - (B g JI5—F)- V= s 3o0-) amigs FF-Y
(Are) pdlus gous

b 5 5ileg,S gt 3l oalinl L (agial g0 bglone) alls 001,85 o s cagee (g, o

Sy 2,0 gy Sygeds (Y ML) Jgikio b gicincds guoew 9 (V:V+) olbiwl sl )15 %e-n N>

el Cewd 4 (YOO MY /¥ mmol) 7Y+ o, b

Mp 186-188 °C. 'H NMR (400 MHz, CDCls): 6 = 5.57 (s, 2H, CH>), 6.98-7.01
(m, 2H, 10-H), 7.20-7.64 (m, 12H, Ar-H), 7.71-7.75 (m, 2H, 2,3-H), 8.18-8.34 (m,

‘Y.



2H, 1,4-H) ppm; *C NMR (100 MHz, CDCls): 6 = 45.8, 45.9, 111.7, 113.4, 126.5,
126.64, 126.68, 127.1, 127.2, 127.4, 127.5, 127.8, 127.9, 128.3, 128.40, 128.47,
128.5, 128.9, 129.1, 129.2, 129.5, 129.6, 129.7, 130.4, 130.7, 130.8, 131.8, 131.9,
132.0, 135.6, 137.5, 139.70, 139.76, 141.2, 141.3, 141.4, 142.7, 142.8, 146.0, 147.6
ppm; IR (KBr): v~ = 3057, 2962, 1600, 1559, 1498, 1477, 1440, 1402, 1339, 1089,
1018, 802, 759, 699 cm L. HRMS for CasH21NsCl Calculated [MH] 446.1424; Found
m/z= 446.1418.

[D-Y Y] s y—HV- Jrg g jy— V- Jid- V= (g JIS—F )Y ags FO-Y
AFF) crdlasS giuss

Jll 550N Dl b 31,5 53leg 5 opgim 5 aslicial b Al 03,5138 5 08 Jiiw (cosas g, 3eb
mmol) 750 so,0 b K, 8,5 g, Oygods (Y ML) Jglie b g s 9 (V:VA) Sl

el Caws 4 (VYA Mg /Y'Y

Mp 162-164 °C. *H NMR (400 MHz, CDCls): 6 = 0.83 (t, J = 7.4 Hz, 3H, CHs),
1.71-1.77 (m, 2H, CH2), 4.33 (t, J = 7.6 Hz, 2H, CH>), 7.24-7.32 (m, 2H, 8-H),
7.34-7.39 (t, J = 7.4 Hz, 1H, 9-H), 7.43-7.63 (m, 6H, 5,6,7-H), 7.67-7.75 (m, 2H,
2,3-H), 8.16-8.30 (m, 2H, 1,4-H) ppm; *C NMR (100 MHz, CDCls): ¢ = 11.2,
23.0,44.1, 112.9, 126.43, 126.44, 127.7, 128.2, 128.3, 128.4, 129.3, 129.5, 129.6,
129.7, 130.2, 130.8, 131.7, 132.0, 135.6, 139.6, 141.2, 141.4, 142.6, 145.9 ppm;
IR (KBr): v-=3057, 2962, 2930, 2872, 1601, 1567, 1544, 1502, 1479, 1448, 1434,
1406, 1350, 1093, 1014, 828, 755, 696, 651, 606 cm™. HRMS for CasH21NsCl
Calculated [MH] 398.1424; Found m/z= 398.1430.

AR



(=Y IS oS TD-¥ Y] g g~ HV = S ¥)-F)-) i $5-F
(A5E) gl i

Jl 55 ol b 31,555, cpsi ) aslicial b (alls 0,518 5 08 5 sosas g, oo
mmol) A+ o, b S5, 0,5 gy S ygods (V ML) Jgilie b gl o 9 (V:F) Sl

el s 4 (VEF mg (/¥4

Mp 246-248 °C. 'H NMR (400 MHz, CDCls): = 2.20 (s, 3H, CHs), 7.37-7.42
(m, 4H, 8,9,10-H), 7.59-7.62 (m, 2H, 7-H), 7.73 (d, J = 8.8 Hz, 2H, 5-H), 7.79-
7.81 (M, 2H, 2,3-H), 8.06 (d, J = 8.8 Hz, 2H, 6-H), 8.16-8.24 (m, 2H, 1,4-H) ppm;
13C NMR (100 MHz, CDCls): & = 30.4, 88.8, 92.5, 101.4, 122.7, 126.0, 126.3,
127.9, 128.50, 128.54, 128.7, 128.81, 128.86, 128.89, 131.7, 132.3, 138.9, 142.4,
144.4,163.1, ppm; IR (KBr): v~ = 1640, 1614, 1562, 1504, 1383, 1309, 1260, 1095,
1021, 809, 752, 685 cm L. HRMS for CasH1sNsO Calculated [MH] 364.1450; Found
m/z= 364.1446.

(A%h) pdlaS ouSTH-Y Y] g yuo—HV - Jusd g0-Y ¥ = Js o) agd FY-Y

Jll 550N Dl b 31,5 55leg,5 opsim 5 aslisiad b alls 03,518 5 08 3w (cosas g, 3o
MmMol) 7Y0 (o0 b S5,y 0,5 gy Sygods (Y ML) Joilio b giiiacds o g (V:VA) Sl

el Cews 4 (VOY MQ (- /XY

Mp 190-192 °C: *H NMR (400 MHz, CDCls): § = 5.58 (s, 2H, CHz), 6.98-7.01 (m,
2H, 11-H), 7.19-7.49 (m, 11H, Ar-H), 7.65-7.74 (m, 4H, 2,3,8-H), 8.18-8.34 (m,
2H, 1,4-H) ppm; 3C NMR (100 MHz, CDCls): § = 45.8, 112.9, 126.3, 126.4,
127.2, 127.3, 127.6, 128.2, 128.3, 128.4, 128.7, 129.4, 129.66, 129.69, 130.6,
130.8, 132.2, 137.7, 139.6, 141.4, 141.6, 142.8, 147.5 ppm; IR (KBr): v- = 3053,
3026, 2962, 1637, 1598, 1573, 1557, 1543, 1497, 1479, 1446, 1402, 1354, 1089,
1026, 800, 790, 755, 695 cm™. HRMS for C29H22N3 Calculated [MH] 412.1814; Found
m/z=412.1815.

\YY



[D-Y Y] g9y —HV-Jmy 9 50— V= (Jidg yi-F)-¥'= St 359 amtd FA-Y
(AF) cyllon gosS

Jl o5 Pl L (315 53kes 3 ¢y 5l osliinl b palls 5,913 5 0 i agos (39, b
mmMol) 72Y (o0 b 5,y 0,5 gy Sygods (Y ML) Jgilio b giincds o 5 (V:Y +) Sl

Aol Cews 4 (VA Mg - /8
Mp 125-127 °C. *H NMR (400 MHz, CDCls): § = 0.91 (t, J = 7.4 Hz, 3H, 9-H),
1.81 (sextet, J = 7.6 Hz, 2H, 8-H), 2.84 (t, J = 7.6 Hz, 2H, 7-H), 5.51 (s, 2H, 10-
H), 6.84 (dd, J=7.8 Hz, J = 1.4 Hz, 2H, 11-H), 7.14-7.20 (m, 3H, 12,13-H), 7.50
(d, J = 8.8 Hz, 2H, 5-H), 7.70-7.76 (m, 2H, 2,3-H), 8.15-8.34 (m, 4H, 1,4,6-H)
ppm; *C NMR (100 MHz, CDCls): 6 = 14.1, 23.4, 25.4, 46.0, 114.9, 123.6, 126.6,
126.8, 127.5, 127.9, 128.0, 128.3, 128.6, 129.4, 131.1, 137.4, 137.5, 139.8, 141.0,

142.2, 143.1, 144.7, 148.0 ppm; IR (KBr): v- = 1520, 1344, 759, 731, 699 cm™ 2.
HRMS for C2sH23N4O2 Calculated [MH] 423.1821; Found m/z= 423.1819.

[D-¥ Y199 —H1- 9263~V - (Jpidg = F)- ¥ 4 FA-¥
(A2)) odlas g8

oSN Dby (S5 5le ) (s 5l ool b (alls 03,5158 5 0 3w (sogae g ok

AR L§°)'?r’l‘“—i’) (5>U)L’ So—wy O g0l (Y mL) JyL.AL)g_ 'u 15(\\/\) Sl

el Cews 4 (VA Mg .+ /FF mmol)

Mp 128-130 °C. 'H NMR (400 MHz, CDCls): 6 = 0.75 (t, J = 7.4 Hz, 3H, 9-H),
0.91 (t, J = 7.4 Hz, 3H, 12-H), 1.64 (sextet, J = 7.4 Hz, 2H, 8-H), 1.80 (sextet, J =
7.5 Hz, 2H, 11-H), 2.85 (t, J = 7.6 Hz, 2H, 7-H), 4.27 (t, J = 7.4 Hz, 2H, 10-H),
7.67-7.75 (m, 4H, 2,3,5-H), 8.14-8.29 (m, 2H, 1,4-H), 8.47 (d, J = 8.8 Hz, 2H, 6-
H) ppm; $*C NMR (100 MHz, CDCls): 6 = 11.2, 14.1, 23.0, 23.5, 25.4, 44.2, 114.3,
124.0, 126.4, 127.7, 128.2, 129.3, 130.9, 137.8, 139.7, 140.7, 142.2, 142.9, 144.6,
148.1 ppm; IR (KBr): v- = 3101, 3070, 2958, 2932, 2870, 1599, 1564, 1520, 1452,

WYY



1431, 1407, 1369, 1341, 1189, 1121, 1100, 850, 758, 703 cm. HRMS for
Ca22H23N402 Calculated [MH] 375.1821; Found m/z= 375.1825.

[D-¥ Y199y —HN - (U9 = F)- Y- i - V- o o) dp B+
AFK) cpllnsS gis

oSN D by (S5 5les )5 (s 5l ool b (alls 03,5158 5 0 js (sogee i) b
mmol) 7AA o0 b, 5,5 sloysh &ygoa (VY ML) Jgilie b giiiacds o 9 (V:YF) Sl

el Caws 4 (V4 mg .- /FY

Mp 123-125 °C. *H NMR (400 MHz, CDClz): 6 = 0.86 (t, J = 7.2 Hz, 3H, CHj3),
1.32 (m, 2H, CH2), 1.71-1.79 (m, 2H, CH), 2.87 (t, J = 7.8 Hz, 2H, CH>), 6.84
(dd, J=7.8 Hz, J = 1.4 Hz, 2H, 12-H), 7.14-7.20 (m, 3H, 13,14-H), 7.50 (d, J =
8.8 Hz, 2H, 5-H), 7.70-7.76 (m, 2H, 2,3-H), 8.15-8. 34 (m, 4H, 1,4,6-H) ppm; 13C
NMR (100 MHz, CDClIs): 6 = 13.9, 22.6, 23.2, 32.4, 46.0, 115.2, 123.7, 126.6,
127.6,127.9, 128.3, 128.6, 129.4, 131.1, 137.4, 137.5, 139.9, 141.0, 142.2, 143.2,
144.5, 148.0 ppm; IR (KBr): v-=2954, 2926, 1638, 1615, 1601, 1521, 1448, 1344,
854, 759, 700 cm. HRMS for C27H2sN4O> Calculated [MH] 437.1978; Found m/z=
437.1978.

[D-Y ¥]gdg yus—H V= (b g yici—F)-¥— J—d1-V - Jmi 90—V dmpi O)-Y
(A%]) s g8’

oSN D by (15 5le ) (s 5l ool b (alls 03,5158 5 0 3w (sogae g b

MmMol) 7AA g0 40 b S5, sloged €5, & ygods (Y ML) Jogilio b gt s 5 (V:VF) ol

Aol Cews 4 (VFE MQ (- /FY

IH NMR (400 MHz, CDCls): 6 = 0.86 (t, J = 7.4 Hz, 3H, CH3), 1.24 (t, J = 7.2 Hz,
3H, CHs), 1.27-1.37 (m, 2H, CHy), 1.71-1.78 (m, 2H, CH,), 2.87 (t, J = 7.8 Hz,
2H, CH>), 4.34 (t, J = 7 Hz, 2H, CH>), 7.68-7.75 (m, 4H, 2,3,5-H), 8.15-8.30 (m,
2H, 1,4-H), 8.48 (d, J = 8.8 Hz, 2H, 6-H) ppm; 3C NMR (100 MHz, CDCls): 6 =

AR



13.8, 15.2, 22.6, 23.2, 32.5, 37.6, 114.6, 124.0, 126.4, 127.8, 128.2, 129.4, 130.9,
137.7, 139.7, 140.7, 142.5, 142.6, 144.2, 148.1 ppm; IR (KBr): v- = 3095, 3057,
2930, 2856, 1598, 1565, 1518, 1456, 1431, 1378, 1196, 1123, 1101, 851, 760, 703,
631, 610 cmt. HRMS for CxH23N4O, Calculated [MH] 375.1821; Found m/z=
375.1826.

Creo =¥ = (IR g 9 =Y — (b o= F)-1)= ¥~ oy 500N g OY-F
aVv)

oSN Dby (S5 5le ) (s 5l oaliial b (alls 03,5158 5 0 3w (sogee g b
MMOD) 78A o0 b 55 3,5 wogemy ygots () ML) Jolin b ity o 5 (V2F) i

el s 4 (VOF Mg o+ /YF

Mp 194-196 °C. 'H NMR (400 MHz, CDCls): § 4.79 (dd, J = 5.2 Hz, J = 4 Hz,
2H, CHy), 6.60 (t, J = 5.6 Hz, 1H, NH), 7.10 (d, J = 4 Hz, 2H, 11-H), 7.25-7.47
(m, 13H, Ar-H), 7.56 (s, 1H, 7-H), 7.67 (d, J = 8 Hz, 1H, 1-H), 8.07 (d, J = 8.8
Hz, 2H, 6-H) ppm; 3C NMR (100 MHz, CDCl3): 6 45.1, 115.1, 124.1, 124.6,
125.0, 125.6, 126.5, 126.8, 127.7, 128.1, 128.3, 128.76, 128.78, 129.3, 129.9,
134.0, 134.6, 136.3, 137.7, 140.4, 147.1, 148.7, 150.7 ppm; IR (KBr): v 3334,
3059, 3028, 2925, 2847, 1712, 1666, 1609, 1575, 1513, 1340, 1262, 752, 698 cm~
1. HRMS (ESI-TOF) m/z: [M + NHa4]* calcd for C2oH22N4O2 475.1722; found 475.1772.

(+Fa-i) (luS guS[D-Y V] glg oy SlaS 55 dtd (s0g0s b9, Y-V
ALl (Y mL) DMSO Pl a5 55,1 92 <o (+/0 MMOI) yaol-Y— - JLiS 9205 9 IS-Y o]
STy gl 4y (+/0 mmol) s> o (VO mMmol) Sog38! (& MOI%) PA(OAC)2 s s
Lol STy byle 4 (V)Y MY o) MMOI) oS 5 53505 5 eummslly 42435 0 51 s o, 3L
A e Pl STy b 5l am o 00jen Vo2 0C sloo jo el Yo e 4y 2STg g 00
N P b 3T sileg S g 5l ooliil b el 63,515 o ools gt o b snilagdls

el Cawd 4 g3 0,0 b () ML) Joibin b gitiacds oo g Sl L5l 1550
VYO



(Y oI 55T B ¥ V] g3y~ HY— (kg yi)—F— s 3o 1) g BF Y
(1+F2) (935 (Jod)

Jl 550 ol b 31,555, cpsi ) aslicial b (alls 051,85 08 5 sosas g, oo
mmol) 7AY g0 0 b Sy (26,0 gy Sygoas (W ML) Joilbio b giiincds s 9 (V:F) Sl

el Cewd 4 (VAA MQ o+ /F

Mp 150-152 °C; *H NMR (400 MHz, CDCls): 6 = 5.64 (s, 2H, CH>), 6.96 (dd, J =
7.8 Hz, J = 1.8 Hz, 2H, 10-H),7.23-7.26 (m, 3H, 11,12-H), 7.39 (t, J = 7.8 Hz, 2H,
8-H), 7.52-7.55 (m, 3H, 5,9-H), 7.75-7.81 (m, 2H, 2,3-H), 7.90 (dd, J = 7.4 Hz, J
= 1.2 Hz, 2H, 7-H), 8.20-8.23 (M, 4H, 1,4,6-H) ppm; 13C NMR (100 MHz, CDCl5):
5 = 46.4, 114.2, 123.4, 127.0, 127.8, 128.0, 128.1, 128.5, 128.8, 128.9, 129.8,
130.3, 131.2, 133.0, 136.3, 136.4, 138.2, 139.8, 139.9, 141.9, 142.0, 148.4, 151.8,
189.8 ppm; IR (KBr): v™ = 3064, 3032, 2925, 2853, 1634, 1597, 1558, 1518, 1486,
1446, 1419, 1345, 1166, 1105, 1010, 849, 758, 730, 693, 664 cm~. HRMS for
CaoH21N4O3 Calculated [MH] 485.1614; Found m/z = 485.1625.

= Al ST O-Y Y] g g —HV - Joy g 21— (Jeidg - F)-Y) angd BO-Y
(V+¥D) (555 (J28) (eI-¥

oSN - by (15 5le ) (s 5l ool b (alls 03,5158 5 0 3w (sogae g b
mmMol) 7YY (o0 b 5, 0,5 gy Sygods (Y ML) Joibio b gl i uuww 5 (V:F) Sl

Ael Cewd 4 (VFY MQ (- /YA

Mp 120-122 °C; *H NMR (400 MHz, CDCls): 6 = 0.86 (t, J = 7.4 Hz, 3H, 12-H),
1.74-1.83 (m, 2H, 11-H), 4.38 (t, J = 7.6 Hz, 2H, 10-H), 7.40 (t, J = 7 Hz, 2H, 8-
H), 7.53-7.57 (m, 1H, 9-H), 7.71-7.81 (m, 4H, 2,3,5-H), 7.91 (dd, J = 7.4 Hz, J =
1.2 Hz, 2H, 7-H), 8.16-8.21 (m, 2H, 1,4-H), 8.36 (d, J = 8.8 Hz, 2H, 6-H) ppm; *C
NMR (100 MHz, CDCls): 6 = 11.2, 23.0, 44.7, 113.6, 123.7, 127.6, 128.0, 128.4,
128.7,129.8, 130.3, 131.1, 132.9, 136.7, 138.4, 139.6, 139.9, 141.6, 141.8, 148.4,

\Y#



151.9, 189.9 ppm; IR (KBr): v- = 3065, 2963, 2932, 2876, 1639, 1599, 1578, 1521,
1476, 1449, 1421, 1345, 1121, 1009, 854, 759, 729, 692 cm™. HRMS for
C26H21N40O3 Calculated [MH] 437.1614; Found m/z = 437.1609.

[D-Y ¥]glg ya—HV- g p— V- (J=dg s F)-Y - J—51-)) a—ps OF-Y
(V+¥C) (g8 (Jed) (b 1-Y - (ol liS gous’

Jll 55N ol b 31,55, ¢psim ) aslisial b (alls 051,85 08 3 cosas g, oo
mmMol) 7Y0 (o 0 b 5, 0,5 wgmry Sogods (Y ML) Joibio b gl i o 5 (V:F) Sl

el Cews 40 (VOA MQ o+ /Y'Y

Mp 156-158 °C; *H NMR (400 MHz, CDCl3): 6 = 1.41 (t, J = 7.2 Hz, 3H, CH3),
4.46 (g, J = 7.2 Hz, 2H, CH»), 7.39 (t, J = 7.8 Hz, 2H, 8-H), 7.54-7.58 (m, 1H, 9-
H), 7.71-7.81 (m, 4H, 2,3,5-H ), 7.92 (dd, J = 8.4 Hz, J = 1.2 Hz, 2H, 7-H), 8.16-
8.22 (m, 2H, 1,4-H), 8.37 (d, J = 8.8 Hz, 2H, 6-H) ppm; *C NMR (100 MHz,
CDCls): 0 = 15.3, 38.3, 113.7, 123.8, 127.6, 128.0, 128.4, 128.8, 129.8, 130.3,
131.0, 132.9, 136.6, 138.4, 139.6, 140.0, 141.3, 141.8, 148.5, 151.7, 189.8 ppm;
IR (KBr): v'= 3101, 3061, 2962, 2852, 1641, 1618, 1596, 1523, 1516, 1477, 1461,
1447,1344, 1222, 1154, 1031, 852, 833, 772, 754, 729, 716, 697, 663 cm™. HRMS
for C2asH19N4O3 Calculated [MH] 423.1457; Found m/z = 423.1454.

[B-¥ Y]9%s s —HV- s V- (Jibg yii-F)-F'— i g2-1) aptd OV-Y
VP 13955 (i) (s - ¥ oy LS 3

el ol5en Pl b 31, 5ilog S (g 5l oolinl b (alls 03,513 5 0l 32is (sogas s, Gobo
mmol) 7.V# o,s b 5,y (26,6 gy Oygodas (W ML) Joibio b gicincds e 5 (V:F) Sl

Ael Cews 4 (VWYY Mg o+ /YY
Mp 110-112 °C; *H NMR (400 MHz, CDCls): 6 = 0.85 (t, J = 7.4 Hz, 3H, CH3),
1.20-1.30 (m, 2H, CH2), 1.70-1.78 (m, 2H, CH2), 4.42 (t, J = 7.4 Hz, 2H, CH2),

7.40 (t, J = 7.8 Hz, 2H, 8-H), 7.52-7.57 (m, 1H, 9-H), 7.70-7.81 (m, 4H, 2,3,5-H),
Y



7.91 (dd, J=9.2 Hz, J = 1.2 Hz, 2H, 7-H), 8.16-8.22 (m, 2H, 1,4-H), 8.36 (d, J =
8.8 Hz, 2H, 6-H) ppm: *C NMR (100 MHz, CDCls): ¢ = 13.5, 19.8, 31.7, 42.9,
113.6, 123.7, 127.6, 127.9, 128.4, 128.7, 129.8, 130.3, 131.1, 132.8, 136.7, 138.4,
139.6, 139.9, 141.6, 141.8, 148.4, 151.8, 189.9 ppm; IR (KBr): v- = 3061, 2958,
2930, 2867, 1641, 1598, 1522, 1478, 1449, 1421, 1345, 1220, 1174, 1120, 1012,
855, 758, 729, 692 cmt. HRMS for C27H23N40s Calculated [MH] 451.1770; Found
m/z = 451.1771.

—¥ — S uSTH-Y Y] g s —HI— (b g S F)-¥— s 35u-)) a5 OA-Y
(1+Fe) (955 (Jud) (Lo

Jll 350N Dl b 31,5 53leg 5 opsim 5 aslisiad b alls 03,513 5 0 Jiiw (cosas g, 3o
mmMol) 7YY (so,00 b 5, 0,5 gy Sogods (Y ML) Joibio b gl i o 5 (ViF) Sl

el s 4 (V£A Mg /Y0

Mp 220-222 °C; 'H NMR (400 MHz, CDCls): 6 = 5.62 (s, 2H, CH>), 7.00-7.03 (m,
2H, 10-H), 7.22-7.37 (m, 9H, Ar-H), 7.51 (tt, J = 7.4 Hz, J = 1.6 Hz, 1H, 9-H),
7.70-7.79 (m, 2H, 2,3-H), 7.86 (d, J = 8.2 Hz, 2H, 7-H), 8.18-8.23 (m, 2H, 1,4-H)
ppm; *C NMR (100 MHz, CDClg): 6 = 46.3, 113.4, 127.1, 127.5, 127.8, 127.9,
128.1, 128.4, 128.5, 128.74, 128.78, 129.8, 130.2, 131.4, 132.6, 136.3, 136.7,
138.4, 139.7, 140.6, 141.9, 142.0, 153.4, 190.3 ppm; IR (KBr): v = 3065, 3031,
2963, 2927, 1632, 1598, 1525, 1477, 1446, 1420, 1390, 1347, 1260, 1166, 1090,
1013, 845, 801, 759, 729, 699, 665 cm. HRMS for C3oH21N3OCI Calculated [MH]
474.1373; Found m/z = 474.1376.

~ oS STV V] gy —HY = 9321 (Usdg 15— F)-F) g 08-Y
(Ve F) G955 (Jusd) (oY

JllplSan Pl b (35 gileg,S (gt 5l oolinl b (alls 00 )51,8 5 0d 5w (sogas oo, 3
mmol) 750 go 40 b 5, 0,5 gy Sygods (Y ML) Jgilio b gl w5 (V:F) Sl

el Cews 4 (VYY MY /XY
YA



Mp 118-120 °C; 'H NMR (400 MHz, CDCls): 6 = 0.85 (t, J = 7.4 Hz, 3H, CHj3),
1.75-1.85 (m, 2H, CH»), 4.37 (t, J = 7.6 Hz, 2H, CH2), 7.36 (t, J = 6.9 Hz, 2H, 8-
H), 7.43-7.48 (m, 4H, 1,4,6-H), 7.51 (tt, J = 7.4 Hz, J = 1.4 Hz, 1H, 9-H), 7.68-
7.78 (m, 2H, 2,3-H), 7.85-7.87 (m, 2H, 5-H), 8.18 (dd, J = 8.6 Hz, J = 1.4 Hz, 2H,
7-H) ppm; C NMR (100 MHz, CDCls): J = 11.2, 22.9, 44.6, 112.9, 127.3, 127.8,
128.36, 128.39, 128.4, 128.9, 129.7, 130.2, 131.2, 132.5, 136.2, 138.6, 139.5, 140.6,
141.7, 153.5, 190.3 ppm; IR (KBr): v- =3061, 2979, 2941, 1642, 1594, 1514, 1474,
1419, 1386, 1353, 1265, 1090,1012, 943, 910, 837, 766, 729, 694, 666 cm~*. HRMS
for C26H2:N3OCI Calculated [MH] 426.1373; Found m/z = 426.1377.

¥ - IS g5aST =Y Y] gl g ~HY- (g o= F)- Y- o 35 ) aongd #o-Y

(1+¥8) (955 (U ga-F)(!

el oi5e-n - by (15 5les ) (s 5l oaliial b (alls 03,5158 5 0 3w (sogae g b
MO VA (g0 502 b 5,05 35 gy Sy () ML) Jsilio by giiiants s 5 (V) il

Aol Cawsd 4 (YYY Mg o+ /YA

Mp 228-230 °C; *H NMR (400 MHz, CDCls): 6 =5.63 (s, 2H, CH2), 6.94-6.96 (m,
2H, 9-H), 7.22-7.29 (m, 3H, 10,11-H), 7.54 (d, J = 8.8 Hz, 2H, 5-H), 7.67 (d, J =
8.4 Hz, 2H, 7-H), 7.75-7.84 (m, 4H, 2,3,8-H), 8.18-8.23 (m, 2H, 1,4-H), 8.28 (d,
J = 8.8 Hz, 2H, 6-H) ppm; ¥C NMR (100 MHz, CDCls): 6 = 46.4, 101.1, 113.6,
123.5,127.1,127.9,128.1, 128.5, 128.9, 129.0, 129.8, 131.1, 131.8, 136.2, 136.3, 137.3,
137.5,139.4,139.8, 141.7, 142.0, 148.5, 152.5, 188.7 ppm:; IR (KBr): v~ = 3071, 2966,
2928, 2857, 1639, 1601, 1579, 1520, 1421, 1393, 1345, 1260, 1102, 1018, 1004,
851, 803, 759, 731, 696 cm. HRMS for C3oH20N4Osl Calculated [MH] 611.0580;
Found m/z = 611.0576.

Al



(Y- ol LS ST D-Y Y] o g g —HI- s 30—V - dg 3a-Y)-F aned #)-Y
(eFh) b pids s

Jl 550 ol b 31,555, cpsi ) aslicial b (alls 051,85 08 5 sosas g, oo
mmol) VO o, b S5, 0,5 gy S ygodr (V ML) Jgilie b gl e 9 (V:F) Sl

el s 4 (VWY Mg (/Y'Y

Mp 107-109 °C; *H NMR (400 MHz, CDCls): 6 = 5.62 (s, 2H, CH>), 6.94 (dd, J =
7.8 Hz, J = 1.8 Hz, 2H, 10-H), 7.22-7.26 (m, 3H, 11,12-H), 7.38 (t, J = 7.8 Hz,
2H, 8-H), 7.45 (d, J = 8.4 Hz, 2H, 5-H), 7.52-7.54 (m, 1H, 9-H), 7.65 (d, J = 8.4
Hz, 2H, 6-H), 7.74-7.80 (m, 2H, 2,3-H), 7.88 (dd, J = 7.2 Hz, J = 1.2 Hz, 2H, 7-
H), 8.20-8.22 (m, 2H, 1,4-H) ppm; *C NMR (100 MHz, CDCl3): § = 46.4, 113.6,
114.0, 118.0, 127.0, 127.7, 128.02, 128.05, 128.5, 128.84, 128.89, 129.8, 130.3,
130.8, 132.0, 132.9, 134.5, 136.3, 138.3, 139.8, 140.0, 141.9, 142.0, 152.1, 189.9
ppm; IR (KBr): v7 = 3054, 2960, 2224, 1644, 1604, 1581, 1559, 1531, 1488, 1420,
1357, 1255, 1162, 1006, 934, 841, 759, 730, 692, 668, 642 cm™. HRMS for
Ca1H21N4O Calculated [MH] 465.1715; Found m/z = 465.1721.

(o1~ oy ST D= Y] g s~ H— i1 =)= g 3T )—F angi Y-V
(Vo Fi) o yinig 30

el ol55en Pl b 31 5leg S (g 5l ooliil b (alls 03,518 5 0l 5is sogas gy Gobo
mmMol) 7A+ o0 b 5, 0,5 gy Sygods (Y ML) Joibio b g i o 5 (V:F) Sl

Aol Cews 4 (V£o Mg (/T
Mp 175-176 °C; *H NMR (400 MHz, CDCls): 6 = 1.40 (t, J = 7.2 Hz, 3H, CHg),
4.45 (q, J = 7.2 Hz, 2H, CHy), 7.39 (t, J = 7.8 Hz, 2H, 8-H), 7.53-7.57 (m, 1H, 9-
H), 7.67-7.81 (m, 6H, 2,3,5,6-H), 7.88-7.90 (m, 2H, 7-H), 8.16-8.21 (m, 2H, 1,4-

H) ppm; 3C NMR (100 MHz, CDCls): 6 = 15.2, 38.3, 113.5, 113.8, 118.0, 127.6,
127.9, 128.4, 128.7, 129.8, 130.3, 130.6, 132.3, 132.8, 134.7, 138.4, 139.6, 140.2,

\Fe.



141.3, 141.8, 152.0, 189.9 ppm; IR (KBr): v7 = 3054, 2990, 2962, 2936, 2221,
1645, 1610, 1560, 1535, 1488, 1453, 1427, 1349, 1195, 1155, 1016, 913, 831, 762,
733, 700, 664, 624, 603 cm™. HRMS for C2sH19N+O Calculated [MH] 403.1559;
Found m/z = 403.1560.

2= ¥ - S $STH-Y ¥ glg puy—HY - (Jusd-Y - o 35u-)) s #Y-Y
O+ F)) (s (S

5o o b 15 5Les S oy 31 ooliial b alls 0,515 5 05 3t sagas o) oo
mmOI) AR SOy l; A_i:) Oy) Loy u)gaad.: (\ mL) Jﬁ;l.uo L: 9’“‘""’"’“” Ue— g (\A\) Sl

el Cews 40 (VOF Mg (/Y0

Mp 144-146 °C; 'H NMR (400 MHz, CDCls): § = 5.64 (s, 2H, CH,), 6.99-7.03 (m,
2H, Ar-H), 7.18-7.46 (m, 9H, Ar-H), 7.50-7.54 (m, 2H, Ar-H ), 7.70-7.79 (m, 2H, 2,3-
H), 7.82-7.84 (m, 2H, Ar-H), 8.18-8.26 (m, 2H, 1,4-H) ppm; 3*C NMR (100 MHz,
CDCl): 0 = 46.8, 113.3, 123.4, 127.0, 127.8, 128.0, 128.1, 128.5, 128.6, 128.8, 128.9,
1295, 129.8, 130.3, 132.1, 132.9, 136.4, 138.3, 139.8, 141.9, 142.0, 148.2, 151.9, 188.9
ppm; IR (KBr): v7 = 3063, 3029, 2960, 2931, 1632, 1599, 1474, 1442, 1420, 1390,
1260, 1166, 1090, 1012, 762, 729, 695, 664 cmt. HRMS for C3H21N3O Calculated
[MH] 440.1763; Found m/z = 440.1764.

—Y - S ST D-Y Y] d gy —HY - g g o — V- Jood- V) (Jd) angd #F-Y
(V- FK) 95 (o

el ol5en Pl b 31, 5ilog S (g 5l oolinl b (alls 03,513 5 0l 32is (sogas s, Gobo

mmol) 7V0 o0 b 5, 8,5 wgw,y Sygods (VY ML) Jglo b giinds o o (Y1) ol

Ael Cews 4 (VEY MQ (- /YY

Mp 110-112 °C; *H NMR (400 MHz, CDCls): J = 0.83 (t, J = 7.6 Hz, 3H, CH3), 1.75-

1.84 (M, 2H, CHy), 4.38-4.41 (m, 2H, CHy), 7.25-7.33 (m, 3H, Ar-H), 7.43-7.49 (m, 5H,

Ar-H), 7.70-7.77 (m, 2H, 2,3-H), 7.82-7.84 (m, 2H, Ar-H), 8.17-8.23 (m, 2H, 1,4-H) ppm;
VEY



13C NMR (100 MHz, CDCls): 6 = 11.1, 23.1, 44.5, 113.6, 123.8, 127.5, 128.0, 128.4,
128.9, 129.8, 130.3, 131.0, 132.8, 136.5, 138.4, 139.6, 140.1, 141.2, 141.8, 148.4, 151.7,
188.4 ppm; IR (KBr): v- = 3050, 2980, 2960, 2926, 1635, 1598, 1560, 1488, 1453,
1424, 1195, 1155, 1016, 913, 760, 732, 705, 624 cm X HRMS for C26H21N30 Calculated
[MH] 392.1525; Found m/z = 392.1525.
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Date_ 20170422
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INSTRUM spect
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PULPROG zgpg30
D 65536
SOLVENT cocL3
650
O Dz 0
SWH 35714.285 Hz
FIDRES 0.544957 Hz
AQ 0.9175540 sec
N RG 2050
AN \ oW :aénog usec
DE -5 usec
CN TE 295.1 K
= N D1 1.00000000 sec
N D11 0.03000000 sec
TDO 1
CHANMEL f1
HUC1 13C
Pl 9.00 usec
PL1 -0.90 4B
PL1W 42.02801895 W
SFOL 100. 6479784 MHz
- CHANNEL {2 w=meeeos
CPDPRGZ waltzlf
HWOCz 1H
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51 32768
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Abstract:

Heterocyclic compounds containing quinoxaline unit have a wide variety of
biological activities. In this work, new derivatives of furo/thieno[2,3-b]quinoxaline
were prepared by the Pd-catalyzed coupling reactions (Heck reaction and Sonogashira
coupling). For the synthesis of furo/thieno[2,3-b]quinoxalines, first, the starting materials
2-methoxy-3-(phenylethynyl)quinoxaline and 2-(methylthio)-3-(phenylethynyl)
quinoxaline were prepared by the coupling reaction of 2-chloro-3-methoxyquinoxaline
and 2-chloro-3-(methylthio)quinoxaline with terminal alkynes. In continue, the
iodocyclization of the resulting compounds afforded 3-iodo-2-phenylfuro[2,3-
b]quinoxaline and 3-iodo-2-phenylthieno[2,3-b] quinoxaline. The subsequent palladium-
catalyzed Sonogashira, Suzuki, and Heck reactions of the resulting iodocompounds led
to the formation of 2,3-disubstituded furo/thieno[2,3-b]quinoxalines in high yields. The
synthesized quinoxaline compounds were also screened against the two bacterial strains.

Pyrrolo[2,3-b]quinoxalines substituted at the 2 and 3 positions by an aryl, acyl or alkyl
group were readily prepared by the reaction of 3-chloroquinoxalin-2-amines with internal
alkynes and also, by the reaction of 3-chloroquinoxalin-2-amines with chalcones. These
reactions catalyzed by Pd(OAc)2 in the presence of KOt-Bu, as the base and NaOAc, as
the additive in DMSO afforded the desired products in high yields. The MIC and MBC
determination reveal that these compounds can be used for the development of antibiotics
in the future.

Keywords: Furo[2,3-b]quinoxaline,  thieno[2,3-b]quinoxaline,  pyrrolo[2,3-b]
quinoxalines, Sonogashira coupling, Heck reaction, MIC, MBC.



57 L&-"f?ﬂ

Shahrood University of Technology

Faculty of Chemistry

PhD Dissertation in Organic Chemistry

Synthesis of new heterocyclic derivatives by Sonogashira
coupling and Heck reaction

By: Tayebeh Besharati-Seidani

Supervisor:
Dr Ali Keivanloo

Advisor:

Dr Babak Kaboudin

May 2018



