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Scheme 1 The synthetic method of target products 3a ~ 3o
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Table 1 Synthesis of intermediate 2 in optimal conditions

Entry Base Solvent Temperature/°C Material molar ratio Yield/%
1 Na, CO,4 CH;CN 60 1:3.1 32
2 NaOH CH;CN 60 1:3.1 55
3 NaH CH;CN 60 1:3.1 63
4 Na, CO;/NaOH CH;CN 60 1:3.1 9
5 NaH C,HsOH 60 1:3.1 52
6 NaH THF 60 1:3.1 84
7 NaH CH;COCH, 60 1:3.1 42
8 NaH THF 25 1:3.1 30
9 NaH THF 40 1:3.1 48
10 NaH THF 55 1:3.1 63
11 NaH THF 70 1:3.1 87
12 NaH THF 70 1:2.8 65
13 NaH THF 70 1:3.0 72
14 NaH THF 70 1:3.2 88
15 NaH THF 70 1:3.4 84

1.2.2 4usdh3a~30 694 midEx 15 NS T L H0. 4492 g (644 2(1 mmol) fin%] 100 mL = 1
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H, A 20 mL DMF, 78 75 4 £ 8 F0 3 i, A 0.4097 g (1) 7F 4 (3.2 mmol ) B 0.5473 g K}
(3.2 mmol) , 7 110 C Y5544 T 2 48 h, {21 Z 2, Dl He 28 25350, 45 310K 11 400 %) [ 44 6 T 4R 0 fie
7520 mLAY ZBEE WA, A 0. 3151 g FYNH,BF, (3 mmol ) , A [ €4 [E (AT 1,y 4ok 0 , [ 44 1 & 1
PP A 2T, A5 2 A A

1.3 EYHRILE

4-H AR TR T R 2 g R (3a) « 1 A [ A, W02 79.6% , mp 198.3 ~199.9 C, IR (KBr),
o/cm”" ;3048 ,2922 1648 ,1532,1032,744 ;' H NMR (500 Hz, DMSO-d, ) ,5:9.89(s,1H, N—CH ) ,7. 94
(d,J=8.15 Hz,2H , ZEf:-Bkme ) ,7. 66 ~7.60(m,2H,PhH) ,7.40 (d,J =8.05 Hz,2H, K Jf:mkms) 7. 18
(d,J =7.90 Hz,2H,PhH),5.68 (s,2H) ,4.52(t,J =6.65 Hz,2H, N—CH,—CH,—),3.29 (t,J =
6.65 Hz,2H,—CH,—N),2.22 (s,3H,Ph—CH,) ;" C NMR (125 Hz, DMSO-d,),5:142.17( N—CH ) ,
135.81(Ph) ,134. 71 (Ph) ,132. 11 ( ZEFfwkme ) , 131, 53 (A IFBEmE) 1 129. 71 (Ph) , 128. 74 (Ph) ,127. 02
(HEFFmme) ,126. 89 (ZEFf-BE ML) , 114, 89 (L IEBEmME ) | 114. 43 (ZEFf:Bkmk ) ,52. 14 (Ph—CH,—) ,48. 82
(N—CH,—) ,43.09( N—CH,—CH,—) ,21. 83( Ph—CH, ) ; HRMS ( ESI) ,m/z:254. 8140[ M - 3BF, ]°*,
(FEAE C, Hy, N, : 254.8141)

2,4,6- = HUE R LR R 25 £6 (3b) - | A {4, I3 81. 2% ,mp 187.8 ~188.9 C, IR(KBr),
o/cm™") ;3178 ,2977 1649 ,1549 ,1108 ,725;'H NMR (500 Hz,DMSO-d,),5:9.89(s,1H, N—CH ) ,8. 13
(d,J=8.20 Hz,1H ZEFf:mkme) ,7.93(d,J = 8.20 Hz, 1H, ZEFf:0kms) 7. 78 ~7.70 (m,2H,PhH) ,6. 97
(s,2H, ZEFfmkme) 5. 61(s,2H, —CH,—Ph) ,4.27 (s,2H,N—CH,—CH,—) ,3.01 (s,2H,N—CH,—) ,
2.20(s,3H,Ph—CH,) ;" C NMR (125 Hz, DMSO-d,),5:142.08 ( N—CH ) ,139. 83 (Ph),137.42(Ph),
136. 52(Ph) ,131. 17 (ZEFFmims ) | 130. 48 ( ZEFEBEME) | 126. 80 ( ZEFFBEME) |, 126. 71 (ZEFFmEmE ) , 113. 80
(HEFFmeme ), 113. 60 (- kme ) ,52. 12 (Ph—CH,—) ,49. 94 (N—CH,—) ,44. 17 (N—CH,—CH,—) ,
21.08(Ph—CH,) ,19. 82 ( Ph—CH, ) ; HRMS ( ESI) , m/z:282. 8452[ M - 3BF,; 1°*, (i} &l C,,H N> " .
282.8454) ,

Xof AR -2 T K e 2 e 26 (3 ) - B [, 0% 78.5% , mp 180.9 ~181.7 C, IR (KBr),
o/cm " :3055,2932,1662,1587,1221,1083 ,744 ;'H NMR (500 Hz, DMSO-d, ) ,8:9.70(s,1H, N—CH ) ,
7.98(d,J=8.05 Hz, 1H, FFmkme) ,7.92(d,J =8.05 Hz, 1H, JEFF:BEME) ,7. 66 ~7. 61 (m,2H, Ik
W) ,7.46(d,J =8.65 Hz,2H,PhH) ,6.94(d,J =8.65 Hz,2H,PhH) ,5. 64 (s,2H,—CH,—Ph) ,4. 49 (t,
J=6.55 Hz,2H, N—CH,—CH,—) ,3.70 (s,3H, Ph—OCH, ) ,3.30 (t,J = 6.55 Hz,2H, —CH,—N) ;
"C NMR (125 Hz,DMSO-d, ) ,8:157. 63 (Ph—OCH, ) ,141.03 ( N—CH ), 135.24 (Ph) , 132. 12 ( -k
) 131, 54 (ZEFEREME) 129,94 (Ph),127. 82 ( ZEFFWkme ) | 127. 68 (A FH-mkms ) , 114, 81 ( ZEFfwimg) |
115.56(Ph) , 113.59 ( ZE Jf: bk mk ) , 55.82 (—OCH, ) , 50. 13 ( Ph—CH,—) , 47. 74 (N—CH,—) , 43. 39
(N—CH,—CH,—) ; HRMS(ESI) ,m/z:270. 6730[ M =3BF,; 1°* , (31818 C,5, H,N,0;" :270. 6726) ,

3,4- VAR N BER O ke R g R (3d) < K A EA, 13 80.3% , mp 196.5 ~197.9 C, IR
(KBr) o/cm ™' ;3093 ,2927,1639,1597,1213,1102,794;' H NMR (500 Hz, DMSO-d,),5:9.68 (s, 1H,
N—CH ),8.03(d,J =8.20 Hz, |H, ZEFfBkmk) ,7.90(d, J =8.20 Hz, 1H, ZEH:BEmE) ,7.69 ~7.61(m,
2H,PhH),7.18(d,/=1.70 Hz 1H, 2K Jf-Bkmk) ,7. 03 (q,J = 1. 70 Hz, 1H, K -BKME) ,6.92 ~ 6. 88 (m,
1H,PhH) ,5.61(s,2H,CH,—Ph) ,4.48(t,] =6.45 Hz,2H ,N—CH,—CH,—) ,3. 72(s,3H,Ph—OCH, ) ,
3.69(s,3H,Ph—OCH,) ,3.29(t,J =6.45 Hz,2H,—N—CH,—) ; “C NMR( 125 Hz,DMSO-d, ) ,5:154. 83
(Ph—OCH, ) ,153. 54( Ph—OCH, ) ,143. 05 ( N—CH ) ,139. 66 (Ph) ,131.23 ( 4 3f:Bkme ) , 130. 61 ( 45
BRI ) | 126. 82 (FEFFIRME) ,126. 72 ( HEFFBkme ) ,123. 72 (Ph) , 113,91 ( FEFFmkme ) , 113. 62 (FEFfwkmk ) |
112.53(Ph),111.31(Ph) ,56. 21 (—OCH,) ,55. 11 (—OCH, ) ,54. 14 ( Ph—CH,—) ,47. 33 (N—CH,—) ,
41.21 ( N—CH,—CH,— ) ; HRMS ( ESI), m/z; 300.8190 [ M — 3BF; 1°*, (i} & {f C,H,N,0;" .
300. 8196)
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3,5- " AR RS TR ke ZR 4 £h (3e) « (A, e 80. 9% ,mp 172.8 ~173.4 C, IR(KBr)
o/m~":3098,2931,1652,1537,1222,1108,762 ;' H NMR (500 Hz, DMSO-d,),5:9.82(s,1H, N—CH ),
7.98(d,J=8.10 Hz,1H ZEHBkme) ,7.92(d,J =8.15 Hz, IH, £ IfpkmE) ,7.68 ~7.61 (m,2H,PhH) ,
7.20(d,J =1.70 Hz, 1H,ZEH:Bkme) 7. 12 (q,J = 1. 70 Hz, IH, 5 IfBEmE) 16.98 ~6.90(m,1H, PhH) ,
5.64(s,2H,—CH,—Ph) ,4.52(t,] =6.35 Hz,2H,N—CH,—CH,—) ,3. 67 (s,3H,Ph—OCH, ) ,3. 62 (s,
3H,Ph—OCH, ), 3.27 (t,J = 6.35 Hz, 2H, N—CH,—) ;" C NMR (125 Hz, DMSO-d, ), §: 160. 83
(Ph—OCH, ) ,142.37( N—CH ) ,135. 81 (Ph) ,131. 10( ZEFf:-BkmE ) | 130. 54 ( FEFFmme ) ,126. 82 ( ZE Ik
) 126,61 (FEFFmEmE ), 113,84 ( ZEFEmEme ) | 113,53 (ZEIEBEME ), 106. 56 (Ph) ,99.60 ( Ph) ,55.22
(—OCH,),51.14 (Ph—CH,—) , 49. 84 ( N—CH,—) , 44. 09 (N—CH,—CH,— ) ; HRMS ( ESI) , m/z:
300. 8188[ M -3BF, °*, (3 1&HC,,H,N,0; " :300. 8196) ,

XoF FRU JE -2 I R e = e £ (3F) - K 8 A, 2R 80.4% , mp 192.6 ~ 194.1 C, IR (KBr),
a/cm ™" ;3089 ,2906,1662,1582,1172,728 ;' H NMR (500 Hz,DMSO-d, ) ,8:9.75(s,1H, N—CH ) ,7. 94
(d,J=7.55 Hz,2H & kme ) ,7.65(d, J =7.50 Hz,2H, ZEFf:wkme) ,7.61(d,J =8.0 Hz,2H,PhH) ,
7.44(d,J=7.95 Hz,2H,PhH) ,5.72(s,2H,—CH,—Ph) ,4.50(t,J =6. 50 Hz,2H, N—CH,—CH,—) ,
3.30(t,J=6.50 Hz,2H,N—CH,—) ;" C NMR (125 Hz,DMSO-d, ) ,5:142.06( N—CH ) ,134.83(Ph),
132. 94 ( ZEFEmEkmE ), 132. 83 ( ZEFf:BkmE ) ,131. 98 (Ph—Cl) , 130. 47 (Ph) , 129. 55 ( Ph) , 128. 49 ( A& Ff: 0k
M), 128,56 (4 FF R me ), 115,72 ( ZE FfE Bk e ), 115,62 ( 4 I vk g ) , 47.98 ( N—CH,— ), 47. 98
(Ph—CH,—) , 44.03 ( N—CH,—CH,—) ; HRMS ( ESI), m/z: 258.7895 [ M - 3BF, 1°*, (i} & (4
C,H,sFN3* :258.7890) ,

BRER IR R R (3g) « (I AR, I 78. 5% smp 216.5 ~218.0 °C, IR(KBr) ,0/cm ™' ;
3098,2937,1676,1542,1225,735;'H NMR (500 Hz,DMSO-d, ) ,5:9.83(s,1H, N—CH ),7.99 ~7.98(d,
J=8.15 Hz,1H ZEFfmkme) ,7.87 ~7.84(d,J =8.15 Hz, 1H, ZEFFBEME) ,7.69 ~7.61 (m,2H, 2k
) ,7.50 ~7.49(d,J =7.0 Hz,1H,PhH) ,7.32 ~7.39(t,J =7.6 Hz,1H,PhH) ,7.06 ~7.04(d,J =
8.2 Hz,1H,PhH) ,6.95 ~6.92(t,J =7.55 Hz,J =7.15 Hz,1H,PhH) ,5. 68 (s,2H,—CH,—CH,—Ph) ,
4.52~4.50(t, ] =6.45 Hz,2H, N—CH,—CH,—) ,3.23 ~3.21(t,J = 6.45 Hz,2H, —N—CH,—) ;
“C NMR( 125 Hz, DMSO-d,),8:141.73 ( N—CH ), 139.26 (Ph),132.96 (Ph), 131. 03 ( ZE Jf- Wk ms ) |
130. 51 ( ZEFEBEME) ,129. 23 (Ph) ,128.93 (Ph),127. 63 (Ph) ,127.33 (Ph) ,126. 52 ( ZE 3 bkms ) | 126. 21
(CHEFFmEms ), 112, 84 (EFFmims ), 112. 53 (HJfmkme ), 55.22 (—OCH, ), 51. 14 ( Ph—CH,—) , 49. 84
(N—CH,—) , 44.09 ( N—CH,—CH,— ) ; HRMS ( ESI ), m/z: 274.7591 [ M - 3BF, 1’*, (it & (H
CyH,sCLLNS T 1274, 7595)

2,4- TR REE- AT IRk ZE B (3h) - 1 8 [EA, W% 75. 8% , mp 205.9 ~207.1 C, IR(KBr),
o/cm”' ;31422998 1682 ,1602,1232,731;' H NMR (500 Hz, DMSO-d,),8:9.71(s,1H, N—CH ) ,7.97
(d,J=9.65 Hz,2H, 2 Ff:-bkme) ;7. 74 (d, ] =8.0 Hz,3H,PhH) ,7.49 (s, 2H, I mkms) ,5.82 (s, 2H,
—CH,—Ph) ,4.50(s,2H,N—CH,—CH,—) ,3.33(s,2H,N—CH,—) ;" C NMR (125 Hz,DMSO-d, ) ,8:
142.04( N—CH ) ,138.82(Ph),136.71 (Ph) ,133.51 (Ph), 132. 11 ( FEIfmkme ) | 131. 86 ( A FFwkme ) |
130.21(Ph),129. 81 (Ph),128. 71 (Ph) ,125. 81 ( ZEFF-BEmE) |, 125. 25 (ZEFFwkme ) | 112. 85 (FEFHmg ) |
111. 83 (JEFfmkme ) ,54. 17 (Ph—CH,—) ,48. 24 (N—CH,—) ,41. 17 (N—CH,—CH,—) ; HRMS ( ESI ) ,
m/z:308. 7210[ M -3BF,; 1°*, (}}& {4 C,sH,,CI N * :308. 7205) ,

() 25 - 2R R el = e 6 (31) < TR B 8 B AAS, Wi % 77.3% , mp 211.1 ~212.8 C, IR(KBr),
o/cm ™" ;3142 2996 ,1662,1591,1535,1235,718 ;'H NMR (500 Hz, DMSO-d, ) ,8:9.82(s,1H, N—CH ) ,
7.96 ~7.94(d,J =8.05 Hz, 1 H, 2 FFkmE) [ 7.91 ~7.88(d,J =8. 1 Hz, 1H, ZEFf:-BkmE) 7. 63 ~7.60(m,
2H, Gk me ) ,7.42 ~7.38 (m,4H,PhH) ,5.90 (s,2H, —CH,—Ph) ,4.52 ~4.49(t,J =6.5 Hz,2H,
N—CH,—CH,—),3.30 ~3.27(t,J = 6.5 Hz,2H, —N—CH,—) ;" C NMR ( 125 Hz, DMSO-d, ), §:
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148.23 (Ph—NO, ) ,141. 63 ( N—CH ) ,139. 76 (Ph) ,134. 21 (Ph) , 131. 11 ( ZE3f:- Bk M ) | 130. 66 ( 2K Ff- bk
M) 128,27 (Ph) ,126. 85 (JEFfwkme ) , 124, 31 ( ZEFfwEme ) ,121. 66 (Ph) ,121. 37 (Ph) , 115. 86 ( £ Jf: bk
W) 114,73 (R ke ), 53. 64 (Ph—CH,—) ,47. 81 (N—CH,—) , 42. 07 ( N—CH,—CH,—) ; HRMS
(ESI) ,m/z:285.7828[ M —=3BF,; °", (314418 C,sH,sN,,0; " :285.7835) ,

X B HE R FE- AR T R e 2 B (3)) < IR 18 £ [, IO 77.8% , mp 205.7 ~206.6 C, IR(KBr),
o/cm”" :3183,2915,1602,1585,1529,1101,721 ;' H NMR (500 Hz,DMSO-d,),5:9.84(s,1H, N—CH ),
7.94(d,J=8.15 Hz,2H , ZEF KM ) ,7.66 ~7.60 (m,2H,PhH) ,7.40(d,J =8.05 Hz,2H, FE I Bkmg ) |
7.18(d,J =7.90 Hz,2H,PhH) ,5.91(s,2H,—CH,—Ph) ,4.57(t,J =6.65 Hz,2H,N—CH,—CH,—) ,
3.29(t,J =6.65 Hz,2H,—CH,—N) ;” C NMR ( 125Hz, DMSO-d, ) ,§:146. 25 (Ph—NO, ) , 144. 12(Ph) ,
142.15( N—CH ) ,132. 15( A If-mkms ), 131, 74 ( ZEFFwkme ), 129. 82 (Ph) , 126. 82 ( ZEFf: Bk mk) | 126. 61
(HEFfmkms) | 123.46 (Ph), 113.84 ( ZEFFwkme ), 113.53 (A I vk mg ), 52.17 ( Ph—CH,—) , 47. 24
(N—CH,—), 45.17 (N—CH,—CH,— ) ; HRMS ( ESI), m/z: 285.7830 [ M - 3BF, °*, (i} & {4
C,H, N, O, :285.7835)

B R I bR A e e b (Bk) ¢ KR A Y2 71.2% , mp 183.2 ~184.9 °C, IR(KBr),¢o/cm™';
3029,2923,1643,1556,1218,729;' H NMR (500 Hz, DMSO-d,),5:9.59(s,1H, N—CH ) ,8.04(d, J =
7.95 Hz, 1H, ZEF:mkme) ,7.95(d,J =7.95 Hz, 1H, ZEF0kmE) ,7.70 ~7. 63 (m,2H, HEFH:BRmE) ,4.52 ~
4.59(t,J =6.60 Hz,2H ,N—CH,—CH,—) ,4.43(t,J =7.40 Hz,2H,—CH,—Ph) ,3.27(t,] =6. 60 Hz,
2H,—N—CH,—),2.84 ~2.80(m,2H,—CH,—) ,1.30 ~1.22(m,10H,—CH,—) ,0. 86 ~0. 81 (m,3H,
—CH,) ;"”C NMR(125 Hz, DMSO-d, ) ,8:141.42( N—CH ) ,132. 07 ( A Ff-mkme ) | 131, 84 ( HEFFmkme ) |
126. 82 (ZEFEBKME) [ 126. 71 ( ZEFFEREME) | 113, 74 (ZEFFwEkme ) | 113. 23 ( ZEFfwkme) ,56.27 (N*—CH, ) ,
48.24(N—CH,—) ,43.01 (N—CH,—CH,—) ,29. 62,28. 54,27. 81,25.31,22. 18,14. 21 ; HRMS ( ESI ) ,
m/z:248. 8606 M —3BF,; 1°* | ({444 C, H,,N>* :248.8611) ,

O LRk s T £k (31) K (o [ A, UK ZE 71. 6% ,mp 181.6 ~182.7 °C;IR(KBr) ,g/cm ™' :3119,
2911,1651,1569,1248 ,722;'H NMR (500 Hz,DMSO-d, ) ,5:9.59(s,1H, N—CH ) ,8.04(d,J =7.95 Hz,
TH, EFfmkme) ,7.95(d,J =7.95 Hz, 1H, ZEFFEBEmE) ,7.70 ~7. 63 (m ,2H, ZEF:kmE) 4. 52 ~4.59(t,] =
6.60 Hz,2H, N—CH,—CH,—) ,4.43 (t,J =7.40 Hz,2H, —CH,—Ph),3.27 (t,J = 6.60 Hz, 2H,
—N—CH,—),2.78(t,J =7.60 Hz,2H,—CH,—) ,1.76 ~1.70(m,6H,—CH,—) ,1.39 ~1.33(m,2H,
—CH,—),0.91 ~0.88(m,J=7.00 Hz,3H,—CH,) ;" C NMR (125 Hz,DMSO-d,) ,5:141.72( N—CH ) ,
131. 37 (ZEFEBRME) (131, 21 (CHEFFmEme ) | 126. 12 (HEFFRmE ) | 125, 82 (ZEFf-wkms ) , 113. 78 ( FEFFmme ) |
113.43 (ZEf-mkmg ) ,55. 18 (N*—CH, ) ,47. 89 (N—CH,—) ,43. 19 (N—CH,—CH,—) ,29. 62 ,27. 34,
26.28,22.47,14. 11 ;HRMS( ESI) ,m/z:234. 8444[ M - 3BF, ** | ({1 (HC,sH, N> " :234. 8454) ,

TR TF ke 2 £ (3m) o B (o [ {4, i 2% 72. 8% ,mp 178.4 ~179.6 °C, IR(KBr),o/cm™';
3110,2928,1671,1552,1148,726;' H NMR (500 Hz, DMSO-d,),5:9.59(s,1H, N—CH ) ,8.04(d, J =
7.95 Hz, 1H, ZEH:mkmE) [ 7.95(d,J =7.95 Hz, 1H, kM) ,7. 70 ~7. 63 (m,2H, ZEFf0kme) 4. 52 (t,
J=6.60 Hz,2H, N—CH,—CH,—) ,4.43 (t,] =7.40 Hz,2H, —CH,—Ph) ,3.27(t,J =6.60 Hz,2H,
—N—CH,—) ,2.74(t,J =7.60 Hz,2H,—CH,—) ,1.77 ~1.70(m,2H,—CH,—) ,1.39 ~ 1.35(m,4H,
—CH,—),0.90(t,J =7.00 Hz,3H,—CH,) ;°C NMR( 125 Hz,DMSO-d,) ,5:141.83( N—CH ) ,132.08
(CATFBEmE) 131, 76 (AIFFREME) 126, 97 (A TFFBKME ) | 126. 72 (ZRIFBEME) | 113. 75 (ZFf0Kme ) , 113, 51
(A IFFwkme) ,56. 18 (N*—CH, ) ,48. 78 (N—CH,—) ,42. 17 (N—CH,—CH,—) , 29. 32,29. 02,22. 87,
14. 32 ; HRMS( ESI) ,m/z:220. 8284[ M - 3BF,; 1°*, (3184 C,, H,, N3 :220. 8298) ,

T LTk Z A AR (3n) ¢ R [ A YR 69. 2% ,mp 172.4 ~173.6 °C;IR(KBr) ,¢/cm ™' ;3121
2981,1632,1543,1172,721 ;'H NMR (500 Hz,DMSO-d,) ,8:9.69(s,1H, N—CH ) ,8.11(d,J=7.75 Hz,
TH, B Ffwkms ), 7.97(d,J =7.7 Hz, TH, ZEFEBEME) [ 7.63 ~7.62 (m,2H, K Ffokmk)  4.62(t,] =
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6.75 Hz,2H ,N—CH,—CH,—) ,4.53(t,J =7.65 Hz,2H ,N*—CH,—CH,—) ,3.27(t,J =6.75 Hz,2H,
—N—CH,—),2.77 ~2.74(m ,2H,—CH,—), 1.38 ~1.35(m ,4H,—CH,—) ,0. 85(t,J =2. 55 Hz,3H,
—CH,) ;”C NMR (500 Hz, DMSO-d,),8:141.77 ( N—CH ), 132. 21 ( A Ff0kmk ) , 131. 86 ( ZEFf-bms ) |
126. 67 (FEFEBRME) | 126. 42 (ZEFFREME) | 113,25 (ZEFFmkme ), 113. 03 ( ZEFf:wkme ) ,56. 48 (N*—CH, ) ,
48.78(N—CH,—) ,42. 17 (N—CH,—CH,—) ,29.79,20. 63,13. 82 ; HRMS ( ESI ) , m/z:206. 8129 [ M —
3BF; 17", (1S {HC, Hy N3 ™ :206. 8141) ,

PN RE- Tk e 2 e 2k (30) ¢ IR (A B A, e 72.6% , mp 165.3 ~166.7 C, IR (KBr),o/cm™";
3120,2912,1638,1554,1175,732;' H NMR (500 Hz, DMSO-d,),5:9.57 (s,1H, N—CH ) ,8.07(d, J =
7.85 Hz, 1H, 2EH:wkmE) 7.99(d, J =7.9 Hz, 1H, ZEFF0EME) ,7.72 ~7.66 (m,2H, FEFFBRmE) | 4. 55 (t,
J=6.65 Hz,2H N—CH,—CH,—) ,4.44(t,J =7.35 Hz,2H,N*—CH,—CH,—) ,3.30(t,J =6.65 Hz,
2H,—N—CH,—),2.78 ~2.74(m,2H,—CH,—) ,1.38 ~1.35(m,2H,—CH,—) ,0.88 (t,J =2. 4 Hz,
3H,—CH,) ;" C NMR (125 Hz, DMSO-d,),5:141.72 ( N—CH ), 132.35 ( A Ff-mkme ) , 131. 91 ( ZE -k
) 126,81 ( AEFEBEmE ), 126,51 (ZEFEpEme ), 113,16 (I mfme ), 113.08 ( 4 I wk me ), 56. 41
(N*—CH,) ,48. 78 ( N—CH,—) ,42.26 (N—CH,—CH,—) ,24. 26,12. 81 ; HRMS ( ESI) , m/z: 192. 7995
[M-3BF, ]’", (FHCH, N3 :192.7985)

2 iR 5HE
2.1 BHRUAMMMIS R KRR AR AT
UGG 7 i , URSCIK [6 ) X FIBRA: T 0 A0 53 38 35 e A K 3805 A B 08 4T T 37
ffr, WRLHR TR 2 s
®2 AEMRERKFETENE

Table 2 Growth regulating activity of target compounds

Cytokinin activity Auxin activity Herbicidal activity

Compound R/Ar

effect/ % grade effect/ % grade effect/% grade

3a 4-CH,CgH, 66.2 A 12.0 C 86.7 A
3b 2,4,6-C;HyCgH, 38.2 B 18.0 C 68.5 A
3¢ 4-CH;0CgH, 72.5 A 15.4 C 92.5 A
3d 3,4-C,H,0,CH;4 37.6 B 18.3 C 91.2 A
3e 3,5-C,Hg0;C¢H; 25.2 C 16.7 C 88.2 A
3f 4-FCgH, 42.3 A 32.6 B 72.4 A
3g 2-CIC4H, 838.3 A 19.8 C 78.1 A
3h 2,4-Cl,CgH,4 41.8 A 25.1 C 54.3 A
3i 3-0,NCgH, 78.1 A 35.5 B 95.6 A
3j 4-0,NC¢H, 83.6 A 38.6 B 93.3 A
3k C,Hys 12.1 C - - 50.6 A
3l CeHis 22.8 C 18.1 o 40.8 A
3m CsHy, 35.6 B 21.4 C 48.4 A
3n C4Hy 38.4 B 11.2 C 56.2 A
30 C;H, 22.3 C 18.3 C 60.3 A
reference - Triadimefon (50.2) - - - IpOHA(50.21) -

FAE BT A R IE A, R WTEA GEIENE R, 25 53 T LI 0 25580 bR - A 0 g ik
R =40 % ;B KK 25 %o <R <40 % 5C N 10% <FER <25 % s BERALT 10% 1y D 2, Hrh 21
Y1050 g =W ( Triadimefon ) Al N-FEJE-N-5 B R IE (IpOHA) .

TEANE > SR TG PRI A, 52 IR = e i (50. 2% ) AH EE, Je B H b = ) 35 2 B 00 R 9 240 o
REAE, PG 3a 3¢ 3f.35 30 31 1 3j MRBN A oo MRS R R, I IR A 40 S R A
B 3g AL RCR B AR, 7T LAIK 88. 3% 5 4544 rh i b 3R (17 )R B BT e s RICR

TEAE RTINS R B HAR R B T — i i3 1, /N 22 2 B — s e A
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Forh 2R TF K AR H R A G 3) RICR B W i, WT A 38. 6% , RN B 9, HE ML &Y
AR ZIE TR, 28 C 9, HARKEMNA T — & MieE.

FEBREE PRI R ARV EY A R A8 rh 25 2 A R REASCA I, IR 9 1 H AR = ) 0 R 4
HilTE T . G5 RRT, Il B AR Py B A KCE A R A e T o S 4m FI i 24 10 me/L i,
RGN T S YY) N-FHE-N- N BB BE L IpOHA (50. 2% ) Rl e fb &9 3i R 055 1B
FEPE AR 95. 6% AEMISCRAE T W1, A EECHIL TS IIBR AL
2.2 HABEFIRA
2.2.1 BAREHIRRMETHRBER ACELE6 FM(F™ C17 Br™ I” [H,PO, .CH,CO0~ ) A
e UL EE M AR T, LA VOZIE) - V(OK) =99: 1 TRA Y Ry 70 43 51 e il Sk R 2 x 107 mol/L
VEWA £ o 6 Btk A4 3d 3e 31 1 3h 43I ECH] AL HE A 1 x 10~ mol/L [H¥ATR B 75 o KHA T
A 5 B FEARBURA G #9625 R & 1 PR .

2000 ~
YUVL /\ o
L 3d / 0\ 3d L 3 se
Br- Br™
1600 / \ ‘ - .
A - 1600 F
L [ I\ \ | o\ \ [
I\ \ | CH.COO- r A~ \ \ | CH,COO
I\ N\ e it 17N\ \ N\ | 3
o 1annl I 7177 N\ \\ I upo- s amnn /77 \\ \ I HPO;
2 1200 [V1//AN\\\ | Iy z 1200 177 IANN \ | 2
7 17728\ |- z 174/ [
<] 11/ \! v G =] /7 N\\\ y oo
2 1 4 AN\ . jo) i/ N\ L\ -
= 7 AR\ i = w/ AN QN 1
= 800 1 /4 A\ — 800 [ 178 NN\
1/ AN SV [/} N\
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1] N AN
40 J \ 400 A\/
o~ /\ N e~
y/~—/d ~—— — YV a /3 —— _ —~
R H —_
o | o= . Ly |
280 320 360 400 280 320 360 400
A/nm A/ nm
2000
1600+ ~ CH.COO~
2 200 R1N 3
R il fa\ -
[ L JANN joor
1600 Cl H.PO-
Br* L 2 4
o\ T 1200 3h
r
78R\ [ . w ~_ \\ -
> 1200 V172 \N I et v = F T/ N\_\ | Of
B ey 7717 N\ \\ | CH,COO = | VAN \\ [
7] 174/ A\ | I Z m/ AR\ 1 Ci
g Iy W | HPO S ROOF n/ AR\\N v
& [V4 AR ] z e ] 114 AN\\Y i
£ ann 17 7~ \\\ - = 1/ AN\
800 I /7 NO O\ [ N
i/ OO\ I~ NN——
I/ NN /S T =
11/ NN 400+ 1/ ~. oSS
I 7 AN e 1l / ~—
400 ni 7/ N~ S Y/ =
400 ] - D
O -
PN = e S S SR S S
Y280 320 360 400 280 320 360 100

K1 ARFIBTE XSO ( A 224 /G5 3d 3e 3f.3h)

Fig.1 Changes of emission spectra of compounds 3d, 3e, 3f and 3h(from left to right) with the different anions

IR SR, AN [R) A9 FC AR AN TR] B4 BA 8 5 HA AN TR 8 25 K AEL, I ELA [R] A8 BE A ] — ol B 8 1 14
PERBORAA —E LA o BB TR B AL G W07 IR E 20 926 0F T, 1 XA i H AR &
PIFR B T 00 R IR , i H 8 R BA S 5 I ICROR AN W sl B e B K, R IR HAR o 1
Xf 17 a] LS B — P01 T, Fedme (BRI B BE AT 3k 21 10 mg/L, 32 H AR 735 Al il sl 48 T Az i K o
O s
YR HAR 708 T % — ORI A KR = (L, - D/LGUR L BEsE Y
R BRTOLIREL 1 0y HARE & 905 BB TR G 0 i B R PO KL ) TR PO K 3R, 45 RN 2
s BRI A BRI FX T iR — U ORI
2.2.2  BARCEYATIA BT e RAR G % N EER TS B TR AR EAE T i AR5 #52
R T IR o T8 HE PR BRI AT 53 S Sh A KRR S K o S IRTERE K AIHLER, JE— 5 U WA K Y
T AR SCGRICT W 1 HA B PR RACR A A1 3, R EESM BT (UV) RIS A H NMR
SUMTREEE VRN T KB,

LLVZHEE) :VOK) =99: 1 pigRIEe il 5 FOR AR EE I 17 31 x 1072107 3 x10 7%,
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82.8% AR
go.0f 3d s00k 3¢
o 600 60.0F
s 41.6% =
=1 400 33.1%  34.2% L= 40.0r333% 34.7%
23.2% - - 23.7%
20.0 20.0f
122%  101%
F-_C Br I CHCOO HPO, F-  Cl-  Br I~ CHCOO  HpPO;
3 80.0
. b2 3h 69.2%
60.0 63.1%
60.0
X & 49.8%
Tl 400 Tl 40.9%
1= ~7 400
~ 28.2% 30.3%
21.4%
2001 13.19% 20.0
8.8% 6.8% 8.2%
F-  Cl Br I CHCO0  HPO. F-C Br I CHCOO HpPO,

K2 AFEAETXHEEY 3d 3e 36 H1 3h (9L KA H]
Fig.2  Changes of fluorescent quenching of compounds 3d, 3e, 3f and 3h with the different anions
4 x 107" F15 x 10 ™ mol/L, FFFCHIM AL 1 x 10~ mol/L [ AL5 4 3¢ . 4330 H AR LA PR
IS T A AT OB EL O 101 AT A, ISR SO, 2R AN TR 3 B

0.6 0.6 0.6
A B C
g 04 g 04 g 04
g g g
e} o o
< 02 2 02} < 02}
0 0 L 1 1 L 0 L 1 s
220 340 220 260 300 340 220 260 300 340
A/nm A/nm
0.6
E
g 04 % 0.4
£ £
=] =]
kS 2
< 02 < 02
0 . . . 0 . R .
220 260 300 340 220 260 300 340
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K3 LG 3e MIAIRIREL I & FRA G DG
Fig.3 UV absorption of compound 3e with different concentration of 1™ ion

(1) /(mol L") :A. 1 x107%; B.2x107%; C.3x107%; D.4x10™*; E.5x10~*

G IAE 20,40 160 Cxf IR AR WA T AL IR SO B, 45 A B 4 k. 'H NMR it LA
DMSO-d Jg 51, 43 5I#EA T BALAL G4 3e RN 20 A it 1 3 S AL A4 3e TR A0 H NMR I, 252840
KSR,

ST AN A R T B FE U BE R 1 x 1077 mol/L A AL 3e W T I & AR TR] 1™ Mk B8 A 7 T
I, SR SN AR S HE VRS, 1A B IR K O Sh A K o Tl 1 AR IR 96 I A B - 10 K R Bt o i
FER T I T 2, A9 ShAS TR K MR . TH O NMR SEE0 25 R b R 3, A 17 I, 4% W S0 oA % 2 W 2 14
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= 1=0.1759x—0.2199 e »=0.1479x—0.1718

20r R=0.9952 R=0.9936 g z T
(50 C) (40 °C) | |
15 o y=0.1194x—0.0476
R2=0.9955
(20 °C)

U/1—1)/%

) ) ) | ] ] L L 10.0 9.0 80 7.0 6.0 10.0 9.0 80 7.0 6.0
1X107* 2X107* 3X107* 4X107* 3 s
e/mol 1) ¥ W e WY
K4 LGP 3e LRI T B FIKETRRKAHS BI5 AT B FeAY 3e 19" H NMR {5200
REERCR Fig.5 Influence of 1™ anion on compound 3e by 'H NMR

Fig.4  Quenching coefficient curve of compound 3e in

different concentration of I~ ion and temperature
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ORI 5 17 2 Oy 5 2R I HAT — R B CRICR: (EAN G Y AR ] A 50 DB ri R 7 B 74K
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Synthesis and Application of Novel Tripod-type
Benzimidazolium Compounds

ZHANG Chenglu® , SUN Lijie, SONG Buer, GUO Yang, ZHAO Baocheng, TANG Jie, XI Huan
(College of Chemistry and Chemical Engineering ,Liaoning Normal University ,Dalian 116029 , China)

Abstract Fifteen new tripod type benzimidazolium salts(3a ~30) were synthesized and characterized by IR,
NMR and HRMS. The plant growth regulating activities of compound 3 were evaluated. Compounds 3a, 3c,
3f, 3g, 3h, 3i and 3j exhibit excellent cytokinesis activities up to 88.3% at the concentration of 10 mg/L
which are higher than that of the reference triadimefon(50.2% ), but their auxin activities are not obviously
effective. Nearly all the target compounds have excellent herbicidal activity, while compound 3i is the best
with 95. 6% . The fluorescent identification of the four representative target molecules on six important anions
was explored by fluorescence spectrum. The target compounds can be used as fluorescence probe for I identi-
fication.

Keywords benzimidazole ; biological activity; plant growth regulator ; anionic identification

Received 2014-11-19; Revised 2015-04-14; Accepted 2015-05-05
Supported by Science and Technology Project of the Liaoning Province Education Department( No. 2009A426 )
Corresponding author; ZHANG Chenglu, professor; Tel: 0411-82158329; E-mail: zhangchenglu@ Innu. edu. cn; Research interests:

pharmaceutical synthesis





