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Synthesis and Insecticidal Activity of 4"-Avermectin Triazole
Derivatives Containing Amide Unit
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Abstract Based on avermectin structure framework, a series of novel 4"-avermectin triazole derivatives containing amide
unit were synthesized via the method of click reaction and amidation. The structures of target compounds were fully character-
ized by "H NMR, *C NMR and HRMS. The preliminary bioassay showed that the target compounds possessed certain insceti-
cidal activities against Tetranychus cinnabarinus, Myzus persicae and Caenorhabditis elegans. At the concentration of 0.1
pg/mL, the lethal rates of 4"-(1-(4-(2-(4-chlorphenyl)-3-methylbutylamido)-1H-1,2,3-triazolyl)acetamido)avermectin Bla
(11b) and 4"-(1-(4-chlorobenzoamido)-1H-1,2,3-triazolyl)acetamido)avermectin Bla (11e) against Tetranychus cinnabarinus
were 83.5% and 81.2%, respectively, and the lethal rates of 4"-(1-(2-amido-3-methylphenylethylamido)-1H-1,2,3-
triazolyl)acetamido)avermectin Bla (11i) against Myzus persicae (c=50 pg/mL) and Caenorhabditis elegans (c=1 pg/mL)
were 86.4% and 74.6%, which were better than that of avermetcin Bla.
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Figure 1 Structures of avermectin Bla, emamectin and eprinomectin
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Scheme 1 Synthetic route of target compounds
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Xof SRR 85 (K BB R L 80%%, {H 5 % H 24 ] 4 ] A1
(92.4%); 1£ 50 pg/mL ¥KEE R, fLE4) 11b, 11e 111, 11g,
11h F1 11§ SRR (I BOIE A 72.3%~86.4%, LAY 11i
(86.4%) W AR I 1 3% HL G 4 5 ] 4 B 25 (85.3%) Bla #H4;
TE 1 pg/mLRE T, (WA 11d, e, 111, 11k F1 111 X} 55
TN B 28 HU ) % U 22, FETS RN T 50%, IR TXt
FRZGFIF 4E B 2 Bla (61.8%); L& 11b (83.7%), 1lc
(72.4%), 11i (74.6%)F I H LT BT 4E R Bla B4 HUE
PE.
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M Z AR — B IR R (DXTARD I, BN
RFEECR I, R BUETETC B R . ORI A 5N
FUE T, FEMEA TR, WikEY b SEEE R
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SEW, IR AT, IR E) 70%LL EL 5] A%
MR, R HUEYERRAS, Wi &Y 11 XIBRRIER )%
HIETEDCA 47.2%. HEUR BN RIERT, S8 K H
NH(11)I 51N, RHEER SR 86%. (3)X] 75 HHFaFT
i, HARME AP0 dg w2, BRI\
R 5/ D B AR A AN ) T 94 v o 4 1 2 55 755 T R AT 2
HR BE N, BV B AR A PRI BT R
HE T, A YD 11b X 75 I BEAT e HU ) o g Tk 2|
83.7%.

F£1 HIFLEY Ma~111 B35 HUEHEGET: %/%)

Table 1 Insecticidal activities (mortality/%) of target com-
pounds 11a~111
T. cinnabarinus M. persicae C. elegans
Compd- 01 g/mL) (50 pg/mL) (1 pg/mL)
11a 71.7 56.3 63.1
11b 83.5 73.4 83.7
11c 77.6 472 72.4
11d 46.3 49.9 28.2
11e 81.2 72.3 46.8
11f 75.7 78.8 434
11g 70.2 75.7 52.7
11h 64.6 72.9 57.8
11i 71.4 86.4 74.6
11j 71.8 335 52.3
11k 66.2 58.1 355
111 67.1 65.6 48.6
Avermectin Bla 92.4 85.3 61.8
2 #Hig

DART4EBE 25 Bla NEEHE 2L, KA S5 b B
MR, G T — RIS B SE FITE 4= 2 R 2R —
FEATAEY, BT "H NMR, *C NMR #1 HRMS F-Bont
B AR AP AT S5 FIFRAE. W0 AR 25 R B, o
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32 ZWHE
3.2.1 a4k 2, 5a~51, 79 &9 4%

HE A 2 ZCCRR[17] 777014, ThIaliA Sa~51 2
HESCHR[18~241 7 Ml £, HHIAMA 7~9 ZHESCHR[25] 77
A%

322 4"-(& R BT 4H & Bla (10)49 4%

] 100 mL [ JEEFEH A 4.80 g (5.02 mmol)ft. &
Y9, M 30 mL Z&HEEEM, TN 1.02 g (10.08 mmol)
=M, FEVKIRFIESRY R, i S mL R LR
(0.72 g, 6.05 mmol )] — S BEVA M, N 5¢ B s 2 1g 7t
A=, R AN (TLO)R I & s M 58 4, XN
TR FH W & 2 W 00 R0 M R £ 2K e gk, A HLAH H e K
Na,SO, T, Ik, W42+, FEMAEEN V(A
i) © MCIR CTE)=1 1 1]57 B 13 1R B B 10 VAR [ 44
3.62 g, WE 69%, mp. 150~152 ‘C. '"H NMR (300
MHz, CDCL) d: 6.44 (d, J=10.0 Hz, 1H, CONH), 5.67~
6.06 (m, 5H, H-9, CH,=CHCH,0, H-23, H-10, H-11),
5.58~5.69 (m, 2H, H-22, H-3), 5.26~5.56 (m, 5H, H-1",
CH,=CHCH,0, H-19, H-5), 4.92~5.06 (m, 1H, H-15),
4.57~483 (m, 5H, CH,=CHCH,O, H-1', H8a X 2),
436~4.53 (m, 1H, H-5"), 3.54~4.19 (m, 10H, 7-OH,
CH,N;, H-6, H-13, H-17, H-5', H-5", H-3", H-3"), 3.35~
3.51 (m, 8H, H-2, H-4', 3"-OCH; 3'-OCHj3), 3.23 (t, J=9.0
Hz, 1H, H-4"), 2.46~2.60 (m, 1H, H-12), 2.20~2.37 (m,
4H, H-16 X2, H-24, H-2"), 1.98~2.12 (m, 2H, H-2',
H-20), 1.83 (s, 3H, Med4a), 1.41~1.79 (m, 10H, H-20,
H-26, H-27X2, H-2', H-2", H-18, Me-14a), 1.08~1.37
(m, 9H, Me-6', Me-6", Me-12a), 0.79~1.02 (m, 10H,
Me-28, Me-24a, Me-26a, H-18); "C NMR (75 MHz,
DMSO-dg) d: 170.2, 168.2, 154.3, 140.1, 136.9, 135.1,
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134.9, 132.2, 130.0, 128.4, 1252, 123.1, 120.9, 118.3,
98.1, 95.5, 94.8, 81.6, 80.7, 80.1, 79.0, 77.9, 74.1, 72.9,
68.1, 67.1, 66.8, 65.3, 59.8, 55.9, 55.1, 50.7, 48.3, 45.4,
35.9, 34.7, 34.2, 33.9, 31.1, 30.3, 27.1, 26.5, 20.8, 20.1,
19.0, 18.2, 17.0, 16.2, 14.6, 14.2, 13.2, 11.8; HRMS (ESI)
caled for Cs;H79N4O46 (M—|—H)+: 1039.5491, found
1039.5509.

323 HARLAY 11a~111 895 5%

] 100 mL [FRGEEH A 3.10 g HE 4k 10 (2.99
mmol), H[E4E 5 (9.00 mmol), ¥ T 27 mL HEEH, J5hn
A 3 mL &4 /KB ERE(20 mg)FHiR M EREH(40 mg)
(KIS, IR NI B, TLC R, JEUR 43 S N 58
4G, MK 30 mL, —& A LEEER(300 mLX3), &I
AHUAH, To/KBREREN T4, 80T e 28 R B RV 7 g i
F 30 mL FEE/PUSPRIR(Y © V=1 DERREERIF, N
A 4.60 g ZR4%(59.7 mmol), VKEEHE 10 min J&, KN
A 0.03 g MIEALE8(0.79 mmol), 0.14 g P4 =KL/
(0.12 mmol), 0.03 g & 1L%4(0.79 mmol), £ 10 min J5
TLC farill 5ok} S B 58 4, P 28 R BR 257, A 20
mL 7K, Z5HEE 120 mL 43 3 IREEHL, oK B ER AN )5
AHAH, BERAE G, B CRR OBV - V=1 . 4)
HATAEENTBERL, 193] Bt &9) 11a~111.

4"-(1-(4-(2,4- SR B IE 5E)-1H-1,2,3- =M FE) 2,
BEf& L) FiT4E TR 2= Bla (11a): s EEMA, F23% 64%. m.p.
188~190 ‘C; '"H NMR (300 MHz, DMSO-d;) d: 9.06 (t,
J=5.8 Hz, 1H, NHCO), 8.14 (d, J=9.8 Hz, 1H, NHCO),
7.94 (s, 1H, C=CHN), 7.67 (s, 1H, ArH), 7.48 (s, 1H,
ArH), 7.47 (s, 1H, ArH), 5.48~5.95 (m, 5H, H23, H10,
H-11, H-22, H-9), 5.33 (s, 2H, NCH>), 5.09~5.27 (m, 3H,
H-1", H-19, H-3), 4.76~4.90 (m, 1H, H-15), 4.38~4.75
(m, 6H, H-1', H-8a X2, H-5", NHCH>), 4.23~4.35 (m,
1H, H-5), 3.46~4.11 (m, 8H, 7-OH, 23-OH, H-6, H-13,
H-17, H-5', H-3', H-3"), 3.01~3.44 (m, 9H, H-2, H-4',
H-4", 3"-OCH;, 3-OCHj), 2.53~2.68 (m, 1H, H-12),
2.02~2.33 (m, 4H, H-16 X2, H-24, H-2"), 1.20~1.98 (m,
15H, H-20 X2, Me-4a, H-26, H-27X2, H-2'X2, H-2",
H-18, Me-14a), 1.19 (d, J=6.0 Hz, 3H, Me-6"), 1.09 (d,
J=6.7 Hz, 3H, Me-6"), 1.00 (d, J=6.3 Hz, 3H, Me-12a),
0.79~1.02 (m, 10H, Me-28, Me-24a, Me-26a, H-18); "°C
NMR (75 MHz, DMSO-d) d: 170.1, 166.2, 165.5, 154.2,
1443, 140.0, 136.8, 135.5, 135.1, 134.6, 132.1, 131.4,
130.4, 130.0, 129.1, 128.3, 127.2, 125.1, 124.3, 123.1,
120.8, 118.2, 98.1, 95.5, 94.7, 81.6, 80.6, 80.0, 79.2, 79.0,
77.8, 74.0, 72.8, 68.2, 68.0, 67.1, 66.8, 65.4, 55.9, 55.1,
51.7, 48.5, 45.4, 40.6, 35.8, 34.9, 34.7, 34.2, 33.8, 31.0,
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30.2, 27.0, 20.1, 18.9, 18.2, 17.0, 16.2, 14.6, 13.1, 11.7;
HRMS (ESI) caled for CgHsCLNsOy;s [M + H] ©
1182.5184, found 1182.5199.

4"-(1-(4-(2-(4-F AR B )-3- FF R T ok Jie J% )-1H-1,2,3-
ZRIL) 2 T BT 4E TR 2 Bla (11b): B4R, 772K
56%. m.p. 210~212 °C; "H NMR (300 MHz, DMSO-d;)
J: 8.58 (t, J=5.4 Hz, 1H, NHCO), 8.12 (d, J=9.7 Hz, 1H,
NHCO), 7.76 (s, IH, C=CHN), 7.25~7.45 (m, 4H, ArH),
5.57~5.94 (m, 5H, H-23, H-10, H-11, H-22, H-9), 5.33 (s,
2H, NCH,), 5.06~5.25 (m, 3H, H-1", H-19, H-3), 4.75~
4.92 (m, 1H, H-15), 3.93~4.72 (m, 7H, H-1', H-8aX2,
H-5", NHCH,, H-5), 3.50~3.91 (m, 7H, 7-OH, H-6, H-13,
H-17, H-5', H-3', H-3"), 2.99~3.46 (m, 10H, COCH, H-2,
H-4', H-4", 3"-OCHs, 3'-OCHj), 2.51 ~2.70 (m, 1H,
H-12), 2.01~2.35 (m, 6H, H-16 X2, H-24, H-2", H-2',
H-20), 1.22~1.98 (13H, H-2', H-20, Me-4a, H-26, H-27 X
2, H-2", H-18, Me-14a), 0.97~1.23 (m, 9H, Me-6', Me-6",
Me-12a), 0.79~1.02 (m, 13H, Me-28, Me-24a, Me-26a,
H-18, CHCH;), 0.60 (d, J=6.7 Hz, 3H, CHCHs); "*C
NMR (75 MHz, DMSO-d) 6: 170.7, 166.2, 165.1, 144.7,
141.3, 136.2, 136.2, 135.6, 135.1, 134.8, 133.0, 129.3,
128.3, 125.2, 124.4, 119.9, 118.5, 118.2, 98.1, 95.4, 94.7,
81.6, 81.1, 80.2, 80.0, 79.2, 79.0, 74.0, 72.8, 68.2, 67.8,
66.9, 66.8, 65.3, 55.9, 55.0, 51.6, 48.5, 45.7, 40.7, 35.9,
35.0, 34.6, 34.1, 33.9, 31.0, 30.2, 27.0, 20.1, 19.5, 18.2,
17.0, 162, 14.6, 13.1, 11.7; HRMS (ESI) calcd for
CesHo CIN5Oy5s [M+H]" 1204.6200, found 1204.6223.

4"-(1-(2- =580 H O I I i i )- 1 H-1,2,3- = k) £
k)P 4E 1 & Bla (11c): #EFEE, 773 42%. m.p.
205~207 ‘C; '"H NMR (300 MHz, DMSO-d;) d: 9.05 (t,
J=5.7 Hz, 1H, NHCO), 8.15 (d, J=9.6 Hz, 1H, NHCO),
791 (s, 1H, C=CHN), 7.46~7.81 (m, 4H, ArH), 5.51~
5.97 (m, 5H, H-23, H-10, H-11, H-22, H-9), 5.32 (s, 2H,
NCH,), 5.08~5.26 (m, 3H, H-1", H-19, H-3), 4.75~4.92
(m, 1H, H-15), 4.40~4.75 (m, 6H, H-1', H-8aX2, H-5",
NHCH,), 421~4.33 (m, 1H, H-5), 3.51~4.13 (m, 7H,
7-OH, H-6, H-13, H-17, H-5', H-3', H-3"), 2.99~3.46 (m,
9H, H-2, H-4', H-4", 3"-OCH3, 3-OCH3), 2.53~2.72 (m,
1H, H-12), 1.95~2.35 (m, 5H, H-16 X2, H-24, H-2",
H-20), 1.25~1.98 (m, 14H, H-20, Me-4a, H-26, H-27 X2,
H-2'X2, H-2", H-18, Me-14a), 0.97~1.25 (m, 9H, Me-6',
Me-6", Me-12a), 0.59~0.97 (m, 10H, Me-28, Me-24a,
Me-26a, H-18); °C NMR (75 MHz, DMSO-d;) J: 170.8,
167.2, 166.3, 144.6, 141.4, 136.3, 136.3, 135.8, 135.2,
132.3, 129.8, 129.3, 128.7, 126.5, 126.2, 126.2, 126.1,
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126.0, 125.6, 124.2, 122.0, 120.0, 118.4, 98.2, 95.5, 94.8,
81.8, 81.2, 80.3, 80.1, 79.3, 79.1, 74.1, 73.0, 68.3, 68.1,
67.9, 66.9, 65.4, 56.0, 55.1, 51.8, 48.6, 45.7, 40.9, 36.3,
35.0, 31.4, 30.2, 27.1, 20.1, 19.5, 18.2, 17.0, 16.3, 14.7,
13.2, 11.8; HRMS (ESI) caled for Cg;Hg3F3NsO,s [M+H]"
1182.5838, found 1182.5861.

4" (1-(2- R JE 08 F I i 9% )- 1 H-1,2,3- MR JE) 7, Tt i
B4 Bla (11d): 3K, 723 45%. mp.
187~ 189 °C; 'H NMR (300 MHz, DMSO-d;) J: 8.75 (t,
J=5.8 Hz, 1H, NHCO), 8.16 (d, J=9.8 Hz, 1H, NHCO),
7.29~7.69 (m, 10H, ArH, C=CHN), 5.51~5.98 (m, 5H,
H-23, H-10, H-11, H-22, H-9), 5.34 (s, 2H, NCH,), 5.03~
5.26 (m, 3H, H-1", H-19, H-3), 4.76~4.96 (m, 1H, H-15),
4.25~4.75 (m, 7H, H-1', H-8aX2, H-5", NHCH,, H-5),
3.50~4.16 (m, 8H, 7-OH, 23-OH, H-6, H-13, H-17, H-5',
H-3', H-3"), 3.00~3.49 (m, 9H, H-2, H-4', H-4", 3"-OCHj;,
3'-OCHj), 2.53~2.71 (m, 1H, H-12), 2.02~2.36 (m, 4H,
H-16 X2, H-24, H-2"), 1.27~1.96 (m, 15H, H-20X2,
Me-4a, H-26, H-27X2, H-2'X2, H-2", H-18, Me-14a),
0.98~1.26 (m, 9H, Me-6', Me-6", Me-12a), 0.63~0.97
(m, 10H, Me-28, Me-24a, Me-26a, H-18); °C NMR (75
MHz, DMSO-dg) d: 170.8, 169.2, 166.2, 144.5, 141.3,
140.2, 139.3, 136.9, 136.2, 135.7, 135.2, 134.9, 132.0,
131.9, 131.5, 129.9, 129.4, 128.8, 128.7, 128.5, 128.2,
127.8, 127.1, 127.0, 125.3, 124.0, 120.0, 118.5, 118.2,
98.2, 95.5, 94.8, 81.7, 81.1, 80.2, 80.0, 79.3, 79.0, 74.0,
72.9, 68.2, 67.9, 67.0, 66.8, 65.4, 55.9, 55.1, 51.6, 48.6,
4577, 40.7, 35.9, 34.7, 34.2, 33.9, 31.1, 30.2, 27.1, 20.1,
19.5,18.2,17.0, 16.2, 14.7, 13.2, 11.8; HRMS (ESI) calcd
for CeHssNsOys [M+H]" 1190.6277, found 1190.6295.

4" (1-(4- UK P BE G HE)- 1 H-1,2,3- = M) Z B 35
P4 2 Bla (11e): HEMAE, F=% 41%. mp. 176~
178 °C; 'H NMR (300 MHz, DMSO-dq) d: 9.15 (t, J=5.8
Hz, 1H, NHCO), 8.12 (d, J=9.7 Hz, 1H, NHCO), 7.76~
7.96 (m, 3H, ArH, C=CHN), 7.54 (d, J=8.6 Hz, 2H,
ArH), 5.51~6.01 (m, 5H, H-23, H-10, H-11, H-22, H-9),
5.02~5.35 (m, 5H, H-1", H-19, H-3, NCH.,), 4.76~4.89
(m, 1H, H-15), 437~4.75 (m, 6H, H-1', H-8aX2, H-5",
NHCH,), 4.22~4.33 (m, 1H, H-5), 3.50~4.14 (m, 8H,
7-OH, 23-OH, H-6, H-13, H-17, H-5', H-3', H-3"), 3.02~
3.49 (m, 9H, H-2, H-4', H-4", 3"-OCHj,, 3'-OCHj), 2.54~
2.70 (m, 1H, H-12), 2.02~2.34 (m, 4H, H-16X2, H-24,
H-2"), 1.26~1.90 (m, 15H, H-20X2, Me-4a, H-26, H-
27X2, H-2'X2, H-2", H-18, Me-14a), 0.98~1.25 (m, 9H,
Me-6', Me-6", Me-12a), 0.59~0.98 (m, 10H, Me-28, Me-
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24a, Me-26a, H-18); *C NMR (75 MHz, DMSO-d;) J:
170.7, 166.2, 165.1, 144.7, 141.3, 136.2, 136.2, 135.6,
135.1, 134.8, 133.0, 129.3, 128.3, 125.2, 124.4, 119.9,
118.5, 118.2, 98.1, 95.4, 94.7, 81.6, 81.1, 80.2, 80.0, 79.2,
79.0, 74.0, 72.8, 68.2, 67.8, 66.9, 66.8, 65.3, 55.9, 55.0,
51.6, 48.5, 45.7, 40.7, 35.9, 35.0, 34.6, 34.1, 33.9, 31.0,
30.2, 27.0, 20.1, 19.5, 18.2, 17.0 16.2, 14.6, 13.1, 11.7;
HRMS (ESI) caled for CgHgCINsO;s [M + H] ©
1148.5574, found 1148.5602.

4"-(1-(4- UL IR SRR ES)-1H-1,2,3- =W Ik 2Tk
fe BB 4E = Bla (11f): HEFEA, 7% 37%. mp.
142~144 °C; '"H NMR (300 MHz, DMSO-d;) : 8.50 (t,
J=5.6 Hz, 1H, NHCO), 8.14 (d, J=9.9 Hz, 1H, NHCO),
7.83 (s, 1H, C=CHN), 7.15(d, J/=8.6 Hz, 2H, ArH), 6.84 (d,
J=8.6 Hz, 2H, ArH), 5.51~6.00 (m, 5H, H-23, H-10, H-11,
H-22, H-9), 5.33 (s, 2H, NCH),), 5.03~5.26 (m, 3H, H-1",
H-19, H-3), 4.75~4.90 (m, 1H, H-15), 4.23~4.74 (m, 7H,
H-1', H-8aX 2, H-5", NHCH,, H-5), 3.50~4.15 (m, 11H,
7-OH, 23-OH, H-6, H-13, H-17, H-5', H-3', H-3",
PhOCH;), 3.01~3.49 (m, 11H, H-2, H-4', H-4", 3"-OCH;,
3'-OCHj;, PhCH,), 2.51~2.73 (m, 1H, H-12), 2.02~2.31
(m, 6H, H-16X2, H-24, H-2", H-20, H-2'), 1.25~1.97 (m,
13H, H-20, Me-4a, H-26, H-27 X2, H-2', H-2", H-18,
Me-14a), 0.99~1.25 (m, 9H, Me-6', Me-6", Me-12a),
0.61~0.99 (m, 10H, Me-28, Me-24a, Me-26a, H-18); "°C
NMR (75 MHz, DMSO-d;) 6: 170.8, 170.4, 166.3, 158.0,
144.7, 141.4, 136.3, 135.7, 135.4, 135.2, 134.9, 133.3,
130.1, 129.0, 128.8, 128.4, 125.3, 124.3, 120.0, 118.6,
118.3, 113.7, 98.2, 95.5, 94.8, 81.7, 81.2, 80.3, 80.0, 79.3,
79.1, 74.1, 72.9, 68.3, 67.9, 67.0, 66.8, 65.4, 56.0, 55.1,
51.7, 48.5, 45.8, 41.9, 40.7, 35.9, 34.7, 34.6, 34.2, 33.9,
31.1, 30.3, 27.1, 20.8, 20.2, 19.6, 18.3, 17.1, 16.3, 14.7,
13.2, 11.8; HRMS (ESI) caled for CsHgsNsOy [M+H]"
1158.6226, found 1158.6238.

4"-(1-(4- B 2R )- 1 H-1,2,3- = ML 3k 2L T
B4 R Bla (11g): 3 A FEAK, % 65%. m.p.
149~151 °C; "H NMR (300 MHz, DMSO-d;) J: 8.52 (t,
J= 5.7 Hz, 1H, NHCO), 8.13 (d, J=9.8 Hz, 1H, NHCO),
7.84 (s, 1H, C=CHN), 7.06~7.23 (m, 4H, ArH), 5.49~
5.98 (m, 5H, H-23, H-10, H-11, H-22, H-9), 533 (s, 2H,
NCH,), 5.02~5.26 (m, 3H, H-1", H-19, H-3), 4.74~4.86
(m, 1H, H-15), 425~4.73 (m, 7H, H-1', H-8a X2, H-5",
NHCH,, H-5), 3.49~4.13 (m, 8H, 7-OH, 23-OH, H-6,
H-13, H-17, H-5', H-3', H-3"), 3.01~3.48 (m, 11H, H-2,
H-4', H-4", 3"-OCH;, 3'-OCHs, PhCH,), 2.51~2.70 (m,
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1H, H-12), 2.02~2.31 (m, 7H, H-16 X2, H-24, H-2",
PhCH3), 1.25~1.97 (m, 15H, H-20X2, Me-4a, H-26,
H-27X2, H-2'X2, H-2", H-18, Me-14a), 0.98~1.25 (m,
9H, Me-6', Me-6", Me-12a), 0.56~0.98 (m, 10H, Me-28,
Me-24a, Me-26a, H18); *C NMR (75 MHz, DMSO-d;) o:
170.7, 170.4, 166.2, 157.9, 144.6, 141.3, 136.2, 135.6,
135.1, 134.8, 130.0, 128.9, 128.8, 128.3, 128.2, 125.2,
124.2, 119.9, 118.5, 118.2, 113.7, 98.1, 95.4, 94.7, 81.6,
81.1, 80.2, 79.9, 79.2, 79.0, 74.0, 72.8, 68.2, 67.8, 66.9,
66.8, 65.3, 55.9, 55.0, 51.6, 48.5, 45.7, 41.3, 40.7, 38.7,
35.8, 34.6, 34.4, 34.1, 33.8, 31.0, 30.2, 27.0, 20.1, 19.5,
18.2, 17.0, 16.2, 14.6, 13.1, 11.7; HRMS (ESI) calcd for
CeHggNsOs [M+H]™ 1142.6277, found 1142.6301.

4"-(1-(4-FHFE AR LW L )-1H-1,2,3- = M 38 2, I e
F)F4E R & Bla (11h): @K, 72% 57%. m.p.
180~ 182 °C; 'H NMR (300 MHz, DMSO-d;) J: 9.41 (t,
J=5.7 Hz, 1H, NHCO), 8.02~8.36 (m, 5SH, NHCO, ArH),
7.95 (s, 1H, C=CHN), 5.49~6.02 (m, 5H, H-23, H-10,
H-11, H-22, H-9), 5.02~5.36 (m, 5H, H-1", H-19, H-3,
NCH,), 4.77~4.95 (m, 1H, H-15), 437~4.75 (m, 6H,
H-1', H-8aX2, H-5", NHCH,), 4.23~4.33 (m, 1H, H-5),
3.50~4.12 (m, 8H, 7-OH, 23-OH, H-6, H-13, H-17, H-5',
H-3', H-3"), 3.02~3.49 (m, 11H, H-2, H-4', H-4",
3"-OCH,, 3'-OCHs, PhCH,), 2.52~2.73 (m, 1H, H-12),
2.02~2.33 (m, 6H, H-16X2, H-24, H-2", H-20, H-2",
1.26~1.90 (m, 13H, H-20, Me-4a, H-26, H-27X2, H-2',
H-2", H-18, Me-14a), 0.97~1.25 (m, 9H, Me-6', Me-6",
Me-12a), 0.61~0.97 (m, 10H, Me-28, Me-24a, Me-26a,
H-18); *C NMR (75 MHz, DMSO-dg) d: 170.8, 166.3,
164.6, 149.1, 141.3, 139.9, 136.3, 135.7, 135.2, 131.9,
131.5, 128.9, 128.7, 125.3, 124.6, 123.5, 120.0, 118.6,
118.3, 98.2, 95.5, 94.8, 81.7, 81.2, 80.3, 80.1, 79.3, 79.0,
74.1, 72.9, 68.3, 67.9, 67.0, 66.8, 65.4, 63.3, 56.0, 55.1,
51.7, 48.6, 45.7, 40.7, 36.0, 35.2, 34.7, 34.1, 31.3, 30.2,
27.1, 20.1, 19.5, 18.9, 18.8, 18.2, 17.0, 16.2, 14.6, 13.8,
13.6, 13.1, 11.8; HRMS (ESI) calcd for Cg;HgsNgO1, [M+
H]" 1173.5971, found 1173.5993.

4" (1-(2-F 2 -3- 1 H K LB ) -1 H-1,2,3- = ME 3L
L F 45 % Bla (11i): B EFEE, % 51%.
m.p. 198~200 C; 'H NMR (300 MHz, DMSO-d) d:
8.78 (t, J=5.8 Hz, IH, NHCO), 8.12 (d, J/=10.0 Hz, 1H,
NHCO), 7.88 (s, 1H, C=CHN), 7.41 (d, J=7.1 Hz, 1H,
ArH), 7.07 (d, J=7.1 Hz, 1H, ArH), 6.46 (t, J=7.6 Hz,
1H, ArH), 6.27 (s, 2H, NH,Ar), 5.49~6.02 (m, 5H, H-23,
H-10, H-11, H-22, H-9), 5.02~5.36 (m, 5H, H-1", H-19,
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H-3, NCH,), 4.75~4.96 (m, 1H, H-15), 4.35~4.75 (m,
6H, H-1', H-8aX2, H-5", NHCH,), 4.23~4.32 (m, 1H,
H-5), 3.50~4.10 (m, 8H, 7-OH, 23-OH, H-6, H-13, H-17,
H-5', H-3', H-3"), 3.01~3.49 (m, 11H, H-2, H-4', H-4",
3"-OCH;, 3'-OCHs, PhCH,), 2.52~2.73 (m, 1H, H-12),
2.02~2.33 (m, 8H, H-16 X2, H-24, H-2", H-20, PhCH;),
1.25~1.97 (m, 14H, H-20, Me-4a, H-26, H-27 X 2, H-2' X
2, H-2", H-18, Me-14a), 0.97~1.25 (m, 9H, Me-6', Me-6",
Me-12a), 0.60~0.97 (m, 10H, Me-28, Me-24a, Me-26a,
H-18); “C NMR (75 MHz, DMSO-d,) d: 170.8, 169.3,
166.3, 147.8, 145.2, 141.3, 136.3, 135.6, 135.2, 134.9,
132.6, 128.4, 126.1, 125.3, 1243, 123.1, 119.9, 118.5,
118.2,114.5,114.3,98.1, 95.5, 94.7, 81.6, 81.1, 80.2, 80.0,
79.2, 79.0, 74.0, 72.8, 68.2, 67.9, 66.9, 66.8, 65.4, 55.9,
55.1, 51.6, 48.5, 45.7, 40.7, 35.9, 34.7, 34.2, 33.9, 31.0,
30.2, 27.0, 20.1, 19.5, 18.2, 17.6, 17.0, 16.2, 14.6, 13.2,
11.8; HRMS (ESI) caled for CeHgoNgOys [M+H] "
1157.6386, found 1157.6401.

4"-(1-(2- i 2 R I )- 1 F1-1,2,3- = MR 0k 2 T
FoBT4E R %= Bla (11j): B EAEAK, F=272%. m.p. 188~
190 C; 'H NMR (300 MHz, DMSO-d;) 6: 9.23 (t, J=5.7
Hz, 1H, NHCO), 8.15 (d, J=9.9 Hz, 1H, NHCO), 8.00~
8.08 (m, 1H, ArH), 7.94 (s, IH, C=CHN), 7.53~7.82 (m,
3H, ArH), 5.49~5.98 (m, 5H, H-23, H-10, H-11, H-22,
H-9), 5.04~5.41 (m, 5H, H-1", H-19, H-3, NCH,), 4.74~
497 (m, 1H, H-15), 433~4.74 (m, 6H, HI', H-8aX2,
H-5", NHCH,), 4.18~4.31 (m, 1H, H-5), 3.49~4.13 (m,
8H, 7-OH, 23-OH, H-6, H-13, H-17, H-5', H-3', H-3"),
3.00~3.49 (m, 9H, H-2, H-4', H-4", 3"-OCHj;, 3'-OCH;),
2.51~2.73 (m, 1H, H-12), 2.02~2.35 (m, 6H, H-16X2,
H-24, H-2", H-20, H-2'), 1.25~1.97 (m, 13H, H-20,
Me-4a, H-26, H-27 X2, H-2', H-2", H-18, Me-14a), 0.98~
1.25 (m, 9H, Me-6', Me-6", Me-12a), 0.57~0.97 (m, 10H,
Me-28, Me-24a, Me-26a, H-18); *C NMR (75 MHz,
DMSO-dg) d: 170.8, 166.3, 165.5, 1472, 1442, 1414,
136.3, 135.7, 135.2, 135.0, 133.6, 132.3, 130.9, 129.3,
128.4, 125.3, 124.4, 124.2, 120.0, 118.6, 118.3, 98.1, 95.5,
94.8, 81.6, 81.2, 80.2, 80.0, 79.3, 79.0, 74.1, 72.8, 68.3,
67.9, 67.0, 66.8, 65.4, 56.0, 55.1, 51.7, 48.5, 45.7, 40.7,
38.8, 35.9, 35.0, 34.7, 34.2, 33.9, 31.1, 30.3, 27.1, 20.2,
19.6, 18.3, 17.1, 16.3, 14.7, 13.2, 11.8; HRMS (ESI) calcd
for CooHgsNgO7 [M+H]" 1159.5815, found 1159.5840.

4" (1-(4- T P LI )- 1 H-1,2,3- = M3 Z B e k)
B4R & Bla (11k): FAEE, 7K 43%. mp. 200~
202 °C; 'H NMR (300 MHz, DMSO-d;) 0: 9.10 (t, J=5.7
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Hz, 1H, NHCO), 8.12 (d, J=10.0 Hz, 1H, NHCO), 7.92~
7.99 (m, 3H, ArH, C=CHN), 7.22~7.35 (m, 2H, ArH),
5.46~5.98 (m, 5H, H-23, H-10, H-11, H-22, H-9), 5.04~
5.45 (m, 5H, H-1", H-19, H-3, NCH,), 4.76~4.96 (m, 1H,
H-15), 4.33~4.75 (m, 6H, H-1', H-8aX 2, H-5", NHCH,),
4.18~432 (m, 1H, H-5), 3.48~4.14 (m, 8H, 7-OH,
23-OH, H-6, H-13, H-17, H-5', H-3', H-3"), 2.97~3.48
(m, 9H, H-2, H-4', H-4", 3"-OCHs, 3-OCHj,), 2.51~2.72
(m, 1H, H-12), 2.02~2.39 (m, 6H, H-16X2, H-24, H-2",
H-20, H-2"), 1.25~1.98 (m, 13H, H-20, Me-4a, H-26,
H-27X2, H-2', H-2", H-18, Me-14a), 0.98~1.25 (m, 9H,
Me-6', Me-6", Me-12a), 0.56~0.98 (m, 10H, Me-28,
Me-24a, Me-26a, H-18); *C NMR (75 MHz, DMSO-dj) o:
170.8, 166.3, 165.2, 162.4, 144.9, 141.3, 136.3, 135.7,
135.2, 134.9, 130.7, 130.7, 130.1, 130.0, 128.4, 125.3,
124.5, 120.0, 118.6, 115.4, 115.1, 98.1, 95.5, 94.8, 81.7,
81.2, 80.2, 80.0, 79.0, 74.0, 72.9, 68.2, 67.9, 67.0, 66.8,
65.4, 59.8, 55.9, 55.1, 51.6, 48.5, 45.7, 40.7, 35.9, 35.0,
34.7, 31.1, 30.2, 27.1, 26.5, 20.8, 20.1, 19.5, 18.2, 17.0,
16.2, 14.6, 14.1, 13.2, 11.8; HRMS (ESI) caled for
CgoHg3FNsO s [M+H]" 1132.5870, found 1132.5873.

4"-(1-(ZK F Tk e 35 )-1H-1,2,3- = W 3L ) 2, Tk fri 326 ) o]
4 Ew Bla (110): AWK, 23 47%. mp. 154~
156 °C; '"H NMR (300 MHz, DMSO-dg) 0: 9.07 (t, J=5.8
Hz, 1H, NHCO), 8.13 (d, J=9.6 Hz, 1H, NHCO), 7.76~
7.98 (m, 3H, ArH, C=CHN), 7.40~7.57 (m, 3H, ArH),
5.49~5.98 (m, 5H, H-23, H-10, H-11, H-22, H-9), 5.04~
5.43 (m, 5H, H-1", H-19, H-3, NCH,), 4.76~4.95 (m, 1H,
H-15), 4.38~4.75 (m, 6H, H-1', H-8aX 2, H-5", NHCH,),
4.19~434 (m, 1H, H-5), 3.51~4.13 (m, 8H, 7-OH,
23-OH, H-6, H-13, H-17, H-5', H-3', H-3"), 2.98~3.49
(m, 9H, H-2, H-4', H-4", 3"-OCH;, 3'-OCHj3), 2.51~2.73
(m, 1H, H-12), 2.02~2.36 (m, 5H, H-16X2, H-24, H-2,
H-2"), 1.24~1.99 (m, 14H, H-20 X2, Me-4a, H-26, H-27
X2, H-2', H-2", H-18, Me-14a), 0.97~1.24 (m, 9H,
Me-6', Me-6", Me-12a), 0.55~ 0.97 (m, 10H, Me-28,
Me-24a, Me-26a, H-18); *C NMR (75 MHz, DMSO-dj) o:
170.8, 166.2, 145.1, 141.3, 136.2, 135.7, 135.1, 134.5,
134.3, 131.2, 1282, 127.4, 125.3, 124.4, 119.9, 118.5,
98.1, 95.5, 94.7, 81.7, 81.1, 80.2, 80.1, 79.2, 79.0, 74.0,
72.9, 70.4, 68.2, 67.9, 67.4, 67.0, 66.8, 65.4, 55.9, 55.1,
51.7, 48.5, 45.7, 35.0, 34.8, 34.2, 33.9, 31.1, 30.3, 27.1,
20.1, 19.5, 18.2, 17.0, 16.2, 14.6, 13.1, 11.8; HRMS (ESI)
caled for CgyHgsNsO;s [M—i—H]+ 1114.5964, found
1114.5981.
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33.1 BARL S st R AV et s e AT 69 A R E MR
I

KR BRI 2 B AR A 4055 Bk der 2R A - s 1)
FHUE RS % T A Y, M R RREL— 2
Hirb &Y, HEHIR-80 [ N,N-—F 3 H % (DMF)
Tk, KGR AR R BT /IR E, B E = A
BE, WA AN, 4R = Bla fE X 257

PR M, BN 3 HER Bk AT 4 HE A
W, A d B R ZGRHIRE S s, BT R SR RN
A RIBIEAR R TR I, INas 5N 24~27 "CHHE
B R TR. AR FRILALEE 10 3L DA B A ZfE 2 d
Ja AUE A, FEAT SR
332 BAMLAHITHEWIEH R RGF R ERE R

SR i 900 52 B AR A P05 75 N B £ U R
2 B ERT. XTI A, T R RREL— 2
HArtad, FHREGAR, S8 )5 T MO e iims B 21 2
ug/mL, A =AEE, M9 S FXF R, B
4ETH 2 Bla AXHIEZG7.

B 25 uL BERZG0E T 96 FLEF IR, I 25 uL
WREEN 2000 45/mL [ 3 HESFUNBRAF 2k i, ¥ 9% E T
20 ClEHIEAF, 24 h JEREEIEE A, TR
#r.

HBhA &L (Supporting Information) {L&4) 10, 11a~
11/ 'HNMR 1 °C NMR 3. 3 b mT LG 2
AF] WX 3k (http://sioc-journal.cn/) b F %,
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