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W E: XKAABENSH T ZERTHYY, HAXNFAESERIAIESY, ARAA
Z AR 6 K IR A BELE-4 WLD. D16-19 5 4 £-310e4s, Rt Sm— 27 #H N ERAT
A, RFEN+ L. T AR+ AARALABNAY CRE, FHATERIWAFERNZ, 4
RERP: ES0mg/L REBRET, KIF9MAEY CHA E 24Xy 5 mRAHHH — 0T E
EM, P C5Fe C6 3t BAETIZARE Alternaria solani 49378 T 5% 4 88% A= 90%, 1b4~
# C6 Xﬂ‘ N EFEFEAEA Fusarium graminearum #3374 % % 94%, *Frb C A= E &F 5 AF A 3B 6937 4]
F, NRL T BB A M BT A E AR ARG, U RS A B C5.
C6 M IMH EMZH T+ A A+ LRENEAAY C1~C4, FLEAE M8y TR R L MBS IR
ALY i) E R R K. CS 3 B4 FF R /AE 49 ECso 184 2.95 mg/L, 52825 7| vbrd ik
B & MARYL, T 851454 D16-19 & H6-FJE R B A. solani ¢7% 4 (ECsy L4 4.76 mg/L),
APLETXARLEANBE P mAFRAT A TRIZUEMASFRARA G EN, CSTHEAFHAWR
EHA TS — TR

FHEIE: RATHA; A TA, AFENEEGY; SR, WHEHR

FESES: TQ450.1 XRRFRERD: A

Synthesis and bacteriostatic activity of ten-, twelve- and sixteen-membered
azalactone compounds containing phenoxymethyl and chloromethyl group

WANG Simin, NING Lei, ZHANG Li, DONG Yanhong
(Department of Applied Chemistry, College of Science, China Agricultural University, Beijing 100193, China)

Abstract: Macrolides have been extensively utilized in drug discovery to identify new and highly
potent fungistatic compounds. A series of novel ten-, twelve-, and sixteen-membered azolides
containing phenoxymethyl and chloromethyl compounds C and E were designed and synthesized based
on the macrolide compounds WLD and D16-19, which had previously been investigated by the research
group as lead compounds. Their fungistatic activities were evaluated in vitro. The results demonstrated

that the majority of the compounds C and E exhibited inhibitory activities against the five pathogenic
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fungi tested at a concentration of 50 mg/L. Among these, C5 and C6 showed inhibition rates of 88%

and 90% against Alternaria solani, respectively, while C6 exhibited a 94% inhibition rate against

Fusarium graminearum. Notably, the addition of structural fragments carbamate and urea did not

significantly enhance the compound activity. Furthermore, hexadecyl azalactones C5 and C6 displayed

higher inhibitory activity compared to ten- and twelve-membered azalactone C1-C4, indicating that the

azalactone ring, as the main structural element of the compounds, had a greater impact on their

activities. Compound C5 exhibited an ECs, value of 2.95 mg/L against 4. solani, similar to the activity

of the control drug pyraclostrobin and superior to the lead compound D16-19 against A. solani (ECs

value of 4.76 mg/L). This suggests that adding phenoxymethyl to hexadecyl azoguanide can enhance the

compounds' activity against A. solani. Further investigation is warranted to determine the potential of

compound CS5 as a novel bacteriostatic lead compound.

Keywords: phenoxymethyl; chloromethyl; azolactone compounds; synthesis; bacteriostatic activity
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Scheme 1 Macrolides and compounds containing phenyl ether and chloromethyl structures
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Scheme 2 Design idea of the target compounds
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E4, E13, E21, E25, E30, E35, E40, E45, E50, ES5 R = CH,CH,CH,

E5, E9, E14, E17, E22, E26, E31, E36, E41, E46, E51, E56 R = CH,CH,CH,Cl
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Scheme 3 Synthetic route of the target compounds
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Bruker DPX300 #% i 3 4% 1% (500 MHz % 300
MHz), TMS AN W #x, CDCl; N 7#l; RY-1g
& R (REERIGEAAERA IR AR, iR AR IE);
Q-Exactive 81557 )it 1A (H [ SR ER R /R B
HIRAT); EYELA N-1100 Jig#: 7% %1% ; SHB-III
TEA AL TR RMEE ARG R AF]).

B FAR A8 9 &5 o drali, TE 7K i R A )
) w7 IR AT T K AL BE s 98% it M4 Tk T T
(pyraclostrobin) H#TVL K —AEFH AR A F (F
[ 250%) $2 4t
1.2 EINERK
121 &4 Bl. B2#y & & MR STk [15]-
[16] MITTIEHAT
122 e CHEKR ZREATRPT, &
0.05 mol ¥ Ll . 24 [ B 53+ —lid A1 0.06 mol
B1 8 B2 ¥ T 100 mL Jo 7K = & H k@ (CH,Cly)
t, VKB RN 0.125 mol 47% =& ALTH 2 Bk IR
W, ThiEhnsgse. mnElmnis: 24 h, H= 600
(TLC, V(fiilk, PE): (LR LER, EA)=3:1))
I 2 I B N TERE o DK T A8 Y 0 R Tk PR
KB EABA B AN, WEKE, =ik
THhuE, FEEE A, RS YES A ERROR
& C.

T-FA-9-FE FH-9-F A TRFAMER £ (C1): AEHE
&, 2% 92%, m.p. 62-63 C. 'H NMR (300 MHz, CDCl;) 6
7.28 (m, 2H), 7.02-6.85 (m, 3H), 4.41 (s, 1H), 4.16 (s, 1H),
3.93 (m, 2H), 3.72-3.59 (m, 2H), 3.44 (d, 2H), 2.67-2.44 (m,
2H), 1.69 (m, 6H). "C NMR (75 MHz, CDCly) 6 177.53,
157.41, 128.51, 120.07, 113.47, 69.09, 68.26, 52.41, 51.07,
35.99, 28.78, 27.14, 22.25; HR-ESI-MS: C;sH,,NO, [M +
HY', TH54H 264.1594, MRE 264.1595.

T-RA-9- W EE-9- T N ER SRR #1 (C2): I auffl 4k,
77 % 88%, m.p. 125-126 C. 'H NMR (300 MHz, CDCl;) 6
4.63 (d, 1H), 4.05-3.90 (m, 1H), 3.70-3.42 (m, 6H), 2.57 (d,
2H), 1.86-1.54 (m, 6H). *C NMR (75 MHz, CDCl3) & 179.48,
83.30, 54.91, 48.03, 44.88, 27.91 , 26.85, 24.60, 21.03; HR-
ESI-MS: CoH,CINO, [M + HT', it & {8 206.0942, Wl ik &
206.0945.

9-FA-11- A -1 11— N BRI ER 25 (C3): k3K
Bk, 2% 90%. 'H NMR (300 MHz, CDCl;) J 7.89 (s,
2H), 7.35-7.19 (m, 2H), 6.91 (m, 11.1 Hz, 3H), 5.56-5.34 (m,
1H), 4.13 (d, 2H), 3.16 (d, 2H), 2.79 (m, 2H), 2.58-2.25 (m,

2H), 1.91-1.33 (m, 10H). ®C NMR (75 MHz, CDCly) 6
174.94, 173.11, 158.76, 158.34, 129.59, 121.23, 120.52,
114.65, 70.84, 68.90, 67.52, 55.00, 49.11, 48.26, 47.83, 46.77,
33.97, 28.08, 26.23, 25.75, 24.95, 24.55, 23.46, 22.96, 21.74;
HR-ESI-MS: C;,H,¢NO; [M + HJ", i+ 518 292.1907, M4
292.1906.

9-FIR-11-F A EE- 11— N BREIIER 2h (C4): E (Al
&, FE 76%, m.p.99-101 C. 'H NMR (300 MHz, CDCl;)
§5.63 (m, 1H), 4.11 (m, 7H), 2.91 (m, 2H), 1.75 (m, 4H), 1.49
(m, 6H). *C NMR (75 MHz, CDCl;) J 178.23, 172.50, 82.55,
69.12, 52.55, 46.90, 45.33, 44.96, 43.72, 33.74, 24.80, 24.61,
24.53, 24.17, 23.75, 22.77, 21.89, 21.17, 21.00, 20.81; HR-
ESI-MS: C,H,,CINO, [M + HJ, it & 1 234.1255, WX 18
234.1257.

13- 24 -15- 28 S0 W 381,15+ 1o 79 s 8Bl R 26 (C5):
HEEE, 772 92%, m.p. 109-110 “C. 'H NMR (500 MHz,
CDCl3) 6 7.25-7.19 (m, 2H), 6.93 (m, 1H), 6.85 (m, 2H), 5.65
(m, 1H), 4.39-4.22 (m, 3H), 4.15 (m, 1H), 3.83 (m, 1H), 3.65
(m, 1H), 2.83-2.71 (m, 2H), 1.90-1.60 (m, 4H), 1.41-1.19 (m,
14H); *C NMR (126 MHz, CDCL,) & 178.34, 157.74, 129.74,
122.04, 114.81, 82.29, 66.69, 50.62, 46.56, 27.17, 26.96,
26.37, 26.02, 25.49, 25.32, 24.87, 23.31, 23.24, 23.05; HR-
ESI-MS: C,;H;,NO; [M + HJ", i+ 5 {8 347.4990, I ik {4
347.4990.

13-Z A -15-50 1 25-1,15-T A N BRI ER £ (C6): A

@EE, 77 97%, m.p. 103-105 "C. 'H NMR (300 MHz,
CDCL3) 6 6.06 (br, 2H), 5.31 (m, 1H), 3.90 (m, 1H), 3.76 (m,
1H), 3.57-3.33 (m, 2H), 3.31-3.03 (m, 2H), 2.58-2.36 (m,
2H), 1.84-1.55 (m, 4H), 1.52-123 (m, 14H); "C NMR (75
MHz, CDCly) 6 173.77, 69.16, 48.44, 48.23, 43.34, 33.45,
26.80, 26.17, 26.07, 25.96, 25.62, 25.49, 24.42, 24.05, 23.30;
HR-ESI-MS: C;sH,oCINO, [M + HT', i+ 518 290.8515, Pk
14 289.8440.
123 HFFHEWEWNER HAEVWCHET A
e, N & AR EMKE R, =ik
fiHE 30 min, A S HEEREEL, &HANUHE, T
e, W4, [JEAMAEY D, EERASMAY T, K
1.9 mmol &% D ¥ T 20 mL J5 7K CH,CL, H7,
UK TN 2.85 mmol ZALEA (NaH), FiiHE4e /N
JE UK, BN 2.47 mmol HUR & R i
B BRGNS, =iRMEE 24 h, TCL (V(PE): V(EA) =
1) Bl e S 5EHE . UK R 15 mL KA 1k R
i, CH,Cl, H 20 mL x 3), &FFAHLAH, Na,SO,
T, WEBR ZER, BRARMEER (LR
0.050~0.075 mm, 200~300 H) ¥:Z# (V (PE) : V
(EA)=10:1) %, 13/¥ E.
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7-N-2 5 R It ik -9- 2R AR FR 2 -7- 1 44 -9-F W IR (E):
FEE AR, P23 65%, m.p. 98-100 C. 'H NMR (300 MHz,
CDCly) 6 7.52-7.12 (m, 7H), 6.96 (m, 3H), 5.38-5.19 (m, 1H),
420 (m, 2H), 3.99 (m, 1H), 3.73-3.37 (m, 3H), 2.54 (m, 2H),
1.70 (s, 6H). *C NMR (75 MHz, CDCly) § 175.47, 157.32,
152.22, 150.04, 128.51, 125.11, 120.33, 119.94, 113.67, 75.24,
66.22, 50.21, 47.98, 36.13, 28.82, 27.46, 22.31; HR-ESI-MS:
CyHy6NOs [M + HY, 548 384.1805, Ml 1H 384.1807.

7-N-"F %, P Tk ik -9 4 Y ik -7- 0 2% -9-F W TR (E2):
HE AWML, ™2 30%. 'H NMR (300 MHz, CDCly) 6
7.55-7.19 (m, 7H), 7.07-6.80 (m, 3H), 5.30-5.13 (m, 3H),
4.28-3.88 (m, 3H), 3.64-3.24 (m, 3H), 2.50 (m, 2H), 1.64 (m,
6H). “C NMR (75 MHz, CDCly) & 175.35, 157.37, 153.64,
134.17, 128.44, 127.47, 120.20, 113.66, 74.50, 68.74, 66.40,
50.20, 48.16, 36.09, 28.78, 27.37, 22.27; HR-ESI-MS:
Cy3HogNOs [M + HY, THEAH 398.1962, MK 1E 398.1965.

7-N-(4- 58 2% 5, P e 25 ) -9- 2 4 Y 2 -7 4% -9- T 1A i
(E3): EEOBAE, 7% 33%. 'H NMR (300 MHz, CDCl,)
8 7.40-7.22 (m, 5H), 7.19-7.07 (m, 2H), 7.04-6.87 (m, 3H),
5.36-5.14 (m, 1H), 4.29-4.09 (m, 2H), 3.97 (m, 5.0 Hz, 1H),
3.75-3.38 (m, 3H), 2.54 (m, 2H), 1.70 (s, 6H). *C NMR (75
MHz, CDCly) § 175.68, 157.38, 151.95, 135.69, 128.52,
127.96, 127.41, 120.25, 119.06, 113.59, 70.81, 66.73, 49.56,
47.62, 36.10, 28.76, 27.36, 22.26; HR-ESI-MS: Cy,H,5sCINO;
[M + HT, 514 418.1416, I 1EH 418.1417.

7-N-PA 480 PR It ik -0- 2R AR H 2 7280 2% -9-F W IR (E4):
HEOWAR, 7% 30%. 'TH NMR (300 MHz, CDCl;) 6 7.26
(m, 3H), 6.93 (m, 4H), 5.30-5.07 (m, 1H), 4.24-4.04 (m, 4H),
3.94 (m, 5.0 Hz, 1H), 3.57-3.41 (m, 3H), 2.52 (m, 2H), 1.69
(m, 7.1 Hz, 9H), 0.95 (m, 3H). °C NMR (75 MHz, CDCl,) &
176.01, 158.04, 154.44, 129.14, 120.94, 114.34, 74.78, 69.44,
67.04, 50.86, 48.74, 36.83, 29.48, 28.10, 22.97, 21.63, 9.79;
HR-ESI-MS: C;oH,sNOs [M + HJ", #4518 350.1962, Mt E
350.1963.

7-N-Q2-5 2.3 58 TP B 3 )-9- 25 48 FP 9L -7- R 44 -9-F I i
(E5): JRIEAWIM, 7% 50%. 'H NMR (300 MHz, CDCls)
8 7.28 (m, 2H), 7.07-6.79 (m, 3H), 5.33-5.13 (m, 1H), 4.40
(m, 2H), 4.14 (m, 2H), 3.94 (m, 1H), 3.70 (m, 2H), 3.63-3.37
(m, 3H), 2.53 (m, 2H), 1.67 (m, 6H). *C NMR (75 MHz,
CDCLy) 6 175.45, 157.30, 15331, 128.48, 120.27, 113.63,
74.85, 66.29, 50.34, 48.10, 40.17, 36.14, 28.83, 27.42, 22.32;
HR-ESI-MS: C;sH,sCINOs [M + H]", 1+ 514 370.1416,
1 370.1421.

7-N-7R 2, F O 5L 92K & -7 A -9-F W T
(E6): H Ak, 775 33%, m.p. 139-140 ‘C. '"H NMR
(300 MHz, CDCl;) 6 7.56-7.20 (m, 7H), 7.15-6.87 (m, 4H),
5.45-5.17 (m, 1H), 4.29-4.05 (m, 2H), 3.87 (m, 1H), 3.76—

3.31 (m, 3H), 2.54 (m, 2H), 1.68 (s, 6H). *C NMR (75 MHz,
CDCly) 6 175.56, 157.45, 151.99, 136.90, 128.50, 128.01,
122.51, 120.18, 117.84, 113.64, 70.82, 66.82, 49.57, 47.67,
36.11, 28.79, 27.41, 22.30; HR-ESI-MS: C,H,N,O, [M +
HJ', 58 383.1965, Ml E 383.1967.

7-N-"F ok F Tk Bk -9-2% S 2 -7 A -9-F N B
(E7): AMGBEE, 7% 57%, mp. 165-167 C. '"H NMR
(300 MHz, CDCl;) 6 7.46-7.12 (m, 7H), 7.04-6.76 (m, 3H),
5.48-5.12 (m, 2H), 4.53-3.96 (m, 4H), 3.87-3.16 (m, 4H),
247 (m, 2H), 1.64 (s, 6H). *C NMR (75 MHz, CDCl;) ¢
17533, 157.54, 154.93, 137.42, 12844, 127.61, 126.44,
120.08, 113.68, 70.68, 66.95, 49.55, 47.78, 44.01, 36.11,
28.83, 27.43, 22.32; HR-ESI-MS: C,3HyN,0, [M + HT', it
H1H 397.2122, MME 397.2116.

7-N-(4-F IR B G 3 F L 22 )-9- R S L -7- /24 -9-T N
i (E8): A @@k, 773 47%, m.p. 83-84 C. 'H NMR
(300 MHz, CDCl;) ¢ 7.69 (s, 1H), 7.49-7.12 (m, 6H), 7.04—
6.79 (m, 3H), 5.27 (m, 1H), 4.11 (m, 2H), 3.92-3.28 (m, 4H),
251 (m, 2H), 1.64 (s, 6H). *C NMR (75 MHz, CDCl;) &
175.68, 157.38, 151.95, 135.69, 128.52, 127.96, 127.41,
120.25, 119.06, 113.59, 70.81, 66.73, 49.56, 47.62, 36.10,
28.76, 27.36, 22.26; HR-ESI-MS: Cy,H,cCIN,O, [M + HJ',
THEAE 417.1576, MAR{H 417.1568.

7-N-(2-5 £ 3L F 5 F 3k )-9- A 3L -7- M 24 -9-T !N
g (E9): H T 4A, & 50%, m.p. 88-89 C. 'H NMR
(300 MHz, CDCl;) 6 7.40-7.16 (m, 3H), 7.06-6.80 (m, 3H),
5.56-5.04 (m, 2H), 4.24-3.99 (m, 2H), 3.78 (m, 5.2 Hz, 1H),
3.68-3.39 (m, 7H), 2.52 (m, 2H), 1.66 (m, 6H). *C NMR (75
MHz, CDCly) § 17539, 157.49, 154.77, 128.49, 120.16,
113.68, 70.96, 66.87, 49.71, 47.85, 42.74, 41.84, 36.16, 28.86,
27.46, 22.35; HR-ESI-MS: C;H,,CIN,O, [M + HJ", i 5 {4
369.1576, WX {H 369.1570.

7-N-Z5 58 Ih 4 -9- & 1 - 7- & 24 -9- T N B (E10): 7%
AWK, 77 % 31%. '"H NMR (300 MHz, CDCl;) 6 7.49—
7.34 (m, 2H), 7.31-7.12 (m, 3H), 5.25-5.04 (m, 1H), 3.88 (m,
2H), 3.70 (m, 1H), 3.61-3.34 (m, 3H), 2.54 (m, 2H), 1.85-1.54
(m, 6H). *C NMR (75 MHz, CDCl,) ¢ 175.55, 151.99, 149.96,
128.53, 125.22, 119.89, 75.69, 50.34, 48.90, 42.84, 36.08,
28.79, 27.45, 22.28; HR-ESI-MS: C,¢H,,CINO, [M + HJ", it
A 326.1154, JRE 326.1153.

7-N-"F 4 F R 3 -0- & 0 -7- %0 4 -9- T I B (E11): %
AWK, 77% 30%. '"H NMR (300 MHz, CDCl3) 6 7.49—
7.31 (m, 5H), 5.31-4.99 (m, 3H), 3.96-3.19 (m, 6H), 2.47 (m,
2H), 1.85-1.39 (m, 6H). *C NMR (75 MHz, CDCl;) 6 175.46,
153.42, 134.02, 127.55, 75.04, 68.93, 50.34, 49.07, 43.00,
36.04, 28.75, 27.37, 22.24; HR-ESI-MS: C;;H,;CINO, [M +
HJ, T35 340.1311, JliRMA 340.1311.
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7-N-(4-5 7K 5 Ik 36 )-9-&0 FF 2L -7 2 9-T P s
(E12): EREOWAK, 77F 29%. 'H NMR (300 MHz, CDCl,)
5 744-731 (m, 2H), 7.22-7.07 (m, 2H), 5.13 (m, 1H),
3.96-3.79 (m, 2H), 3.76-3.38 (m, 4H), 2.54 (m, 2H), 1.69 (m,
6H). *C NMR (75 MHz, CDCly) ¢ 175.65, 151.71, 148.47,
130.66, 128.59, 128.25, 121.31, 76.03, 50.40, 48.93, 42.73,
36.07, 28.79, 27.46, 22.27; HR-ESI-MS: C4H,,CLNO, [M +
HY', i35 360.0764, lliME 360.0767.

7-N-74 48 F B 22 -9- S R AL -7- 44 -9- T N B (E13): 7%
F AW, 72 30%. 'H NMR (300 MHz, CDCl) 6 5.14—
4.98 (m, 1H), 4.13 (m, 2H), 4.02-3.31 (m, 7H), 2.67-2.40 (m,
2H), 1.71 (m, 8H), 0.97 (m, 3H). °C NMR (75 MHz, CDCL,) &
153.58, 74.79, 69.00, 50.36, 49.00, 43.08, 36.10, 28.83, 27.43,
2230, 20.98, 9.11; HR-ESI-MS: C,3H,;CINO, [M + HT', it
HAE 292.1310, WA 292.1311.

7-N-Q2-5 2 5 8 P Bk 36 )-9- G JE -7-5 24 -9- T P9 B
(E14): EREOWAK, 77F 54%. '"H NMR (300 MHz, CDCl,)
5 5.08 (m, 1H), 4.62-4.33 (m, 2H), 3.93-3.58 (m, 5H), 3.46
(m, 3H), 2.53 (m, 2H), 1.86-1.54 (m, 6H). °C NMR (75 MHz,
CDCly) 6§ 175.59, 153.11, 75.42, 66.52, 50.50, 49.03, 42.90,
40.18, 36.08, 28.80, 27.42, 2229; HR-ESI-MS:
C1,HpCLINO, [M + HY, TH54E 312.0764, Mi{H 312.0765.

7-N-F 88 25k F Ik k-9~ G P R -7-A0 2% -9- T N I (E15):
AEEER, 7% 67%, m.p. 144-146 “C. '"H NMR (300 MHz,
CDCl;) & 7.45-7.03 (m, 6H), 5.41 (s, 1H), 5.15-5.00 (m, 1H),
436 (m, 4.0 Hz, 2H), 3.59 (m, 6H), 2.48 (m, 2H), 1.81-1.37
(m, 6H). *C NMR (75 MHz, CDCl;) ¢ 175.41, 154.62, 137.28,
127.66, 126.50, 71.52, 49.72, 48.66, 44.07, 43.67, 36.08,
28.82, 27.46, 22.30; HR-ESI-MS: C,,H,,CIN,O; [M + HJ",
THEAE 339.1470, WIRA{HE 339.1472.

7-N-(4-G S G JE F R 3L )-0- 50 F 3k -7- % 24 -9- T I I8
(E16): EREOWAK, 77 64%. 'H NMR (300 MHz, CDCl,)
87.35-7.23 (m, 4H), 6.58 (s, 1H), 5.27 (m, 1H), 3.96-3.22 (m,
6H), 2.55 (m, 2H), 1.90-1.37 (m, 10H). C NMR (75 MHz,
CDCly) 6 175.73, 151.62, 135.45, 128.01, 127.63, 119.07,
71.63, 49.75, 48.59, 43.41, 36.08, 28.78, 27.42, 22.26; HR-
ESI-MS: C,4H,,CLLN,05 [M + H]", 518 359.0924, it 18
359.0923.

7-N-(2-%, 2. BE & HE F I 3k )-9- 5 3k -7- 6 24 -9- T I g
(E17): REEWIE, 722 36%. 'H NMR (300 MHz, CDCly)
5 5.08 (m, 1H), 4.62-4.33 (m, 2H), 3.93-3.58 (m, 5H), 3.46
(m, 3H), 2.53 (m, 2H), 1.86-1.54 (m, 6H). °C NMR (75 MHz,
CDCly) 6§ 175.61, 154.50, 71.60, 49.88, 48.70, 43.58, 42.71,
41.83, 36.08, 28.83, 2743, 2229; HR-ESI-MS:
C1oHy CLN,O; [M + HYY, THEAH 311.0924, M {E 311.0928.

O-N-ZK S FH I -1 12K S 2R -9 26 - 11 — N R
(E18): AL, 772 97%, m.p. 81-83 C. 'H NMR (300

MHz, CDCl;) § 7.46-6.78 (m, 11H), 5.51 (m, 1H), 4.35-3.63
(m, 5H), 3.19 (m, 1H), 2.45 (m, 2H), 2.01-1.28 (m, 11H). °C
NMR (75 MHz, CDCly) & 172.50, 157.47, 154.48, 150.35,
128.36, 124.28, 120.64, 120.23, 113.70, 76.51, 76.08, 75.66,
71.73, 66.24, 48.87, 47.29, 47.00, 46.40, 32.59, 24.33, 23.60,
22.60, 22.21; HR-ESI-MS: C,,H;NOs [M + HT, it & &
412.2118, W18 412.2116.

9-N-"r S FF Mk 6 -11-28 S0 FF 4 -9-20 4% -11- — A IR
(E19): AEEE, 772 67%, m.p. 92-93 C. 'HNMR (300
MHz, CDCI3) 6 7.30 (m, 8H), 7.01-6.69 (m, 3H), 5.41 (s, 1H),
5.09 (m, 2H), 4.29-3.94 (m, 2H), 3.73 (m, 2H), 3.12 (m, 1H),
2.60-2.30 (m, 2H), 1.71 (m, 11H). *C NMR (75 MHz, CDCl;)
5 173.20, 158.18, 156.01, 136.39, 129.13, 128.19, 127.68,
120.85, 114.32, 72.72, 66.98, 49.01, 46.92, 33.18, 24.47,
23.86, 23.40, 23.21, 22.94; HR-ESI-MS: C,sH;NOs [M +
HJ', TH5E 426.2275, WAAE 426.2274.

O-N-(4-F A WEIL) -11-F A F R -9-H &-11-+—W
fig (E20): 7R3 B4k, 7 % 84%. 'H NMR (300 MHz,
CDCly) 6 7.28 (m, 4H), 6.95 (m, 5H), 5.49 (m, 1H), 4.23-3.64
(m, 5H), 3.36-3.00 (m, 1H), 2.65-2.33 (m, 2H), 1.63 (m,
11H). *C NMR (75 MHz, CDCl3) 6 172.43, 157.46, 154.08,
153.42, 148.86, 129.58, 128.58, 128.22, 122.01, 121.19,
120.26, 113.62, 71.51, 66.45, 65.78, 48.81, 47.38, 47.01,
46.34, 32.58, 24.34, 23.58, 22.59, 22.20; HR-ESI-MS:
Cy4Hy0CINOs [M + HT', 15 AH 446.1729, P {E 446.1729.

9-N-TA 4 FF Ik 2 -1 12 4 -9 8 - 111 — N B
(E21): LI EWEK, 7= 63%. 'HNMR (300 MHz, CDCl;)
87.27 (m, 2H), 7.02-6.81 (m, 3H), 5.39 (m, 1H), 4.07 (m, 4H),
3.92-3.47 (m, 3H), 3.07 (m, 1H), 2.60-2.28 (m, 2H),
1.97-1.29 (m, 13H), 0.94 (s, 3H). °C NMR (75 MHz, CDCl,)
8 172.55, 157.49, 128.45, 120.17, 113.63, 72.19, 66.58, 66.12,
48.33, 47.05, 46.38, 32.58, 23.71, 22.63, 22.22, 21.34, 9.47;
HR-ESI-MS: C,H;,NOs [M + HY', 518 378.2275, Ml {H
378.2274.

9-N-(2-5 Z F A R L )- 1 1- 28 R R R -9- 5 - 11+ —
WlE (E22): FIAREAR, 773 57%, m.p.91-92 C.'HNMR
(300 MHz, CDCLy) 6 7.27 (m, 2H), 6.94 (m, 3H), 5.41 (m, 1H),
426 (m, 4H), 3.72 (m, 5H), 3.10 (m, 1H), 2.61-2.28 (m, 2H),
1.99-1.29 (m, 11H). *C NMR (75 MHz, CDCl;) ¢ 172.50,
157.42, 155.12, 128.47, 120.20, 113.63, 71.86, 66.21, 64.02,
48.50, 46.87, 46.41, 45.87, 41.24, 32.55, 28.66, 24.09, 23.83,
22.57,22.22; HR-ESI-MS: C,yHCINOs [M + HJ', i 514
398.1729, Wi {E 398.1729.

O-N-7% G Jik FH g 2 - 112 0 P R -0- U - 11-+ — A T
(E23): H@E A, 7% 65%, mp. 103-105 C. 'H NMR
(300 MHz, CDCl;) § 7.43-7.13 (m, 7H), 6.94 (m, 1H), 6.74
(m, 2H), 5.34 (m, 1H), 5.05 (m, 1H), 4.50-4.27 (m, 2H), 4.11
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(m, 2H), 3.76 (dd, 2H), 3.55-3.14 (m, 2H), 2.44 (m, 2H),
1.90-1.30 (m, 11H). “C NMR (75 MHz, CDCl;) ¢ 172.28,
157.56, 156.96, 138.50, 128.52, 127.57, 126.69, 126.18,
120.41, 113.52, 72.23, 65.35, 48.10, 46.40, 44.11, 32.38,
23.84, 23.40, 22.71, 22.11; HR-ESI-MS: C,sH;3N,0, [M +
HY', T35 425.2435, WA 425.2435.

O-N-(4- SR G L FIESL) -1 1- I HE-9- 4-11-F—
W (E24): AafEE, 79 67%, m.p. 136-138 ‘C. 'HNMR
(300 MHz, CDCl;) ¢ 8.37 (s, 1H), 7.35 (m, 6H), 7.08-6.80 (m,
3H), 5.36 (s, 1H), 4.31-4.03 (m, 2H), 3.73 (m, 3H), 3.27-3.05
(m, 1H), 2.49-2.28 (m, 2H), 1.88—1.16 (m, 10H). *C NMR (75
MHz, CDCly) & 172.93, 158.34, 155.55, 139.46, 129.62,
128.72, 128.15, 125.71, 121.76, 121.11, 119.99, 114.77, 73.01,
67.38, 48.18, 46.30, 33.01, 24.33, 23.86, 23.59, 22.75; HR-
ESI-MS: C,,H;,CIN,O, [M + HJ', 1+ 5 {4 445.1889, M4
445.1882.

9-N-TR k28 it PR T - 1 1 - A R -9- U - 11— N B
(E25): A, 7% 73%, m.p. 62-64 C. 'HNMR (300
MHz, CDCly) § 7.28 (m, 2H), 7.06-6.80 (m, 3H), 5.34 (m,
1H), 4.70 (m, 1H), 4.13 (m, 2.7 Hz, 2H), 3.72 (m, 2H), 3.23
(m, 4H), 2.64-2.29 (m, 2H), 1.95-1.30 (m, 13H), 0.88 (m,
3H). “C NMR (75 MHz, CDCly) § 172.33, 157.69, 157.12,
128.56, 120.44, 113.62, 72.39, 65.60, 48.17, 46.44, 41.70,
32.46, 23.99, 23.51, 22.43, 10.37; HR-ESI-MS: C,;H;3N,0,4
[M + HT, T84 377.2435, MR 1E 377.2434.

9-N-(2-F L HH F FBE ) -11- R F £-9-F J4-11-1
— W5 (E26): HEEA, 72% 55%, mp. 102-104 C. 'H
NMR (300 MHz, CDCl;) 6 7.36-7.19 (m, 2H), 7.08-6.81 (m,
3H), 5.44-5.27 (m, 1H), 5.16 (m, 1H), 4.13 (m, 2H), 3.93-3.09
(m, 8H), 2.45 (m, 2H), 1.95-1.30 (m, 10H). *C NMR (75
MHz, CDCl,) ¢ 172.35, 157.20, 128.56, 120.44, 113.65, 72.17,
65.64, 48.17, 46.51, 43.79, 41.74, 32.47, 23.92, 23.46, 22.51,
21.88; HR-ESI-MS: C,H4,CIN,O, [M +H]', #54H 397.1891,
TR 397.1889.

9-N-Z S AL 3E-11-5 1 36-9- 5 44-11-+— W i (E27):
WK, % 85%. 'H NMR (300 MHz, CDCl;) 6 7.35
(m, 2H), 7.23-7.05 (m, 3H), 5.38 (m, 1H), 3.97-3.53 (m, 5H),
3.16 (m, 1H), 2.63-2.34 (m, 2H), 1.82 (m, 3H), 1.46 (m, 7H).
3C NMR (75 MHz, CDCl;) § 172.23, 150.26, 128.25, 124.36,
120.60, 114.32, 72.17, 49.30, 47.40, 42.76, 42.37, 41.98,
32.50, 24.40, 23.73, 22.64, 22.13; HR-ESI-MS: C;gH,;CINO,
[M + HJ", i1 354.1467, MRE 354.1469.

9-N-"4 L1 1-5 FF 36-9- 5 441 1-+— W B (E28):
A&k, 77% 87%, m.p. 89-90 ‘C. 'H NMR (300 MHz,
CDCl3) 6 7.41-7.28 (m, 5H), 5.21 (m, 3H), 3.66 (m, 5H), 3.03
(m, 1H), 2.64-2.32 (m, 2H), 1.94-1.26 (m, 10H). *C NMR (75
MHz, CDCl3) § 172.26, 156.00, 135.56, 127.59, 126.11, 72.46,

66.38, 49.18, 48.53, 47.09, 46.51, 42.78, 32.44, 25.11, 22.10,
22.58,23.32,22.10, 22.16; HR-ESI-MS: C;oH,,CINO, [M +
HY', 15518 368.1623, Jllif{4 368.1624.

9-N-(4-F R E IR ) -11-50 FF 2-9- B 4%-11-+— W g
(E29): RFOWK, 77Z 90%. 'H NMR (300 MHz, CDCl;)
5 7.42-723 (m, 2H), 7.07 (m, 2H), 5.46-5.26 (m, 1H),
4.05-3.57 (m, 5H), 3.27-3.01 (m, 1H), 2.64-2.36 (m, 2H),
1.97-1.31 (m, 11H). ®C NMR (75 MHz, CDCl;) ¢ 172.25,
154.17, 148.76, 129.73, 128.30, 122.03, 72.00, 49.65, 49.05,
47.77, 47.22, 43.01, 42.32, 32.52, 24.41, 22.77, 22.14; HR-
ESI-MS: C;gH,,CLNO, [M + HJ", i+ 414 388.1077, M 14
388.1079.

9-N-TA % FY Mt 2k - 1150 A 2 -9-0 % -11-1+ — W T
(E30): LHEEWAL, 7% 67%. 'HNMR (300 MHz, CDCl;)
85.26 (s, 1H), 4.05 (m, 2H), 3.88-3.43 (m, 5H), 3.15-2.86 (m,
1H), 2.63-2.33 (m, 2H), 1.94-1.29 (m, 12H), 0.95 (m, 3H). °C
NMR (75 MHz, CDCly) § 17233, 156.32, 155.58, 72.61,
66.25, 49.11, 46.51, 42.81, 32.51, 23.77, 22.63, 22.18, 21.35,
9.47; HR-ESI-MS: C,sH,,CINO4 [M + HJ", i+ 514 320.1623,
MARME 320.1618.

9-N-Q2-R L3 8 P BEEL)-11-5 L -9-8 2% -11-+— W
fis (E31): R GMAL, 7% 75%. 'H NMR (300 MHz,
CDCly) 6 5.29 (m, 1H), 4.35 (m, 2H), 3.87-3.44 (m, 7H),
3.16-2.89 (m, 1H), 2.65-2.30 (m, 2H), 1.95-1.20 (m, 10H).
C NMR (75 MHz, CDCly) 6 172.32, 155.55, 154.73, 72.33,
64.14, 49.22, 48.86, 47.30, 46.66, 42.83, 41.26, 32.49, 24.13,
23.90, 22.60, 22.16; HR-ESI-MS: C;4H,,CLNO, [M + HJ,
THHAH 340.1077, W{E 340.1081.

9-N-2K 28 = PR 6 -1 1-50 FF 24 -9- & % -11-1+ — A T
(E32): Ak, 7% 85%, m.p. 116-118 C. 'H NMR
(300 MHz, CDCl3) 6 7.32 (m, 7.8 Hz, 4H), 7.04 (m, 1H), 6.66
(s, 1H), 5.26 (m, 1H), 3.90-3.60 (m, 4H), 3.56-3.19 (m, 2H),
2.65-2.35 (m, 2H), 1.95-1.28 (m, 10H). *C NMR (75 MHz,
CDCly) & 172.18, 155.00, 137.83, 127.82, 12226, 119.09,
72.95, 49.18, 47.01, 42.78, 32.46, 24.48, 23.52, 22.61, 22.08;
HR-ESI-MS: CgHacCIN,O5 [M + H]", 518 353.1626, i
18 353.1627.

9-N-"r S Kk A I ik -1 1-50 FF 2 -9-Z 4% -11- — A IR
(E33): HEE A, 772 50%, m.p. 70-72 C. 'H NMR (300
MHz, CDCly) 6 7.42-7.15 (m, 5H), 5.24 (m, 1H), 4.88 (m,
1H), 4.41 (m, 2H), 3.90-3.53 (m, 4H), 3.40-3.07 (m, 2H), 2.45
(m, 2H), 1.96-1.22 (m, 11H). “C NMR (75 MHz, CDCl;) &
172.21, 157.39, 138.43, 127.62, 126.40, 73.25, 49.06, 46.64,
44.01, 42.99, 32.45, 24.34, 23.56, 22.59, 22.11; HR-ESI-MS:
CoH,CIN, 05 [M + HI', TH5E1E 367.1783, Ml {H 367.1784.

O-N-(4- 58 2K 3 S & P 228 )- 11 -8 R 2 -9- 5 Jk-11-+—
WlE (E34): ¥R GBE, 72 75%. '"H NMR (300 MHz,



No. 5 FIBEEE SRER I, APERTIC. ou b S TeE R A BRI A VIR A B B 877

CDCly) § 7.35-7.23 (m, 4H), 6.58 (s, 1H), 5.27 (m, 1H),
3.96-3.22 (m, 6H), 2.67-2.36 (m, 2H), 1.90-1.37 (m, 10H).
3C NMR (75 MHz, CDCly) & 172.16, 154.78, 136.56, 127.78,
127.12, 120.27, 72.83, 49.18, 47.06, 42.70, 32.46, 24.47,
23.50, 22.96, 21.97; HR-ESI-MS: C;4H,;CI,N,0;5 [M + HJ",
THHEE 385.1091, IR {H 385.1095.

9-N-7A Fik 28 Jik F 9k I -1 1- 50 F ik -0- 2 44 - 11+ — N R
(E35): EHEWEA, 72F 77%. 'H NMR (300 MHz, CDCl,)
5 5.22 (m, 1H), 4.57 (m, 1H), 3.90-3.52 (m, 4H), 3.45-3.06
(m, 4H), 2.63-2.29 (m, 2H), 1.97-1.29 (m, 13H), 0.92 (m,
3H). “C NMR (75 MHz, CDCly) § 172.28, 170.86, 157.59,
154.32, 73.44, 69.65, 61.07, 49.00, 47.85, 46.63, 44.95, 43.03,
42.49, 41.72, 33.98, 32.51, 24.78, 24.32, 23.63, 23.30, 22.83,
2233, 22.02, 21.12, 1943, 10.30;  HR-ESI-MS:
C15HpsCIN,O5 [M + HT', TH54H 319.1783, Wl {8 319.1786.

9-N-(2-58 £ 3 5 F I 3 )- 11 -0 R 2 -9- S k11—
WG (E36): &3 B 4E, 772 70%. 'H NMR (300 MHz,
CDCl;) 6 5.57-5.04 (m, 2H), 4.84 (m, 1H), 4.21-3.07 (m, 8H),
2.72-2.15 (m, 3H), 2.02-1.20 (m, 10H). *C NMR (75 MHz,
CDCly) 6 172.25, 157.18, 73.06, 49.11, 46.84, 43.92, 42.92,
41.71,32.52, 24.34, 23.61, 22.85,22.23, 22.11; HR-ESI-MS:
C14H24CLN, 05 [M + HY', TH54E 339.1237, M {H 339.1238.

13-N- 58 I k- 1 5- 2R S R - 13- 4% - 1,15- T i W I
(E37): A, 77% 74%, m.p. 68-70 ‘C. 'H NMR (500
MHz, CDCl;) 6 7.38-7.24 (m, 4H), 7.17 (m, 1H), 7.09 (m,
1H), 7.02 (m, 1H), 6.94 (m, 1H), 6.91-6.86 (m, 2H), 5.42 (m,
1H), 4.22 (m, 1H), 4.18-4.10 (m, 1H), 3.96 (m, 1H), 3.64-3.30
(m, 3H), 2.38 (m, 2H), 1.84-1.60 (m, 4H), 1.47-1.28 (m,
14H). *C NMR (126 MHz, CDCl;) ¢ 173.37, 158.55, 158.42,
15527, 154.40, 151.35, 151.22, 129.50, 129.31, 129.26,
125.39, 125.29, 121.68, 121.31, 121.15, 114.73, 114.62, 71.74,
71.36, 67.79, 66.99, 48.85, 48.77, 48.34, 48.28, 33.87, 27.19,
26.53, 26.39, 26.11, 26.06, 24.75, 23.71; HR-ESI-MS:
CysH3gNOs [M + H], T {H 468.2744, M 1H 468.2749.

13-N-"1 %0 R e k- 1 5- 2R 4 R k- 13- 2% -1, 15- T L M B
(E38): A, 77 68%, m.p. 62-64 ‘C. 'H NMR (500
MHz, CDCLy) § 7.31-7.10 (m, 7H), 6.86 (m, 1H), 6.79 (m,
1H), 6.66 (m, 1H), 5.23 (m, 1H), 5.12-4.90 (m, 2H), 4.17-3.71
(m, 3H), 3.43-3.27 (m, 2H), 3.22 (m, 1H), 2.26 (m, 2H),
1.73-1.45 (m, 4H), 1.37-1.16 (m, 14H). *C NMR (126 MHz,
CDCLy) & 173.34, 158.57, 158.44, 156.61, 155.88, 136.75,
136.49, 129.45, 128.52, 128.16, 128.08, 127.99, 127.74,
121.09, 114.69, 114.52, 71.72, 71.44, 67.72, 67.26, 66.95,
48.42, 48.12, 47.66, 47.60, 33.86, 27.14, 27.04, 26.51, 26.22,
26.08, 26.06, 24.69, 23.70; HR-ESI-MS: CyH,NOs [M +
HY', T8 482.2901, WlliE 482.2903.

13-N-(4-50 % S Bk 36)-15- 2R S0 2 - 1350 2% -1,15-+

N BE (E39): A &, 7% 51%, mp. 64-66 C.'H
NMR (500 MHz, CDCl3) & 7.33-7.22 (m, 5H), 7.02 (m, 1H),
6.98-6.84 (m, 4H), 5.41 (m, 1H), 4.24-4.09 (m, 2H), 3.96 (m,
1H), 3.62-3.30 (m, 3H), 2.38 (m, 2H), 1.84-1.58 (m, 4H),
1.46-1.27 (m, 14H). *C NMR (126 MHz, CDCl;) § 173.38,
173.33, 158.52, 158.36, 154.87, 154.01, 149.86, 149.72,
130.72, 130.56, 129.60, 129.52, 129.33, 129.23, 123.08,
122.99, 121.37, 121.21, 114.71, 114.56, 71.60, 71.14, 67.73,
66.75, 48.93, 48.81, 48.38, 48.20, 33.92, 33.86, 27.20, 27.13,
26.51, 26.34, 26.11, 26.05, 24.73, 23.74, 23.69; HR-ESI-MS:
C,5H3,CINOs [M + HIY, 7548 502.2355, M4 502.2355.

13-N-P 48 F I - 1 5 4 A - 13- 2% - 1, 15- 1 T A T
(E40): FEWAE, 7% 50%. 'H NMR (500 MHz, CDCl;) §
7.30-7.23 (m, 2H), 6.94 (m, 1H), 6.91-6.86 (m, 2H), 5.31 (m,
1H), 4.25-3.93 (m, 4H), 3.84 (m, 1H), 3.37 (m, 2H), 3.28 (m,
1H), 2.35 (m, 2H), 1.76 (m, 1H), 1.68-1.52 (m, 5H), 1.45-1.25
(m, 14H), 0.92 (m, 3H). “C NMR (125 MHz, CDCL,) &
17337, 158.60, 156.94, 156.23, 129.47, 121.10, 114.71,
114.54, 71.88, 71.53, 67.82, 67.16, 66.89, 48.32, 48.09, 47.60,
33.92, 27.17, 27.00, 26.54, 26.37, 26.12, 26.09, 26.08, 24.73,
23.75,22.36, 10.50; HR-ESI-MS: C,sH,oNOs [M + H]", i
18 434.2901, MiA{A 434.2902.

13-N-(2-5 2 5 50 P B 3 )-15- 28 G P 3 - 13- 24 -1,15-
T TAlE (E41): LMK, 772 64%. '"H NMR (500 MHz,
CDCly) 6 7.31-7.23 (m, 2H), 6.99-6.86 (m, 3H), 5.33 (m, 1H),
4.40 (m, 1H), 4.36-4.13 (m, 3H), 4.09 (m, 1H), 3.85 (m, 1H),
3.73-3.64 (m, 2H), 3.56 (m, 1H), 3.41 (m, 2H), 3.30 (m, 1H),
2.36 (m, 2H), 1.76 (m, 1H), 1.66-1.56 (m, 3H), 1.45-1.26 (m,
14H). C NMR (125 MHz, CDCly) & 173.33, 173.29, 158.53,
158.46, 156.13, 155.37, 154.43, 129.59, 129.48, 121.19,
121.13, 114.68, 114.54, 71.59, 71.33, 67.65, 67.51, 66.89,
65.04, 48.52, 48.22, 47.88, 47.69, 42.25, 41.05, 33.89, 33.84,
27.11, 26.99, 26.50, 26.22, 26.06, 26.04, 24.66, 23.75, 23.66;
HR-ESI-MS: C,4H;,CINOs [M + H', 518 454.2355, ik
18 454.2359.

13-N-Z8 e B F I B -1 5- R 4 - 13- 2% - 1,15 T
fis (E42): HEEAE, 7% 45%, mp. 83-85 'C. 'H NMR
(500 MHz, CDCl;) 6 7.32-7.26 (m, 4H), 7.23-7.18 (m, 2H),
7.07 (br, 1H), 7.02-6.94 (m, 4H), 5.27 (m, 1H), 4.25 (m, 1H),
4.18 (m, 1H), 3.85 (m, 1H), 3.52 (m, 2H), 3.32 (m, 1H), 2.37
(m, 2H), 1.83-1.57 (m, 4H), 1.44-1.26 (m, 14H). *C NMR
(125 MHz, CDCly) 6 173.48, 157.93, 155.60, 139.18, 129.70,
128.76, 122.84, 121.81, 119.83, 114.87, 71.14, 66.32, 47.43,
47.34, 34.09, 27.14, 26.54, 26.40, 26.37, 26.36, 26.20, 24.63,
24.10; HR-ESI-MS: C,gH3oN,0, [M + H]', #5218 467.2904,
MR 467.2909.

13-N-"FJlie 3 B IR - 15- 2R 4 R 26-13- 44 1,15- T A Y
fis (E43): Tk, 75 % 41%. '"H NMR (500 MHz,
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CDCly) 6 7.21-7.11 (m, 8H), 6.87 (m, 1H), 6.71 (m, 2H),
5.21-5.12 (m, 2H), 4.30-4.20 (m, 2H), 4.09 (m, 1H), 4.00 (m,
1H), 3.72 (m, 1H), 3.35 (m, 2H), 3.15 (m, 1H), 2.25 (m, 2H),
1.73-1.46 (m, 4H), 1.34-1.19 (m, 14H). *C NMR (125 MHz,
CDCly) 6 173.38, 158.02, 157.94, 139.56, 129.56, 128.54,
127.65, 127.12, 121.43, 114.54, 71.34, 66.35, 47.34, 47.26,
45.02, 33.96, 27.17, 26.50, 26.40, 26.29, 26.20, 26.16, 26.12,
24.68, 23.92; HR-ESI-MS: C,oH,N,O, [M + HJ', i & {4
481.3061, MA1E 481.3061.

13-N-(4-50 7K J5 Jiig 2 Ik 05 )-15-2 40 P 2R - 13-4 2 -
L15-+FH MBS (E44): LAWK, 7% 62%. 'H NMR (500
MHz, CDCly) 6 7.33-7.27 (m, 2H), 7.22-7.19 (m, 2H),
7.18-7.11 (m, 3H), 7.01 (m, 1H), 6.97-6.93 (m, 2H), 5.25 (m,
1H), 4.25-4.15 (m, 2H), 3.84 (m, 1H), 3.56-3.45 (m, 2H), 3.32
(m, 1H), 2.43-2.32 (m, 2H), 1.87-1.57 (m, 4H), 1.46-1.21 (m,
14H). *C NMR (125 MHz, CDCl;) § 173.50, 157.77, 155.41,
137.83, 129.77, 128.65, 127.68, 121.98, 121.01, 114.84, 70.88,
66.13, 47.34, 47.12, 34.08, 27.13, 26.51, 26.39, 26.37, 26.23,
26.17, 24.55, 24.13; HR-ESI-MS: C,gH3.CIN,O, [M + HJ",
THEAH 501.2515, MR 501.2515.

13- - 35 e o FR I - 1 5- 2 A HR - 13- 4% - 1,15- T
ME (B45): EGEM, 773 42%, mp. 41-43 ‘C. 'H NMR
(500 MHz, CDCl;) 6 7.31-7.25 (m, 2H), 6.97 (m, 1H), 6.91
(m, 2H), 5.22 (m, 1H), 4.89 (m, 1H), 4.19 (m, 1H), 4.10 (m,
1H), 3.79 (m, 1H), 3.42-3.31 (m, 2H), 3.24 (m, 1H), 3.10 (m,
2H), 2.36 (m, 2H), 1.82-1.55 (m, 4H), 1.45-1.24 (m, 16H),
0.85 (m, 3H). *C NMR (125 MHz, CDCl;) § 173.45, 158.07,
129.58, 121.47, 114.61, 71.38, 66.49, 47.15, 47.09, 42.69,
34.05, 27.22, 26.55, 26.41, 26.33, 26.30, 26.25, 26.17, 24.66,
24.02, 23.38, 11.38; HR-ESI-MS: C,sH,N,O, [M + HJ', it
H{H 433.3061, M {EH 433.3066.

13-N-(2-50 & F i S PRk 2 )-15-2 40 PR 2 - 13- ¢ -
1,15-+FH M Bs (E46): TR, 772 55%. 'H NMR (500
MHz, CDCl3) & 7.29 (m, 2H), 6.97 (m, 1H), 6.92 (m, 2H), 5.32
(m, 1H), 5.25 (m, 1H), 4.19 (m, 1H), 4.11 (m, 1H), 3.80 (m,
1H), 3.54 (m, 2H), 3.47 (m, 2H), 3.40 (m, 2H), 3.25 (m, 1H),
2.36 (m, 2H), 1.81-1.56 (m, 4H), 1.44-1.26 (m, 14H). “C
NMR (125 MHz, CDCly) 6 173.25, 157.53, 72.48, 48.69,
47.70, 45.00, 44.37, 42.67, 33.80, 27.19, 26.64, 26.44, 26.17,
26.14, 26.13, 24.75, 23.76; HR-ESI-MS: C,,H3;CIN,O, [M +
HT, H5H1E 453.2515, MlE 453.2519.

13-N-2% 580 R I -1 5- 5 AR ik - 13- 44 -1,15-+ L M B8
(BE47): TOWAE, 7% 43%. 'H NMR (500 MHz, CDCL;) 6
7.38-7.33 (m, 2H), 7.19 (m, 1H), 7.15-7.08 (m, 2H), 5.28 (m,
1H), 3.98-3.77 (m, 2H), 3.67 (m, 1H), 3.57-3.27 (m, 3H), 2.41
(m, 2H), 1.85-1.59 (m, 4H), 1.47-1.27 (m, 14H). *C NMR
(125 MHz, CDCly) 6 173.02, 155.21, 154.14, 151.19, 151.08,

129.25, 125.37, 121.58, 72.31, 71.75, 49.63, 48.75, 48.42,
44.48, 43.77, 33.68, 33.60, 27.13, 27.04, 26.41, 26.01, 25.97,
25.92, 24.63, 23.57; HR-ESI-MS: C,,H;;CINO, [M + HT', it
H{H 410.2093, M1 410.2092.

13-N-"1 48 B I - 15- 5 FF 2 - 13- 4% -1,15-+ L A B8
(E48): T, 7% 44%. 'H NMR (500 MHz, CDCl5) 6
7.32-7.20 (m, 5H), 5.15-5.00 (m, 3H), 3.75-3.39 (m, 3H),
3.38-3.13 (m, 3H), 2.29 (m, 2H), 1.73-1.43 (m, 4H), 1.37
-1.16 (m, 14H). “C NMR (125 MHz, CDCl;) 6 173.06,
156.61, 155.74, 136.58, 136.33, 128.51, 128.19, 128.01,
127.73, 72.38, 72.00, 67.43, 67.31, 49.26, 48.29, 47.82, 44.46,
43.89, 33.68, 27.13, 26.96, 26.45, 26.04, 25.99, 24.65, 23.64;
HR-ESI-MS: C,3H;5CINO, [M + HT', 518 424.2249, P
1§ 424.2248.

13-N-(4-5 K e 25 )-15-8 FF 2 - 13-/ 2% - 1,15+ R
W (E49): LAk, 773 45%. 'H NMR (500 MHz,
CDCly) 6 7.34-7.29 (m, 2H), 7.11-7.03 (m, 2H), 5.27 (m, 1H),
3.97-3.75 (m, 2H), 3.66 (m, 1H), 3.56-3.26 (m, 3H), 2.40 (m,
2H), 1.86-1.58 (m, 4H), 1.47-1.26 (m, 14H). °C NMR (125
MHz, CDCly) § 173.07, 173.02, 154.87, 153.82, 149.74,
149.63, 130.74, 129.30, 123.01, 72.20, 71.62, 49.72, 48.89,
48.75, 48.52, 44.44, 43.68, 33.73, 33.64, 27.16, 27.11, 26.43,
26.02, 25.95, 24.67, 23.60; HR-ESI-MS: C,H;,CLNO, [M +
HY', tHEAE 444.1703, MiMHE 444.1704.

13-N-PA 4 I 2 - 150 H 2R - 13- 4= - 1,15- T L i
(E50): FEBAR, 7% 75%. 'H NMR (500 MHz, CDCl5) 6
5.10 (m, 1H), 3.97 (m, 2H), 3.77-3.62 (m, 2H), 3.55 (m, 1H),
3.38-3.11 (m, 3H), 231 (m, 2H), 1.77-1.44 (m, 6H),
1.38-1.17 (m, 14H), 0.88 (m, 3H). "C NMR (126 MHz,
CDCly) § 173.10, 156.94, 156.10, 72.56, 72.05, 67.24, 49.17,
48.19, 48.11, 47.76, 44.53, 43.89, 33.73, 27.16, 26.91, 26.49,
26.08, 26.07, 26.04, 26.02, 24.67, 23.68, 22.34, 10.47; HR-
ESI-MS: C;oH;5sCINO, [M + HJ', it 518 376.2249, Wl i &
376.2250.

13-N-(2-5 2 58 W B 38 )-15- 50 3 -13-%( 2% -1,15-+
TN (ES1): BB, 7% 67%. 'H NMR (500 MHz,
CDCly) 6 5.12 (m, 1H), 4.32-4.23 (m, 2H), 3.68-3.55 (m, 4H),
3.38-3.14 (m, 3H), 2.32 (m, 2H), 1.75-147 (m, 4H),
1.39-1.20 (m, 14H). C NMR (126 MHz, CDCl;) § 173.09,
156.17, 155.24, 7224, 71.95, 67.51, 65.14, 49.31, 48.44,
48.36, 48.03, 44.37, 44.07, 4231, 42.25, 41.05, 33.75, 33.69,
27.16, 26.90, 26.46, 26.05, 26.00, 24.66, 23.62; HR-ESI-MS:
C,sH3,CLNO, [M + HT, 7518 396.1703, Wi {4 396.1705.

13-N- 2 i B FP P B -1 540 R - 13- 2% - 1,15- 1 FL P T
(E52): [ 4K, 7% 44%, mp. 120-122 'C. 'H NMR
(500 MHz, CDCly) ¢ 7.41-7.37 (m, 2H), 7.31-7.27 (m, 2H),
7.03 (m, 1H), 6.77 (br, 1H), 5.17 (m, 1H), 3.86 (m, 1H), 3.78
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(m, 1H), 3.70 (m, 1H), 3.50-3.41 (m, 2H), 3.34 (m, 1H), 2.41
(m, 2H), 1.83-1.59 (m, 4H), 1.43-1.27 (m, 14H). *C NMR
(126 MHz, CDCl3) § 173.32, 155.35, 138.94, 128.89, 123.19,
119.95, 72.32, 48.64, 47.86, 44.27, 33.89, 27.16, 26.86, 26.51,
26.27,26.24,26.18,24.71,23.91; HR-ESI-MS: C,,H3,CIN,O;
[M + HJ", 514 409.2252, M1R1E 409.2258.

13-N-"F i 2 B e -1 5- 0 286 -13- 80 2% - 1,15- T T A i
(E53): HEEE, 7% 66%, m.p.87-89 C. 'H NMR (500
MHz, CDCl;) ¢ 7.28-7.16 (m, 5H), 5.06 (m, 1H), 4.92 (br,
1H), 4.39-4.29 (m, 2H), 3.75(m, 1H), 3.69 (m, 1H), 3.58 (m,
1H), 3.29-3.21 (m, 2H), 3.14 (m, 1H), 2.28 (m, 2H), 1.74-1.44
(m, 4H), 1.37-1.15 (m, 14H). "C NMR (126 MHz, CDCl,) &
173.21, 157.79, 139.45, 128.62, 127.52, 127.26, 72.65, 48.75,
47.58, 44.95, 44.43, 33.74, 27.14, 26.72, 26.44, 26.15, 26.11,
26.10, 26.07, 24.73, 23.71; HR-ESI-MS: Cy3H;CIN,O; [M +
HT, H5E 423.2409, MlE 423.2411.

13- N-(4- 50 2 525 i 226 PP 9 6 )-15- 50 R 25 - 1350 2% -1,15-
+H AN (ES4): ARk, 72% 88%, m.p. 113-115 C.
'H NMR (500 MHz, CDCl;) 6 7.28 (m, 2H), 7.15 (m, 2H),
6.78 (br, 1H), 5.09 (m, 1H), 3.77 (m, 1H), 3.69 (m, 1H), 3.62
(m, 1H), 3.36 (m, 2H), 3.28 (m, 1H), 2.33 (m, 2H), 1.74-1.51
(m, 4H), 1.36-1.17 (m, 14H). C NMR (126 MHz, CDCl,) &
173.37, 155.14, 137.61, 128.79, 128.04, 121.13, 72.11, 48.45,
47.78, 44.16, 33.89, 27.12, 26.77, 26.47, 26.25, 26.17, 24.62,
23.94; HR-ESI-MS: Cy,H;;C1,N,O; [M+H]", {1518 443.1863,
MAE 443.1864.

13-N-TA 35 e PR R 3 -1 5- G P - 13- 2% -1, 15- T L Y
fig (E55): A GE AR, 72%F 41%, mp. 66-68 C. 'H NMR
(500 MHz, CDCl5) 6 5.12 (m, 1H), 4.69 (m, 1H), 3.83 (m, 3.7
Hz, 1H), 3.74 (m, 1H), 3.67 (m, 1H), 3.34-3.13 (m, 5H), 2.39
(m, 2H), 1.77 (m, 1H), 1.68-1.48 (m, 5H), 1.44-1.26 (m,
14H), 0.92 (m, 3H). *C NMR (126 MHz, CDCl;) 6 173.25,
157.85, 72.66, 48.50, 47.43, 44.47, 42.69, 33.82, 27.18, 26.57,
26.47, 26.24, 26.16, 26.13, 24.71, 23.79, 23.43, 11.38; HR-
ESI-MS: C,oH;5sCIN,O5 [M + HT', i+ 24l 375.2409, iR A8
375.2414.

13-N-(2-5 £ 5 e 3 P B 3 )- 15 Y 6 - 13- 44 - 1,15-
TH N (ES6): LML, 772 46%. 'H NMR (500 MHz,
CDCl;) ¢ 5.18-5.07 (m, 2H), 3.82 (m, 1H), 3.75 (m, 1H),
3.69-3.63 (m, 3H), 3.62-3.51 (m, 2H), 3.37-3.29 (m, 2H),
3.24 (m, 1H), 2.40 (m, 2H), 1.83-1.55 (m, 4H), 1.42-1.25 (m,
14H). *C NMR (126 MHz, CDCl;) & 173.25, 157.53, 72.48,
48.69, 47.70, 45.00, 44.37, 42.67, 33.80, 27.19, 26.64, 26.44,
26.17, 26.14, 26.13, 2475, 23.76; HR-ESI-MS:
C15H33CLN,O5 [M + H]', THEAA 395.1863, WA E 395.1866.
1.3 E£¥EMENE

KRB 22 A K E Rk, 78 50 mg/L F,

5 HAME SV B R s v . bl W A 65
MK 99 B Botrytis cinerea~ WG 129 # Valsa
maliv /N % I B W% W Fusarium graminearum-
LB = B I3 B Alternaria solani V% B 1% 99 B
Sclerotinia sclerotiorum, i E 1 ¥3 o E RO R}
LRV ORI BT TR AL, DA P T 1 1 Dy ot R
255 . & XE 50 mg/L T ] KT 80% I fk A
Y, KA SRR, 2o R B &R BN 50,
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2 RS
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Scheme 4 Two structures of E35 reclprocal isomerism
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#z1 &Y C1~Co BRI A E1~ES6 7£ 50 mg/L TRIEAHIE E M
Table 1 In vitro inhibitory activity of compounds C1-C6 and target compounds E1-E56 at 50 mg/L

I + FRUEIREZ Inhibition rate + SE/%

fetr
Compounds E AT SRR N AT 4 L B B
B. cinerea V. mali F. graminearum A. solani S. sclerotiorum
C1 7+1 0+4 9+2 0+1 0+1
C2 3+6 0+4 0+1 10+4 0+1
C3 15+2 0+2 6+3 4+3 0+4
C4 0+1 0+5 13+3 6+2 0+3
(] 5042 78+ 1 78+4 88+2 30+5
Cé6 61+2 60+6 94 +1 90 £2 30+2
E1l 22+2 37+7 22+1 14+1 34+7
E2 215 29+3 37+£12 42+3 62+ 1
E3 15+1 39+5 30+3 12+5 4+1
E4 5+1 6+4 18+4 9+4 6+1
E5 25+1 18+2 3+4 0+2 0+3
E6 34+3 38+1 25+3 25+6 35+4
E7 19+3 18+6 15+3 22+4 32+2
E8 31+5 471 31+3 30+3 37+2
E9 18+6 0+3 T+2 10+5 21+
E10 3+7 2+4 0+15 0+5 0+3
E11 42 15+5 0+6 0+2 8+5
E12 21+1 29+1 8+2 0+6 35+2
E13 8+1 0+1 0+4 0+1 1+4
E14 14+4 4+1 8+1 2+1 17+1
E15 21+3 1+5 43+2 7+1 0+1
El6 38+4 47+3 5+4 16+4 38+2
E17 13+4 1+2 0+5 6+3 20+4
E18 28+4 24+2 21+3 12+2 0+2
E19 0+2 11+5 4+2 16+2 4+5
E20 13+7 10+5 0+1 3+1 0+6
E21 23+6 24+6 30+1 39+7 48+3
E22 26+3 38+3 18+1 21+4 39+4
E23 23+5 51+3 35+1 30+4 62+ 1
E24 41+2 5342 43 +4 3+5 54+5
E25 73+ 45+4 48 +2 45+3 68+3
E26 7+1 6+5 11+3 0+1 0+1
E27 27+4 31+4 40+2 27+5 75+1
E28 6+5 19+2 25+3 29+3 78+ 1
E29 9+7 49+1 34+ 1 24+6 61+5
E30 19+4 49+5 26+4 14+3 18 + 46
E31 13+2 29+5 25+5 0+2 20+2
E32 21+3 24+5 0+2 0+1 30+3
E33 13+5 16+3 0+3 0+3 0+3
E34 42+3 69+3 42+2 40+3 51+3
E35 0+3 1+5 0+4 0+4 0+2
E36 10+4 0+1 7+3 0+5 0+4
E37 6+1 5+1 3+£5 1+6 14+6
E38 1+4 1+2 1+1 1+2 15+7
E39 1+4 1+2 5+4 6+2 5+1
E40 5+4 1+2 7+3 243 8+4
E41 1+6 243 542 7+5 9+5
E42 4+6 12+2 7+4 7+1 5+3
E43 2+3 12+1 4+3 8+1 8+1
E44 1+2 4+4 3+£3 5+1 11+4
E45 16+5 27+1 22+4 31+ 9+2
E46 85+7 88+2 26+3 54+4 7+5
E47 5+1 18+3 1+£2 7+4 9+6
E48 1+4 242 1+1 6+ 8+£72
E49 1+6 8+1 6+1 3+£2 10+3
ES0 6+3 20+3 10+1 8+2 6+1
E51 5+5 23+4 8+4 14+1 4+1
E52 13+2 44+2 13+4 16+3 10+1
ES3 56 +4 50+2 32+5 48 +4 9+4
E54 4+6 25+1 542 10 + 7+3
ES5 61+3 39+1 36+2 46 +2 9+5
ES6 56+ 1 45+1 35+2 47+5 11+2
S 1
PR A 4 100+ 1 100+3 100+ 1 100+3 100 +2

pyraclostrobin
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