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Abstract Based on the potential nematicidal activities of tropane derivatives structure, 19 unreported 8-azabicyclo[3.2.1]-
octane-3-isoxazole oxime derivatives were designed and synthesized by 1,3-dipolar cycloaddition reaction. Their structures
were confirmed by 'H NMR, "*C NMR and HRMS techniques. Preliminary bioassay results showed that targeted compounds
exhibited good nematicidal activities against Meloidogyne incognita at concentration of 25 mg/L, and 8-methyl-8-azabicyclo-
[3.2.1]octan-3-one-O-((3-(4-nitrophenyl)-4,5-dihydroisoxazol-5-yl)methyl)oxime (9e) showed the best nematicidal activities
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with 55.6% at concentration of 1 mg/L.
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Figure 1 Molecular design of the target compounds
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Scheme 2 The route of target compound
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FROK B S AP IR T IR I S5 S =), S T 3 e A (1
VBSOS, TR B, RIS AR I G 5
il 453 45 S5 1) 4% S AR B AR FE i B -O- T I 3 5, B s A
FFEIN 13- AR AE K 8- FF 5E-8-Z 4 XA
[3.2.113F Ke-3-Hi-O-[ (3- 7K F-4,5- S M558 H 5
[5(9a), HAorE =2 AlIA 70%.
1.2 EYEES T
VL& 9a A% LSS ORI S04 B A T i
FLHR S ARAT. 0 7.68~7.39 MWL % HIE NFRIF - H
AR IE; 5 5.03~4.96 AbAZ FEIE R FIEERIR |
5 O AL —ANERIRIIE; 6 4.24~4.12 A2 EiIEA
FEBEMEER | C=N AL AN RIS I 6 3.45~3.20 &b
()% BN N—O FHARH N IR, 6 2.37 AbHR
WAy N-FRIE E = ANE IR E; § 3.29~1.34 4B
U 73 S XS I G 2 ROA E AN RS 6 156.2 Ak
U R 28 2% A E 1) N=C B R ¥ 115 5 1&; § 156.1 4bH
U Ry SEREMEER | N=C fRJE T {5 51%; 6 130.1~126.7
AR TR DU ZH UG R 2R R B B R T I 508, 6 79.2 Fil 74.1
Ab PR 9 LU 43 ) SR N—O AHAT [ 5 N BR A5 505 6 36.7
AR P0G R SEER IR E 5 N=C AR FIRR R T 115 51 o
38.9 AbfIEEy N-H IR RIIRJE TG S, 6 60.9~26.3
A P 7S 2HLUEE 43 )5 7 2 2 U B IS AR IS S 0% 1
3 HEFHE HRMS (EIT) caled for CisHy3N;O, 313.1790;

found 313.1789.
1.3 LEYEWES

PLRE 5 HR 45 2k ORI %, 3R N AR 3,
T A Ak % 28 U 2K 2R i (Fenamiphos) A B 4 1 2%
(Avermectin)E N BHEXS IEY), SR A E Rk 20 € T
H AR & W0t /e 7 M 45 4 L Hm vs 1, 45 R ISR 1.
EVEMERR SRR, HAMLAEWTE 25 mg/L IKE T
X R R A 28 R I R A A 1, H A
9a, 9e Fll 9g 7F 25 mg/L W5 I X 7 77 R &5 2k e g 4 vty
PR 100%; B AR A YL R IR RIS R 2k
TEEE BRI /E 25 mg/L WET, I I
REEM BARLAEY) 9a AR BUEPEIR 100%, K3 E5|
NBURIEZ )5, BREURIE N 4-Hi 35 (9e) Bk 2,4- - &((9g)it
i EWiEES 9a M2 4h, HB2RIF E &R
HAxtb &4 9b~9d, 9f, 9h~91 [ :WiE KT &
Y 9a; 5INZIREUIE, WnmkiE(9m). WEWY (9n)Ek it iE
F(9q) R 9a HHFIZRIR, B TE T ERE R AR ER 2 1] 5]
AEHHEE90) £5:(9p), Hbrib & HIIE 354 Fr k%
ik, ERZRXOE 8 Aigl N 3.4- E AR HELEEFT & ki B
FRAE4 9r K1 9s S AR LAY 9a, JERILHE —
EFRE 2. N TR HAr LAY R4
2 A HIE R, IEERITREE N 100%0) B ARtk &4
9a, 9e ll 9g MHATIKFERL LIRS, SHEWIREEE N 20

K1 ALEY 9a~9s Y™ AR EE L AN

Table 1 Yield and nematicidal activity of compounds 9a~9s

Nematicidal activity/%

1 Segzoa
Compd. R R % o mg/L 20mglL 10mgL 5SmgL 1mglL

9a CH; Phenyl 70 100 100 55.6 27.8 242
9b CH; 4-Methylphenyl 75 66.7 — — — —
9¢ CH; 4-Methoxyphenyl 68 66.7 — — — —
9d CH; 4-Chlorophenyl 71 66.7 — — — —
9e CH; 4-Nitrophenyl 60 100 100 94.4 63.9 55.6
of CH; 3,4-Dichlorophenyl 67 86.8 — — — —
9g CH; 2,4-Dichlorophenyl 72 100 69.4 63.0 22.2 12.1
9h CH; 4-CF;C¢Hy 65 93.4 — — — —
9i CH; 4-Bromophenyl 72 86.8 — — — —
9j CH; 4-Fluorophenyl 66 76.6 — — — —
9k CH; 3,5-Dichlorophenyl 71 91.2 — — — —
91 CH; 4-Cyanophenyl 64 85.9 — — — —
9m CH; 5-Cl-furyl 62 86.7 — — — —
9n CH; 2-Thienyl 63 88.3 — — — —
9 CH; Benzyl 67 83.3 — — — —
9p CH; Phenethyl 67 75.9 — — — —
9q CH; 3-Pyridyl 60 82.5 — — — —
9r 3,4-Dichlorobenzoyl Phenyl 68 79.4¢ — — — —
9s 3,4-Dichlorobenzoyl 2,4-Dichlorophenyl 68 65.4¢ — — — —

Fenamiphos — — — — — — 100 82

Avermectin — — — — — — 100 91

PR R HE.
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mg/L i, 9a A1 9e 7532 I 100%[1)7E M, 12 9g HEPE
HIE R B, IR RN 10 mg/L B, HERELAEY) 9e 1155%
RIS 94%I1iG 1, {H 9a FIVEMERRIRE 55.6%, #E—
PRARIREEZ 5 A1 1 mg/L I, 9e 4752 B H A (03 1k
(63.9%F11 55.6%). ZrA EWETESLIG A KT LURI, ]
B H AR A PITEARIRE T 1A P03 PEAR T PH A B
IR 2% 1% (Fenamiphos) F1 i 4 17 2% (Avermectin), {H{FEN—
D 5 T 5 F Ak A B B Stk B A7 v 2 4 i o - R B
(PR IE, 1ZREE T s R IR R ).

2 Zhig

DA SEREME IR BRI A3 5-HT, 24455171 MDL
72222 S5 IR EIE S NS EESE R, JRil I R
L3RI B, 61485 T 19 AR WARGE ) 8-Z 2 XL
W[3.2.113F e-3- e 5 K0 &), Birfb &4
'H NMR, “C NMR, HRMS #fiik. &%} 57 i ah 28 di
AV NS R, LRI A EA R IR 45 2k
SIS E, Hd b &Y 9e 78 1 mg/L W T XLt
FHNE TR 55.6%, RINZREMBA RIFHEE—50
7.

3 EES
3.1 UE5HF

W HEIEHR 7 M (Bruker Magnet System 400 MHz),
J5i 3% 43 #1 AX (Micromass GCT KC317), & 551X (Buchi
Melting Point B-540), Biotage Isolera™ Spektra Systems
P il & 2l A A, - BBk A AX (Hewlett-Packard HP
6890/5973). SR A T B 43 M 4l 7).

3.2 LWHE
3.2.1 2-(Mh A &) F o5 kk-1,3- —BR(2) 89 #] &

H 8.1 g (50 mmol) N-F2RE4RH — HE W ZH1 6.9 g
(50 mmol) E/KBREERERAT 100 mL N,N-—H1 3 F i
(DMF), 18185 6 g (50 mmol)/d A FEIR, =iRMiHE.
TLC BRI, K24 h JG450, ¥R PRBEIAUKK S, #r
A, s, B RB TR, TR, B8 2-(F
PR AL ) S 5 IR - 1,3- R (2): A EAE, FEER 90%.
m.p. 55~57 ‘COCEMER™: 56~57 C); '"H NMR (400
MHz, CDCl3) 6: 7.84 (s, 2H), 7.78 (s, 2H), 6.21~6.08 (m,
1H), 5.44~5.32 (m, 2H), 4.75~4.69 (m, 2H); *C NMR
(101 MHz, CDCl3) 0: 163.7, 134.4, 131.2, 128.8, 123.5,
122.5, 78.8.

322 O-¥im A MR 2 (3)M A

¥ 9.1 g (45 mmol) 2-(J T4 S0 F2) 5715 Wk bk 1,3- — i

F12.81 g (45 mmol) 80% K& I 100 mL I TE/K 2.1
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W AR B 2 h, 2 5 B B S IR AR SR RS 12
h, TLC BRER. RBZE)E, S8, EHE T kT, m
MR 3 mL RERIR, VIR RR A, 22 O-JE TN
R IEREG): Al % 95%. mp. 168~
170°CCCHRERY: 171~171.5 “C); '"H NMR (400 MHz,
D,0) J: 5.96~5.62 (m, 1H), 5.38 (ddd, J=23.9, 17.3, 9.9
Hz, 2H), 4.50~4.24 (m, 2H); °C NMR (101 MHz, D,0)
5:129.4,123.7,75.9,9.1.

323  (1R59)-8-(3,4- — & K 7 Bt & )-8- & 4 M If
[3.2.11F k2-3-BR(4") 49 & Ak,

$4 0.64 g (4 mmol)Z FEFE M EHERIR £, 0.76 g (4
mmol) 1- 2 JE-(3- 7 FF BE G B 7 6 ) B Tt — 0 i #h 1R #h
(EDCI), 0.048 g (0.4 mmol) 4-—HIZ& Kt (DMAP)FI
0.76 g (4 mmol) 3,4- SR HERIA T 30 mL & HF frH,
PEHE N 12 h, TLC BREE. RMNEEHRE, IAZETFK
B (20 mL X 3), A HUAHEUERR 2, 8 P b4l
RS IR EY 4, FEFEE, 722 60%. mp. 139~
140 “C; '"H NMR (400 MHz, CDCly) d: 7.65 (d, J=0.9
Hz, 1H), 7.54 (dd, J=8.2, 1.3 Hz, 1H), 7.38 (d, J=8.2 Hz,
1H), 4.70 (d, J=258.5 Hz, 2H), 2.69 (d, J=182.0 Hz, 4H),
2.17 (d, J=4.3 Hz, 2H), 1.80 (d, J=8.3 Hz, 2H); "*C
NMR (101 MHz, CDCly) d: 206.7, 166.4, 135.1, 135.0,
133.2, 130.7, 129.4, 126.4, 56.0, 51.8, 49.5, 48.7, 29.6,
28.0. (GC-MS) m/z: 231 (M), 297, 240, 173, 145, 124,
109.

324 8- A -8- R A AIR[3.2.1]F k2-3-B7-0-7 # &
J5(5)69 & A%

4.2 ¢ (30 mmol)FE A 4, 3.2 g (30 mmol) O-#5 14
¥R E B R (3) A0 4.1 g (30 mmol) TE /K FRIRAH VA T 100
mL Tk ZEEH, AR 12 h, TLC PREE. SO 45 )R,
IR LVER, RNIEAEYET 20 mL (2.5 molsL ™4
SEALEKIER, 2B ZBEAEEL(30 mL X 3), A
MU, ToKBREREE TS, D RR KVE 7, Mvsr=4ia
b PR A Al Ak A B Sa, BEEUK, PR
80%. '"H NMR (400 MHz, CDCl;) §: 6.04~5.88 (m, 1H),
5.33~5.11 (m, 2H), 4.51 (dt, J=5.5, 1.4 Hz, 2H), 3.32~
3.18 (m, 2H), 2.93 (d, J=15.5 Hz, 1H), 2.55 (dd, J=15.0,
3.7 Hz, 1H), 2.36 (s, 3H), 2.19 (dd, J=15.6, 3.7 Hz, 1H),
2.12 (d, J=14.8 Hz, 1H), 2.04~1.95 (m, 2H), 1.59 (dd,
J=9.5, 8.5 Hz, 1H), 1.46 (t, J=9.0 Hz, 1H); “C NMR
(101 MHz, CDCl3) 6: 155.7, 134.6, 116.8, 74.1, 60.6, 59.9,
39.0, 36.9, 31.8, 27.4, 26 4.

325 (1R,55)-8-(3,4- — & K ¥ Bt A )-8- & & M 3R
[3.2.1]5F b2.-3-BA-O- 7 Hi K5 (5") 69 & Ak,
JrE b, T, PR 75%. 'H NMR (400

http://sioc-journal.cn/ 763
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MHz, CDCl;) 6: 7.61 (d, J=1.6 Hz, 1H), 7.51 (d, J=8.2
Hz, 1H), 7.34 (dd, J=8.2, 1.7 Hz, 1H), 5.97 (ddt, J=16.2,
10.8, 5.6 Hz, 1H), 5.24 (dd, J=28.2, 13.9 Hz, 2H), 4.92 (d,
J=31.1 Hz, 1H), 4.56 (d, J=32.5 Hz, 2H), 4.19 (d, J=5.5
Hz, 1H), 3.18 (d, J=22.1 Hz, 1H), 2.51 (t, J=84.0 Hz,
2H), 2.05 (s, 3H), 1.79 (t, J=8.8 Hz, 1H), 1.74~1.58 (m,
1H); *C NMR (101 MHz, CDCl5) §: 173.9, 165.9, 153.5,
135.70 134.7, 134.3, 133.1, 130.7, 129.3, 126.4, 117.3,
75.3, 74.5, 56.6, 55.6, 53.5, 51.9, 51.2, 39.5, 37.9, 34.0,
32.6,29.6,28.5, 28.04, 27.01, 22.4, 20.7, 10.4.

3.2.6 BARLAA 9 0945

PIAL &% 9a I, 4 1.06 g (10 mmol) 4 HIE . 0.69
g (10 mmol) E: R ¥2HZ A1 0.4 g (10 mmol)E AL ¥ T 50
mL 50% g, EiRHiPE RN, TLC FRER. [
4 /NI JESEIR, IOERR R, N 10 mL & 87Kk
B, & W A0 mLX3), &IFANUHE, s
BR¥EA, 33 A EEAIR TR, 7% 90%, MRS
RAEE A T N — 0 R

¥ 0.36 g (3 mmol)ZKFHEEGAN 1 ik ELFRVE T 10
mL & H e, B8R 0.39 g (3 mmol) N-EALT —
P Ji (1) — S R e iR, SR AidE, TLC BREFRM. =
6 h 545, K 0.19 g (1 mmol)Ff [al44 5 i N 3 Sz B i
o, SN 031 g (3 mmol) = Z BN A IR,
FIRGFE, TLC BREE. [V 12 h 450K, AN EETFK
Ve (20 mL X 3), Pk bR 22 iA 5, ik Pk ik gl ik
H145 8- FE-8- - J4 XU IR [3.2. 1] ¥ S5t -3-H-O-((3- 7K -4, 5-
A E 5B ) 5(9a), FEOUR, PR 70%. 'H
NMR (400 MHz, CDCl;) d: 7.68~7.66 (m, 2H), 7.40~
7.39 (m, 3H), 5.03~4.96 (m, 1H), 4.24~4.12 (m, 2H),
3.45~3.32 (m, 2H), 3.29~3.19 (m, 2H), 2.95~2.89 (m,
1H), 2.59 (d, J=14.9 Hz, 1H), 2.37 (s, 3H), 2.25~2.18
(m, 1H), 2.15~2.09 (m, 1H), 2.02~1.93 (m, 2H), 1.63~
1.34 (m, 2H); “C NMR (101 MHz, CDCly) &: 156.2,
156.1, 156.1, 155.9, 130.0, 129.4, 128.6, 128.6, 126.6,
126.6, 79.2, 79.0, 74.2, 74.1, 60.8, 60.7, 60.1, 59.9, 38.9,
38.8,37.2, 37.1, 36.7, 36.6, 31.6, 27.2, 27.1, 26.3; HRMS
(EI") caled for CsH»3N30, 313.1790, found 313.1789.

8- F 8-S A WA [3.2.1] 3 be-3- i - O-((3-(4- HH &
ARHL)-4,5- A -5 I B L) i (9b): B AR, £
# 75%. '"H NMR (400 MHz, CDCl3) d: 7.57 (dd, J=8.2,
2.1 Hz, 2H), 7.21 (d, J=8.4 Hz, 2H), 4.98 (ddq, J=10.9,
6.9, 5.3 Hz, 1H), 4.18 (tdd, J=19.6, 11.7, 5.2 Hz, 2H),
3.43~3.17 (m, 4H), 2.95 (dd, J=15.7, 9.4 Hz, 1H), 2.65
(dd, J=14.8, 3.2 Hz, 1H), 2.41 (d, J=1.4 Hz, 3H), 2.38 (s,
3H), 2.31~2.21 (m, 1H), 2.19~2.10 (m, 1H), 2.07~1.95
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(m, 2H), 1.69~1.37 (m, 2H); “C NMR (101 MHz,
CDClLy) d: 156.2, 156.1, 155.8, 155.7, 140.3, 129.4, 129.3,
126.7, 126.6, 126.6, 79.0, 78.9, 74.3, 74.2, 61.0, 60.8, 60.2,
60.0, 38.9, 38.8, 37.5, 37.3, 36.7, 36.6, 31.6, 27.2, 27.1,
26.3, 21.4; HRMS (EI") caled for CjoHysN30, 327.1947,
found 327.1947.

8- FF1 JE -8 R A% MUIA[3.2.1] % h -3- i -O-((3-(4- 1 4,
FEHIE)-4,5- H FUEME-5-FE ) IE) 5 (9¢): B AR,
P& 68%. "H NMR (400 MHz, CDCl;) 0: 7.60 (dd, J=
9.0, 2.2 Hz, 2H), 6.91 (d, J=8.5 Hz, 2H), 5.01~4.88 (m,
1H), 4.17 (tdd, J=19.0, 11.7, 5.2 Hz, 2H), 3.83 (d, J=0.4
Hz, 3H), 3.38 (ddd, J=16.4, 10.8, 5.6 Hz, 2H), 3.32~3.26
(m, 1H), 3.26~3.14 (m, 1H), 2.95 (dd, J=15.7, 9.1 Hz,
1H), 2.66 (d, J=14.6 Hz, 1H), 2.41 (d, J=2.5 Hz, 3H),
2.28 (dt, J=15.7, 4.7 Hz, 1H), 2.20~2.10 (m, 1H), 2.06~
1.95 (m, 2H), 1.69~1.37 (m, 2H); *C NMR (101 MHz,
CDCly) 6: 161.0, 155.8, 155.8, 155.7, 155.6, 128.2, 128.1,
122.0, 122.0, 114.1, 114.1, 78.9, 78.7, 74.3, 74.2, 61.0,
60.8, 60.2, 60.0, 55.4, 38.8, 38.7, 37.6, 37.4, 36.6, 36.5,
31.5, 27.2, 27.0, 26.2; HRMS (EI") caled for CjoH,sN305
343.1896, found 343.1898.

8- FF FE 8- % WA [3.2.1] % e -3-Fi-O-((3-(4- A 7
F)-4,5- T F T REM-S- ) H D 5 (9d): AR, 7R
71%. '"H NMR (400 MHz, CDCl;) d: 7.60 (dd, J=8.7, 2.6
Hz, 2H), 7.37 (d, J=8.4 Hz, 2H), 5.06~4.92 (m, 1H),
4.27~4.08 (m, 2H), 3.50~3.31 (m, 3H), 3.20 (ddd, J=
16.6, 14.9, 7.1 Hz, 1H), 2.97 (dd, J=15.8, 6.3 Hz, 1H),
2.76 (ddd, J=15.3, 7.7, 3.3 Hz, 1H), 2.46 (d, J=5.5 Hz,
3H), 2.37 (dd, J=15.8, 3.4 Hz, 1H), 2.18 (t, J=15.0 Hz,
1H), 2.10~1.98 (m, 2H), 1.72~1.39 (m, 2H); °C NMR
(101 MHz, CDCLy) ¢: 155.3, 155.2, 154.9, 154.8, 136.0,
129.0, 128.9, 128.0, 127.9, 127.9, 127.8, 79.4, 79.3, 74.2,
74.0, 612, 61.1, 60.5, 60.3, 38.8, 38.7, 37.1, 36.9, 36.5,
36.4, 31.4, 26.97, 26.8, 26.0; HRMS (EI") caled for
CisHuN;0,°Cl 347.1401, found 347.1401; caled for
C1sH2N;0,°"Cl 349.1371, found 349.1381.

8- F 3 8- % 4% XU IR [3.2.1]F i -3- B -O-((3-(4- it 3
HHE)-4,5- A SR REMe-5- B L 5 (9e): [ £ 44, 7
# 60%. m.p. 154~156 ‘C; '"H NMR (400 MHz, CDCly)
5: 8.32~8.26 (m, 2H), 7.86 (d, J=9.0 Hz, 2H), 5.18~
5.03 (m, 1H), 4.31~4.21 (m, 2H), 3.90 (d, J=30.6 Hz,
2H), 3.56~3.40 (m, 1H), 3.32~3.14 (m, 3H), 2.83 (s,
4H), 2.43 (d, J=15.9 Hz, 1H), 2.28 (d, J=5.8 Hz, 2H),
1.85 (dt, J=19.8, 9.6 Hz, 2H); °C NMR (101 MHz,
MeOD) 6: 155.3, 154.9, 154.8, 149.9, 148.6, 135.4, 127.5,
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127.4, 124.1, 124.07, 80.1, 74.74, 37.1, 36.9, 36.4, 25.8,
25.6, 25.1, 25.0; HRMS (EI+) caled for C;gH»pN,O4
358.1641, found 358.1638.

8- F 5 -8- 2 24 WA [3.2.1] 2 i -3-Fli-O-((3-(3,4- &
FRHE)-4,5- S R IEME -5 FJE) i (9): B Ak, 72
% 67%. 'H NMR (400 MHz, CDCly) d: 7.72 (d, J=1.9
Hz, 1H), 7.51 (ddd, J=8.4, 4.5, 1.9 Hz, 1H), 7.48~7.43
(m, 1H), 5.09~4.95 (m, 1H), 4.26~4.11 (m, 2H), 3.52~
3.29 (m, 3H), 3.19 (ddd, J=16.6, 14.9, 7.2 Hz, 1H), 2.96
(dd, J=15.8, 6.1 Hz, 1H), 2.72 (d, J=15.0 Hz, 1H), 2.46
(d, J=4.2 Hz, 3H), 2.33 (dt, J=15.7, 42 Hz, 1H), 2.18
(dd, J=14.7, 13.2 Hz, 1H), 2.11~1.96 (m, 2H), 1.70~
1.37 (m, 2H); “C NMR (101 MHz, CDCl;) d: 155.1,
155.0, 154.5, 154.4, 134.1, 134.0, 133.1, 133.0, 130.8,
129.6, 129.5, 128.3, 125.7, 125.6, 79.8, 79.7, 74.1, 73.9,
61.0, 60.9, 60.2, 60.1, 38.7, 38.6, 36.8, 36.6, 36.5, 36.4,
314, 27.0, 269, 26.1; HRMS (EI ") caled for
CisH2N;0,°Cl, 381.1011, found 381.1010; caled for
C15H2N;0,°CIP'Cl 383.0981, found 383.0987; caled for
C15H21N;0,"Cl, 385.0952, found 385.0942.

8- H 8- A WA [3.2. 113 St -3-Bd-O-((3-(2,4- —
HHE)-4,5- A S REME-S- ) F I 5 (9g): B AR, 7
# 72%. '"H NMR (400 MHz, CDCL3) d: 7.60 (dd, J=8.4,
6.8 Hz, 1H), 7.45 (t, J=4.9 Hz, 1H), 7.32~7.24 (m, 1H),
5.03 (ttd, J=10.6, 5.2, 1.9 Hz, 1H), 4.26~4.11 (m, 2H),
3.54 (ddd, J=17.1, 10.8, 6.3 Hz, 1H), 3.43~3.20 (m, 3H),
2.94 (t, J=15.5 Hz, 1H), 2.59 (d, J=11.7 Hz, 1H), 2.38
(d, J=4.9 Hz, 3H), 2.31~2.18 (m, 1H), 2.19~2.06 (m,
1H), 2.01 (dd, J=15.5, 8.8 Hz, 2H), 1.68~1.35 (m, 2H);
3C NMR (101 MHz, CDCl5) d: 156.5, 156.3, 155.3, 155.3,
136.2, 133.4, 131.3, 131.3, 130.4, 127.5, 127.3, 80.0, 79.9,
73.9, 73.8, 60.8, 60.7, 60.1, 59.9, 39.4, 39.3, 39.0, 38.9,
36.9, 36.7, 31.8, 31.7, 27.3, 27.2, 26.4, 26.3; HRMS (EI")
caled for Ci3H,N;0,°Cl, 381.1011, found 381.1009;
caled for C5H, N30, °CIP’Cl 383.0981, found 383.0981;
calcd for C,3H,N;0,'Cl, 385.0952, found 385.0967.

8- FH L -8- %5 4% WA [3.2.17 3 HE-3- B -O-((3-(4-(= 5
) R R )-4,5- A S ek -5 ) F ) 15 (9h): 3 A
1, 7P2& 65%. "H NMR (400 MHz, CDCl;) §: 7.82~7.74
(m, 2H), 7.65 (d, J=8.3 Hz, 2H), 5.12~4.98 (m, 1H),
4.26~4.11 (m, 2H), 3.41 (ddd, J=16.6, 10.9, 5.7 Hz, 1H),
3.33~3.20 (m, 3H), 2.89 (dd, J=15.5, 10.1 Hz, 1H),
2.64~2.50 (m, 1H), 2.36 (s, 3H), 2.27~1.87 (m, 4H),
1.64~1.24 (m, 2H); *C NMR (101 MHz, CDCly) o:
156.5, 156.3, 155.2, 155.1, 132.9, 131.8, 131.5, 126.9,
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126.8, 125.6, 125.6, 125.1, 122.4, 79.9, 79.8, 74.0, 73.9,
60.8, 60.7, 60.0, 59.8, 39.0, 38.9, 36.8, 36.8, 36.7, 31.7,
273, 272, 264, 263; HRMS (EI ") caled for
C1oH2N;0,F; 381.1664, found 381.1662.

8- FH L 8- 4 WUFR [3.2.1] 3 bt -3- i -O-((3-(4- VR 2
B)-4,5- w5 B) L) 5 (90): B AR, PR
72%. "H NMR (400 MHz, CDCl3) 8: 7.53 (s, 4H), 5.05~
4.95 (m, 1H), 4.30~4.10 (m, 2H), 3.73 (d, J=16.1 Hz,
1H), 3.63 (s, 1H), 3.40 (ddd, J=17.6, 10.9, 6.9 Hz, 1H),
3.27~2.92 (m, 3H), 2.63 (dd, J=20.6, 11.2 Hz, 4H), 2.30
(t, J=16.5 Hz, 1H), 2.20~2.06 (m, 2H), 1.89~1.51 (m,
2H); *C NMR (101 MHz, CDCLy) d: 155.4, 155.3, 152.2,
132.0, 131.9, 128.3, 128.2, 128.1, 128.0, 124.4, 124.4,
79.4, 79.2, 74.5, 742, 62.2, 62.0, 61.4, 61.2, 38.8, 38.7,
37.1, 36.8, 36.1, 36.0, 30.9, 26.3, 26.1, 25.4; HRMS (EI")
caled for CigH,N;0,7’Br 391.0895, found 391.0894: caled
for C;3H»,N30," Br 393.0875, found 393.0875.

8- P L 8- 4 WK [3.2.11 % K -3- i -O-((3-(4- F. 7K
FE)-4,5- A EREmE-S - ) 5 (9)): AR, PR
66%. '"H NMR (400 MHz, CDCl3) d: 7.72~7.62 (m, 2H),
7.10 (t, J=8.5 Hz, 2H), 4.99 (td, J=11.9, 6.2 Hz, 1H),
4.28~4.11 (m, 2H), 3.68~3.47 (m, 2H), 3.46~3.33 (m,
1H), 3.29~3.13 (m, 1H), 3.02 (dd, J=36.5, 16.1 Hz, 2H),
2.58 (d, J=7.5 Hz, 4H), 2.26 (t, J=16.6 Hz, 1H), 2.21~
2.04 (m, 2H), 1.84~1.49 (m, 2H); >C NMR (101 MHz,
CDCly) d: 165.0, 162.5, 155.3, 155.2, 152.9, 128.6, 128.5,
125.6, 116.0, 115.9, 115.8, 115.7, 79.2, 79.0, 74.5, 74.2,
61.9, 61.7, 61.1, 60. 9, 38.7, 38.6, 37.4, 37.1, 36.2, 36.1,
31.0, 29.6, 26.5, 26.3, 25.6, 25.6; HRMS (EI") calcd for
C1sH2N;0,F 331.1696, found 331.1698.

8- H JE-8-Z A WA [3.2.1] 3 it -3-Bid-O-((3-(3,5- — &
IRHL)-4,5- A -5 I FL 5 (9Kk): TRk, 7
% 71%. "H NMR (400 MHz, CDCl;) §: 7.54 (dd, J=2.6,
1.9 Hz, 2H), 7.39 (t, J=1.8 Hz, 1H), 5.13~4.96 (m, 1H),
4.28~4.09 (m, 2H), 3.42~3.14 (m, 4H), 2.92 (dd, J=
15.6, 7.7 Hz, 1H), 2.63 (dd, J=14.9, 3.1 Hz, 1H), 2.40 (d,
J=3.0 Hz, 3H), 2.30~2.20 (m, 1H), 2.20~2.08 (m, 1H),
2.01 (ddd, J=15.0, 7.8, 3.7 Hz, 2H), 1.68~1.31 (m, 2H);
C NMR (101 MHz, CDCl;) d: 156.0, 154.3, 154.2, 135.4,
132.4, 132.4, 129.7, 124.9, 80.0, 79.8, 73.9, 73.8, 60.8,
60.7, 60.1, 59.9, 38.9, 38.8, 36.7, 36.6, 36.5, 31.6, 27.2,
27.1, 26.2; HRMS (EI+) calcd for C18H21N30235C12
381.1011, found 381.1010; calcd for C,sH,N;0,°CIP’Cl
383.0981, found 383.0983; caled for C;sH,N;0,"’Cl,
385.0952, found 385.0952.
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8- F 3 -8- % 4% XU IR [3.2.1] % i -3- i -O-((3-(4- . 3
HHE)-4,5- A S IEME-S- ) L 5 (91): 3R (Ui, 7
# 64%. 'H NMR (400 MHz, CDCl;) §: 7.80~7.74 (m,
2H), 7.73~7.66 (m, 2H), 5.12~5.01 (m, 1H), 4.28~4.11
(m, 2H), 3.46~3.16 (m, 4H), 2.90 (dd, J=15.6, 8.7 Hz,
1H), 2.59 (dt, J=14.9, 3.8 Hz, 1H), 2.38 (d, J=2.2 Hz,
3H), 2.26~2.16 (m, 1H), 2.17~2.07 (m, 1H), 2.06~1.93
(m, 2H), 1.65~1.30 (m, 2H); “C NMR (101 MHz,
CDCly) d: 156.4, 156.3, 155.0, 154.9, 133.86, 132.4, 132.4,
127.0, 118.3, 113.3, 80.2, 80.1, 73.9, 73.8, 60.8, 60.7, 60.1,
59.9, 39.0, 39.0, 36.8, 36.7, 36.5, 36.4, 31.7, 27.2, 27.1,
26.3; HRMS (EI+) calcd for C;oH,,N4O, 338.1743, found
338.1744.

8- FF JE-8- B A WA [3.2.1] 2 e -3- B -O-((3-(5- E Wk
MR-2-3)-4,5- — S S RE M -5 -3 ) F JEE) 5. (9m): 35 (i ik,
% 62%. 'H NMR (400 MHz, CDCl;) J: 6.70 (t, J=3.7
Hz, 1H), 6.27 (d, J=3.5 Hz, 1H), 5.02~4.89 (m, 1H),
4.15 (tdd, J=18.7, 11.8, 5.1 Hz, 2H), 3.38~3.24 (m, 4H),
2.92 (dd, J=15.6, 7.3 Hz, 1H), 2.62 (d, J=14.9 Hz, 1H),
2.39 (d, J=3.6 Hz, 3H), 2.25 (d, J=14.4 Hz, 1H), 2.20~
2.07 (m, 1H), 2.02 (ddd, J=15.2, 9.6, 5.2 Hz, 2H), 1.51
(ddt, J=42.5, 18.2, 9.8 Hz, 2H); *C NMR (101 MHz,
CDCly) 6: 156.1, 156.0, 147.7, 147.7, 144.4, 144.4, 138.8,
138.7, 113.4, 113.4, 108.5, 79.2, 79.1, 73.8, 73.7, 60.9,
60.7, 60.1, 60.0, 38.9, 38.8, 36.8, 36.7, 36.6, 36.6, 31.6,
27.2, 27.1, 263, 26.2; HRMS (EI - ) caled for
Ci6H2oN305°Cl 337.1193, found 337.1191; caled for
C16H2oN;05°"C1 339.1164, found 339.1165.

8- FF 8- % 4 WA [3.2.1] 2 byt -3- i - O-((3-(WE Wy -2-
H)-4,5- A S NEME-S- B F B I5(9n): B AR, FRER
63%. 'H NMR (400 MHz, CDCl3) 0: 7.39 (dd, J=5.1, 0.9
Hz, 1H), 7.21 (d, J=3.6 Hz, 1H), 7.07 (dt, J=5.1, 3.4 Hz,
1H), 5.24 (ddd, J=13.9, 11.8, 1.5 Hz, 1H), 5.08~4.89 (m,
1H), 4.27~4.13 (m, 2H), 3.66 (d, J=23.3 Hz, 1H), 3.44
(td, J=10.9, 5.4 Hz, 1H), 3.33~3.14 (m, 1H), 3.15~2.98
(m, 2H), 2.70~2.54 (m, 4H), 2.34~2.25 (m, 1H), 2.16
(ddd, J=24.4, 15.7, 6.7 Hz, 2H), 1.88~1.52 (m, 2H); "°C
NMR (101 MHz, CDCl;) 8: 156.0, 155.9, 154.8, 152.0,
151.9, 134.5, 131.9, 128.3, 128.3, 128.2, 128.2, 127.3,
127.2, 117.0, 79.4, 79.3, 74.2, 74.0, 73.9, 60.9, 60.7, 60.1,
60.0, 38.9, 38.8, 38.1, 37.9, 36.7, 36.6, 36.5, 31.6, 31.5,
27.2, 272, 27.1, 263, 262; HRMS (EI") caled for
C16H21N30,S 319.1354, found 319.1353.

8- F 92 -8- 2 24 WUIA[3.2.1] 2 i -3-F -O-[ (3- 7 3E-4,5-
A REME S B R E(90): B URAR, 77K 67%. 'H
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NMR (400 MHz, CDCly) 6: 7.34~7.27 (m, 3H), 7.23 (d,
J=8.0 Hz, 2H), 4.83~4.71 (m, 1H), 4.04 (dtd, J=16.4,
11.4, 5.4 Hz, 2H), 3.68 (s, 2H), 3.42 (dd, J=29.9, 3.4 Hz,
2H), 2.91 (ddd, J=28.8, 17.1, 13.7 Hz, 2H), 2.82~2.70
(m, 1H), 2.66 (dd, J=17.1, 7.3 Hz, 1H), 2.47 (d, J=5.3
Hz, 3H), 2.36 (dd, J=15.8, 3.3 Hz, 1H), 2.16 (dd, J=15.1,
6.6 Hz, 1H), 2.07 (dd, J=14.2, 7.1 Hz, 2H), 1.72~1.44
(m, 2H); *C NMR (101 MHz, CDCly) d: 157.5, 157.5,
154.5, 154.4, 135.6, 129.3, 128.8, 128.7, 128.5, 128.2,
127.1,127.1, 126.1, 78.2, 78.1, 74.2, 74.2, 61.2, 61.0, 60.4,
60.2, 38.7, 38.5, 36.4, 36.2, 34.0, 34.0, 31.2, 31.2, 26.9,
26.7, 26.0, 25.9; HRMS (EI+) caled for C;oH»sN30,
327.1947, found 327.1945.

8- F L -8- 2 2 WU [3.2.1] 3 5t -3- il -O-[(3- 7K £, 3k-
4,5- Z S SR M5 B i 9p): B ik, R
67%. "H NMR (400 MHz, CDCL3) 6: 7.33~7.27 (m, 2H),
721 (dd, J=17.0, 4.7 Hz, 3H), 4.85~4.70 (m, 1H), 4.03
(dddd, J=16.8, 13.9, 11.5, 5.6 Hz, 2H), 3.35 (d, J=28.7
Hz, 2H), 3.01~2.86 (m, 4H), 2.77~2.60 (m, 4H), 2.42 (d,
J=1.9 Hz, 3H), 2.29 (dd, J=15.7, 3.6 Hz, 1H), 2.15 (dd,
J=14.9, 6.6 Hz, 1H), 2.10~1.98 (m, 2H), 1.56 (ddt, J=
45.1, 26.9, 9.0 Hz, 2H); *C NMR (101 MHz, CDCl;) ¢:
157.9, 157.9, 155.7, 155.6, 140.4, 128.5, 128.3, 128.3,
128.2, 126.3, 77.8, 77.7, 74.1, 60.9, 60.8, 60.2, 60.0, 39.7,
39.5, 38.9, 38.8, 36.7, 36.6, 32.6, 32.6, 31.6, 31.6, 29.4,
29.4, 27.2, 27.0, 26.3, 26.2; HRMS (EI") caled for
Ca0H27N30, 341.2103, found 341.2104.

8- FF 3 -8- 2 A2 XA [3.2.1] % J5e-3-Fi - O-[ (3- (ML e -3-
H)-4,5- S FREME-S- IR R 5(9q): AR, %
60%. "H NMR (400 MHz, CDCL3) 6: 8.83 (dd, J=5.2, 1.8
Hz, 1H), 8.65 (d, J=3.8 Hz, 1H), 8.06 (ddt, J=10.1, 8.0,
1.9 Hz, 1H), 7.38~7.32 (m, 1H), 5.12~4.98 (m, 1H),
4.33~4.14 (m, 2H), 3.55 (d, J=15.7 Hz, 1H), 3.44 (ddd,
J=16.7, 11.0, 5.8 Hz, 2H), 3.27 (ddd, J=16.7, 13.5, 7.2
Hz, 1H), 3.02 (d, J=15.9 Hz, 1H), 2.88 (t, J=12.0 Hz,
1H), 2.51 (t, J=12.8 Hz, 4H), 2.23 (t, J=15.1 Hz, 1H),
2.15~2.01 (m, 2H), 1.79~1.45 (m, 2H); *C NMR (101
MHz, CDCl3) 6: 153.9, 153.8, 151.0, 147.7, 133.7, 123.6,
79.6, 79.4, 74.3, 74.0, 61.6, 61.4, 60.8, 60.6, 38.7, 36.7,
36.4, 36.3, 36.2, 31.2, 26.7, 26.5, 25.7; HRMS (EI") calcd
for C;;H,,N,O, 314.1743, found 314.1741.

8-(3,4- SR F IR L )-8- U A XA [3.2. 1] 3 fit -3- il -
O-[(3-H3E-4,5- & S mame-5- ) 1 36 1 5 (9r): ¥ (Ll
&, P23 68%. '"H NMR (400 MHz, CDCl3) 6: 7.70~7.61
(m, 2H), 7.56 (d, J=2.8 Hz, 1H), 7.48 (d, J=8.2 Hz, 1H),
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7.39 (d, J=2.4 Hz, 3H), 7.29 (d, J=6.8 Hz, 1H), 4.98 (dt,
J=10.6, 5.9 Hz, 1H), 4.85 (d, J=45.3 Hz, 1H), 430~
401 (m, 3H), 3.41 (ddd, J=17.7, 10.8, 7.1 Hz, 1H),
3.29~3.16 (m, 1H), 3.10 (d, J=21.8 Hz, 1H), 2.71 (d, J=
5.9 Hz, 1H), 2.31 (d, J=16.6 Hz, 2H), 2.01~1.88 (m,
2H), 1.80~1.43 (m, 2H); *C NMR (101 MHz, CDCl;) ¢:
165.9, 156.1, 156.1, 135.6, 134.6, 133.0, 130.6, 130.1,
129.4, 129.3, 128.7, 126.6, 126.3, 79.1, 79.0, 74.6, 74.4,
60.3, 56.5, 55.5, 51.8, 51.1, 39.4, 37.7, 37.2, 37.0, 33.9,
32.5,29.6, 28.4,27.9, 26.9, 21.0, 14.2; HRMS (EI") calcd
for CosH3N305°°Cl, 471.1116, found 471.1118; caled for
C,4sH23N;05°CIP7Cl 473.1117, found 473.1114; caled for
C,4H,3N305°"Cl, 475.1120, found 475.1125.

8-(3,4- SR F IR 5L )-8- U A XA [3.2.1] 3¢ Jot -3- il -
O-((3-(2,4- =5 AR FE)-4,5- — S g me-5-Jk ) FH L) [15(9s):
FOWAK, 75F 68%. 'H NMR (400 MHz, CDCl;) o:
7.63~7.56 (m, 2H), 7.50 (d, J=8.2 Hz, 1H), 7.43 (d, J=
1.7 Hz, 1H), 7.32 (d, J=8.2 Hz, 1H), 7.27 (d, J=8.0 Hz,
1H), 5.02 (ddd, J=16.5, 8.3, 3.6 Hz, 1H), 4.88 (d, J=40.6
Hz, 1H), 4.27~4.07 (m, 3H), 3.53 (ddd, J=17.0, 10.6, 6.5
Hz, 1H), 3.36 (dd, J=17.1, 7.1 Hz, 1H), 3.13 (d, J=22.8
Hz, 1H), 2.34 (d, J=31.2 Hz, 2H), 2.03 (s, 3H), 1.84~1.52
(m, 2H); *C NMR (101 MHz, CDCl;) é: 165.9, 1552,
155.2, 136.3, 135.5, 134.6, 133.4, 133.3, 133.0, 131.3,
131.2, 130.6, 130.4, 130.4, 129.3, 127.4, 126.3, 79.9, 79.7,
742, 74.1, 60.3, 56.5, 55.5, 51.8, 51.1, 39.3, 39.2, 37.8,
34.0, 32.5, 29.6, 28.5, 27.9, 26.9, 21.0, 14.2; HRMS (EI")
caled for CoyH,N;05Cly 539.0037, found 539.0040; caled
for CoyH,N305°CLY'Cl 541.0031, found 541.0035; caled
for Cp4HyN;057°CLY’Cl, 543.0029, found 543.0036; calcd
for CoyH,N305°CICly 545.0019, found 545.0016; caled
for C4H,N305%"Cl, 547.0015, found 547.0012.

3.2 HEYEEMENR

MR 285 28 AR 77 v W R e b % B 75 VR B T 4,
Hevfe U7 R B AR S 28 — 8 4l e g — RS 3 I
P RRE R, FE IS REC 2, FE
IR E AL 2000 4400 REET 20~25 C,
10 /NEHEIR R 1G9, 20 d J B4, HH BRI ARAR
R MRS E, AR EIAT %, SR, B
VAR AR R, ZETE K INAR 25 28 A B PEXT RE, DA
% 2R Tl R B 24 B 2RO BE P G R 4 2R (%) = (W TR
I3 RAF 5y K — A IRAT 53 H)/ 5 B> A5 53 X 100%

4 Bh#4 8l (Supporting Information) HArb &4 'H
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NMR, "C NMR ##fi. X544 RL AT DL G 2 AT Y 31l
(http://sioc-journal.cn/) I N %K.
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