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BoRe K OFC X " B e BREEC
/f]%ﬂ/iﬁ a E%‘j}%*,a,c,d
(MM R S TR B Rt 210037)

CERAO KRS P R 210095)

LA ED RGOS 15 5 E A= A 210037)
CTPEME S TR E SRS BT 530008)

WE  CLRIRION R, &R 7 B B IR e S e R 25 T A, R HAE S M AT TR, SRR S 0T A I AT 4R
BN, BEIRE A 3-55 T 3R TRE 2a~2g, 2a~2g 5K EAMEAIL. AT, 1525 B bt w254k
G 3a~3g; UL NN-HIEHEERONTER, 3a~3g 5 2-A S EAEMEAAER S, ART 7 Pt 54 4a~
4g. HEMZ "H NMR, PC NMR, IR, 1 HRMS F4E. @it X SHEATH S HIE 7 &9 2-(6',6'- — -3 (4- 45 3%
RHE)-4'5".6',7'-DUE-5", 7' - 0. -5 M- 1255 2 I (4Q) IR AR 25 440 0T T 4 &0 3a~3g il da~4g 13018 v PR A
Uf AR TS . SRR SE RR A, 2-(61,6'-Z H R34 - K 2E)-4',51,6', 7'- DU &L-5, 7 - M I FR -1 M- 1" 58 £, Bk ik (4 @) BE L
BT BB AR, IR B SR AR r A R B T R S
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Synthesis and Biological Activity of Novel Pinanyl Pyrazole
Acetamide Derivatives
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Abstract Novel pinanyl pyrazole derivatives were synthesized from nopinone and their bioactivities were also examined in
this paper. The intermediate compounds 3-arylidenenopinones 2a~2g were synthesized by condensation of aromatic alde-
hydes and nopinone, and pinanyl pyrazole derivatives 3a~3g were subsequently obtained by cyclization and dehydroaromati-
zation of compounds 2a~2g and hydrazine hydrate in the circumstance of N,N-dimethylformamide (DMT). The target com-
pound pinanyl pyrazole acetamide derivatives 4a~4g were synthesized by alkylation using 2-chloroacetamide as the alkylat-
ing agent under the condition of base catalysis. The structures of synthesized compounds were characterized by '"H NMR, *C
NMR, IR, HRMS, and X-ray diffraction analysis. Biological activities evaluation of compounds 3a~3g and 4a~4g were
performed including antibacterial and insecticidal activities on Tinocallis kahawaluokalani. Test results showed that compound
4g was a more potent bactericide and fungicide than others because of its good activities against bacteria and fungi; further-
more, compound 4g had shown the better insecticidal activity against Tinocallis kahawaluokalani than the others.
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ML e B A 2% 5T B 1 G 2RO R L B
R, IR AL fd L e R SR IV 2 SRR I R WS 1, i
WA BEMIEBE . ARG A E T Z IR AN,
WL A B ABR G PR D 0 R e Rk &,
e L RS T A ARE.. SRR R
OIS 5 82 NI, KA TRi RS A
YD PERT 702 9 A R G0 B — AL H TR k)
MRS ERR GRS b . ol A, U
— AN EAR M 55 A R e 2R ), H AR R T
St 2B RK A A TR AR KL SR KU T %24
M2 . S — 5T, R IR AR 251 DA
FAMLHIMURE . A5 P A Br g M DLW RN B I
B, LIRS Y s, RNk 2. kR R
RTUBR HAERE R A A ACRIHER
AW T B R AR PR s KU p-R A N R
KIS EPFEE R 77, B R BRI e B 5] N PR e
CLEIRE A S &9, &5 5 BB SRR 2] 3- 51
FL VR IR, 5 K& B b 2 J5 3E 4T i &0 i =
L, G T 7 N ET IR BESEME SR AL A ) 3a~3g. b A
V) 3a~3g 5 2-H OWEAEMEWAER T, &/ T 7 Fh
MR 21k &4 da~4g. LA WIEEHIZ 'H NMR, BC
NMR, IR, MS Fl HRMS HfilE. #1254 93 1 R 3% 1,
TSV B A B AR i AR EYE. B G
YIIv) & R 26 LI 1.

0]

o 1) NoHy -H,O
Ar-CHO A ar (1) NoHg -Hy
catalyst (2) DDQ

1 2a~2g

N HoN HoN _
HN-N r jol/\cn 2 TI/\N N

A A (0] AN Ar
DMF

3a~3g 4a ~4g

Ar: p-CH3C6H4 (43), p-ClCGH4 (4b), p-BrC6H4 (4C), p-CH3OC6H4 (4d),
0-CICgH, (4e), p-NO,CgHy (4f), p-FCH, (4g)

B 1 Fisfbamm &

Scheme 1 Synthesis of target compounds

1 ZR5TR
1.1 BHRUEMMERTTS

Hbrib & PR & s 28 W Scheme 1, AT A EURHE I8
fif sz it s B, K m AR R A BT s i 152
TEH 2 FRHAIRER 1 (R, R AP S AN ER
F 788 5 1A 3 i 20 BEVE PRI, 8 1) 2% Hp R) 44k 3-05 T H
FAEIREE 2a~2g MR, SR ESS SN TEE R
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gl fF Ak, fE Ak 3a~3g iR, R Eaith 5K
JHHE I 82 i 7 38 PR PR b e [, 3 ot 5 R A I 3 R
B ML A1 3a~3g, XL T r a] A4k IR bk AN
FasE, R 5 o, AT B, FIT
T KMnO,, PCC, H,0, FHEMAMF, EH 2,3-=
H-5,6- —FTRBR(DDQ)E A, BIFALARLE 90%
PAE, RN IEBEIEE 80%/E A7, N T B4R,
KRR S Al R ™= i, P4 R B 2 B 45 R 1S
FHLEY) 3a~3g. TEfil% da~dg Mk fEH, M
JETTF AT - 2B 2lE=1 1 TGO A5
e A TR I W R SR AL A W) 4a~4g.

1.2 SEHIRIE

SHTLEYIE) 'H NMR 3 R B, 76514 B 1) 44k
2a~2g 1, 1£ 5 7.01~8.29 Z |25 TG & 757 W H 5
AMRIES, SETFANMEE T3 ik 2a~2g
SqE . IMURIBE DT Mt OB, FA RN RS A0 Rk
HA IS AR IR, MR | NH R 7155
1E 6 12.40 [k, T Hg2—ANwg. (A1) da~4g B
FHH NH, R 715574 0 4.70 fihilz, 76 0 12.40 FfHizi%
A HIETES. 1F °C NMR 1, HRIEE L A 51
EEX, BIAE 6 21.19~41.24 2 [a], IR0 LR
EARBRBR A BIRELE 0 106.34~162.74 JEREK,
()4 2a~2g BIBRILIRA AL AT 6 202.00 P, Hrla] 44
3a~3g MEMEER b 2 A7 bl e i dikys, AT
0 158.00 Myilr, MELMEEERG 4a~4g HIPRIEBRAL AT RELE O
168.00 FHifr. £r4Meilhef, 78 3150 cm ' BfHIE X 45 H B0
N—H 8 (45 IR % 3035~3100 cm™ ' 2 ] B
753 C—H MH4E 3R 5h R AE R 4 ; 2866~2980 cm ' 2
B P b R R FRE 1) C—H iR sl il 7
1439~1598cm ' [X 35 7% A B 42 1 4 405 31 3l W A U ;
7E 815~855 cm™ " [X kW i v ot Ao — BUAR K3 B
C—H W42 ghiRsh. 76 EUMS Kt Hirb &
Moy 7 i S EE WY&, BP0 HRMS
[M-+H] " S E AR R Z I ARTE 0.5% AN,

N T IZRRIMEY) 77T a5 R — B IR E,
EHAED) 4d BT T X SRR ARATE 0T, B X AT
SHRE W, tb&Y) 4d 15 1A R 1IE 22 fb & (orthorho-
mbic), Pyi/c 75 (B HE. AR SRS WK 1 FTR
1.3 HIEEMEMK

KR AR E T B EIX 3 FhE
W PO RLEERL(G tropicalis)s B (A. niger). A
SERE(C. albicans)FX} 3 B : KA H(E. coli) i
FLLF AT B (B. subtilis) 488 VH EIEREE (S, aureus) 14l
PETE, SRR 1 AR
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C(12)  c(13)

B2 (L&) ad 5 TR E
Figure 2 Molecular structure of compound 4d

HR 1 A5, G 3a~3g To il & % B b ik /2 4 B
BRI PR HRAN KA, AHHIERZAATEY) 4b, 4 H 4g
s PE A AR L HIIEIN. (&Y 4b X P22 iz
BT M1 < B 000 %] ] BR VA B B OSSR &
Yo 4g X EC G ANAH B KRB AT RS, S EEE
Xof HE ) ROR BBl

1.4 FREEM

RABFTE, W5E A R S8 3 d i 2 77 3%
B, WE RN IR AR SR AR T R ]
IR R 2 Fros. Wik ok IR 3 /NIL PRI e 2 ik &
W, ROFREFHU 24 h, 430 e X G A H) o TS
K IR BAL B A THEE LCso, 45 RN 3 Fivm

R 2 "R, dARTRbEE ISR 5 3a~3g
Xof S o R I AR IS IR, T B AR A S TR e R
MR G da~dg WFEBRIF B — @ BT, &
BRI Fie B AT 5 N3G 58 T iR SIS TE. iR 3 7]
N, FTIRGE H R 3 RS [ AT e e R A A, A
IR A, S HEHEREMA R, Sk 2R
i, & HAE I BER LG KT K. HAREEY) 4a, B
IRIR b AT Sy H - [ PR R, b B SR AT L 24
NI, 2 EF AR T 145 259K 16,73 mg a.i/L; H
P& 4d, BRZRIR BRI ARt O FH AR, b3 2%
MR 24 h Ja, AHUEHERE, PRBOLIKRELE

£1 LAY 3a~3g il 4da~dg 1) MIC {fi(ug/mL)
Table 1 MIC (pg/mL) of the compounds 3a~3g and 4a~4g

Compd. Ar Fungi Bacteria
G. tropicalis A. niger C. albicans E. coli B. subtilis S. aureus
3a 4-CH;-C¢H, 31 16 63 16 16 63
3b 4-C1-C¢H, 31 4 63 31 16 16
3c 4-Br-C¢H, 31 31 16 31 8 16
3d  4-CH;0-C¢H, 31 63 63 16 31 16
3e 2-Cl-C¢H, 16 8 31 16 16 16
3f  4-NO,-C¢H, 31 31 16 63 31 16
3g 4-F-C¢H, 31 31 31 31 16 16
4a 4-CH;-C¢H, 63 63 31 63 31 16
4b 4-C1-C¢H, 4 63 31 16 31 8
4c 4-Br-C¢H, 8 4 31 8 16 63
4d  4-CH;0-C¢H, 31 31 16 63 31 16
4e 2-Cl-C¢H, 31 16 63 16 31 31
4f  4-NO,-C¢H, 63 31 31 63 31 4
4g 4-F-C¢H, 16 8 16 16 8 8
PC’ 4 4 2 4 1 2
“ BHPEX B (positive control): N ARTKR &, T A FEw:.
K2 LB 3a~3g Rl da~dg WP AR B RIS 1k
Table 2 Insecticidal activities of compounds 3a~3g and 4a~4g against tinocallis kahawaluokalani
Compd. Concentration/(mgsL ") Mortality/% Compd. Concentration/(mgeL ") Mortality/%
3a 200 44 4a 200 97.2
3b 200 2.2 4b 200 13.9
3¢ 200 8.9 4c 200 5.7
3d 200 2.2 4d 200 65.3
3e 200 15.6 4e 200 18.8
3f 200 2.2 4f 200 17.1
3g 200 6.7 4g 200 100.0
Mg L R 200 100 I b 200 100
2 H 0 2.2 TH 0 3.8
220 http://sioc-journal.cn/ © 2017 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2017, 37, 218~225



Chinese Journal of Organic Chemistry

K3 B 4a, 4d T 4g XPERF BB E AT ¢

Table 3 Toxicity of compounds 4a, 4d, and 4g against tinocallis kahawaluokalani

Compd. Toxicity regression equation LCso (95% F.L.)/(mg a.i.*Lfl)
4a Y=2.3202+2.1901.X 16.7337 (11.7919~21.1155)
4d Y=0.8082+1.9856X 129.1723 (104.1566~157.8365)
4g Y=3.8381+1.0312X 13.3896 (4.3104~22.7585)

WE L igE Y=4.7617+2.2154X 1.2811 (1.0184~1.5396)

3F 4 5 B (positive control) AW HUEE, CK SN2 X REZH.

104.15~157.83 mg ai/L; Birtb &4 4g, RIZIF LHL
B HUN, B 24 h J5, A BUETER AT,
R0k AT 2R 259K 13.38 mg ai/L. ACH K
(1) 7 AN BT B IR e AL P AT A= P b, E bR S R
IR BRI Sy PR SR R 2 B e A PO it

2 Zhig

DL IR B 9 5 S0 B 0 A BT BT R I e S5 e e
KA. K H "H NMR, "*C NMR, IR, MS #l HRMS
T T BERAE T S Z5 4, FRIR T &
PO E AT RE T, A TR A SRR 0, ket
FEA A Pt AN R AT TR B i o, AR
PR . PG, (LG 4a B 4g 0T EE AT H
A BT R,

3 X
3.1 UEFE5HF

Nicolet 380 IR ZL4MEHEAY (KBr JEFik); 8 [E
Bruker AV 500/600 MHz #ZHiIEIRIL (TMS AW HF,
DMSO M), 3% Agilent 7890A/5975 A i i ¢
1, b ZRE X-6 RAUE BHIEN (BETTRERIE);
18 [E Bruker 4 B, p-IRMGIE HVL PGS 5K B %2
IERIRFARAT IR AT HRHI 55 b ali sl fb 2 4k
3.2 ZWHE
321 IR 3-5 TP A5 TR ER 2a~2g 898 %

¥ 10 mmol ¥ JEAH. 30 mL AT . 12 mmol Xf
FRJEZR FH AT 56 mmol FHBEEAIK UOMABC A FiFEAE L IR
FE AT ER A BRI 100 mL = DB, mmiise
TNFAEE A1 S S BN, B PR R 5 4k 20k 95% LA
(GC BREFKGIN). [ SR 2R Z B REEL, 4 fn £ K
PeZh i, K Nap,SO4 T i R4 515 2 =
Y, B4 CREE LA RIY) 2a. R FRE 7545 3
2b~2g.

3-(4- W FE T AT TR A (22) ) 15K 85.7%, L
B K. mp. 95~96 C; 'H NMR (CDCls, 600 MHz)
5: 0.93 (s, 3H), 1.38 (s, 3H), 1.50 (d, J=10.2 Hz, 1H),
2.35~2.37 (m, 1H), 2.38 (s, 3H), 2.60~2.64 (m, 1H),
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2.69 (t, J=5.4 Hz, 1H), 2.96 (d, J=2.4 Hz, 2H), 7.22 (d,
J=8.4 Hz, 2H), 7.49 (d, J=7.8 Hz, 2H), 7.68 (s, 1H); “C
NMR (CDCl;, 150 MHz) 6: 21.73, 21.99, 26.59, 27.88,
31.36,39.85, 41.21, 56.27, 129.69, 131.20, 132.10, 133.34,
136.09, 139.57, 203.89; IR (KBr) v: 2951, 2927, 2881,
1682, 1596, 1507, 1439, 1047, 928, 840, 813 cm '; MS
(70 eV) m/z (%): 240 (M, 100), 225 (93), 197 (55).

3-(4-F R IE)ETERA(2b): 5% 85.5%, JLthiFE ]
k. mp. 109~110 °C; '"H NMR (CDCls, 600 MHz) §:
0.93 (s, 3H), 1.39 (s, 3H), 1.50 (d, J=10.8 Hz, 1H), 2.36~
2.38 (m, 1H), 2.62~2.66 (m, 1H), 2.71 (t, J=6.0 Hz, 1H),
2.94 (s, 2H), 7.38 (d, J=8.4 Hz, 2H), 7.51 (d, J=8.4 Hz,
2H), 7.64 (s, 1H); *C NMR (CDCls, 150 MHz) ¢: 20.65,
25.21, 26.45, 29.88, 38.38, 39.93, 54.87, 127.83, 130.88,
132.18, 133.19, 133.32, 133.86, 202.12; IR (KBr) v: 2951,
2872, 1686, 1600, 1490, 1405, 1255, 1216, 1051, 824
cm ' MS (70 eV) m/z (%): 260 (M", 100), 245 (49), 217
(49).

3-(4-IR ) IRE(2¢): 5% 83.9%, L(0iEH]
ik, mp. 140~141 C; '"H NMR (CDCls, 600 MHz) ¢:
0.93 (s, 3H), 1.39 (s, 3H), 1.50 (d, J=10.2 Hz, 1H), 2.35~
2.38 (m, 1H), 2.62~2.66 (m, 1H), 2.71 (t, J=6.0 Hz, 1H),
2.93 (s, 2H), 7.44 (d, J=8.4 Hz, 2H), 7.54 (d, J=8.4 Hz,
2H), 7.62 (s, 1H); *C NMR (CDCl;, 150 MHz) §: 21.72,
26.28, 27.52, 30.96, 39.44, 41.02, 55.95, 123.28, 131.87,
132.17, 133.43, 134.45, 134.68, 203.20; IR (KBr) v: 2950,
2871, 1684, 1600, 1484, 1401, 1296, 1188, 1002, 823
cm '; MS (70 eV) m/z (%): 304 (M", 84), 289 (42), 263
(48).

3-(4'-FAE AR ) T IR (2d): 153 83.5%, it
%] A, mop. 82~83 C; 'H NMR (CDCls, 600 MHz)
5: 0.93 (s, 3H), 1.38 (s, 3H), 1.51 (d, J=10.2 Hz, 1H),
2.36~2.38 (m, 1H), 2.60~2.63 (m, 1H), 2.69 (t, J=6.0
Hz, 1H), 2.96 (t, J=3.0 Hz, 2H), 3.85 (s, 3H), 6.94 (d, J=
8.4 Hz, 2H), 7.57 (d, J=8.4 Hz, 2H), 7.67 (s, 1H); “*C
NMR (CDCls, 150 MHz) o: 21.64, 26.26, 27.62, 31.05,
39.55, 40.84, 55.35, 55.91, 114.13, 128.58, 130.35, 132.62,
135.45, 160.23, 203.60; IR (KBr) v: 2964, 2931, 2838,
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1682, 1594, 1511, 1460, 1421, 1253, 1028, 829 cm™'; MS
(70 eV) m/z (%): 256 (M, 100), 255 (14), 241 (19).
3-(2-FIERFL) IR (2e): 5% 90.9%, L%
gk, m.p. 107~108 °‘CC; '"H NMR (CDCl;, 600 MHz) ¢:
0.95 (s, 3H), 1.38 (s, 3H), 1.51 (d, J=10.8 Hz, 1H), 2.29~
2.31 (m, 1H), 2.60~2.64 (m, 1H), 2.72 (t, J=5.4 Hz, 1H),
2.79~2.86 (m, 2H), 7.26~7.29 (m, 2H), 7.43~7.45 (m,
1H), 7.50~7.52 (m, 1H), 7.91 (s, 1H); *C NMR (CDCls,
150 MHz) d: 21.71, 26.25, 27.21, 29.82, 39.28, 41.13,
55.95, 126.40, 129.57, 129.91, 129.97, 132.61, 134.17,
135.00, 135.21, 203.01; IR (KBr) v: 2989, 2954, 1693,
1609, 1467, 1433, 1054, 1038, 772, 749 cm™'; MS (70 eV)
miz (%): 260 (M, 13), 245 (14), 225 (100).
3-(4-THFEE T IE I 2: BF 62.7%, HiE
B §h A&, mp. 151~152 °C; '"H NMR (CDCl;, 600 MHz)
5: 0.94 (s, 3H), 1.41 (s, 3H), 1.52 (d, J=10.8 Hz, 1H),
2.39~2.41 (m, 1H), 2.66~2.70 (m, 1H), 2.76 (t, J=5.4
Hz, 1H), 2.99 (s, 2H), 7.72 (d, J=9.0 Hz, 3H), 8.26 (d, J=
8.4 Hz, 2H); >C NMR (CDCls, 150 MHz) J: 21.80, 26.28,
27.47, 30.99, 39.34, 41.18, 55.98, 123.83, 131.13, 133.04,
136.53, 142.15, 147.40, 202.61; IR (KBr) v: 2974, 2966,
2922, 1689, 1610, 1516, 1464, 1343, 1044, 982, 853 cm ™ ';
MS (70 eV) m/z (%): 271 (M", 100), 254 (490), 228 (37).
3-(4-FUE R E) BRI (2g): FF 90.0%, LEiEM
ffAk, mp. 91~92 C; 'H NMR (CDCl;, 600 MHz) o:
0.93 (s, 3H), 1.39 (s, 3H), 1.51 (d, J=10.8 Hz, 1H), 2.35~
2.41 (m, 1H), 2.61~2.65 (m, 1H), 2.71 (t, J=6.0 Hz, 1H),
2.94 (s, 2H), 7.09~7.12 (m, 2H), 7.56~7.59 (m, 2H),
7.67 (s, 1H); *C NMR (CDCl;, 150 MHz) 6: 21.96, 26.54,
27.80, 31.16, 39.74, 41.24, 56.20, 115.52, 115.94, 116.08,
132.32, 132.56, 132.92, 132.98, 134.80, 162.32, 163.99,
203.58; IR (KBr) v: 2958, 2933, 2868, 1690, 1615, 1507,
1439, 1096, 1055, 838 cm™'; MS (70 eV) m/z (%): 244
(M*, 100), 229 (50), 201 (58).
3.2.2 ¥4k 3a~3g 49 & kil ik
R LR, RUII 15 mmol H1jE] & 2a~2g.
75 mmol 7K & HH80%). 90 mL Jo/K 2%, RIS EE T N
HIHRFEIR N 10 b, RNEAEZEERE, 2% KN
NG T CIE, TR IEZ8 b 25 I SE H B9 77 A & 17K
Gk, BEZESE, BRI 90 mL TR 1,4- % NFR.
16.5 mmol 2,3- —%5(-5,6- & HHL(DDQ), it HE M
J&, RSN 6~8 h; ARIEAHIE SR, A 45 mL R
HHUN 20% KOH /KA 36 2 0 I ARER BN K VT
90 mL & H ke, M 0.5 h, FH R AL,
HHENUAHA 2 E PR R & IKBREREN T4
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PR AR 55 BRI R, K R IR (i A 44k
(VA MEE) @ LR ZHR)=3 1], FEE LM B4 0,
33 H bt &4 3a~3g.

6,6- — FFE-3-%} 2K 3 -4,5,6,7- DU &-2H-5,7-# I F
L0514 (3a): FHK N 73.5%, KO AR E K. mp.
166~168 °C; "H NMR (DMSO-ds, 600 MHz) &: 0.65 (s,
3H), 1.23~1.28 (m, 1H), 1.39 (s, 3H), 2.29 (s, 1H), 2.32
(s, 3H), 2.68~2.71 (m, 1H), 2.80 (t, /=15 Hz, 1H), 2.82
(d, J=13.8 Hz, 2H), 7.25 (d, J=6.6 Hz, 2H), 7.57 (d, J=
6.0 Hz, 2H), 12.31 (brs, 1H); *C NMR (DMSO-dq, 150
MHz) §: 21.24, 25.85, 26.03, 32.05, 40.42, 41.16, 107.87,
124.85, 127.87, 129.26, 136.27, 158.77; IR (KBr) v: 3116,
3056, 2965, 2939, 2907, 1517, 1446, 1121, 983, 816, 662
em '3 MS (70 eV) m/z (%): 252 (M, 33), 237 (37), 209
(100); ESI-HRMS caled for C,7Hy N, [M+H]" 253.1699,
found 253.1709.

6,6- . FH L3-St G oK E-4,5,6,7- WU S -2 H-5,7-HF I H
Fm5ME(3b): FERA 83.2%, HEAMPREA. mp. 198~
199 ‘C; 'H NMR (DMSO-ds, 600 MHz) 6: 0.64 (s, 3H),
1.23~1.28 (m, 1H), 1.39 (s, 3H), 2.30 (s, 1H), 2.69~2.72
(m, 1H), 2.78 (s, 1H), 2.82 (d, J=15.6 Hz, 1H), 2.93 (d,
J=15.6 Hz, 1H), 7.51 (d, J=6.6 Hz, 2H), 7.69 (d, J=6.6
Hz, 2H), 12.46 (brs, 1H); *C NMR (DMSO-d,, 150 MHz)
8:21.21,25.77,25.95, 31.97, 38.93, 40.93, 108.61, 126.59,
128.72, 130.35, 131.48, 137.65, 156.91; IR (KBr) v: 3127,
3048, 2970, 2940, 1493, 1444, 1120, 1090, 982, 827 cm " ';
MS (70 eV) m/z (%): 272 (M", 24), 257 (32), 229 (100);
ESI-HRMS caled for C¢H;sCIN, [M+H]" 273.1153,
found 273.1171.

6,6- . I FE3- X IR I HE-4,5,6,7- DU S -2.H-5,7-#F 7
LW e (3e): 15N 80.2%, L URLR [ A&, mop.
203~204 °C; '"H NMR (DMSO-ds, 600 MHz) &: 0.68 (s,
3H), 1.26~1.28 (m, 1H), 1.39 (s, 3H), 2.23~2.30 (m,
1H), 2.68~2.72 (m, 1H), 2.79 (s, 1H), 2.82 (d, J=15.6
Hz, 1H), 2.93 (d, J=15.6 Hz, 1H), 7.63 (s, 4H), 12.46 (brs,
1H); “C NMR (DMSO-ds, 150 MHz) d: 21.23, 25.78,
25.96, 31.98, 38.93, 40.91, 108.67, 119.98, 126.90, 130.68,
131.64, 137.55, 156.88; IR (KBr) v: 3125, 3044, 2911,
1488, 1444, 1296, 1120, 1070, 1010, 979, 822 cm™'; MS
(70 eV) mlz (%): 318 (M", 100), 301 (32), 287 (8), 273
(100); ESI-HRMS caled for C;H;sBrN, [M + H] *
317.0647, found 317.0658.

6,6-— F JE-3-(Onf—FH A8 B 2R 0k )-4,5,6,7- DU -2 H-5,7-
M7 R 05 e (3d): 155N 78.3%, FEEARMIRE A&, mup.
145~146 °C; "H NMR (DMSO-d,, 600 MHz) 5: 0.65 (s,
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3H), 1.26~1.28 (m, 1H), 1.38 (s, 3H), 2.29 ((d, J=1.8 Hz,
1H), 2.69 (t, J=5.4 Hz, 1H), 2.75~2.81 (m, 2H), 2.90 (d,
J=15.0 Hz, 1H), 3.78 (d, J=1.8 Hz, 3H), 7.01 (d, J=8.4
Hz, 2H), 7.61 (d, J=8.4 Hz, 2H), 12.22 (brs, 1H); "*C
NMR (DMSO-d, 150 MHz) d: 21.25, 25.76, 26.03, 32.04,
38.92, 41.12, 55.04, 107.26, 113.72, 114.18, 123.87,
126.28, 127.02, 137.79, 157.48, 158.34; IR (KBr) v: 3148,
3061, 2923, 1603, 1517, 1448, 1233, 981, 837, 814 cm ™ ';
MS (70 eV) m/z (%): 268 (M", 56), 253 (44), 225 (100);
ESI-HRMS caled for C7HyN,O [M+H]" 269.1648,
found 269.1657.

6,6- . FH 3341 S A %E-4,5,6,7-IU A -2H-5,7-#F . H
Feng g 3e): 5K Ny 81.1%, ki BOROR B 4. mop.
159~160 °C; "H NMR (DMSO-ds, 600 MHz) 6: 0.68 (s,
3H), 1.38 (s, 3H), 1.26~1.28 (m, 1H), 2.24 (s, 1H), 2.70
(t, J=9.6 Hz, 1H), 2.82 (d, J=15.6 Hz, 2H), 3.30 (s, 1H),
7.37 (s, 1H), 7.43 (d, J=3.0 Hz, 1H), 7.47 (t, J=4.8 Hz,
1H), 7.57 (t, J=4.2 Hz, 1H), 12.15 (brs, 1H); *C NMR
(DMSO-d, 150 MHz) 6: 21.32, 24.76, 26.05, 32.26, 38.94,
40.88, 41.00, 110.45, 127.01, 129.65, 129.70, 130.65,
131.42, 131.89; IR (KBr) v: 3115, 3038, 2933, 1604, 1489,
1439, 1255, 1123, 979, 861, 756, 672 cm '; MS (70 eV)
mlz (%): 272 (M", 15), 257 (30), 229 (100); ESI-HRMS
caled for CigH,sCIN, [M+H]" 273.1153, found 273.1166.

6,6- — 1 FE-3-XF h Jk K 5k -4,5,6,7- DU A -2 H-5,7-HF IE
L5 E (36): f3 308 82.4%, ¥ (ORI B 4. mup.
198~201 ‘C; "H NMR (DMSO-d;, 600 MHz) d: 0.65 (s,
3H), 1.40 (s, 3H), 1.23 (s, 1H), 2.33 (s, 1H), 2.70 (t, J=
15.0 Hz, 1H), 2.78 (t, J=18.0 Hz, 1H), 2.82 (d, J=15.0
Hz, 2H), 7.93 (d, J=7.2 Hz, 2H), 8.27~8.32 (m, 2H),
12.78 (brs, 1H); *C NMR (DMSO-d, 150 MHz) §: 21.19,
25.86, 25.97, 31.19, 38.94, 40.93, 110.47, 124.11, 125.62,
138.24, 145.68, 155.73; IR (KBr) v: 3128, 3039, 2944,
2902, 1603, 1516, 1339, 1111, 979, 852, 691 cm™'; MS (70
eV) mlz (%): 283 (M ', 20), 268 (24), 240 (100);
ESI-HRMS caled for C¢H;sN;O, [M+H]" 284.1393,
found 284.1403.

6,6- - FH 33X G A % -4,5,6,7-IU & -2H-5,7-#F . H
FL W8 1 (3g): B E N 79.5%, M EFCRCRE A, mp.
168~169 °C; "H NMR (DMSO-ds, 600 MHz) 6: 0.65 (s,
3H), 1.39 (s, 3H), 1.23~1.27 (m, 1H), 2.30 (s, 1H), 2.91~
2.94 (m, 1H), 3.17 (d, J=5.4 Hz, 2H), 4.08 (d, J=4.8 Hz,
1H), 7.29 (d, J=7.2 Hz, 2H), 7.71 (s, 2H), 12.38 (brs, 1H);
BC NMR (DMSO-ds, 150 MHz) d: 21.21, 25.69, 25.96,
31.98, 38.92, 40.93, 108.07, 115.58, 126.97, 135.89,

Chin. J. Org. Chem. 2017, 37, 218~225

© 2017 Chinese Chemical Society & SIOC, CAS

157.87, 159.50, 162.74; IR (KBr) v: 3148, 3061, 2923,
1603, 1517, 1448, 1233, 1158, 1116, 981, 837, 814 cm ';
MS (70 eV) m/z (%): 256 (M, 25), 241 (33), 227 (8), 213
(100); ESI-HRMS caled for C;¢Hi;sFN, [M + H] ©
257.1448, found 257.1460.

323  BARLA 4 da~dg 894 B ik

# 0.01 mol MM 3a~3g ¥ T 25 ml DMF 1, A
BeA R FETE IR RS AV SRR 1K 100 mL = B,
A 0.3 g NaOH [El4&, Jn#E 110 CH:H /1 +E 30 min
Jo, 38 IR R S TR SRR TS IR R i 2- S 2 1k i
0.014 mol ¥] 10 mL DMF ¥, PRFFEFE 110 CAAR[H
WS 30 h (TLC BREF). AWHIE =I5, FiEmvie
FHIMN R LB A E ok 2 b, BHUZETK
RN T e, TIEHF ez, P~ via
BK) © CRR TR =1 1 FRIFFIRE G5, Hvcha
WEE) © MR ZEE)=3 1 1 BN, B3 HRLEY
4a~4g.

2-[6',6"- — H 3 -3 (4- 1 Bk 2K 36 )4 57,6, 7"- DY & -
57 MY R L -] - 173 ) 2 Wk (4a): RN 73.8%,
Bf 8 (o8 A OR B K. mp.129 ~130 ‘C; 'H NMR
(DMSO-d, 500 MHz) d: 0.72 (s, 3H), 1.41 (s, 3H), 1.34~
1.36 (m, 1H), 2.33 (d, J=4.0 Hz, 3H), 2.33 (s, 1H), 2.53
(s, 1H), 2.70~2.72 (m, 1H), 2.82~2.97 (m, 2H), 4.68 (s,
2H), 7.23 (d, J=4.0 Hz, 2H), 7.67 (d, J=4.0 Hz, 2H), 7.21
(s, 1H), 7.38 (s, 1H); *C NMR (DMSO-d;, 125 MHz) ¢:
20.77, 21.24, 25.93, 26.12, 31.91, 40.63, 41.17, 50.94,
108.29, 125.26, 129.02, 131.68, 135.87, 145.35, 150.57,
168.74; IR (KBr) v: 3466, 3281, 3156, 2913, 1676, 1611,
1539, 1383,943, 823, 728 cm ™ '; MS (70 eV) m/z (%): 309
(M*, 68), 294 (15), 280 (7), 266 (48); ESI-HRMS calcd for
C1oHsN;0 [M+H]" 310.1913, found 310.1924.

2-[6',6"- W FE-3'-(4'-F K Fk)-4',5",6',7'- DU -5, 7'-
MRV P -5 -1 - JE ) 2Tk (4b): 193809 72.5%, KR3E
R AIREE. mp.144~145 C; '"H NMR (DMSO-d;,
500 MHz) d: 0.71 (s, 3H), 1.41 (s, 3H), 1.34~1.36 (m,
1H), 2.33 (s, 1H), 2.53 (s, 1H), 2.70~2.72 (m, 1H),
2.82~2.97 (m, 2H), 4.70 (s, 2H), 7.47 (d, J=4.3 Hz, 2H),
7.78 (d, J=4.3 Hz, 2H), 7.20 (s, 1H), 7.42 (s, 1H); °C
NMR (DMSO-dq, 125 MHz) d: 21.23, 25.89, 25.97, 31.84,
40.61, 41.07, 51.00, 108.76, 126.94, 128.50, 131.20,
133.25, 144.14, 150.95, 168.54; IR (KBr) v: 3329, 3180,
2930, 2839, 1687, 1633, 1510, 1401, 1364, 1322, 832
cm '; MS (70 eV) m/z (%): 329 (M", 52), 314 (16), 300
(6), 286 (46); ESI-HRMS caled for CisH,CIN3NaO [M—+
Na]™ 352.1187, found 352.1200.
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2-[6,6'- — W1 k37 -(4'- IR K Fk)-4',5',6',7"- U &-5",7'-
M R -5 -1 BE ] e (de): 155N 76.7%, Hth
AR A, mp.143~144 °C; 'H NMR (DMSO-d;, 500
MHz) d: 0.71 (s, 3H), 1.41 (s, 3H), 1.34~1.36 (m, 1H),
2.33 (s, 1H), 2.53 (s, 1H), 2.70~2.72 (m, 1H), 2.82~2.97
(m, 2H), 4.70 (s, 2H), 7.60 (d, J=4.3 Hz, 2H), 7.72 (d, J=
43 Hz, 2H), 7.19 (s, 1H), 7.39 (s, 1H); C NMR
(DMSO-d, 125 MHz) §: 21.17, 25.85, 25.95, 31.81, 41.07,
51.00, 59.63, 108.77, 119.69, 127.23, 131.33, 133.57,
144.16, 150.91, 168.47; IR (KBr) v: 3328, 3182, 2925,
2213, 1902, 1740, 1685, 1632, 1523, 1452, 1398, 1362,
1322, 828 cm™'; MS (70 eV) m/z (%): 373 (M, 48), 360
(12), 358 (13), 346 (10); ESI-HRMS caled for
Ci1sHBrN;O [M+H]" 374.0862, found 374.0871.

2-[6",6"- -3/ -(4'-H A FL ORIk )-47,57,67,7"- 1
S-57- M T FE | -1 ] 2Bk i (4d): RN
78.7%, Bk AIRE A, mp. 147~148 °C; '"H NMR
(DMSO-ds, 500 MHz) : 0.69 (s, 3H), 1.38 (s, 3H), 1.32~
1.34 (m, 1H), 2.30 (s, 1H), 2.66 (s, 1H), 2.67~2.68 (m,
1H), 2.88~2.92 (m, 2H), 3.77 (s, 3H), 4.64 (s, 2H), 6.96
(d, J=4.3Hz, 2H), 7.68 (d, J=4.3 Hz, 2H), 7.15 (s, 1H),
7.30 (s, 1H); *C NMR (DMSO-d,, 125 MHz) 6: 21.20,
25.90, 26.03, 31.87, 40.59, 41.17, 50.88, 54.98, 107.84,
113.84, 126.55, 127.12, 145.22, 150.48, 158.21, 168.75; IR
(KBr) v: 3418, 3154, 2952, 2840, 1696, 1666, 1610, 1519,
1386,1300, 1248, 1181, 1107, 837 cm™'; MS (70 eV) m/z
(%): 325 (M", 89), 310 (17), 296 (6), 282 (47), 265 (18);
ESI-HRMS caled for CoH,N;0, [M+H]" 326.1863,
found 326.1873.

2-[6",6"- — R JE-3-(2"- 5K Hk)-4,5",6', 7' - U A-5",7'-
MV - mg - 1R ] B (de): 19380 79.3%, kR
O AREE, mp. 141~142 °C; 'H NMR (DMSO-d;,
500 MHz) d: 0.75 (s, 3H), 1.42 (s, 3H), 1.34~1.36 (m,
1H), 2.28 (s, 1H), 2.53 (s, 1H), 2.66~2.67 (m, 1H), 2.82~
2.97 (m, 2H), 4.04 (s, 1H), 4.70 (s, 2H), 7.40 (d, J=4.0
Hz, 2H), 7.53 (d, J=4.0 Hz, 2H), 7.20 (s, 1H), 7.30 (s,
1H); “C NMR (DMSO-ds, 125 MHz) d: 21.25, 25.04,
25.91, 32.09, 40.99, 42.50, 50.96, 110.65, 126.79, 129.17,
129.52, 131.70, 131.90, 133.38, 145.17, 149.68, 167.76,
168.56; IR (KBr) v: 3337, 3185, 2912, 1687, 1527, 1448,
1401, 1324, 1252, 761 cm™'; MS (70 eV) m/z (%): 329
(M*, 41), 314 (14), 288 (20), 287 (18); ESI-HRMS calcd
for C,sH,0CIN;NaO [M+Na]" 352.1187, found 352.1199.

2-[6',6"- B3 (4'-fi HE 0K 5E)-47,57,6", 7" - DU AL -
5/, 7'-HF R - - 1 FE ) 2B i (4f): PR 80.3%,

224 http:/sioc-journal.cn/
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FOR AR E R, mp. 197~198 °C; '"H NMR (DMSO-
ds, 500 MHz) 6: 0.72 (s, 3H), 1.42 (s, 3H), 1.35~1.37 (m,
1H), 2.35 (s, 1H), 2.53 (s, 1H), 2.72~2.74 (m, 1H), 2.89~
3.34 (m, 2H), 4.76 (s, 2H), 8.01 (d, J=4.4 Hz, 2H), 8.28
(d, J=4.4 Hz, 2H), 7.22 (s, 1H), 7.47 (s, 1H); *C NMR
(DMSO-ds, 125 MHz) §: 21.16, 25.80, 26.03, 31.7640.57,
41.00, 51.21, 110.28, 123.92, 125.86, 140.82, 143.30,
145.71, 151.49, 168.25; IR (KBr) v: 3441, 3150, 3000,
2955, 1700, 1598, 1514, 1337, 1392, 1304, 854, 765 cm " ;
MS (70 eV) m/lz (%): 340 (M", 22), 325 (4), 315 (6),
310(8); ESI-HRMS caled for C;sHyN4O; [M+ H] '
341.1608, found 341.1619.

2-[6',6"- W BE-3' (4" -3 K Fk)-4',5",6',7'- DU -5, 7'-
M7 -5 k- 17 -5 Bk B (4g): 72K 83.7%, Ak
FARE K. mp. 165~166 ‘C; 'H NMR (DMSO-dg, 500
MHz) §: 0.72 (s, 3H), 1.41 (s, 3H), 1.34~1.39 (m, 1H),
2.69~2.73 (m, 1H), 2.82~2..86 (m, 1H), 2.93~2.97 (m,
2H), 4.69 (s, 2H), 7.24 (d, J=8.6 Hz, 2H), 7.80 (d, J=8.6
Hz,2H), 7.18 (s, 1H), 7.37 (s, 1H); >C NMR (DMSO-d,
125 MHz) d: 21.18, 25.86, 25.90, 31.82, 41.10, 50.94,
59.64, 108.33, 115.22, 127.13, 130.91, 144.41, 150.78,
160.16, 162.10, 168.57; IR (KBr) v: 3329, 3180, 2926,
2840, 1687, 1635, 1526, 1460, 1364, 1323, 1153, 807
cm ' MS (70 eV) m/z (%): 313 (M, 42), 298 (12), 270
(40), 225 (100); ESI-HRMS calcd for CisHy FN;O [M+
H]" 314.1663, found 314.1675.

324 ahikgEMane

WA 2R CE A T E L S LAY 4d %
T & F AR OB, =iREE IR ER, 5
RIG T RBGR A sk, EBURST N 0.35 mm X 0.20
mm X 0.20 mm [ A REAT X BHERATH M. 45 R0,
AR NIER &R, 2R P21212, SRS ECHN
a=7.5508(3) A, b=8.1627(4) A, ¢=28.3787(13) A, a=
90°, f=90°, y=90°, Z=4, V'=1749.12(14) A, D.=1.236
g/em >, M,=0.082 mm ', F(000)=696. ¥4/ T K EH
SIMFEHE L, CCDC 5k 1482139.

325 ApEEEN R

15 96 FLArHri b, B ek s 2 FLBNEE 12 FLInA 75
ul TCHEK, BB B AR 2a~ 21 B S BT oK R,
i FE M F] DMSO Bt /il 500 pgemL ' ¥ 150 pl A
FI5 150, ¥ H AR SR BE X BE L 43 AU 96 LA B
WR AT AR R, ER 1 B 12 FLAC R — R A IR FE
BB (500~0.245 pgemL "), F:FLE 75 pL W, PL4E)
DMSO 1E NS, BRI FLAF A 75 uL FilJehe i m)
FEW, FoAMRA). Bats 96 FLAHTIRE T 30 CH3z

Chin. J. Org. Chem. 2017, 37, 218~225



Chinese Journal of Organic Chemistry

FErh, YHTERESE 24 h, EFEEIE 48 h 5 MEL, LIRS AE
VR YL PR 5 AR IR PEE P FLXSF I D 3R B8 A SR it o % Ak
BRI P R A R TR B /B it o A P U X A B 5 =0,
g A4 1H.
32,6 FEREEME

KRS, e AR A Y LK B 5 7
ROR. DUREDHCN 0.1% Triton X-100 /KIEBNNTHE,
TR BERH 5 #3508 0.1% Triton X-100 7KV R
TR 5 R RNRERE B, By A SR A B AF 1 i
BT, HA/NEEREE B Nif fug B, AR
B TG e AR R ) TC R 0, b EE 20~30 3k
i, EE 3 K ARERH R T SR A FERFER
2y, 2B 10 s, MGEEH, FIEANR L 2 RAWE,
MEBEAAN 2.5 BRPILATREEH, FBAERERE
FEEN, BETIRENRSED C, AW N16:8h (L :
D)FIEEFRFEN, 24 h GBI R, &R HEERE
WA AR, AREshRIFAEET .

4 BT KL(Supporting Information) {b & WA Bk
HEL LM E DL E . IR SR T DL b 2 A
T 3 (http://sioc-journal.cn/) I T %%,
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