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Synthesis and Herbicidal Activity of Novel Pyrimido[5,4-¢e]-
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Abstract To discover N-containing fused heterocyclic compounds with novel structure and excellent herbicidal activity,
forty-two pyrimido[5,4-¢][1,2,4]triazolo[1,5-c]pyrimidine derivatives (I-1 ~1-42) were synthesied using 2-(alkylthio)-5-
carbonitrile-6-(methylthio)pyrimidine-4-aminos as starting materials. Their structures were clearly confirmed by melting point,
"H NMR, 3C NMR, infrared absorption spectroscopy (IR), and high-resolution mass spectra (HRMS). The preliminary bioas-
say indicated that many target compounds exhibited remarkable herbicidal activities against the monocotyledons (7riticum
aestivum L., Echinochloa crusgalli, and Sorghum bicolor) and dicotyledons (Raphanus sativus, Brassica campestris, and Cu-
cumis sativus) at the concentration of 100 mg/L. Especially, compounds I-13, I-14, I-23, I-25 and I-30~1-42 showed excellent
herbicidal activities against the roots and stalks of the six test plant at 100 mg/L with 100% inhibition rates.
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WEAIREAE 6 5.27 RHE, T ERAMNANBE 6
2.62 A&, BC NMR H, 6 63.96 Ab 1)t - 427 FH
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1E 5 14.76 F1 25.41, WEBE b P EEARFIRIIETE 6 13.48,
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2L S HE i (HRMS) T 5B (m/z 497.1405) 1521
8 (m/z 497.1411)iRZAE m/z+0.0010 PLIA.
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R1 = C2H5, n-C3H7, n-C4H9, n-CsH»]»], n-C6H13, n-C7H15
R?=4-F, 3-CF;
R3 = CH3, C2H5, n-C3H7, n-C4H9, i-C3H7, i-C4H9, n-CsH11, n-C6H13

B 1 HAEY -1~1-42 15 s 2%
Scheme 1 Synthetic route of the target compounds I-1~1-42
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Table 1 Screening of reaction conditions
CF3 CFs
Y O
s "f/\<N H _ Catalyst Time s
H' + /T Solvent Temp. )IL
CoHs~g * H, CoHs g M /K/
3a
Entry Catalyst Solvent T/°C t/h Yield”/%

1 — Ll 80 5 0
2 FAL LT 80 5 26
3 it B ] LI 80 5
4 i BR LT 80 5
5 ERIRIZ R LT 80 5 18
6 Sk . 80 5 31
7 A Vs 80 5 85
8 VYA AN 80 5 46
9 U UWE=RPSL 80 5 69
10 A P 80 5 51
11 WERER:S oI 80 5 43
12 A . 60 5 28
13 A Vs 40 5 10
14 WERER:S i 80 6 84
15 A . 80 7 82
16 DU SAL S LB 80 4 73

@ Reaction conditions: 3a (1.0 mmol), propanal (1.5 mmol), solvent (10 mL), metal catalyst (0.1 mmol). * Isolated yields.

1B PR AR (N R = ) AT A
VIR o IS A B ) R R 25 4 ) RO AR B
Horh, 1413, 1-14, 1-23, 1-25 A1 1-30~1-42 X 6 Fh At a4
(AR AN ZE M R AL IAE] T 100%; 1-1, 1-3~1-12, 1-16,
1-17, 1-19, 1-20~1-22, 1-24, 1-26 1 1-28 X i3 (R AR A1 2%
IR IEF] T 100%; 1-10, 1-20, 1-21 FT 1-24 L]
A ZE I ZRIE S T 100%; 14, 1-7, 1-8, I-11, 1-12,
1-16, 1-20~1-22, 1-24, 1-26, 1-27 1 1-29 X} % /I (KR F1 25
FHMHIRIEE T 100%; 1-3, 1-4, 1-6~1-12, 1-15~1-22,
1-24, 1-26, 1-27 F1 1-29 X} /N2 AR AN 25 | ik 3] 1
100%; I-3, 14, I-7, 1-10~I-12, I-16, I-17, 1-19, 1-22,
1-24, 1-26 F11-29 X = G2 (PR AI ZE 41 2208 2] 7 100%,;
I-1~1-12, I-15~1-17, 1-19, 1-20, 1-22 1 1-26~1-29 %} %
N AR AN ZE AN 2RI F] T 100%; 1-2 X SRR AN 22
() 00 £60) 2850 SR AT T B A ko R 24 e e T B . IRFE N 10
mg/L i, BHRA YRR I B R, JA D5
AR ARG A BR S AE, W 1-3, 1-7 A 1-18 Xl
SR ZERHMH R =L 100%; 1-19 5E4 ] 7
AR ZE A T-4 F1 1-9 X8 IS (AR A ZE () ) 654
BT 100%; 1-15 SE4 4] 1 g bR A 2L AR
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K5 1-16 SEA 0] 1 = FIAR B R AR AN 22 AR G 1-21 %)
AT SE AR AN ZE 2L 100%30H]; 1-5 F1 1-22 X
SEAIE N RRFIZEIA 2] T 100%401; 1-35 A1 1-37 5 5% K
B D AR AT ZE I IR B T 100%; 1-38 /N
FIE R ZEL T T 100%M4); 1-2, 1-4, 1-6, 1-8~
1-10, I-12~1-15, 1-23, 1-32, I-33, I-38, I-39 £ 1-41 %}
S HIAR P R T BT R 25 155, 1-6, 1-9~1-11,
I-13~1-15 F1 121 XA R AR A 4100 i 28 B B X e 24
f; 16 F1 1-17 638 I AR B4 78 B EL BH X6 B 24 4
L-18 4138 N IAMA R T 100%3MH]. Bk E&, mk
O] 20 SR ARG I P B A, PR A4 4 R X 38 12 1
LM HIAE .

FHAAROC R ], WA 100 mg/L B, R' A n-Bus
R? N 3-CFs. R3N n-CsHyy 8L n-CeHys B, R' 4 Et. R?
N 4-F. R3AN Et 5% n-Bu I, R' N n-Pr~n-C;His. R2 A
4-F\R* N Me~n-CeHys B, H ARk A0 BT HHAE D)
VAR AN 25 I VAR T HoAthtb &9 HoRAEE R 4
R2 AN 4-F I, HEsMEA Y BREE M I B L 3-CF; 4 R
NEFEREHE. R2 K 3-CF i), HARLAWIBE., &
IR~ N R AN G PEAR O 22, BN 10 mg/L
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K2 B I1~1-42 XL BT B BR S PER 2E (%)

Table 2 Inhibition percentage (%) of compounds I-1~1-42 to monocotyledons and dicotyledons
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B i S S S o
I TS ik A
e A S A b S
T I N N I
I e TN SR v it S e G o
o Tt P A i
WS G 3 wCan ' @ ST s areis 000 oo
be O 3B Me ' Gl e eme 61 ok s
ool 308 B0 G ST s e e
b o 3B a0 Yl @0 G s s
by o 3 wBe ' g 0 me s sim ook
e T A T L A
b2 O 3B wCn 0’ o sl s om0 o000 1o
12 O 3R wClls 0’ G g swm e sods 10000
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BB B 0 e ISesi 1ns dm sy b1
T
. T AL i i G
T R A
ww e W peome o
e el N e o e
S RS G PSS i 1
IV i /i i s
e W e
2 aBu 4F Me © W bhe sl 1hm s 9
S eBe 4F R 10 G ks 203 31 114 It
134 Bu AF WPt 100 100/100 100/100 100/100  100/100 100/100 100/100
10 48/—12 20/—98 17/—12  32/—=2 —45/—56 13/9
135 Bu AF +-Bu 100 100/100 100/100 100/100  100/100 100/100 100/100
10 2577 38/—85 100/100  38/2 —32/—29 100/100
6 Gy 4F B PYSvois v G
Gy F 0 s SH-1l 100100 614 4157 100000
- TS i S 1o S S
I T S S i
S GR i  GOP
e o 48 wme ) O e Dlotas sast
e wos oF wcan 0 0 e lm Disss an
AN o am  on we s om s
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i, 24 R' A Et 8¢ n-Pr 8¢ n-Bu 8¢ n-Ce¢H,3 5Y n-C7Hjs+
R2 4 3-CF3.R? >N Me &%, n-Pr 8 n-Bu 8 n-CsH ;5% n-CeH 5
B, gHAE YIS B mRAE N IRR AN ZE
FREE B s T AR A, 11 R2 A 4-F i, R R!
N n-Bu 8%, n-CsHy 1 R3 N n-Pr 8¢ n-Bu, HArb &5/
F. RRAE MRV R M BREE N, R4 3-CF;
AR S R EEYE L 4-F 47, MbSWI4ir b
K, FRATHEI I B BV MR R/ FHBEAR & ALS B, i#F—
A RIS TE AR R .

2 Zhig

AT TAE B E R T 42 ADNWEE H[5,4-e][1,2,4]=
eI [1,5-c]mEE AP ek, FRmd i s, "TH NMR,
3C NMR. IR F1 HRMS i\ T AT S5, B g
MERERY: A REAZ 1413, 1-14, 1-23, 1-25
A1 1-30~1-42 /£ 100 mg/L RFE R RIS 0B E S
PE. XLl S ATV T B 255 i — IR N G RR
P ABRFLIE MR, A SO R R AR T —Fh &k
WEIE FE[5,4-e][1,2,4] =M H:[1,5-c] W8 bE fT A=V HH 5 1%,
T H oA S B I SV BB B2 o T 3 S it T
—EMSENME.

3 XIS
3.1 U5

J& R EAU(XT-4 BY), BEARZRE; AR
21 4 1% {X (Nicolet 6700); #8 T % Hf 3t 4R I 1% {X
(BRUKER AVANCE 400, CDCl; N7, TMS AWHR);
T 23 R IR T R X (Sciex  TripleTOF6600). 1k 2% 7))
RNTESHTAL, =W ORI T, Fafk 1,
2 1 3 ARHE S SCHR[22~24] & AS 2.

32 BEMHAEMNERK

[ 50 mL A B B 2 5 m A F EE 3 (1.0
mmol). ARHiEE(1.5 mmol). {#4k5F ZrCls (0.1 mmol)Fil
10 mL Jo/K ORE, IREDHFEINFAZE 80 C/RM 5 h. fF
Gk M SEA G, WHIERE 12 h, A RKEEAENTH,
I8, WAL TOK I B 45 TR0 AS B ARG & P e ik
I-1~1-42.

2-(3- = B ORI 1 56 )-5,6- —AL-5- 2. Fk-8- 4
FE-10- FF AR 3 - 5 0 [5,4-€][1,2,4] = M F[1,5-¢] 5 e
(I-1): AEFEAE, W 85%. m.p. 203~205 C; '"H NMR
(400 MHz, Chloroform-d) d: 7.44~7.34 (m, 3H), 7.23 (d,
J=8.2 Hz, 2H), 6.18~6.10 (m, 1H), 5.28 (s, 2H), 3.27~
3.12 (m, 2H), 2.62 (s, 3H), 2.21~2.10 (m, 1H), 2.09~
1.97 (m, 1H), 1.42 (t, J=7.3 Hz, 3H), 0.87 (t, J=7.4 Hz,
3H); 3C NMR (100 MHz, Chloroform-d) J: 170.9, 165.5,
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160.4, 158.6, 157.1, 147.4, 131.7 (q, J=32.4 Hz), 129.9,
124.0 (q, J=272.5 Hz), 118.6, 117.9 (q, J=3.8 Hz), 112.1
(q, J=3.9 Hz), 95.1, 70.5, 64.0, 30.5, 25.4, 14.8, 13.0, 7.0;
YF NMR (376 MHz, Chloroform-d) §: —62.7; IR (KBr)
v: 3229, 2931, 1609, 1549, 1400, 1251, 868, 697 cm .
HRMS caled for C20H22F3N(,OSZ [M‘i‘H]Jr 483.1249,
found 483.1243.

2-(3- =R B ORI Y 6 )-5,6- - &-5- T JE-8- 4 Hik
FE-10- PR 3 - M 0 I [5,4-€][1,2,4] = M I [1,5-¢] M5 e
(1-2): AR, X 82%. mp. 218~219 C; 'H NMR
(400 MHz, Chloroform-d) 6: 7.44~7.34 (m, 2H), 7.26~
721 (m, 2H), 6.93 (s, 1H), 6.10~6.04 (m, 1H), 5.27 (s,
2H), 3.27~3.14 (m, 2H), 2.62 (s, 3H), 2.11~1.94 (m,
2H), 1.88 (s, 1H), 1.42 (t, J=7.3 Hz, 3H), 1.31~1.20 (m,
1H), 0.90 (t, J=7.3 Hz, 3H); 3C NMR (100 MHz, Chlo-
roform-d) 0: 171.0, 165.6, 160.3, 158.6, 156.7, 147.2,
131.8 (q, J=32.3 Hz), 129.9, 124.0 (q, J=272.4 Hz),
118.6, 117.9 (q, J=4.1 Hz), 112.1 (q, J=3.6, 3.1 Hz),
95.2, 69.6, 64.0, 39.3, 25.4, 16.4, 14.8, 13.5, 13.0; "F
NMR (376 MHz, Chloroform-d) ¢: —62.7; IR (KBr) v:
3227, 2928, 1601, 1547, 1459, 1254, 867, 696 cm .
HRMS caled for CpHxuF3NeOS; [M+H] " 497.1405,
found 497.1411.

2-(3- R B ORI Y 8 )-5,6- —&(-5- T JE-8- A
FE-10- PR 3 - M 0 9 [5,4-€][1,2,4] = M FF[1,5-¢] M5 e
(I-3): AR, X 86%. mp. 216~217 “C; 'H NMR
(400 MHz, Chloroform-d) d: 7.42~7.35 (m, 2H), 7.23 (d,
J=17.4 Hz, 2H), 6.82 (s, 1H), 6.06 (t, J=5.1 Hz, 1H), 5.27
(s, 2H), 3.29~3.15 (m, 2H), 2.62 (s, 3H), 2.12~2.00 (m,
2H), 1.93 (s, 1H), 1.42 (t, J=7.3 Hz, 3H), 1.33~1.26 (m,
2H), 1.23~1.14 (m, 1H), 0.83 (t, J=7.0 Hz, 3H); 1*C
NMR (100 MHz, Chloroform-d) &: 170.9, 165.6, 160.3,
158.6, 156.7, 147.2, 131.8 (q, J=32.2 Hz), 129.9, 123.9
(q, J=272.5 Hz), 118.5, 117.9 (q, J=4.0 Hz), 112.1 (q,
J=3.9 Hz), 95.2, 69.8, 63.9, 36.9, 25.4, 24.9, 22.1, 14.8,
13.8, 13.0; '’F NMR (376 MHz, Chloroform-d) §: —62.7;
IR (KBr) v: 3227, 2928, 1609, 1550, 1400, 1256, 866, 698
cm . HRMS caled for CypHyFi:NgOS, [M + H] ©
511.1562, found 511.1556.

2-(3- =R R ORI Y 6 )-5,6- - &-5- 2. HE-8- TR ik
FE-10- PR 3 - M 0 I [5,4-€][1,2,4] = M I [1,5-¢] M5 e
(I-4): AR, BE 79%. mp. 217~218 C; 'H NMR
(400 MHz, Chloroform-d) d: 7.41 (t, J=8.0 Hz, 1H), 7.35
(s, 1H), 7.27~7.19 (m, 2H), 6.21 (t, J=4.2 Hz, 1H), 5.28
(s, 2H), 3.31~3.25 (m, 2H), 2.69 (s, 3H), 2.30~2.20 (m,
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1H), 2.16~2.06 (m, 1H), 1.88~1.79 (m, 2H), 1.08 (t, J=
7.4 Hz, 3H), 0.89 (t, J=7.4 Hz, 3H); 3*C NMR (100 MHz,
Chloroform-d) J: 168.6, 164.3, 160.9, 158.3, 151.5, 145.2,
131.8 (q, J=32.3 Hz), 130.0, 123.9 (q, J=272.3 Hz),
118.6, 118.2 (q, J=3.5 Hz), 112.0 (q, J=4.0 Hz), 94.6,
71.1, 63.4, 33.3, 29.8, 22.3, 13.8, 13.3, 6.5; '°F NMR (376
MHz, Chloroform-d) : —62.7; IR (KBr) v: 3217, 2962,
1603, 1544, 1324, 1265, 867, 696 cm™!. HRMS calcd for
C1H24F3N6OS, [M+H]" 497.1405, found 497.1400.

2-(3- A TR IR A 1 E)-5,6- —&(-5- 7 N FE-8-
T 32 - 10- B J2 1 g I [5,4-€][1,2,4] = PR I 1,5-c] s i
(I-5): AR, W& 60%. m.p. 204~206 C; 'H NMR
(400 MHz, Chloroform-d) J: 7.42~7.35 (m, 2H), 7.23 (d,
J=8.2 Hz, 2H), 7.12 (s, 1H), 5.99~5.96 (m, 1H), 5.28 (s,
2H), 3.20~3.11 (m, 2H), 2.61 (s, 3H), 2.51~2.42 (m,
1H), 1.82~1.77 (m, 2H), 1.05 (t, J=7.4 Hz, 3H), 0.97 (d,
J=17.0 Hz, 3H), 0.79 (d, J=6.8 Hz, 3H); '3C NMR (100
MHz, Chloroform-d) d: 170.9, 165.5, 160.3, 158.6, 157.1,
147.5, 131.8 (q, J=32.4 Hz), 129.9, 1239 (q, J=272.4
Hz), 118.6, 117.9 (q, J=3.8 Hz), 112.1 (q, /=3.8 Hz),
95.1,74.0, 64.0, 35.4, 33.0, 23.0, 16.6, 15.1, 13.5, 13.0; '°F
NMR (376 MHz, Chloroform-d) ¢: —62.7; IR (KBr) v:
3233, 2960, 1603, 1545, 1392, 1216, 869, 696 cm .
HRMS calcd for C22H26F3N6032 [l\/[‘i‘H]+ 511.1562,
found 511.1556.

2-(3- = AR A A 3E)-5,6- —A-5- T HE-8-17
Tt 3 - 10- VRS B — 18 g I [5,4-e][1,2,4] = M F[1,5-¢] M g
(I1-6): AMFEAER, WE 65%. m.p. 202~204 C; 'H NMR
(400 MHz, Chloroform-d) : 7.42~7.34 (m, 2H), 7.25~
7.21 (m, 2H), 7.02 (s, 1H), 6.10~6.02 (m, 1H), 5.27 (s,
2H), 3.22~3.11 (m, 2H), 2.62 (s, 3H), 2.00~1.92 (m,
1H), 1.84~1.70 (m, 4H), 1.05 (t, J=7.4 Hz, 3H), 0.92 (d,
J=5.9 Hz, 6H); *C NMR (100 MHz, Chloroform-d) d:
171.1, 165.6, 160.1, 158.6, 156.6, 147.0, 131.8 (q, J=32.1
Hz), 129.9, 123.9 (q, J=272.3 Hz), 118.6, 117.9 (q, J=3.7
Hz), 112.1 (q, J/=3.9, 3.3 Hz), 95.5, 68.4, 63.9, 46.0, 33.0,
23.7, 23.0, 22.7, 22.2, 13.5, 13.0; 'F NMR (376 MHz,
Chloroform-d) 6: —62.6; IR (KBr) v: 3218, 2968, 1602,
1544, 1401, 1216, 870, 695 cm '. HRMS calced for
C23H23F3N6032 [l\/[‘*’H]Jr 525.1718, found 525.1713.

2-(3- = 9 JE IR SR 3 )-5,6- L A-5- AL -8- TR
B -10- F B 2k - 1 g I [5,4-€][1,2,4] = M I [1,5-c] 18 g
(1-7): AR, R 79%. mp. 199~200 ‘C; '"H NMR
(400 MHz, Chloroform-d) J: 7.44~7.35 (m, 2H), 7.25~
7.22 (m, 2H), 6.67 (s, 1H), 6.12 (q, J=5.5 Hz, 1H), 5.26
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(s, 2H), 3.23~3.13 (m, 2H), 2.61 (s, 3H), 1.79 (d, J=5.9
Hz, 3H), 1.75~1.70 (m, 2H), 1.50~1.40 (m, 2H), 0.96 (t,
J=7.4 Hz, 3H); 3C NMR (100 MHz, Chloroform-d) J:
171.3, 165.7, 160.4, 158.6, 156.5, 147.0, 131.8 (q, J=32.3
Hz), 129.9, 123.9 (q, J=272.6 Hz), 118.5, 117.9 (q, J=3.9
Hz), 112.1 (q, J=3.8 Hz), 95.2, 66.4, 63.9, 31.6, 30.8,
23.6,22.1, 13.7, 13.0; '°F NMR (376 MHz, Chloroform-d)
d: —62.7; IR (KBr) v: 3217, 2962, 1603, 1544, 1324,
1265, 867, 696 cm !. HRMS calcd for CyHasF3NeOS:
[M+H]" 497.1405, found 497.1400.

2-(3- = SR IR S 3 )-5,6- L A-5- 2 FE-8- TR
FE-10- F Bt 2 - 1% 0 I [5,4-][1,2,4] = M - [1,5-c] M i
(I1-8): AR, YR 77%. m.p. 205~206 ‘C; '"H NMR
(400 MHz, Chloroform-d) ¢: 7.42~7.35 (m, 3H), 7.25~
721 (m, 2H), 6.17~6.11 (m, 1H), 5.28 (s, 2H), 3.23~
3.15 (m, 2H), 2.61 (s, 3H), 2.20~2.10 (m, 1H), 2.08~
1.99 (m, 1H), 1.78~1.72 (m, 2H), 1.53~1.43 (m, 2H),
0.96 (t, J=7.4 Hz, 3H), 0.87 (t, J=7.4 Hz, 3H); '*C NMR
(100 MHz, Chloroform-d) J: 170.9, 165.5, 160.4, 158.6,
157.0, 147.4, 131.8 (q, J=32.3 Hz), 129.9, 123.9 (q, J=
272.4 Hz), 118.5, 117.9 (q, J=3.4 Hz), 112.1 (q, J=3.8
Hz), 95.1, 70.4, 64.0, 31.7, 30.8, 30.5, 22.1, 13.7, 13.0, 7.0.
YF NMR (376 MHz, Chloroform-d) J: —62.7; IR (KBr)
v: 3232, 2931, 1606, 1550, 1400, 1265, 869, 655 cm .
HRMS caled for CpnHyF3NgOS, [M+H]" 511.1562,
found 511.1556.

2-(3- =4 AR 2R AR 3 )-5,6- -5 T -8 T i
FE-10- F g 2 - 1% 0 I [5,4-€][1,2,4] = M FF-[1,5-¢] M i
(1-9): A, IE 80%. m.p. 216~217 C; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.43~7.34 (m, 3H), 7.23 (d,
J=8.0 Hz, 2H), 6.16~6.10 (m, 1H), 5.28 (s, 2H), 3.25~
3.15 (m, 2H), 2.64~2.61 (m, 3H), 2.07~1.95 (m, 2H),
1.80~1.70 (m, 2H), 1.52~1.37 (m, 3H), 1.28~1.17 (m,
1H), 0.96 (t, J=7.4 Hz, 3H), 0.88 (t, J=7.3 Hz, 3H); '*C
NMR (100 MHz, Chloroform-d) é: 171.0, 165.530, 160.3,
158.6, 156.8, 147.2, 131.8 (q, J=32.3 Hz), 129.9, 123.9
(q, J=272.3 Hz), 118.5, 117.9 (q, J=3.8 Hz), 112.1 (q,
J=3.8 Hz), 95.2, 69.6, 64.0, 39.5, 31.7, 30.8, 22.1, 16.3,
13.7, 13.5, 13.0; '°F NMR (376 MHz, Chloroform-d) ¢:
—62.7; IR (KBr) v: 3227, 2930, 1601, 1545, 1399, 1267,
868, 655 cm . HRMS calcd for Cp3HosF3NgOS, [M+H]"
525.1718, found 525.1713.

2-(3- = JE IR SR 3 )-5,6- L A-5- T HE-8- TR
FE-10- F g 2 - 1% 0 I [5,4-€][1,2,4] = M Ff-[1,5-c] M i
(I1-10): AEEAE, WE 82%. mp. 210~211 C; 'H
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NMR (400 MHz, Chloroform-d) o: 7.43~7.35 (m, 2H),
7.25~7.17 (m, 3H), 6.14~6.07 (m, 1H), 5.28 (s, 2H),
3.24~3.15 (m, 2H), 2.62 (s, 3H), 2.08~1.99 (m, 2H),
1.79~1.70 (m, 2H), 1.53~1.43 (m, 2H), 1.30~1.12 (m,
4H), 0.96 (t, J=7.4 Hz, 3H), 0.81 (t, J=7.2 Hz, 3H); 1°C
NMR (100 MHz, Chloroform-d) d: 171.0, 165.5, 160.3,
158.6, 156.8, 147.2, 131.8 (q, J=32.2 Hz), 129.9, 123.9
(q, J=272.5 Hz), 118.5, 117.9 (q, J=3.6 Hz), 112.1 (q, J
=3.6 Hz), 95.1, 69.8, 63.9, 37.1, 31.7, 30.8, 24.9, 22.1,
13.8,13.7, 13.0; '’F NMR (376 MHz, Chloroform-d) 6: —
62.7; IR (KBr) v: 3227, 2930, 1610, 1551, 1401, 1258,
865, 698 cm '. HRMS calcd for Cp4H30F3NsOS, [M+H]"
539.1875, found 539.1870.

2-(3- = AR A F 3)-5,6- A -5- R A -8 T
Tt F - 10- VR Bk — 18 g I [5,4-e][1,2,4] =M FF[1,5-¢] M g
I-11): AGEE, WE 59%. mp. 183~185 C; 'H
NMR (400 MHz, Chloroform-d) 6: 7.48~7.35 (m, 3H),
7.26~7.21 (m, 2H), 6.04~5.99 (m, 1H), 5.29 (s, 2H),
3.25~3.13 (m, 2H), 2.61 (s, 3H), 2.45 (tt, J=6.9, 3.5 Hz,
1H), 1.79~1.71 (m, 2H), 1.53~1.43 (m, 2H), 0.99~0.93
(m, 6H), 0.79 (d, J=6.8 Hz, 3H); *C NMR (100 MHz,
Chloroform-d) 6: 170.8, 165.4, 160.3, 158.6, 157.2, 147.6,
131.7 (q, J=32.4 Hz), 129.9, 123.9 (q, J=272.2 Hz),
118.6, 117.9 (q, J=3.9 Hz), 112.1 (q, J=4.1 Hz), 95.1,
73.9, 64.0, 35.6,31.7, 30.8, 22.1, 16.5, 15.2, 13.7, 13.0; '°F
NMR (376 MHz, Chloroform-d) ¢6: —62.7; IR (KBr) v:
3217, 2962, 1603, 1544, 1324, 1215, 867, 696 cm .
HRMS caled for CpHaxsF3NeOS, [M+H]' 525.1718,
found 525.1713.

2-(3- = AR A A 3E)-5,6- A -5- T -8 T
Fi J - 10- FERR L - e I [5,4-][1,2,4] =W FE[1,5-c] M5 e
(I-12): HEREAE, WE 62%. mp. 182~183 C; 'H
NMR (400 MHz, Chloroform-d) J: 7.42~7.36 (m, 2H),
7.25~7.21 (m, 2H), 7.03 (s, 1H), 6.09~6.03 (m, 1H),
5.27 (s, 2H), 3.24~3.12 (m, 2H), 2.62 (s, 3H), 1.99~1.92
(m, 1H), 1.86~1.70 (m, 4H), 1.52~1.42 (m, 2H), 0.99~
0.91 (m, 9H); *C NMR (100 MHz, Chloroform-d) &:
171.1, 165.6, 160.1, 158.6, 156.6, 147.0, 131.8 (q, J=32.3
Hz), 129.9, 123.9 (q, J=272.6 Hz), 118.6, 117.9 (q, J=3.8
Hz), 112.1 (q, J=3.9 Hz), 95.5, 68.4, 63.9, 46.0, 31.6,
30.8, 23.7, 22.7, 22.2, 22.1, 13.7, 13.0; 'F NMR (376
MHz, Chloroform-d) : —62.6; IR (KBr) v: 3217, 2962,
1603, 1544, 1324, 1265, 867, 696 cm '. HRMS calcd for
C24H30F3N6032 [l\/[‘*’H]Jr 539.1875, found 539.1869.

2-(3- =9 JE IR SR 5 )-5,6- L A-5- T -8- TR
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FE-10- H B 3k -1 g I [5,4-€][1,2,4] = M I [1,5-¢] ¥ g
(I1-13): A E A, WE 85%. mp. 201~203 C; 'H
NMR (400 MHz, Chloroform-d) o: 7.42~7.35 (m, 2H),
7.25~721 (m, 2H), 7.14 (s, 1H), 6.12~6.06 (m, 1H),
5.27 (s, 2H), 3.23~3.15 (m, 2H), 2.62 (s, 3H), 2.10~1.99
(m, 2H), 1.79~1.70 (m, 2H), 1.51~1.36 (m, 3H), 1.25~
1.18 (m, 5H), 0.96 (t, J=7.4 Hz, 3H), 0.84~0.78 (m, 3H);
BC NMR (100 MHz, Chloroform-d) &: 171.0, 165.5,
160.3, 158.6, 156.7, 147.2, 131.8 (q, J=32.2 Hz), 129.9,
123.9 (q, J=272.4 Hz), 118.5, 117.9 (g, J=3.3 Hz), 112.1
(q, J=3.8 Hz), 95.2, 69.8, 63.9, 37.3, 31.7, 31.1, 30.8,
22.6, 22.4, 22.1, 13.8, 13.7, 13.0; '°F NMR (376 MHz,
Chloroform-d) J: —62.7; IR (KBr) v: 3227, 2931, 1605,
1548, 1399, 1267, 865, 696 cm !. HRMS calcd for
CasH3,F3NgOS, [M+H]" 553.2031, found 553.2026.
2-(3- =R R ORI 6 )-5,6- —&-5- L HE-8- T At
FE-10- H B 3k - g I [5,4-€][1,2,4] = M I [1,5-¢] ¥ g
(I-14): HEEAE, WE 79%. mp. 192~194 C; 'H
NMR (400 MHz, Chloroform-d) o: 7.43~7.36 (m, 2H),
7.25~721 (m, 2H), 7.15 (s, 1H), 6.11~6.07 (m, 1H),
5.27 (s, 2H), 3.23~3.14 (m, 2H), 2.62 (s, 3H), 2.07~1.98
(m, 2H), 1.79~1.71 (m, 2H), 1.54~1.36 (m, 3H), 1.26~
1.14 (m, 7H), 0.96 (t, J=7.4 Hz, 3H), 0.82 (t, J=7.0 Hz,
3H); 3C NMR (100 MHz, Chloroform-d) &: 171.0, 165.6,
160.3, 158.6, 156.7, 147.2, 131.8 (q, J=32.2 Hz), 129.9,
123.9 (q, J=272.6 Hz), 118.5, 117.9 (q, J=3.7 Hz), 112.1
(q, J=3.8 Hz), 95.2, 69.8, 63.9, 37.3, 31.7, 31.5, 30.8,
28.6, 22.9, 22.4, 22.1, 13.9, 13.7, 13.0; 'F NMR (376
MHz, Chloroform-d) ¢: —62.7; IR (KBr) v: 3225, 2930,
1609, 1548, 1326, 1264, 867, 696 cm '. HRMS calcd for
CasH3aF3NsOS, [M+H]" 567.2188, found 567.2182.
2-(3- A AR R A F 2 )-5,6- —&-5- O 2E-8- Uit
FE-10- H B 3k -1 g I [5,4-€][1,2,4] = M I [1,5-¢] ¥ g
(I-15): A A, WE 85%. mp. 182~183 C; 'H
NMR (400 MHz, Chloroform-d) o: 7.44~7.35 (m, 3H),
7.26~7.20 (m, 2H), 6.11 (d, J=5.3 Hz, 1H), 5.28 (s, 2H),
3.24~3.11 (m, 2H), 2.62 (s, 3H), 2.09~1.98 (m, 2H),
1.83~1.70 (m, 2H), 1.47~1.30 (m, 7H), 1.26~1.13 (m,
7H), 0.93~0.87 (m, 3H), 0.82 (t, J=7.0 Hz, 3H); '3C
NMR (100 MHz, Chloroform-d) &: 165.5, 160.3, 158.6,
156.8, 147.2, 131.8 (d, J=32.0 Hz), 129.9, 123.9 (d, J=
272.3 Hz), 118.5, 117.9 (d, J=4.0 Hz), 112.1 (g, J=3.0,
2.1 Hz), 95.2, 69.8, 63.9, 37.3, 31.5, 31.5, 31.1, 29.6, 28.7,
28.7, 22.9, 22.6, 22.5, 14.0, 14.0, 13.0; 'F NMR (376
MHz, Chloroform-d) ¢: —62.7; IR (KBr) v: 3229, 2927,
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1605, 1545, 1325, 1213, 864, 655 cm™'. HRMS calcd for
C28H33F3N6032 [l\/[‘*’H]Jr 595.2501, found 595.2495.

2-(3- =9 JE IR SR 5 )-5,6- L A-5- Y L -8- PEAR
F-10- H B F - W 0 I [5,4-€][1,2,4] = M I [1,5-¢] 5 g
(I1-16): AGEE, WE 75%. mp. 197~199 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.42~7.36 (m, 2H),
7.25~7.21 (m, 2H), 6.14 (q, J=5.3 Hz, 1H), 5.26 (s, 2H),
3.22~3.13 (m, 2H), 2.62 (s, 3H), 1.82~1.74 (m, 6H),
1.49~1.40 (m, 2H), 1.35~1.23 (m, 5H), 0.90 (t, J=6.7
Hz, 3H); *C NMR (100 MHz, Chloroform-d) 6: 171.1,
165.7, 160.4, 158.6, 156.4, 146.9, 131.8 (q, J=32.3 Hz),
129.9, 123.9 (q, J=272.4 Hz), 118.5, 117.94 (q, J=3.9
Hz), 112.1 (q, J=3.7 Hz), 95.2, 66.4, 63.9, 31.5, 31.1,
29.6, 28.7, 23.7, 22.6, 14.0, 13.0; YF NMR (376 MHz,
Chloroform-d) J: —62.7; IR (KBr) v: 3227, 2931, 1610,
1547, 1319, 1215, 804, 694 cm !. HRMS calcd for
Ca4H30F3N4OS, [M+H]" 539.1875, found 539.1869.

2-(3- = B OR S E F )-5,6- - &-5- 2. HE-8- PEd
FE-10- R FE -5 0 IR [5,4-€][1,2,4] = M FF[1,5-¢] M g
I1-17): AEREE, WE 79%. mp. 207~209 C; 'H
NMR (400 MHz, Chloroform-d) o: 7.42~7.32 (m, 3H),
7.26~7.21 (m, 2H), 6.17~6.10 (m, 1H), 5.27 (s, 2H),
3.22~3.13 (m, 2H), 2.61 (s, 3H), 2.22~1.98 (m, 2H),
1.81~1.71 (m, 3H), 1.48~1.41 (m, 2H), 1.38~1.21 (m,
5H), 0.92~0.85 (m, 6H); 3C NMR (100 MHz, Chloro-
form-d) J: 171.0, 165.5, 160.4, 158.6, 157.0, 147.4, 131.8
(q, J=32.5 Hz), 129.9, 123.9 (q, J=272.4 Hz), 118.6,
117.9 (q, J=4.2 Hz), 112.1 (q, J=6.0, 4.2 Hz), 95.1,
70.5, 64.0, 31.4, 31.1, 30.5, 29.6, 28.7, 22.6, 14.0, 13.0,
7.0; YF NMR (376 MHz, Chloroform-d) §: —62.7; IR
(KBr) v: 3227, 2929, 1608, 1545, 1332, 1222, 866, 698
cm . HRMS caled for CpsH3Fi:NgOS, [M + H] ©
553.2031, found 553.2026.

2-(3- A B R AT F 2 )-5,6- & -5- T 2E-8- B
FE-10- B FE -5 0 IR [5,4-€][1,2,4] = M FF[1,5-¢] W g
(I1-18): HGE A, WE 76%. mp. 187~188 C; 'H
NMR (400 MHz, Chloroform-d) o: 7.42~7.35 (m, 2H),
7.26~7.20 (m, 2H), 6.14~6.09 (m, 1H), 5.27 (s, 2H),
3.22~3.13 (m, 2H), 2.62 (s, 3H), 2.10~1.93 (m, 2H),
1.81~1.70 (m, 2H), 1.49~1.38 (m, 3H), 1.36~1.18 (m,
7H), 0.92~0.85 (m, 6H); *C NMR (100 MHz, Chloro-
form-d) J: 171.0, 165.5, 160.3, 158.6, 156.9, 147.2, 131.8
(q, J=32.3 Hz), 129.9, 123.9 (q, J=272.4 Hz), 118.6,
1179 (q, J=3.8 Hz), 112.1 (q, J=3.7, 3.2 Hz), 95.2,
69.6, 64.0, 39.5, 31.7, 31.1, 29.6, 29.0, 28.9, 22.6, 16.3,
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14.1, 13.5, 13.0; 'F NMR (376 MHz, Chloroform-d) J: —
62.7; IR (KBr) v: 3226, 2929, 1608, 1548, 1300, 1220,
865, 696 cm '. HRMS calcd for CasH34F3NsOS, [M+
H]" 567.2188, found 567.2182.

2-(3- = g JE IR S 3 )-5,6- L A-5- ] HE-8- PR
FE-10- F it 2 - 1% 0 I [5,4-€][1,2,4] = M FF-[1,5-c] M i
(I1-19): H&[EAA, E 86%. mp. 179~180 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.42~7.35 (m, 2H),
7.25~7.22 (m, 2H), 6.14~6.07 (m, 1H), 5.28 (s, 2H),
3.21~3.14 (m, 2H), 2.62 (s, 3H), 2.10~1.97 (m, 2H),
1.80~1.71 (m, 2H), 1.49~1.19 (m, 12H), 0.92~0.87 (m,
3H), 0.81 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz, Chlo-
roform-d) &: 171.0, 165.5, 160.3, 158.6, 156.8, 147.2,
131.8 (d, J=32.5 Hz), 129.9, 123.9 (d, J=272.3 Hz),
118.5, 117.9 (q, J=3.9 Hz), 112.1 (q, J=3.5 Hz), 95.2,
69.8, 64.0, 37.1, 31.7, 31.1, 29.6, 29.0, 28.9, 24.9, 22.6,
22.1, 14.1, 13.8, 13.0; '°F NMR (376 MHz, Chloroform-d)
8 —62.7; IR (KBr) v: 3227, 2929, 1607, 1548, 1326,
1267, 865, 696 cm !. HRMS calcd for Cy7H3F3N6OS:
[M+H]" 581.2344, found 581.2339.

2-(3- =R BRI T B )-5,6- —A-5-07 T 2E-8-P
- 10- FE AR - IE 31 [5,4-€][1,2,4] =W IF[1,5-c] M5 i
(1-20): AEEAE, WE 65%. mp. 163~164 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.42~7.36 (m, 2H),
7.25~7.21 (m, 2H), 7.15 (s, 1H), 6.10~6.04 (m, 1H),
5.27 (s, 2H), 3.21~3.14 (m, 2H), 2.62 (s, 3H), 2.06~1.89
(m, 2H), 1.85~1.72 (m, 4H), 1.48~1.40 (m, 2H), 1.34~
1.27 (m, 5H), 0.94~0.88 (m, 9H); *C NMR (100 MHz,
Chloroform-d) 0: 171.0, 165.6, 160.1, 158.6, 156.6, 147.0,
131.8 (q, J=32.2 Hz), 129.9, 123.9 (q, J=272.5 Hz),
118.6, 117.9 (q, J=3.6 Hz), 112.1 (q, J=3.6 Hz), 95.5,
68.4, 63.9, 46.0, 31.7, 31.1, 29.6, 29.0, 28.9, 23.7, 22.7,
22.6,22.3, 14.1, 13.0; '°F NMR (376 MHz, Chloroform-d)
8. —62.7; IR (KBr) v: 3217, 2928, 1603, 1541, 1326,
1215, 868, 696 cm !. HRMS calcd for Cy7H3F3N6OS:
[M+H]" 581.2344, found 581.2348.

2-(3- =9 JE IR SR 3 )-5,6- L A-5- T L -8- PR
FE-10- F Bt 2 - 1% 0 I [5,4-€][1,2,4] = M - [1,5-c] M i
(I1-21): AEEAE, KWE 82%. mp. 172~173 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.43~7.35 (m, 2H),
7.25~7.19 (m, 3H), 6.12~6.06 (m, 1H), 5.27 (s, 2H),
3.22~3.14 (m, 2H), 2.62 (s, 3H), 2.09~1.96 (m, 2H),
1.79~1.71 (m, 2H), 1.47~1.39 (m, 2H), 1.36~1.16 (m,
12H), 0.91~0.86 (m, 3H), 0.83~0.78 (m, 3H); *C NMR
(100 MHz, Chloroform-d) J: 171.0, 165.5, 160.3, 158.6,
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156.8, 147.2, 131.8 (d, J=32.3 Hz), 129.9, 123.9 (d, J=
272.4 Hz), 118.5, 117.9 (q, J=3.7 Hz), 112.1 (d, J=4.0
Hz), 95.2, 69.8, 63.9, 37.3, 31.7, 31.5, 31.1, 29.7, 20.0,
28.9, 22.6, 22.6, 22.4, 14.1, 13.8, 13.0; 'F NMR (376
MHz, Chloroform-d) : —62.7; IR (KBr) v: 3217, 2928,
1603, 1541, 1326, 1215, 868, 696 cm '. HRMS calcd for
CasH3sF3NgOS, [M+H]" 595.2501, found 595.2495.

2-(3- L B R F 2 )-5,6- -5 OV 2E-8- B
FE-10- B FE -5 0 IR [5,4-€][1,2,4] = M FF[1,5-¢] M g
(I1-22): AMGEE, WE 76%. mp. 169~170 C; 'H
NMR (400 MHz, Chloroform-d) o: 7.43~7.35 (m, 2H),
7.25~7.18 (m, 3H), 6.12~6.06 (m, 1H), 5.27 (s, 2H),
3.22~3.13 (m, 2H), 2.62 (s, 3H), 2.09~1.99 (m, 2H),
1.80~1.71 (m, 2H), 1.47~1.40 (m, 2H), 1.35~1.13 (m,
14H), 0.92~0.86 (m, 3H), 0.82 (t, J=7.0 Hz, 3H); *C
NMR (100 MHz, Chloroform-d) 6: 170.9, 165.6, 160.3,
158.6, 156.7, 147.2, 131.8 (q, J=32.5 Hz), 129.9, 123.9
(q, J=272.5 Hz), 118.5, 117.9 (q, J=4.0 Hz), 112.1 (q,
J=72, 6.1 Hz), 952, 69.8, 63.9, 37.3, 31.7, 31.5, 31.1,
29.6,29.0,28.9,28.7,22.9,22.6,22.5, 14.1, 14.0, 13.0; '°F
NMR (376 MHz, Chloroform-d) ¢: —62.7; IR (KBr) v:
3231, 2922, 1614, 1553, 1327, 1269, 871, 694 cm .
HRMS caled for CaoHiF3:NgOS; [M+H]" 609.2657,
found 609.2655.

2-(4- A AN FHIE)-5,6- A -5- 2. 3E-8- 2R FE-10-
B LI [ 5,4-€][1,2,4] =PI 1,5-¢] M8 g (1-23): ¥4
@EA, BE 79%. mp. 210~212 ‘C; 'H NMR (400
MHz, Chloroform-d) J: 7.43 (s, 1H), 7.02~6.94 (m, 4H),
6.18~6.12 (m, 1H), 5.20 (s, 2H), 3.25~3.14 (m, 2H),
2.62 (s, 3H), 2.18~2.10 (m, 1H), 2.07~1.98 (m, 1H),
1.42 (t, J=17.3 Hz, 3H), 0.87 (t, J=7.4 Hz, 3H); *C NMR
(100 MHz, Chloroform-d) d: 170.7, 165.4, 160.8, 157.6 (d,
J=238.6 Hz), 157.0, 154.6 (d, J=2.1 Hz), 147.2, 116.2 (d,
J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.2, 70.4, 64.5, 30.6,
25.4,14.8, 13.0, 7.0; '9F NMR (376 MHz, Chloroform-d)
5: —123.5; IR (KBr) v: 3231, 2972, 1601, 1506, 1249,
827 cm . HRMS caled for CioH, FN¢NaOS, [M+Na]"
455.1100, found 455.1094.

2-(4- A 3E)-5,6- A -5- 1 FE-8- 2B FE-10-
PR - 0 IR [5,4-€][1,2,4] =P [ 1,5-c] 0 (1-24): 35
tE A, WE 82%. m.p. 233~235 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.05 (s, 1H), 7.02~6.94 (m, 4H),
6.12~6.06 (m, 1H), 5.19 (s, 2H), 3.24~3.15 (m, 2H),
2.62 (s, 3H), 2.08~1.95 (m, 2H), 1.45~1.17 (m, 5H),
0.89 (t, J=7.3 Hz, 3H); 3C NMR (100 MHz, Chloro-
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form-d) 5: 170.8, 165.5, 160.8, 157.6 (d, J=238.6 Hz),
156.8, 154.6 (d, J=2.2 Hz), 147.1, 116.2 (d, J=8.0 Hz),
115.7 (d, J=23.1 Hz), 95.3, 69.6, 64.4, 39.4, 25.4, 16.3,
14.8, 13.5, 13.0; '’F NMR (376 MHz, Chloroform-d) ¢:
—123.5; IR (KBr) v: 3234, 2931, 1601, 1517, 1251, 825
cm '. HRMS caled for CyHFNsOS, [M + H]*
447.1437, found 447.1432.

2-(4- AT P HL)-5,6- A -5- T FE-8- 2 FE-10-
PR I3 [5,4-€][1,2,4] =R I [ 1,5-c] B E (1-25): i
EEA, PR 79%. mp. 218~220 C; 'H NMR (400
MHz, Chloroform-d) 6: 7.13 (s, 1H), 7.03~6.94 (m, 4H),
6.13~6.08 (m, 1H), 5.20 (s, 2H), 3.25~3.15 (m, 2H),
2.62 (s, 3H), 2.08~1.99 (m, 2H), 1.42 (t, J=7.3 Hz, 3H),
1.35~1.12 (m, 4H), 0.82 (t, J=7.2 Hz, 3H); 3C NMR
(100 MHz, Chloroform-d) d: 170.8, 165.5, 160.8, 157.5 (d,
J=238.7 Hz), 156.8, 154.6 (d, J=2.0 Hz), 147.1, 116.2 (d,
J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.2, 69.7, 64.4, 37.1,
25.4, 249, 222, 14.8, 13.8, 13.0; F NMR (376 MHz,
Chloroform-d) : —123.5; IR (KBr) v: 3231, 2926, 1608,
1551, 1255, 827 cm '. HRMS caled for C,1H2sFN6OS;
[M-+H]" 461.1594, found 461.1591.

2-(4- A HL)-5,6- A -5- T FE-8- 2. HE-10-
FRRR -5 0 5[ 5,4-€][1,2,4] =M [ 1,5-c] W5 0E (1-26): 7%
EE AR, KR 70%. mp. 199~202°C; 'H NMR (400
MHz, Chloroform-d) 6: 7.32 (s, 1H), 7.03~6.94 (m, 4H),
6.14~6.09 (m, 1H), 5.20 (s, 2H), 3.26~3.15 (m, 2H),
2.62 (s, 3H), 2.09~1.96 (m, 2H), 1.42 (t, J=7.3 Hz, 3H),
1.36~1.10 (m, 6H), 0.81 (t, J=6.8 Hz, 3H); 3C NMR
(100 MHz, Chloroform-d) 6: 170.7, 165.4, 160.7, 157.5 (d,
J=238.7 Hz), 156.8, 154.6 (d, J=2.0 Hz), 147.1, 116.1 (d,
J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.3, 69.7, 64.4, 37.3,
31.1, 25.4, 22.6, 22.4, 14.8, 13.8, 13.0; 'F NMR (376
MHz, Chloroform-d) J: —123.5; IR (KBr) v: 3228, 2924,
1611, 1552, 1254, 825 cm . HRMS calcd for C;,H»7Na-
FNsOS; [M+Na]" 497.1570, found 497.1564.

2-(4- AT P HL)-5,6- A -5-CFE-8- 2 HE-10-
FRRR -5 0 [ 5,4-€][1,2,4] =M [1,5-c] Mg (1-27): 3%
E A, R 65%. mp. 189~192 C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.17 (s, 1H), 7.02~6.94 (m, 4H),
6.12~6.06 (m, 1H), 5.20 (s, 2H), 3.24~3.15 (m, 2H),
2.62 (s, 3H), 2.07~1.97 (m, 2H), 1.42 (t, J=7.3 Hz, 3H),
1.26~1.13 (m, 8H), 0.83 (t, J=7.0 Hz, 3H); 3C NMR
(100 MHz, Chloroform-d) d: 170.7, 165.5, 160.8, 157.5 (d,
J=238.6 Hz), 156.7, 154.6 (d, J=2.0 Hz), 147.0, 116.1 (d,
J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.3, 69.7, 64.4, 37.3,
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31.5, 28.7, 25.4, 229, 22.5, 14.8, 14.0, 13.0; '°F NMR
(376 MHz, Chloroform-d) 6: —123.5; IR (KBr) v: 3226,
2927, 1607, 1548, 1250, 829 cm '. HRMS caled for
Ca3HoNaFN4OS,; [M+Na]* 511.1726, found 511.1721.

2-(4- A P IE)-5,6- A -5- 2 FE-8- P AR FE-10-
B L0 [ 5,4-e][1,2,4] =PI 1,5-¢] M8 g (1-28): ¥4
EE A, IR 83%. m.p. 222~224 C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.11 (s, 1H), 7.03~6.95 (m, 4H),
6.13~6.08 (m, 1H), 5.19 (s, 2H), 3.20~3.12 (m, 2H),
2.62 (s, 3H), 2.21~2.00 (m, 2H), 1.83~1.76 (m, 2H),
1.05 (t, J=7.4 Hz, 3H), 0.88 (t, J=7.4 Hz, 3H); '*C NMR
(100 MHz, Chloroform-d) d: 171.0, 165.4, 160.8, 157.6 (d,
J=238.6 Hz), 156.9, 154.6 (d, J=2.0 Hz), 147.3, 116.3 (d,
J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.2, 70.4, 64.5, 33.0,
30.4, 23.0, 13.5, 13.0, 7.0; '°F NMR (376 MHz, Chloro-
form-d) 0: —123.5; IR (KBr) v: 3227, 2931, 1605, 1517,
1229, 823 cm™!. HRMS calcd for Ca0H24FN¢OS, [M+H]"
447.1437, found 447.1435.

2-(4- AN FIE)-5,6- A -5- T FE-8- P At FE-10-
PR B - 0 3R [5,4-¢][1,2,4] =P [ 1,5-c] 0 (1-29): 3%
@E, WE 76%. mp. 223~224 ‘C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.03~6.95 (m, 4H), 6.01~5.97
(m, 1H), 5.19 (s, 2H), 3.19~3.11 (m, 2H), 2.62 (s, 3H),
2.10~2.03 (m, 2H), 1.81~1.77 (m, 2H), 1.33~1.23 (m,
4H), 1.06 (t, J=7.3 Hz, 3H), 0.86 (t, J=7.1 Hz, 3H); 1*C
NMR (100 MHz, Chloroform-d) 6: 170.5, 165.6, 160.8,
157.6 (d, J=238.8 Hz), 156.3, 154.6 (d, J=2.0 Hz), 147.0,
116.2 (d, J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.2, 69.8,
64.4, 36.9, 33.0, 24.9, 22.9, 22.1, 13.8, 13.5, 13.1; "F
NMR (376 MHz, Chloroform-d) ¢: —123.5; IR (KBr) v:
3105, 2957, 1608, 1518, 1238, 823 cm ™ '. HRMS calcd for
C2H»NaFN4OS,; [M+Na]* 497.1570, found 497.1564.

2-(4- A P 3E)-5,6- A -5- 0 FE-8- P AR JE- 10-
FH B BI85 [ 5,4-e][ 1,2,4] =PRI 1,5-c] g (1-30): 35
@EA, BE 70%. mp. 210~212 ‘C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.87 (s, 1H), 7.02~6.95 (m, 4H),
6.08 (t, J=4.8 Hz, 1H), 5.19 (s, 2H), 3.19~3.12 (m, 2H),
2.62 (s, 3H), 2.11~1.99 (m, 2H), 1.84~1.74 (m, 2H),
1.27~1.16 (m, 6H), 1.05 (t, J=7.4 Hz, 3H), 0.82 (t, J=
6.7 Hz, 3H); 3C NMR (100 MHz, Chloroform-d) 6: 169.6,
165.8, 160.8, 157.6 (d, J=238.7 Hz), 155.5, 154.6 (d, J=
2.0 Hz), 146.7, 116.2 (d, J=8.0 Hz), 115.7 (d, J=23.1
Hz), 95.1, 69.9, 64.4, 37.0, 33.0, 31.1, 22.9, 22.4, 22.4,
13.8, 13.5, 13.2; ”F NMR (376 MHz, Chloroform-d) ¢:
—123.5; IR (KBr) v: 3225, 2935, 1605, 1517, 1225, 823
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cm . HRMS caled for C3HyNaFN4OS, [M + Na]*
511.1726, found 511.1730.

2-(4- A FH 3E)-5,6- A -5- L FE-8- P At %k 10-
FH B I35 g IR [5,4-€][1,2,4] =M FE[1,5-c] B 0E (1-31):
A, IE 65%. mp. 208~209 C; 'H NMR (400
MHz, Chloroform-d) o¢: 7.12 (s, 1H), 7.04~6.95 (m, 4H),
6.06 (t, J=5.1 Hz, 1H), 5.19 (s, 2H), 3.21~3.13 (m, 2H),
2.62 (s, 3H), 2.10~1.99 (m, 2H), 1.85~1.75 (m, 2H),
1.29~1.15 (m, 8H), 1.06 (t, J=7.3 Hz, 3H), 0.83 (t, J=
6.8 Hz, 3H); '3C NMR (100 MHz, Chloroform-d) 6: 170.5,
165.6, 160.8, 157.5 (d, J=240.7 Hz), 154.6 (d, J=1.8 Hz),
146.9, 116.2 (d, J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.2,
69.8, 64.4, 37.2, 33.0, 31.5, 28.7, 23.0, 22.9, 22.5, 14.0,
13.5, 13.1; F NMR (376 MHz, Chloroform-d) J§: —
123.5; IR (KBr) v: 3224, 2928, 1607, 1548, 1253, 823
cm '. HRMS caled for CyH3FNgOS, [M + H] ©
503.2063, found 503.2058.

2-(4- A P HL)-5,6- A -5- 1 FE-8- T i JE-10-
FRRR -5 0 5[ 5,4-€][1,2,4] =M [ 1,5-c] Mg (1-32): 3%
B, IR 83%. m.p. 209~211 C; 'H NMR (400
MHz, Chloroform-d) 6: 7.04~6.96 (m, 4H), 6.91 (s, 1H),
6.18~6.12 (m, 1H), 5.19 (s, 2H), 3.22~3.16 (m, 2H),
2.62 (s, 3H), 1.80~1.74 (m, 5H), 1.51~1.43 (m, 2H),
1.24 (t, J=7.0 Hz, 1H), 0.96 (t, J=7.4 Hz, 3H); *C NMR
(100 MHz, Chloroform-d) d: 171.1, 165.6, 160.8, 157.6 (d,
J=238.9 Hz), 156.5, 154.6 (d, J=2.1 Hz), 146.8, 116.1 (d,
J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.3, 66.4, 64.4, 31.6,
30.8, 23.8, 22.1, 13.7, 13.0; '°F NMR (376 MHz, Chloro-
form-d) 5: —123.5; IR (KBr) v: 3228, 2928, 1605, 1518,
1259, 824 cm . HRMS caled for CooH2sFNgOS, [M+H]"
447.1437, found 447.1441.

2-(4- AT P HL)-5,6- A -5-2.FE-8- T i JE-10-
FRRR -5 0 5[ 5,4-€][1,2,4] =M [ 1,5-c] M50 (1-33): 3%
O E K, R 85%. mp. 210~212°C; 'H NMR (400
MHz, Chloroform-d) 0: 7.03~6.95 (m, 5H), 6.07 (t, J=
4.7 Hz, 1H), 5.19 (s, 2H), 3.22~3.15 (m, 2H), 2.62 (s,
3H), 2.10~2.03 (m, 2H), 1.80~1.71 (m, 2H), 1.53~1.42
(m, 2H), 0.96 (t, J=7.4 Hz, 3H), 0.90 (t, J=7.4 Hz, 3H);
3C NMR (100 MHz, Chloroform-d) J: 170.7, 165.6,
160.9, 157.6 (d, J=238.7 Hz), 156.5, 154.6 (d, J=2.2 Hz),
147.2, 116.2 (d, J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.1,
70.5, 64.4, 31.6, 30.8, 30.3, 22.1, 13.1, 7.0; "9F NMR (376
MHz, Chloroform-d) J: —123.5; IR (KBr) v: 3231, 2929,
1606, 1507, 1222, 824 cm . HRMS calcd for C; H»sNa-
FN6OS, [M+Na]" 483.1413, found 483.1408.
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2-(4- AN P IE)-5,6- A -5- 1 FE-8- T B FE-10-
B L0 [ 5,4-€][1,2,4] =PI 1,5-¢] M8 0E (1-34): 3%
@EA, BWE 85%. mp. 218~220 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.03~6.94 (m, 4H), 6.89 (s, 1H),
6.10~6.04 (m, 1H), 5.19 (s, 2H), 3.22~3.14 (m, 2H),
2.62 (s, 3H), 2.08~1.96 (m, 2H), 1.80~1.70 (m, 2H),
1.52~1.44 (m, 2H), 1.33~1.15 (m, 2H), 0.96 (t, J=7.4
Hz, 3H), 0.90 (t, J=7.3 Hz, 3H); 3C NMR (100 MHz,
Chloroform-d) d: 171.0, 165.5, 160.8, 157.6 (d, J=238.8
Hz), 156.7, 154.6 (d, J=2.1 Hz), 147.1, 116.2 (d, J=8.0
Hz), 115.7 (d, J=23.1 Hz), 95.3, 69.6, 64.4, 39.3, 31.6,
30.8, 22.1, 16.4, 13.7, 13.5, 13.0; '°F NMR (376 MHz,
Chloroform-d) : —123.5; IR (KBr) v: 3224, 2872, 1606,
1507, 1266, 825 cm '. HRMS calcd for CyH2sFN6OS;
[M+H]" 475.1750, found 475.1745.

2-(4- A A TP E)-5,6- A -5- 0 FE-8- T A JE-10-
FR B e~ 0 JE[5,4-¢][1,2,4] =M HF[1,5-¢] M g (1-35): 3
AR, WE 68%. m.p. 215~217 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.03~6.94 (m, 5H), 6.09~6.05
(m, 1H), 5.19 (s, 2H), 3.22~3.15 (m, 2H), 2.62 (s, 3H),
2.09~1.98 (m, 2H), 1.77~1.72 (m, 2H), 1.53~1.43 (m,
2H), 1.29~1.16 (m, 6H), 0.96 (t, J=7.4 Hz, 3H), 0.82 (t,
J=6.7 Hz, 3H); '*C NMR (100 MHz, Chloroform-d) d:
171.1, 165.4, 160.8, 157.6 (d, J=238.5 Hz), 156.8, 154.6
(d, J=2.1 Hz), 147.1, 116.2 (d, J=8.0 Hz), 115.7 (d, J=
23.1 Hz), 952, 69.7, 64.4, 37.3, 31.7, 31.1, 30.8, 22.6,
22.4,22.1, 13.8, 13.7, 13.0; '°F NMR (376 MHz, Chloro-
form-d) 0: —123.5; IR (KBr) v: 3222, 2828, 1617, 1506,
1266, 824 cm™'. HRMS calcd for CosH3,FNgOS, [M+H]"
503.2063, found 503.2064.

2-(4- A IE)-5,6- A -5- 2 FE-8- TR AR FE-10-
PR - 0 I [5,4-¢][1,2,4] =P [ 1,5-c] M 0E (1-36): 35
@EA, BWE 79%. mp. 193~194 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.29 (s, 1H), 7.04~6.95 (m, 4H),
6.16~6.09 (m, 1H), 5.20 (s, 2H), 3.23~3.13 (m, 2H),
2.62 (s, 3H), 2.20~1.99 (m, 2H), 1.81~1.73 (m, 2H),
1.45~1.32 (m, 4H), 0.94~0.86 (m, 6H); '*C NMR (100
MHz, Chloroform-d) 0: 170.9, 165.4, 160.8, 157.6 (d, J=
238.8 Hz), 156.9, 154.6 (d, J=1.9 Hz), 147.3, 116.2 (d,
J=8.1 Hz), 115.7 (d, J=23.1 Hz), 95.2, 70.4, 64.5, 31.2,
31.1,30.5,29.3, 22.3, 14.0, 13.0, 7.0; 'F NMR (376 MHz,
Chloroform-d) : —123.5; IR (KBr) v: 3225, 2929, 1606,
823, 562 cm . HRMS calced for CyH»NaFN4OS, [M+
Na]" 497.1570, found 497.1564.

2-(4- A 3E)-5,6- A -5- 1 FE-8- TR AR FE-10-
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FRRR -5 0 5[ 5,4-€][1,2,4] =M [ 1,5-c] Mg (1-37): 3%
E AR, R 84%. mp. 216~217 C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.33 (s, 1H), 7.03~6.94 (m, 4H),
6.15~6.09 (m, 1H), 5.19 (s, 2H), 3.20~3.15 (m, 2H),
2.62 (s, 3H), 2.06~1.94 (m, 2H), 1.82~1.70 (m, 3H),
1.43~1.37 (m, 4H), 1.26~1.19 (m, 1H), 0.94~0.86 (m,
6H); '3C NMR (100 MHz, Chloroform-d) &: 171.0, 165.4,
160.7, 157.6 (d, J=238.7 Hz), 156.9, 154.6 (d, J=2.0 Hz),
147.1, 116.2 (d, J=8.1 Hz), 115.7 (d, J=23.1 Hz), 95.3,
69.6, 64.5,39.5,31.2,31.1,29.3, 16.3, 14.0, 13.5, 13.0; '°F
NMR (376 MHz, Chloroform-d) J: —123.5; IR (KBr) v:
3226, 2928, 1606, 825, 562 cm ™ '. HRMS calcd for CasHao-
NaFN4OS,; [M+Na]* 511.1726, found 511.1721.

2-(4- A P HL)-5,6- A -5-1 FE-8- IR A %E-10-
PR -5 0 5[ 5,4-€][1,2,4] =M [ 1,5-c] M5 0 (1-38): 7%
EEA, R 63%. mp. 220~221 C; 'H NMR (400
MHz, Chloroform-d) 0: 7.03~6.94 (m, 5H), 6.09~6.05
(m, 1H), 5.19 (s, 2H), 3.22~3.14 (m, 2H), 2.62 (s, 3H),
2.05~2.00 (m, 2H), 1.81~1.71 (m, 2H), 1.45~1.26 (m,
8H), 0.92 (t, J=7.0 Hz, 3H), 0.83 (t, J=7.1 Hz, 3H); 13C
NMR (100 MHz, Chloroform-d) 6: 170.8, 165.5, 160.8,
157.6 (d, J=238.7 Hz), 156.6, 154.6 (d, J=1.8 Hz), 147.0,
116.2 (d, J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.2, 69.8,
64.4, 37.0, 31.2, 31.1, 29.3, 24.9, 22.3, 22.1, 14.0, 13.8,
13.1; 'F NMR (376 MHz, Chloroform-d) §: —123.5; IR
(KBr) v: 3221, 2928, 1606, 825, 561 cm . HRMS calcd
for Ca4H3,FN4OS, [M+H]" 503.2063, found 503.2058.

2-(4- A HL)-5,6- A -5- T FE-8- TR At %L 10-
FRRR -5 0 5[ 5,4-€][1,2,4] =M [ 1,5-c] W50 (1-39): 7%
O E A, IE 67%. mp. 208~210 C; 'H NMR (400
MHz, Chloroform-d) d: 7.04~6.94 (m, 5H), 6.09~6.04
(m, 1H), 5.19 (s, 2H), 3.21~3.14 (m, 2H), 2.62 (s, 3H),
2.07~1.99 (m, 2H), 1.80~1.72 (m, 2H), 1.44~1.33 (m,
5H), 1.26~1.20 (m, 5H), 0.92 (t, J=7.1 Hz, 3H), 0.82 (t,
J=6.0 Hz, 3H); 3C NMR (100 MHz, Chloroform-d) J:
171.0, 165.5, 160.8, 157.6 (d, J=238.8 Hz), 156.7, 154.6
(d, J=2.1 Hz), 147.1, 116.2 (d, J=8.1 Hz), 115.7 (d, J=
23.1 Hz), 95.2, 69.7, 64.4, 37.2, 31.2, 31.1, 31.1, 29.3,
22.6, 22.4, 22.3, 14.0, 13.8, 13.0; °F NMR (376 MHz,
Chloroform-d) 0: —123.5; IR (KBr) v: 3222, 2927, 1607,
825, 561 cm . HRMS calced for CosH33NaFNsOS, [M+
H]" 539.2039, found 539.2034.

2-(4- A FH 3E)-5,6- A -5- L 3E-8- IR At % 10-
PR -5 0 [ 5,4-€][1,2,4] = MEFF[1,5-¢] W5 I (1-40): 75
A, IWE 63%. mp. 199~202 C; 'H NMR (400

http://sioc-journal.cn/ 2473
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MHz, Chloroform-d) d: 7.31 (s, 1H), 7.03~6.95 (m, 4H),
6.13~6.07 (m, 1H), 5.20 (s, 2H), 3.21~3.14 (m, 2H),
2.62 (s, 3H), 2.07~1.97 (m, 2H), 1.80~1.73 (m, 2H),
1.46~1.32 (m, 6H), 1.25~1.16 (m, 6H), 0.92 (t, J=7.0
Hz, 3H), 0.82 (t, J=6.9 Hz, 3H); 3C NMR (100 MHz,
Chloroform-d) d: 170.9, 165.4, 160.8, 157.6 (d, J=238.7
Hz), 156.8, 154.6 (d, J=1.8 Hz), 147.1, 116.2 (d, J=8.0
Hz), 115.7 (d, J=23.1 Hz), 95.3, 69.7, 37.4, 31.5, 31.2,
31.1, 29.3, 28.7, 22.9, 22.4, 22.3, 14.0, 14.0, 13.0; "°F
NMR (376 MHz, Chloroform-d) ¢: —123.5; IR (KBr) v:
3222, 2927, 1607, 825, 561 cm '. HRMS caled for
Ca6H3sNaFN4OS,; [M+Na]" 553.2196, found 553.2193.

2-(4- A A P 3E)-5,6- A -5- 1 FE-8- TR HE-10-
FH B BI85 [ 5,4-e][ 1,2,4] =PRI 1,5-c] Mg (1-41): 35
@EA, BWE 79%. mp. 200~203 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.03~6.94 (m, 4H), 6.85 (s, 1H),
6.08~6.04 (m, 1H), 5.19 (s, 2H), 3.20~3.14 (m, 2H),
2.62 (s, 3H), 2.12~1.98 (m, 3H), 1.79~1.72 (m, 2H),
1.48~1.42 (m, 2H), 1.35~1.27 (m, 7H), 0.90 (t, J=6.6
Hz, 3H), 0.83 (t, J=7.1 Hz, 3H); 3C NMR (100 MHz,
Chloroform-d) d: 171.0, 165.5, 160.8, 157.6 (d, J=238.6
Hz), 156.6, 154.6 (d, J=2.2 Hz), 147.1, 116.2 (d, J=8.0
Hz), 115.7 (d, J=23.1 Hz), 95.2, 69.8, 64.4, 36.9, 31.4,
31.1, 29.6, 28.7, 24.9, 22.6, 22.1, 14.0, 13.8, 13.0; “F
NMR (376 MHz, Chloroform-d) ¢: —123.5; IR (KBr) v:
3230, 2928, 1607, 823, 617 cm '. HRMS calcd for
CasH34FNGOS, [M+H]" 517.2220, found 517.2220.

2-(4- A A T E)-5,6- A -5- 1 Fk-8- B A 4L - 10-
FH B - 0 JE[5,4-¢][1,2,4] =M [ 1,5-¢] M g (1-42): 3
AR, WE 64%. mp. 194~196 ‘C; 'H NMR (400
MHz, Chloroform-d) J: 7.02~6.94 (m, 4H), 6.76 (d, J=
16.9 Hz, 1H), 6.05 (d, J=5.1 Hz, 1H), 5.19 (s, 2H), 3.22~
3.13 (m, 2H), 2.61 (s, 3H), 2.07~1.98 (m, 2H), 1.78~
1.68 (m, 4H), 1.47~1.41 (m, 2H), 1.30~1.20 (m, 10H),
0.91~0.87 (m, 3H), 0.84 (t, J=6.8 Hz, 3H); 3C NMR
(100 MHz, Chloroform-d) d: 171.3, 165.4, 160.8, 157.6 (d,
J=238.6 Hz), 156.7, 154.6 (d, J=2.3 Hz), 147.2, 116.2 (d,
J=8.0 Hz), 115.7 (d, J=23.1 Hz), 95.2, 69.7, 64.5, 36.9,
31.7,31.1,29.6,29.0, 24.9, 22.6, 22.1, 14.0, 13.8, 13.0; '°F
NMR (376 MHz, Chloroform-d) ¢: —123.5; IR (KBr) v:
3227, 2926, 1610, 823, 617 cm '. HRMS caled for
Ca6H3sFNOS, [M+H]™ 531.2376, found 531.2371.
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