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Abstract Uric acid transporter 1 (URATI) inhibitors bearing alkoxy group-substituted triazoles 3-(4-(4-cyclopropylna-
phthalen-1-yl)-5-methoxy-4H-1,2,4-triazol-3-yl)propanoic acid (la) and 3-(4-(4-cyclopropylnaphthalen-1-yl)-5-ethoxy-4H-
1,2,4-triazol-3-yl)propanoic acid (1b) are structurally interesting lead compounds in drug design. The current synthetic ap-
proach to them suffers from quite low overall yields (3.3% and 3.0% for 1a and 1b, respectively). In order to explore the
structure-activity relationship (SAR) of 1a and 1b, synthetic approach with higher overall yield is urgently needed. In the pre-
sent study, two efficient synthetic approaches to 1a and 1b were developed (approaches A and B), with CuCl-catalyzed nucle-
ophilic aromatic substitution (SyAr) reaction of bromotriazole with sodium alkoxides and SyAr reaction of
methylsulfonyltriazole with sodium alkoxides as key steps, and the conditions for important steps were fully optimized. The
two synthetic approaches are characterized by dramatically higher yields, and not only valuable to the further SAR exploration
of 1a and 1b but also very helpful to the synthesis of heterocycles with alkoxyl groups.
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Figure 1 Structures of antiviral agent RDEA806 and URAT1 inhibitors lesinurad and verinurad

HoN . N-N
2 \NJW 7\ o
H ' Br” N ~
2
5 steps ! 0 RONa
NH —_—] —_——
2 . ROH, reflux
O :
- 1
AN
1
1
A :
1

N-N
1\
RO/(N)\/\H/OH
CO”
/\

1a: R = Me (3.3% overall yield)
1b: R=Et (3.0% overall yield)

0 ' 1) LiOH
'D‘D Lo2)H
/\ :

5a: R = Me (14% yield)
5b: R =Et (13% yield)

B 1 LAY 1a F1b KRG A RS2
Scheme 1 Original synthetic route to 1a and 1b

Chin. J. Org. Chem. 2017, 37, 1748~1756

© 2017 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1749



BIHE

6
N N
\ \

Synthetic " AN ~_OH . A~ OAc

approach A i
2 /\ 8 /\ 9

~oe&
Synthetic OO
approach B

/\

o]
-1>\

N—-N

N
\
S N/\/\/OH <~ A

S °N
T
/\

o}
HoN
H
7
N-N
A~ OAc
N
- O V *
N-N
1\
OH
/N 10b RO N)\/\/
11a: R = Me
N-N A\
11b: R = Et
1\
OH g N)\/\/OH 11¢c: R = n-Pr
/7N
oo . T
o o X
1a: R = Me
1b: R = Et
14 /\ 15 1c:R = n-Pr

Reagents and conditions: (i) 80% NzH, H.O, MeOH, r.t., yield 83%; (ii) (a) DMFDMA, 7, MeCN, 50 °C; (b) 3, AcOH, reflux, yield 46%; (iii)
Ac,0, DMAP, pyridine, 0 °C-r.t., yield 93%; (iv) NBS, MeCN, r.t., yield 70%; (v) MeONa/MeOH (11a), EtONa/EtOH (11b) or n-PrONa/n-PrOH
(11c), CuCl, reflux, No, yield 87% (11a), 84% (11b), 82% (11c); (vi) NaClO,, TEMPO, NaClO, MeCN, phosphate buffer, 35 °C, yield 76% (1a),
78% (1b), 68% (1c); (vii) CSCl,, DIPEA, CH,Cl,, 0 °C- r.t., yield, 87%; (viii) (a) 7, EtOH, reflux; (b) 1 mol/L NaOH, 45 °C, yield 74%; (ix) Mel,
K2COj3, DMF, r.t., yield 94%; (x) mCPBA, CH,Cl,, r.t., yield 93%; (xi) Cs,CO;, DMF, MeOH (11a), EtOH (11b), or n-PrOH (11c), 80 °C, yield

76% (11a), 71% (11b), 72% (11c).

B2 AW 1a~1c FIHIE KL

Scheme 2 New synthetic routes to compounds 1la~1¢
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Table 1 Results for the halogenation of 8 and 9 with varying
halogenating reagents

N-N
N-N
I\
OR
QN)\/\/ X/QN»\/\/OR
NXS
CJ w0
A A
8,R=H
9 R=Ac 10a ~ 10d
Compd. R X 7/°C Time/h  Yield”/%
10a Ac Cl Reflux 36 26
10b Ac Br 25 24 70
10c¢ Ac I Reflux 36 12
10d H Br 35 24 52

“Reaction conditions: 8~9 (1.0 equiv.), NXS (1.1 equiv.), MeCN. * Isolated
yield.

F 2 10b F1 10d 75 G EAZ IR 8 1) S 4T ik @

Table 2 Results for the screening of SyAr reaction conditions

N-N N-N
I\ I\
. N)\/\/OR EtOAN)\/\/OH
DO
_— +
/\ /\
10b, R = Ac 11b
10d,R=H l;l—l:l
o N)\/\/OH
/\
11d
(byproduct)
Yield’/%
Ent R R t i t talyst Ti h —
ntry eagent Solven Catalys ime/ b 11d
1 H NaH THF — 8 14 57
2 H NaOEt EtOH — 24 54 23
3 H NaOEt EtOH CuCl 8 84 10
4  Ac NaH THF — 8 16 41
5 Ac NaOEt EtOH — 24 54 17
6 Ac NaOEt EtOH CuCl 8 85 7

“Reaction conditions: For Entries 1 and 4, 10b or 10d (1.0 equiv.), NaH (3.0
equiv.), anhydrous EtOH (1.2 equiv.), dry THF, reflux, N»; for Entries 2 and 5,
Na (10 equiv.), anhydrous EtOH, 10b or 10d (1.0 equiv.), reflux, N; for En-
tries 3 and 6, Na (10 equiv.), anhydrous EtOH, CuCl (0.2 equiv.), 10b or 10d
(1.0 equiv.), reflux, N. b1solated yield.
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131929 13 S5t F fefE DMF 53 R SON 45 2k 14.
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AT TImIE(ER 3). FATERE T =FE Wi B A AL
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(Entry 1); KMnO, S MHRE, (Hi&RA TLHLITE ™4,
Je Ab R 7 AR L BhIE, A —E ErEYR, 1E R
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Table 3 Screening of oxidation conditions on compound 14
N-N N-N
~ ’N)\/\/OH S ’N»\/\/OH

OO — OO
— =
A

14 /\ 15

o./
o*

Entry Reagent Solvent Time/h  Yield’/%
14 mCPBA CH,Cl, 18 93
2° KMnO, AcOH/H,0 1 48
3¢ H202/N32w04 DMF 48 3

“14 (1.0 equiv.), mCPBA (2.5 equiv.), CH,Cl, r.t. * 14 (1.0 equiv.), KMnOj
(2.5 equiv.), 50% AcOH, r.t.“14 (1.0 equiv.), Na;WOy, (0.2 equiv.), HO, (4.0
equiv.), DMF, r.t. Isolated yield.

2 Zhig

AR SE K 11a A 11b B8R LR, FExf 38
SN BRREAT T Sk, AR EL R OR I 28 HAT AR K
TEFEFEm AR A Aok, AR ZRBR T T LME N ZG ot
SAAD) 1a F1 1 Gk SLHET R 3E R TC I A I 2R A1,
AT DA A e SR 3 B 1) L Ath 22 R 0B 4 1) A AR
M EELS. AT PR L A A1 B @,
AT AR T IEH BRI =74 1e, S5 R 8N
PSSR T LLE = R A R 1e. RS A FI B 46K
LRI G s a~11e LHEATEMM TR, HEEZL B
A RN, (HR SR R B R A,
S5 SR LA

3 S
3.1 UE5HF

RY-2 S G0 s i A (R B RO G 22 A 2 AT IR A
"]), ¥R AL IE; Bruker AV400 A% R 4L 4R 4%,
DMSO-ds N5, TMS Whx; Agilent Q-TOF 6510 %47
SPGB S BT GER(ESD), BRI
FE. SR TRRIAFIR AR E T 204, (& 3 T
ELLEY) 3 ERRRER NN 2 M 1) NaOH W 2= Bl — &
T ZE L, A HLAHZKYE, T (NaySO,) IF 28 T4 715 3k
3.
3.2 ZWHE
32.1 4-BATBELHH(T)E9 &M

y- T ATEE(50.15 g, 583 mmol)iF T MeOH (250 mL)
L FUKKIBAH T IS 80% /K& ik(54.68 g, 874
mmol), JNEEJE RS R. )2 Ok (TLC) kil f 5
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SERE SR, IRIR G ITE IR 25 AL F R RIEH, KaikR
[f 44 % 35 NN CH,CLy (150 mL)$#E 2 h, fhis s &
&, FIR FES T, 1557.04 g AMRAT7, X 83%.
m.p. 84~86.5 C(LHRME: 88~90 ‘C); '"H NMR
(DMSO-ds, 400 MHz) §: 8.90 (brs, 1H), 4.19 (brs, 3H),
3.35 (t, J=6.4 Hz, 2H), 2.03 (t, J=7.6 Hz, 2H), 1.57~
1.64 (m, 2H); HRMS calcd for C,;H;|N,O, [M-l-H]+
119.0821, found 119.0820.

322 4-(4-FAAR-1-K)3-C-BARL)-4H-12,4-=
v (8) 9 A Ak,

&Y 7 (18.93 g, 160 mmol)i T MeCN (50 mL),
I\ DMFDMA (19.10 g, 160 mmol), 50 ‘C 2% 2 h, #&
JE LAY 3 (26.70 g, 146 mmol)iAE T MeCN (30 mL)
JE AN EMA RS, FIMAIUKZER Q20 mL), FIH 12 h,
TLC KM S 5E . RNTRE YA AR =R, BAKK
(400 mL)H, #5310 min, F§ CH,Cl, (100 mL X 3)A£HX.
A IR, KR NaHCO; (100 mL)FI 10%

Eh7K(100 mL)PEVE, To/K Na,SO, T, LR, 5
25k A A K E T [V(MeOH)/ V(EtOAc) = 1/10] 73 &5,
£419.52 g I fE A 8, % 46%. mp. 122~124 C; 'H
NMR (DMSO-dq, 400 MHz) ¢: 8.67 (d, J=0.8 Hz, 1H),
8.57 (d, J=8.4 Hz, 1H), 7.73 (t, J=7.6 Hz, 1H), 7.64 (t,
J=17.6 Hz, 1H), 7.57 (d, J=7.6 Hz, 1H), 7.40 (d, J=17.6
Hz, 1H), 7.12 (d, J=8.4 Hz, 1H), 4.38 (t, J=5.0 Hz, 1H),
3.29~3.33 (m, 2H), 2.51~2.56 (m, 1H), 2.43~2.47 (m,
2H), 1.63~1.71 (m, 2H), 1.12~1.15 (m, 2H), 0.86~0.90
(m, 1H), 0.75~0.80 (m, 1H); "C NMR (DMSO-d,, 100
MHz) 6: 154.42, 144.92, 141.63, 133.35, 129.19, 128.24,
127.83, 127.03, 125.24, 124.93, 122.56, 121.78, 59.73,
29.83, 20.71, 12.84, 7.27, 6.81; HRMS calcd for CgHy-
N;O [M+H]" 294.1606, found 294.1610.

323 3-(B-TEAAAL)4-4-3F A AL R-1-L)-40-
1,2,4- =74(9) 849 & 5%,

&%) 8 (4.26 g, 15 mmol)¥& T-HEEE(50 mL)H, VK
AUEAH T, 128N LR EF(20 mL), N5 E
A DMAP (0.50 g), #AJ5 R MIREGY) =R N At &,
TLC Ha e Ri5eYe. 4 R MR AWK /K (200 mL),
AR 1 mol/L HC1 i pH 3~4, FH] CH,Cl, (100
mL X3)ZH. & IFZEBUH, KK NaHCO;
(100 mL)F1 10% & #/K(100 mL)¥E%k, /K Na,SO, T
K, ARLWN, 133 M R R YA ZE T [V(MeOH)Y
V(EtOAC)=1/2010 15, 15 4.53 g TLEBH MR 9, Ik
# 93%. 'H NMR (DMSO-d;, 400 MHz) &: 8.70 (s, 1H),
8.56 (d, J=8.4 Hz, 1H), 7.73 (t, J=7.6 Hz, 1H), 7.63 (t,
J=7.8 Hz, 1H), 7.57 (d, J=7.6 Hz, 1H), 7.40 (d, J=7.6
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Hz, 1H), 7.12 (d, J=8.4 Hz, 1H), 3.93 (t, J=6.4 Hz, 2H),
2.47~2.56 (m, 3H), 1.82~1.87 (m, 2H), 1.80 (s, 3H),
1.12~1.16 (m, 2H), 0.84~0.89 (m, 1H), 0.75~0.80 (m,
1H); *C NMR (DMSO-d,, 100 MHz) d: 170.01, 153.64,
145.02, 141.69, 133.34, 129.11, 128.07, 127.84, 127.04,
125.24, 124.91, 122.52, 121.71, 62.62, 25.61, 20.38, 12.81,
7.22, 6.82; HRMS caled for C,)H»pN;0, [M + H] "
336.1712, found 336.1715.

324 RKiL4 10a~10d 894 %

7E—H 100 mL FJEEHH, ¥ib&4 8 (5.50 g, 19
mmol) B E WA 9 (6.06 g, 18 mmol)& T MeCN (50
mL)H, R R, N N-pd AT B R (NCS,
NBS 5¢ NIS, 21 mmol), 1fi/EEEi#(9 5NBS),35 C (8
5 NBS)=k [AIL(NCS A1 NIS) N v, EF| TLC Wil
3 58 FU(NBS: 24 h; NCS Al NIS: 36 h). ¥ & Biig &
HE =, HIAVKK200 mL)+, CH,Cl, (100 mL X 3)%%
. A FEREEUH, MK 5% Na,S,0; (100 mL), 1
F1 Na,COs3 7 (100 mL X 2)%eF1 10% & 257K (100 mL)
ek, JoK NaySO, T, ZZ VAR, 19BN AR AR
JZ M1 [10a ~ 10c: V(EtOAc)/V(n-hexane) = 1/2; 10d:
EtOAc]7 .

3-3- & Wk A AR T 2 )-5- S -4-(4- R T 2 25 -1
F)-4H-1,2,4-=M:(10a): LOFFHRY, 1.73 g, WF
26%. 'H NMR (DMSO-d,, 400 MHz) 6: 8.57 (d, J=8.4
Hz, 1H), 7.71~7.75 (m, 1H), 7.63~7.68 (m, 2H), 7.43 (d,
J=17.6 Hz, 1H), 7.12 (d, J=8.0 Hz, 1H), 3.92 (t, J=6.2
Hz, 2H), 2.52~2.56 (m, 1H), 2.40~2.46 (m, 2H), 1.78~
1.85 (m, 5H), 1.12~1.16 (m, 2H), 0.83~0.87 (m, 2H);
BC NMR (DMSO-ds, 100 MHz) d: 170.00, 156.38,
142.75, 141.41, 133.41, 128.79, 128.22, 127.20, 126.52,
126.26, 125.15, 122.62, 121.31, 62.48, 25.04, 21.52, 20.40,
12.81, 7.31, 7.11; HRMS caled for CaHy CIN;O, [M+
H]" 370.1322, found 370.1328.

3-(3- & Wk A AR T 2 )-5- IR -4-(4- 3R 2 25 -1
F)-4H-1,2,4-=110b): LEFHHARY, 5.25 g WE
70%. 'H NMR (DMSO-d,, 400 MHz) 6: 8.57 (d, J=8.4
Hz, 1H), 7.73 (t, J=7.6 Hz, 1H), 7.62~7.66 (m, 2H), 7.43
(d, J=8.0 Hz, 1H), 7.07 (d, J=8.4 Hz, 1H), 3.92 (t, J=6.4
Hz, 2H), 2.53~2.55 (m, 1H), 2.38~2.46 (m, 2H), 1.77~
1.84 (m, 5H), 1.13~1.15 (m, 2H), 0.84~0.87 (m, 2H);
BC NMR (DMSO-ds, 100 MHz) J: 169.98, 156.83,
142.59, 133.41, 130.44, 128.90, 128.11, 127.14, 126.56,
125.10, 122.62, 121.46, 62.48, 25.15, 21.49, 20.38, 12.81,
7.29, 7.11; HRMS caled for CyH,,’BrN;O, [M+H]"
414.0817, found 414.0811; calcd for CooH,,*'BrN;0, M+
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H]" 416.0797, found 416.0795.

3-(3- 4 Bk A A S )-5- fill -4-(4- BR P AL 25 -1
H)-4H-1,2,4- = M:(10¢): #H EBIEHRY), 098 g, &k
12%. '"H NMR (DMSO-d,, 400 MHz) ¢: 8.57 (d, J=8.8
Hz, 1H), 7.70~7.74 (m, 1H), 7.60~7.64 (m, 1H), 7.56 (d,
J=7.6 Hz, 1H), 7.42 (d, J=7.6 Hz, 1H), 6.98 (d, J=8.4
Hz, 1H), 3.90 (t, J=6.2 Hz, 2H), 2.51~2.56 (m, 1H),
2.43~2.47 (m, 2H), 1.75~1.82 (m, 5H), 1.12~1.17 (m,
2H), 0.84~0.87 (m, 2H); *C NMR (DMSO-d,, 100 MHz)
8: 170.01, 156.71, 142.32, 133.38, 129.14, 128.53, 127.94,
127.10, 126.65, 125.06, 122.58, 121.76, 106.20, 62.50,
25.41, 21.36, 20.41, 12.82, 7.24, 7.22; HRMS calcd for
CaoH2 IN;0, [M+H]" 462.0678, found 462.0679.

S-PR-4-(4- IR T FEZE-1-38)-3-(3- R L R 4L )-4H-1,2.4-
=m0d). AMEAE, 3.62 g WE 52%. mp. 133.5~
136 “C; 'H NMR (DMSO-d;, 400 MHz) 6: 8.57 (d, J=8.4
Hz, 1H), 7.72 (t, J=7.6 Hz, 1H), 7.62~7.66 (m, 2H), 7.42
(d, J=8.0 Hz, 1H), 7.07 (d, J=8.0 Hz, 1H), 4.32 (brs,
1H), 3.29 (t, J=6.2 Hz, 2H), 2.52~2.57 (m, 1H), 2.34~
2.47 (m, 2H), 1.59~1.71 (m, 2H), 1.10~1.18 (m, 2H),
0.81~0.89 (m, 2H); *C NMR (DMSO-d,, 100 MHz) ¢:
157.60, 142.53, 133.42, 130.25, 128.97, 128.10, 127.29,
127.13, 126.54, 125.12, 122.65, 121.51, 59.52, 29.27,
21.82, 12.84, 7.32, 7.10; HRMS calcd for C18H1979BrN3O
[M-+H]372.0711, found 372.0710; calcd for CsH,o*'Br-
N;O [M+H]" 374.0691, found 374.0693.

325 SR AKA4@-FRAR--K)3-G-2EAR
H)-4H-1,2,4- =% (11a~11d) 89 & [ & A]

NaH/EtOH/THF L.Z: #&4) 10b 50 10d (2.4
mmol)¥& T F 1) THF (10 mL)F, TUKKIBAE T4
L% NaH (60%, 0.29 g, 7.2 mmol), 5 min J& Fii 0
7K EtOH (0.13 g, 2.9 mmol), N, f&4" F =i 5 £ 30 min,
S8 5 PRI 8 h, TLC Al B2 ) B 58 ili(— Mk 8 h 76 47).
KRR G, IBEWAHEZE, DNOHNUKIK (100
mL), #ii¥E FA 1 mol/L HCI i pH 3~4, FfLL CH,Cl,
(50 mLX3)AH. A HEFEDH, H 10% & #/K(100 mL)
BRIk, ToK NapSO, T, ZEEWEF, 15 2IMRRMEH
EH[V(MeOH)/ V(EtOAc)=1/8]7 &, 15 11b FIgI=4)
11d.

4-A-FHEZE - HH)S5- 2 HEI-G-BFERA
55)-4H-1,2,4-=M:(11b): Y% 14% (Table 2 H11f] Entry 1)
A1 16% (Table 2 #1 ] Entry 4). m.p. 155.5~157.5 C; 'H
NMR (DMSO-ds, 400 MHz) o: 8.53 (d, J=8.4 Hz, 1H),
7.69 (t, J=7.6 Hz, 1H), 7.62 (t, J=7.4 Hz, 1H), 7.52 (d,
J=17.6 Hz, 1H), 7.37 (d, J=7.6 Hz, 1H), 7.19 (d, J=8.0

http://sioc-journal.cn/ 1753



BIHE

R

Hz, 1H), 4.30~4.37 (m, 3H), 3.25~3.30 (m, 2H), 2.47~
2.54 (m, 1H), 2.22~2.36 (m, 2H), 1.53~1.64 (m, 2H),
1.10~1.17 (m, 5H), 0.82~0.87 (m, 2H); *C NMR
(DMSO-ds, 100 MHz) §: 158.52, 151.91, 141.56, 133.42,
129.25, 127.63, 126.89, 126.78, 126.03, 124.95, 122.70,
121.79, 66.31, 59.68, 29.24, 21.64, 14.22, 12.79, 7.18,
6.86; HRMS calcd for CpH,yN;0, [M+H]" 338.1869,
found 338.1871.

4-(4- 3 N A ZE-1- R )S- R 3-G-BEN
5)-4H-1,2,4-=M:(11d): YKZE 57% (Table 2 1] Entry 1)
F1 41% (Table 2 Hf¥) Entry 4). m.p. 157~159 C; 'H
NMR (DMSO-d,, 400 MHz) 6: 11.71 (brs, 1H), 8.52 (d,
J=8.4 Hz, 1H), 7.69 (t, J=7.6 Hz, 1H), 7.62 (t, J=7.4
Hz, 1H), 7.48 (d, J=7.6 Hz, 1H), 7.45 (d, J=8.0 Hz, 1H),
7.37 (d, J=7.6 Hz, 1H), 4.35 (t, J=5.2 Hz, 1H), 3.25~
3.32 (m, 2H), 2.46~2.53 (m, 1H), 2.12~2.30 (m, 2H),
1.50~1.61 (m, 2H), 1.09~1.19 (m, 2H), 0.83~0.87 (m,
1H), 0.75~0.79 (m, 1H); *C NMR (DMSO-d;, 100 MHz)
5: 154.89, 147.69, 141.07, 133.53, 129.82, 127.44, 127.26,
126.71, 126.68, 124.86, 122.73, 122.40, 59.52, 28.23,
22.31, 12.81, 7.17, 6.70; HRMS caled for C;5H,0N;0,
[M+H]" 310.1556, found 310.1550.

EtONa/EtOH T.2Z: #f J7K MeOH, EtOH H{
n-PrOH (20 mL)[J 50 mL [FJEFEHEH VKK A AN, it
IO UIRE ) 42 B EN(0.6 g, 24 mmol), FiHE, 874
HRJEFIMAEY) 10b 5% 10d (2.4 mmol) AT
CuCl (0.05 g, 0.48 mmol), SA/F7E N, R4 T Bl EF
TLC K& W Jz B 5¢ B (B 7 B ] W Table 2; X T
MeONa/MeOH, 1l H % 8 h). RMNSEER, RMEA
Wi H B =R, BNUKK(100 mL)H, #3 FH 1 mol/L
HC1 i pH 3~4, FLL CH,Cl, (50 mLX3)2KHL. &IF%
HUAH, I 10%Er#57K(100 mL)¥E%%, 7K Na,SO, T,
LR, 158 315 &4 H Z T [V(MeOH)/V(EtO-
Ac)=1/815r &, 19779 11a~1lc.

4-(4-FF TR FE 25 -1- 55 )-3-(3- F i TR 3 )-5- T 4R 3 -
4H-1,2,4-=M11a): HE[EE 0.68 g, W& 87%. m.p.
153.5~155 ‘C; '"H NMR (DMSO-d,, 400 MHz) J: 8.53
(d, J=8.4 Hz, 1H), 7.68~7.72 (m, 1H), 7.60~7.64 (m,
1H), 7.53 (d, J=7.6 Hz, 1H), 7.37 (d, J=7.6 Hz, 1H), 7.19
(d, J=8.4 Hz, 1H), 4.34 (t, J=5.0 Hz, 1H), 3.90 (s, 3H),
3.27 (t, J=5.8 Hz, 2H), 2.49~2.52 (m, 1H), 2.28~2.34
(m, 2H), 1.54~1.63 (m, 2H), 1.09~1.14 (m, 2H), 0.83~
0.88 (m, 1H), 0.76~0.81 (m, 1H); *C NMR (DMSO-d,
100 MHz) &: 159.22, 152.21, 141.67, 133.43, 129.28,
127.73, 126.90, 126.69, 126.09, 124.97, 122.70, 121.75,
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59.69, 57.38, 29.29, 21.65, 12.81, 7.23, 6.80; HRMS calcd
for C1oH,,N;0, [M+H]" 324.1712, found 324.1714.

A-(4-IR TR FE 25 -1-38)-3-(3-F8 L TR 3k )-5- 1E 1A 48 2k -
4H-1,2,4-=M11c): HEFEE 0.69 g, L& 82%. mp.
115~117 °C; 'H NMR (DMSO-ds, 400 MHz) 6: 8.53 (d,
J=8.4 Hz, 1H), 7.69 (t, J=7.4 Hz, 1H), 7.59~7.63 (m,
1H), 7.52 (d, J=7.6 Hz, 1H), 7.36 (d, J=7.6 Hz, 1H), 7.20
(d, J=8.4 Hz, 1H), 435 (t, J=5.0 Hz, 1H), 4.19~4.29
(m, 2H), 3.25~3.31 (m, 2H), 2.47~2.53 (m, 1H), 2.23~
2.38 (m, 2H), 1.50~1.65 (m, 4H), 1.08~1.13 (m, 2H),
0.78~0.86 (m, 2H), 0.68 (t, J=7.6 Hz, 3H); “C NMR
(DMSO-d,, 100 MHz) 6: 158.66, 151.91, 141.54, 133.41,
129.23, 127.58, 126.88, 126.80, 125.96, 124.94, 122.66,
121.81, 71.70, 59.68, 29.23, 21.65, 21.42, 12.78, 9.74,
7.14, 6.95; HRMS caled for C,HyN;0, [M + H] "
352.2025, found 352.2028.

32.6 3-(5-kAK-4-(4-7r A A R-1-K)-4H-1,2,4- =%
3-2)A B (la~1c)89 & &

f£ 100 mL BRI 11a~11¢ (2.3
mmol), 2,2,6,6-VU L IRIE A )(TEMPO, 0.07 g, 0.46
mmol), MeCN (20 mL), 0.67 mol/L [¥] NaH,PO, /&% (15
mL) A & FRH5(80%, 0.52 g, 4.6 mmol), TfiJ5fE 35 C
TR BT R SRR NE R (R E 7 E21%, 041 g, 1.2
mmol) % T 7K (10 mL)H, 1218 24k R, fR¥F
35 CRMR, TLC R RBTEE. RIEEGWAET 2
iR, WIANVK/K(100 mL)H, 1 mol/L HCI i pH 1~2,
PL CH,Cl, (100 mLX3)AEHL. & FFAEHUH, KIKA 1%
Na,SO; V(100 mL)A7K(100 mL)%%%, 7K Na,SO,
T, ZEEIER, REMAs EtOAc HZ2HT, HRE
¥ 1a~1e.

3-(4-(4-FR P L 2 -1-38)-5- 1 A I -4H-1,2,4- = W3-
FEYAFR(1a). [AMEE, 059 g, IR 76%. m.p. 168 C
(dec)[SCHRE 167 °C (dec.)].

3-[4-(4-FR T FE 25 -1-5E)-5- S| FE-4H-1,2,4- = 1:-3-
HEIABAb). AMEE, 0.63 g WE 78%. mp. 155~
156 ‘CCCmrE!" 154.5~155.5 C).

3-[4-(4- IR FE Z5-1-95)-5- IE N S8 FE -4 H-1,2,4- = -
3-JE)AER(1e): TEEREFIHPIRY), 0.57 g, YR 68%. 'H
NMR (DMSO-dg, 400 MHz) §: 12.14 (brs, 1H), 8.53 (d,
J=8.4 Hz, 1H), 7.68~7.72 (m, 1H), 7.59~7.63 (m, 1H),
7.52 (d, J=7.6 Hz, 1H), 7.38 (d, J=7.6 Hz, 1H), 7.24 (d,
J=8.4 Hz, 1H), 420~4.30 (m, 2H), 2.47~2.56 (m, 4H),
2.32~2.41 (m, 1H), 1.51~1.60 (m, 2H), 1.09~1.16 (m,
2H), 0.81~0.85 (m, 2H), 0.69 (t, J=7.6 Hz, 3H); °C
NMR (DMSO-ds, 100 MHz) 6: 173.05, 158.82, 150.97,
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141.69, 133.51, 129.22, 127.56, 126.91, 126.67, 125.99,
124.94, 122.73, 122.00, 71.84, 29.84, 21.47, 20.40, 12.83,
9.74, 7.04, 7.01; HRMS calcd for C, HyN;0; [M+H]"
366.1818, found 366.1823.
3.2.7 (4-FAAEFR-1-K)FAABRBE(12)89 & A%

&M 3 (9.52 g, 52 mmol)i# T CH,CI, (100 mL)H,
T\ DIPEA (13.43 g, 104 mmol), JK/KIBAEFHiEE,
2218 INFR L S(CSCl,, 6.57 g, 57 mmol). JIN5EHEE,
VKK, fEER NS RE 30 min. TLC Rl & 3
SRETER. VRIS 2 45 FE 1 VK 7K (400 mL)
o, 4RS84 EE 1 min, CH,CL (100 mL X 3)2KHL, & 372
HUAH, 7 0.5 mol/L HCI1 (200 mL)Al 10% £ £57K(200
mL)JE%k, JK Na,SO, TR, Z&£IEH, RMAIEC
FAEZENT, 159 1018 g TEEMCRBA 12, K 87%. 'H
NMR (DMSO-ds, 400 MHz) J: 8.47 (d, J=8.0 Hz, 1H),
8.01 (dd, J=1.8, 5.8 Hz, 1H), 7.69~7.75 (m, 2H), 7.55
(dd, J=2.8, 8.0 Hz, 1H), 7.23 (dd, J=1.6, 7.6 Hz, 1H),
2.40~2.45 (m, 1H), 1.05~1.09 (m, 2H), 0.72~0.75 (m,
2H). i% "H NMR $#E 5 SCiika " — 5
328 4-(4-FAAERK-1-K)5-3-2LRmE)23-ZA-
4H-1,2,4- = vk k-3-5LERA(13) 89 5 &

th&54) 7 (2.36 g, 20 mmol)iAE T EtOH (150 mL), 1
NI S 12 (4.50 g, 20 mmol), THE [EIRER,
HAGREYI Y. ffERAHEREG, WIEREAR
W, WERIEM, JFAENER:E 28 KA 28 5057, MR
PN 1 mol/L NaOH ¥ (50 mL), 45 Chn#k, HH|
TLC K K I B 56 Bi(— M 1.5 ). RBDRE YA E1)E,
VKK (200 mL)H, B 1 mol/L HCI % pH 5~6,
CH,CL, (100 mLX3)AHY, &IFAHUHE, H 10% &K
(100 mL)%eik, To7K NapSO4 T, ZKE£IEF, R4
FEEM[V(EtOAC)/ V(n-hexane)=1/2]73 55, 155 4.78 g A
A 13, WE 74%. mp. 221~223 ‘C; 'H NMR
(DMSO-ds, 400 MHz) &: 13.79 (brs, 1H), 8.53 (d, J=8.4
Hz, 1H), 7.68 (t, J=7.8 Hz, 1H), 7.59 (t, J=7.4 Hz, 1H),
7.48 (d, J=7.6 Hz, 1H), 7.39 (d, J=7.6 Hz, 1H), 7.24 (d,
J=8.4 Hz, 1H), 4.35 (brs, 1H), 3.26 (t, J=6.0 Hz, 2H),
2.51~2.53 (m, 1H), 2.25~2.33 (m, 1H), 2.15~2.22 (m,
1H), 1.54~1.63 (m, 2H), 1.10~1.16 (m, 2H), 0.83~0.87
(m, 2H); *C NMR (DMSO-d;, 100 MHz) J: 168.35,
152.94, 141.59, 133.52, 129.19, 128.20, 127.31, 127.06,
126.70, 124.90, 122.69, 122.42, 59.35, 28.45, 21.97, 12.82,
725, 6.88; HRMS caled for C;sH,)N;0S [M + H] '
326.1327, found 326.1325.
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329 4-4-FAEAR-1-£)5-FPHRA3-C-24A
H)-4H-1,2,4- =7 (14) 69 5 m&

] 100 mL [FJR G H KA &P 13 (4.18 g,
13 mmol), DMF (50 mL), K,CO; (1.95 g, 14 mmol)F1ft
HE(2.01 g, 14 mmol), =IE T HiHEE 2] TLC &0 M
SEEE(—M 2 h). KR BDEA BAUKIK (100 mL), A
IM HCl % pH 5~6, FH CH,Cl, (100 mL X 3)A£HX.
G HEEEUE, LA 10% 8 2h7K (100 mL)FEH:, /K Na,SO,
T, LW, TR BEALE V(EtOAc)/ V(n-hexane) =
173 thgh i, 193] 4.12 ¢ ABEAE 14, IR 94%. mp.
183.5~185 ‘C; 'H NMR (DMSO-ds, 400 MHz) ¢: 8.55
(d, J=8.8 Hz, 1H), 7.71 (t, J=7.6 Hz, 1H), 7.61 (t, J=7.4
Hz, 1H), 7.55 (d, J=17.6 Hz, 1H), 7.39 (d, J=7.6 Hz, 1H),
7.07 (d, J=8.4 Hz, 1H), 4.35 (t, J=5.0 Hz, 1H), 3.26~
3.31 (m, 2H), 2.51~2.55 (m, 1H), 2.49 (s, 3H), 2.34~
2.38 (m, 2H), 1.59~1.67 (m, 2H), 1.12~1.14 (m, 2H),
0.83~0.86 (m, 2H); °C NMR (DMSO-d,, 100 MHz) ¢:
156.36, 151.68, 142.18, 133.48, 128.96, 127.84, 127.22,
127.03, 126.22, 125.05, 122.65, 121.71, 59.64, 29.58,
21.34, 1442, 1281, 7.24, 7.09; HRMS caled for
C1oH2N;0S [M+H]™ 340.1484, found 340.1489.
3210 4-(4-FF A A R-1-4)3-C-B A A L)-5-F &0
K -4H-1,2.4- =74 (15)89 5 A&,

f#1F mCPBA B AL T 25 71 50 mL [ Ke)fA n
ALY 14 (1.00 g, 2.9 mmol), PL CH,CL, (20 mL) i,
LT i\ mCPBA (80%, 1.60 g, 7.4 mmol), X5 =i
R SE ] TLC K 858 ii(— M 18 h). R BIREY)
VKK (200 mL)+, Fl CH,CL, (100 mLX3)AH. &
FEREHUA, MR AT NaHCO; ¥ (100 mL X 2) Al
10% £ £h7K(100 mL)%ed, Jo7K Na,SO, T, 78 LI,
7t B FEALE V(EtOAC)/ V(n-hexane)=1/3 Hi&k 5, 1535
1.01 g A EA 15, K 93%. mp. 174.5~176.5 C; 'H
NMR (DMSO-ds, 400 MHz) d: 8.55 (d, J=8.8 Hz, 1H),
7.68~7.72 (m, 2H), 7.61 (t, J=7.6 Hz, 1H), 7.39 (d, J=
7.6 Hz, 1H), 7.10 (d, J=7.6 Hz, 1H), 4.38 (t, J=5.2 Hz,
1H), 3.35 (s, 3H), 3.28~3.32 (m, 2H), 2.51~2.58 (m,
1H), 2.35 (t, J=7.6 Hz, 2H), 1.69~1.76 (m, 2H), 1.12~
1.18 (m, 2H), 0.84~0.87 (m, 2H); *C NMR (DMSO-dj,
100 MHz) &: 158.70, 152.96, 142.58, 133.18, 129.00,
127.91, 127.02, 126.68, 126.35, 124.91, 122.22, 121.76,
59.46, 43.38, 29.24, 20.98, 12.80, 7.32, 7.26; HRMS calcd
for CoH,,N305S [M+H]" 372.1382, found 372.1384.

fifi F§ KMnO, ALK T2 1 50 mL B FEM AN
ANMEEY) 14 (1.00 g, 2.9 mmol). 50%ZFZ(20 mL)AN
KMnOy, (0.93 g, 5.9 mmol), =i N 2 TLC Al s 3
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(M 1 h)., RMIRA Y IRESE I 9E, JEREIA VKK
(200 mL)H1, FJ CH,Cl, (100 mL X 3)25EL. & - AHUAH,
IR AT NaHCO; (100 mL)A1 10% & £57K(100
mL)JEsk, Jo7K Na,SO4 T, 28KV, Hr BB AE
V(EtOAc)/V(n-hexane)=1/3 4, 193 0.52 g A
15, 1E 48%.

i H,0, 8ALH T2 17 50 mL FERSRF A
AV 14 (1.00 g, 2.9 mmol), £3ER%4(0.19 g, 0.59 mmol)
HMIDMF (20 mL), 40 ‘CHiH: TN Hy0, (30%, 1.34 g,
12 mmol), FF % 60 CJ R 48 h, TLC ik R AT5H K
HFRMELE, ZEACIT [B] BORER Wb, ¥ S SR & Vv
HIE =, HAUKIK (200 mL)H, CH,Cl, (100 mL X 3)%%
. A IR, BL 10% 8 $h7K(100 mL)Pess, K
Na,SOs T8, & LN, JAMERKRWERZH
[(EtOAc)/V(n-hexane)=1/2]4r &, 1535 0.03 g [ {uffH 4
15, Y% 3%.

3211 5-AK4-G-FTRAER-1-K£)3-3-24R
#)-4H-1,2,4- == (11a~11¢c)#) 4 s [#% & B]

k&4 15 (0.80g, 2.2 mmol)¥& T DMF (15 mL)H,
IINBRER%(2.11 g, 6.5 mmol), MeOH, EtOH 5§ n-PrOH
(5 mL), 80 C %M 24 h, TLC Ml s S 58 . K [ v
REMAHEEE, HAVK/AKQ00 mL), Hitd TH 1
mol/L HC1 il pH 3~4, FLL CH,Cl, (100 mL X 3)AEHX.
G HFFERUH, F 10% 8 3h7K(100 mL)PE%, /K NaySO,
T, & BN, 53 MRRYERZENT [V(MeOH)/
V(EtOAc)=1/8]/r &5, 187/°¥) 11a (0.53 g, K 76%),
11b (0.52 g, & 71%)A1 11¢ (0.56 g, WK 72%).

45 B 44K (Supporting Information) & & I AT ¥ 1L
S0 TH NMR A1 PC NMR B3 3 SehpBEa] DL 4 2
ST /A 3k (http://sioc-journal.cn/) b R %K.
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