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Highly Efficient Synthesis of 1H-Indazole-3-carboxylic Acid
Derivatives via Diazotization Reaction

Xu, Changming™ Huang, Jincheng
(School of Chemistry and Chemical Engineering, Lanzhou Jiaotong University, Lanzhou 730070)

Abstract Direct conversion of ortho-aminobenzacetamides and ortho-aminobenzacetates to the corresponding 1H-indazole-
3-carboxylic acid derivatives under the action of diazotization reagents was reported. This method features operational
simplicity, mild reaction conditions, rapid reaction rates, high yields, wide substrate scope, offering an efficient and concise
route to synthesis of 1H-indazole-3-carboxylic acid derivatives. The drugs granisetron and lonidamine were synthesized
successfully using this protocol with 46% and 60% total yields, respectively. Preliminary mechanistic study suggests that
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diazonium salt is a key intermediate.
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1 H-W5| W3- 3R R S LR A G ) 2 AFE T 25050 T
HR O G R T AT 51 O MK I () 245 A%
LR HUR 2 &k B BVRIG 7 R b o Z4RE 55 B /K
2EWEERAE Y Facinicline!™&§. S48, 1H-5| -3 IR TR %
A S s TR WAL 0 1) 70t 3R B 7 A 1 i e AR
PR H AT, SCERIRIE I 1H-WIME-3- 3R A AT AE Wi
GRS (D LASELL R R, ST, HEEM.
ST JF A BRI &Y, BEEnTHERE
B LH-M5E-3- 32 BR16)(Scheme 1A); (2)LA 2-5EARABIRHE 2
IREE AR, SIHEEE BEIH AN 1H-MM-3- R 1R
m(Scheme 1B); Q)LIRIEA R}, &2 B4 Gl N-i

BELl, FIIERRIE A FATFIR. 4Gl & 1 H-W5 me-3-
%ﬁﬁx[sl(SCheme 1C); (4) AR S BE 2R 22 ik BRIt i oM I
KL, & N-Z Ak J5 B A R AN B A R R T R A
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TINIE IR A B 1 H-P5] W3- 3 TR g BRI %P (Scheme
1D); (S)ZRIRATIAF a- R LIRERE[3 4213 I & %
1 H-15| -3 B2 PRI O)(Scheme 1E); (6) AL & LK L2
FItEY N IERL, 1E PPhs MU ARSER AU T BeAF FH R il % 1H-
n5| -3 R BRI AE Y1) (Scheme  1F); (7) 3- 3k 1 H-Mg|
Bl 3-F0 1 -1 H-5| mp 22 5l S8 A 71 S8 BB A0 Dy 1 H-Ms]
W3- 32 RU2(Scheme 1G). iR G AT, Bk (1)AN
Q) EHEEZEKK, FESWCREAR; LR M™% R
H 38%; BELR(S)~(NFTH ERIA G il %, H BTl
BORES. I, REEIIA R 1 H-M M-3R 1R K FL AT
AR E R EEE . BRANEE R, B SCERRkiE
AR PSR R N RS, SRR TERR I VE R B R
& LH-M[ 0312013 4F, SREGAEIIE LR 4ol T
2-(3-FFEMEE-2-0E) R L BR & B AAAL SR T ARk 1TH-E
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WE[4,3-p]MEE-3-FR TR LB, Rk, FRATSAR WS mT LiE
I RN A L H-M| M-3R, K A 2k
(4)(Scheme 1D)ff1E K ekidt, AHE G T &M T L
BRAL =4I £ 3, i LB AT DLTE SE R AN 254 F I
RLCETF IR, WA T H- M-3R ERAT A i A
R — 7 B 0 4 ¥ 2 AU 75 7%5(Scheme 1H).
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Scheme 1 Synthetic methods of 1H-indazole-3-carboxylic acid
derivatives
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BT UL ERAE, BL 2-Q2-Z IR IL)-N-1E T 5 £ fie
(1a, £ DERL, PLEASERAUCT FE(L.S equiv.)/ZER(2.0
equiv.) N EZAMIG, LLARERER, ST H&HEE
. A NIEERE, 2R S = EAGE R RN E ] B
B, DU R R AN N-1E ] - (1LH-P5| 1e-3-) FR i
(2a). B, XABE IR OB KT R, KIN
SOV T e N BB (2a~2d) MR R (2e~2g)
A&, BAREE T DL etk . 758 LR IR T i)
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WRNEE. TR, BRI R B4 E 2K O, KIL
IR AE M E E, REAE R I [A] P DA S 1R 7 2R AR 3
HAR Y0 (2h~2i). fJm, %053 B BURE T H 1,
R TC AR A2 4 LT 1 PR O 2 T fL T 1) R B = 4 R 3
AR P Tk fe sk T 2 Jes P 24 e LA 3 110 77 3R 45 A
Y)(2j~2n).

BT 1% B B A BT R DE Y, B Rz vk
AKX FRIA . BAT, SCERIRIE 1A% SL =) B
HIE B HE: (1)@ Scheme 1 FRAE 1TV %%
G VH-W[ M-3R TR, AR5 FE5 P ) -3- % 2-9- F 56 -9-
BIRXIN3,3,1] L (4) 4 515 2] B ARr=4U0s), (2)fiseid
Tk Bk B A N A 7] -3- 5 3 -9- 2 -9- S 4 XU [3,3,1]
THe, Fif% Scheme 1A (77 VLG AR H Arr=40; (3)
DL N-HIRE-3-06-1H-I5| . CO FIfb-&4 4 5L, 8t
B A PR 3 39 S A BT, R T 9 A AR A R 2
B, BCREARM . 41 Scheme 2 Fiow, Wit T LA
R NN B IR 2R, IR A R T R A
B AR ML TR AR AN FE 2K 2 B2 3) it bR TR k), AR Bkt
TIKMECDDIER NS 4 RAGE, SRR A
FIATRAFLIE WL 5, B ETERN 69%; 5 FRAERK
RIS HE S5 T AT 20 T R & i L -5 e -3- 3R
BERZ 6, F=%N 67%; f)a AR be b 4T H 564k, 7331
A B 7, PEFRON 99%. ZEEE 4 5 ROV RIE A
BRI FI IR, FTE RO R R RHT, SR A 46%.

KT A I8 0 A R, SCHRARE 128 42 5 IR T
Scheme 1 7] A8, CHOVFT GU20-1220 B o= (1 7 v, 3R
FBATE LI 726 BB IA B, R —Fh 58 e v =
R T, R TR E Y 2h N EURIA B, it
1T TERFAE )E F, RIMAEARAE R BL 26 A T AT RELL 92%
M7= R4 B B Asr=4). SRE &Y 2h 5 2,4- —E &L
FOVTEBNE AT TN, FAT RS B S 72 R 1
ZAE T KAR, BDATLL 65%M7 = R BIEBIAN] 9, Bk
KIE 60% (Scheme 3).

NTHRBEIRNHLEE, FeH& T N-CBEREIRH
EY 10, W H R NIEHIHTH . B A 10 A
B, RILTEVR [ NAR R B INCIR, #ICTAS 3
HFERP=¥) 2f (Scheme 4A). iZSZH 74U, RN A
TR AR 10 BETH, RIS IE BIERAT SN L S
Scheme 1DPISEAAN[E]. H L HEM S B ] g A2 3 ik 3 40
R AT, T SR, FRATTF RS BREATE AN
BRG], AIEREF, RIUFEFETEL 65%7= 245
FIH b= 2f (Scheme 4B). MIXTFhrESfE, = HK
%, ATAER TR TR, TRV IR AR i 2= S 5L

NT D IAE RS ALEE, BATFH o 5 X Ak
EY A TERRUHE R BLEAT T PR BLBEAT 24, KR
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Table 1 Scope of substrates

Y
R BUONO (1.5 equiv.), CH;COOH (2.0 equiv.) A
ZNHo MeCN, rt. L
2

o_ H o_ H SN o_ H
N, N N N NEt,
Bu b
\
N N @ N /\/(\ N N
CO,Me N
N H 2 N H

2a,5h, 77% 2b, 3 h, 89% 2c, 2 h, 98% 2d,3h, 71% 2e,5h, 51%

0 o, H
O . N
N N O e

N\ 3 N
\N N @ IN \IN IN
N N N N N
H N H H H

H
2f, 0.5 h, 88% 29,2 h, 97% 2h, 0.5 h, 96% 2i,1 h, 94% 2j, 1 h, 99%

o. H
o) H o)
OFEt N RN OEt
Me { \D FsC FsC
\/N ,N \,N \,N
N M N N
H ; H H

2k, 1 h, 92% 21, 1 h, 86% 2m,1.5h,87% 2n, 1 h, 95%

@ Reaction conditions: 1 (0.2 mmol), CH;CO,H (0.4 mmol), BuONO (0.3 mmol), MeCN (2 mL), r.t. * Isolated yields.

NH,.,,
(1) @ (4, 2.0 equiv.) 0 H
‘BUONO (1.5 equiv.) y
COOH  CDI (1.5 equiv.), THF, rt., 2 h ©\/\H/ CH3COOH (2.0 equiv.) \N
(2) Pd/C (10%), H, (balloon) NH; MeCN, r.t., 2 h H

NO,

MeOH, r.t., 12 h 5, 60% yleld

H
(0} N
CHjsl (1.5 equiv.), NaOH (s, 7.0 equiv.) N\ N
DMF, r.t., 1 h, 99% N’

e
7 (Granisetron)
99% vyield ( 46% total yield)

B2 MR Al B U £

Scheme 2 Synthetic route to Granisetron

3 6, 67% yield

Cl

N cl
NH, MeCN, r.t., 0.5 h N NaOH (20% aq.), 100 °C, 4 h

1h (1.0 g) 2h H then HCI (20% aq.), r.t., 0.5 h
(0.98 g, 92% yield) 9 (Lonidamine)
65% yield (60% total yield)

'BUONO (1.5 equiv.) COOMe /@f\m | .
©\/\C00Me CH3COOH (2.0 equiv.) @E\< cl i (8, 1.1 equiv.) HOOC— N

B3 SBIEHIN G R

Scheme 3 Synthetic route to Lonidamine
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o) H,0, rt, 0.5 h N,N
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1f 2f, 65% yield

B4 FHE R NHLRTT

Scheme 4 Mechanism exploration of diazotization reaction
S 2 S SEAE AR N ) B AR P LA S bRk
W, SRH R KM (Scheme S5): F 4G 1f 7EIEH
PR AT B AR I N 2EAT N- LA FEAL A b A A, SRJE E
HE Ak B, A ERRIE AT T KAERE RS C,
FHE BuO fEH N R AL 7 AL sl b (a4 D, Bl 5 it
17 LS-PMEA R 3H-IM: E, )5 KAE 1,3-H TR A M
LH-P| g 2ft132.21],

o (\o
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o} i, o}
NH, NH
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~ ~ A
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uo
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N-OH N N
B

Detected by HRMS
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Scheme 5 Proposed mechanism of diazotization reaction
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3 SRS
3.1 X5

MR PRE S . B Bruke (AVANCE III) 500
MHz #ZBARBGE AN E, H TMS fEAFR, BUTARE
5 8TAR — KA YA 77, HRMS FH Thermo Scientific Q
Exactive (ESI, Quadrupole-Orbitrap) ;5 # 5 i Al 52 .
& R E A XT-5 B9 B4 SOl e A, IR THARRIE.
Al I o8 A il R, EEAEA.
&%) 1a. 1b. 1d. le. 1h. 3. 4. 8 ML HTHIEIIRHL
AR AT, ALE4 1F 5 10 422 18 S0k 5 0] 45100,
32 & 1c. li~n &Rk

7] 50 mL RPN LBIE 2K Zf2(362 mg, 2
mmol) 5 ¥k —BKME(CDI, 486 mg, 3 mmol), JRJ5 T &
SR IIN 20 mL Jo/K PSRRI, 7E= IR FHFE 2 h
JE IRNST & 8 7K F R F R (583 uL, 4 mmol), =i T4k
BEREHEZ) 2 h. R (O (TLO)K I ) S5 85, A 10
mL KK, 8T 7R LV, KRSk R E
T 50 mL IR, IIN 20 mL FEEAT Pd/C HEALF(36
mg, 10%), {fHEZ%R R SEFEAES, T 50 C
NHERE 2 h, TLC Wl R N5, ARSI g, I
W4 J5 CoA TR 202 L ER(VIV=2/1) N B ZE 0T 4
B, B e, AW 1i~1n (4 8071 5 AR ).

4-(2-2-FF R L) LA E) K IR IR (1e): 158
mg, J7E 37%. EEE A, mp. 153.5~154.5 C; 'H
NMR (500 MHz, CDCl3) d: 8.00~7.91 (m, 3H), 7.51 (d,
J=9.0 Hz, 2H), 7.22~7.10 (m, 2H), 6.87~6.74 (m, 2H),
4.04 (s, 2H), 3.88 (s, 3H), 3.66 (s, 2H); '*C NMR (125
MHz, CDCls) 6: 169.42, 166.54, 144.93, 141.92, 131.08,
130.71, 129.20, 125.66, 119.77, 119.64, 118.89, 117.07,
52.00, 42.13; HRMS (ESI) calcd for Ci6H;703N; [M+H]"
285.1234, found 285.1234.

2-(2-FHERIL)-NN- R I 2 B[ (1g): 367 mg, =
K 81%. HEAEA, mp. 89~91 C; 'H NMR (500 MHz,
CDCl;) 6: 7.50~7.12 (m, 10H), 7.07~7.00 (m, 1H),
7.06~7.02 (m, 1H), 6.40 (dd, J=1.5, 8.0 Hz, 1H), 6.57
(td, J=1.0, 7.5 Hz, 1H), 6.42 (dd, J=1.5, 7.5 Hz, 1H),
4.59 (s, 2H), 3.63 (s, 2H); 3C NMR (125 MHz, CDCls) o:
171.93, 146.99, 142.79, 131.17, 129.96, 129.22, 128.31,
126.66, 120.24, 118.24, 116.66, 39.36; HRMS (ESI) calcd
for CaoH19ON, [M+H]" 303.1492, found 303.1491.

2-Q2-F AR 4 -3 - BE(1i): 266 mg, ;=3
78%. EEAWAK; 'TH NMR (500 MHz, CDCls) §: 7.17~
7.05 (m, 2H), 6.76 (t, J=7.5 Hz, 1H), 6.71 (dd, J=1.0, 8.0
Hz, 1H), 4.25 (t, J=6.0 Hz, 2H), 4.01 (s, 2H), 3.61~3.50
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(m, 4H); 'C NMR (125 MHz, CDCls) d: 171.78, 145.52,
131.16, 128.72, 119.41, 119.11, 116.66, 61.84, 41.16,
38.48, 31.54; HRMS (ESI) calcd for Ci;H;s0NCI [M+
H]" 228.0786, found 228.0786.

2-(2-F HE-5-HRIR L) -N-R L A BERZ (15): 288 meg,
FEE 80%. HO AR, mp. 116.2~118 “C; 'H NMR (500
MHz, CDCl; ) 6: 7.81 (s, 1H), 7.44 (d, J=8.0 Hz, 2H),
7.28 (t, J=7.5 Hz, 2H), 7.07 (t, J=8.0 Hz, 1H), 6.94 (s,
2H), 6.68 (d, J=8.5 Hz, 1H), 3.90 (s, 2H), 3.60 (s, 2H),
2.25 (s, 3H); BC NMR (125 MHz, CDCls) d: 169.39,
142.41, 137.76, 131.57, 129.45, 128.90, 128.87, 124.32,
120.18, 119.95, 117.10, 41.88, 20.35; HRMS (ESI) calcd
for CisHi7ON, [M+H]" 241.1336, found 241.1335.

2-(2-FHE-5- I IIE) LR L B (1K): 122 mg, 25
42%. #EOWAA; 'TH NMR (500 MHz, CDCL3) 6: 6.93 (t,
J=6.5 Hz, 2H), 6.64 (d, J=9.0 Hz, 1H), 4.19~4.08 (m,
2H), 3.96 (s, 2H), 3.53 (s, 2H), 2.24 (s, 3H), 1.27 (t, J=17.5
Hz, 3H); 3C NMR (125 MHz, CDCls) §: 172.06, 143.04,
131.73, 129.09, 128.31, 119.83, 116.82, 61.14, 38.58,
20.44, 14.25; HRMS (ESI) caled for C;1HisON [M+H]"
194.1176, found 194.1176.

2-(2-F HE-3-FATL)-N-FR N 5 kR (1): 256 mg,
PR 81%. HEEMA, mp. 131~132 °C; '"H NMR (500
MHz, CDCl; ) 6: 6.98~6.89 (m, 1H), 6.81~6.74 (m, 1H),
6.68~6.57 (m, 1H), 5.85 (s, 1H), 4.33 (s, 2H), 3.45 (s,
2H), 2.73~2.60 (m, 1H), 0.79~0.70 (m, 2H), 0.48~0.41
(m, 2H); '*C NMR (125 MHz, CDCls) d: 172.40, 153.31,
151.41, 134.55, 134.45, 125.90, 125.88, 122.72, 122.69,
118.08, 118.02, 114.53, 114.37, 40.75, 40.73, 22.95, 6.67;
HRMS (ESI) caled for C;1HisONoF [M+H]" 209.1485,
found 209.1485.

2-(2- % Fk -5- = 6 PPk DR O )-N- 2R B 4T % (1m):
450 mg, fF 95%. FAMEE, mp. 149~151 C; 'H
NMR (500 MHz, DMSO-d) J: 10.17 (s, 1H), 7.66~7.51
(m, 2H), 7.33~7.27 (m, 1H), 7.24 (d, J=8.0 Hz, 1H),
7.07~7.02 (m, 1H), 6.97 (d, J=2.0 Hz, 1H), 6.81 (dd, J=
2.0, 8.5 Hz, 1H), 5.55 (s, 2H), 3.58 (s, 2H); *C NMR (125
MHz, DMSO-ds) J: 168.74, 147.67, 139.01, 130.96,
128.74, 128.66, 128.41, 128.16, 125.64, 123.81, 123.48,
123.39, 119.17, 112.19, 112.16, 112.13, 112.09, 110.70,
110.67, 110.64, 110.61; HRMS (ESI) calcd for C;sH;40-
NoF; [M+H]" 295.1053, found 295.1053.

2-(2-FHk-5- = T ER B 4R ZFE(1n): 330 mg,
FEE 89%. HAEAK, mp. 75.5~77 “C; 'H NMR (500
MHz, CDCl;) 0: 7.18 (d, J=8.0 Hz, 1H), 6.98 (d, J=8.0

3260 http://sioc-journal.cn/
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Hz, 1H), 6.93 (s, 1H), 4.28 (s, 2H), 4.20~4.10 (m, 2H),
3.58 (s, 2H), 1.26 (t, J=7.5 Hz, 3H); 3C NMR (125 MHz,
CDCly) o: 171.31, 146.05, 131.66, 131.29, 131.04, 130.78,
130.53, 127.48, 125.31, 123.15, 123.03, 120.99, 115.46,
115.43, 115.40, 115.37, 113.04, 113.00, 112.97, 112.95,
61.53, 38.60, 14.22; HRMS (ESI) calcd for C1H;30N,F;
[M-+H]" 248.0893, found 248.0893.

3.3 k&1 2a~2n IERR

LAY 1a (41.2 mg, 0.2 mmol) B T 10 mL v &
IO 2 mL ZFE(EER N R, A EY 1a WS
IAAVK Z (23 pL, 0.4 mmol), T =\ FHF: S min J51
NEAEERAU T EE(36 uL, 0.3 mmol), =i FHFES h.
HE A (TLOMN MRS, T 10 mL 281K,
T 2R QBEXEEL(10 mL X 3), &3F 1A A
KPR, ToKBRBRAN T, he T JE DUA s O 1R
LBEVIV=2/1) NI E T 7 8, 152 HARF=4) 2a.
AW 2b~2n G BT 25 AR A,

N-1E T 2 -(1H-Mg] M -3-) FH 5 i (2a): 34 mg, 7= %
77%. FEOWAK; '"H NMR (500 MHz, CDCls) 6: 11.41 (s,
1H), 8.44 (d, J=8.0 Hz, 1H), 7.54 (d, J=8.5 Hz, 1H),
7.46~7.36 (m, 1H), 7.32~7.26 (m, 1H), 7.19 (t, J=7.0
Hz, 1H), 3.63~3.48 (m, 2H), 1.70~1.61 (m , 2H), 1.49~
1.38 (m, 2H), 0.96 (t, J=7.5 Hz, 3H); '*C NMR (125
MHz, CDCls) 0: 163.13, 141.47, 139.19, 127.08, 122.65,
122.48, 121.89, 110.00, 38.88, 31.76, 20.11, 13.72; HRMS
(ESI) caled for C;o;H;sON3 [M-+H]" 218.1288, found
218.1288.

N-ZRBE-(1H-15|WE-3-) R [IZ(2b): 42 mg, 72 89%.
B8 [l 4K, m.p. 203~204 ‘C; 'H NMR (500 MHz,
DMSO-ds) d: 13.76 (s, 1H), 10.30 (s, 1H), 8.29~8.09 (m,
1H), 8.08~7.78 (m, 2H), 7.76~7.62 (m, 1H), 7.50~7.42
(m, 1H), 7.38~7.23 (m, 2H), 7.15~7.02 (m, 1H); 13C
NMR (125 MHz, DMSO-ds) d: 160.95, 141.29, 138.86,
138.30, 128.55, 126.70, 123.38, 122.33, 121.75, 121.52,
120.20, 110.85; HRMS (ESI) caled for CisH,0ON3 [M+
H]" 238.0975, found 238.0976.

4-(1H-M5| -3 - F PR i ) 2 FH R HY i (2¢): 58 mg, /™
F 98%. FEK, mp. 220~222 ‘C; 'H NMR (500
MHz, DMSO-ds) : 13.86 (s, 1H), 10.69 (s, 1H), 8.23 (d,
J=17.5 Hz, 1H), 8.08 (d, J=8.0 Hz, 2H), 7.96 (d, J=8.5
Hz, 2H), 7.68 (d, J=8.5 Hz, 1H), 7.47 (t, J=8.0 Hz, 1H),
731 (t, J=6.5 Hz, 1H), 3.83 (s, 3H); *C NMR (125
MHz, DMSO-ds) 0: 16593, 161.36, 143.45, 141.36,
137.97, 130.09, 126.88, 124.08, 122.64, 121.85, 121.43,
119.54, 111.00, 51.91; HRMS (ESI) calcd for CisH1,03N;3

Chin. J. Org. Chem. 2021, 41, 3256~3263
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[M— H] 294.0884, found 294.0885.

N-FR T 55 -(1LH-V5] W -3-) FE I e (2d): 29 mg, 7=
71%. #E A, 'TH NMR (500 MHz, DMSO-ds) J: 13.52
(s, 1H), 8.39 (d, J=3.5 Hz, 1H), 8.18 (d, J=8.5 Hz, 1H),
7.59 (d, J=8.0 Hz, 1H), 7.44~7.36 (m, 1H), 7.27~7.19
(m, 1H), 2.95~2.82 (m, 1H), 0.74~0.67 (m, 2H), 0.67~
0.63 (m, 2H); 3C NMR (125 MHz, DMSO-ds) J: 163.49,
141.04, 138.29, 126.43, 121.93, 121.59, 121.44, 110.61,
22.41, 5.75; HRMS (ESI) caled for C;H;,0ON; [M+H]"
202.0975, found 202.0974.

N,N- 2. BE-(1 H-F5 -3 ) ik 1% (2e): 22 mg, 723
51%. AR, mp. 173~174 C; 'H NMR (500 MHz,
DMSO-ds) 0: 13.44 (s, 1H), 7.97 (d, J=8.0 Hz, 1H), 7.58
(d, J=8.5 Hz, 1H), 7.40 (t, J=7.5 Hz, 1H), 7.19 (t, J=7.5
Hz, 1H), 3.73 (d, J=7.0 Hz, 2H), 3.52 (d, J=7.0 Hz, 2H),
1.19 (t, J=7.5 Hz, 6H); 3C NMR (125 MHz, DMSO-ds)
5: 162.76, 140.24, 139.39, 126.51, 122.82, 121.64, 121.53,
110.39, 42.59, 40.11, 14.76, 12.93; HRMS (ESI) calcd for
C12Hs0ON; [M+H]" 218.1288, found 218.1285.

N-(LH-M5| -3 56 ) ik (26): 41 mg, 77K 88%. #
EEA, mp. 178~179 CCCEREDM 178~179 C); 'H
NMR (500 MHz, DMSO-ds) 6: 13.53 (s, 1H), 8.00 (dd,
J=1.0, 7.5 Hz, 1H), 7.69~7.51 (m, 1H), 7.46~7.34 (m,
1H), 7.27~7.16 (m, 1H), 4.05 (s, 2H), 3.68 (d, J=18.0
Hz, 6H); 3C NMR (125 MHz, DMSO-ds) o: 161.99,
140.27, 138.47, 126.61, 122.90, 121.75, 121.54, 110.51,
66.56, 66.31, 47.14, 42.34; HRMS (ESI) calcd for C1,H -
O,N; [M—H]~ 230.0935, found 230.0931.

N,N-Z 2K - (1H-W5| ME-3-) R fiZ (2g): 61 mg, 7=%
97%. FEE K, mp. 190~192 ‘C; 'H NMR (500 MHz,
DMSO-ds) d: 13.35 (s, 1H), 7.95 (d, J=8.0 Hz, 1H), 7.49
(d, J=3.0 Hz, 1H), 7.39~7.30 (m, 5H), 7.28~7.17 (m,
7H); 3C NMR (125 MHz, DMSO-ds) J: 163.85, 143.93,
140.07, 139.01, 129.03, 127.64, 126.37, 122.54, 121.84,
121.11, 110.46; HRMS (ESI) caled for CaoH;sON3Na
[M+Na]" 336.1107, found 336.1107.

L H-M5|ME-3-FH R G (2h): 34 mg, 77 96%. A
44, m.p. 170~171 C (lit.?? 170~171 C); 'H NMR
(500 MHz, CDCl3) d: 13.33 (s, 1H), 8.29~8.15 (m, 1H),
7.93~7.81 (m, 1H), 7.52~7.43 (m, 1H), 7.39~7.30 (m,
1H), 4.08 (s, 3H); 3*C NMR (125 MHz, CDCl;) d: 163.82,
141.63, 136.19, 127.42, 123.40, 122.45, 121.71, 111.81,
52.25; HRMS (ESI) caled for CoHgO,NoNa [M+Na]"
199.0478, found 199.0479.

LH-M5|e-3- FE R -3- G N B (20): 45 mg, 7% 94%.
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4K, mp. 131~133°C; '"H NMR (500 MHz, CDCl3)
5: 12.79 (s, 1H), 8.17 (d, J=8.0 Hz, 1H), 7.83 (d, J=8.0
Hz, 1H), 7.53~7.44 (m, 1H), 7.36 (t, J=7.5 Hz, 1H), 7.69
(t, J=7.0 Hz, 2H), 3.73 (t, J=6.5 Hz, 2H), 2.37~2.27 (m,
2H); *C NMR (125 MHz, CDCl;) J: 163.18, 141.61,
136.23, 127.53, 123.59, 122.43, 121.63, 111.69, 61.97,
41.40, 31.88; HRMS (ESI) calcd for CiH20,N,Cl [M+
H]" 239.0582, found 239.0582.

N-ZRKFE-(5-H B -1 H-W5| -3 B 2 (2§): 50 mg, 7~
F 99%. FAEAK, mp. 216~218 ‘C; 'H NMR (500
MHz, DMSO -ds) 6: 13.65 (s, 1H), 10.25 (s, 1H), 8.02 (s,
1H), 7.90 (dd, J=1.0, 9.0 Hz, 2H), 7.56 (d, J=8.5 Hz,
1H), 7.37~7.32 (m, 1H), 7.28 (dd, J=1.5, 8.5 Hz, 1H),
7.11~7.05 (m, 1H), 2.45 (s, 3H); *C NMR (125 MHz,
DMSO-ds) o: 161.09, 140.03, 138.94, 137.67, 131.49,
128.75, 128.60, 123.36, 122.18, 120.46, 120.16, 110.56,
21.15; HRMS (ESI) caled for C;sH14ON; [M+H]"
252.1131, found 252.1132.

5-FHBE-1 H-P5| W3- FH R 2,6 (2K): 40 mg, =3 92%.
FAOE R, mp. 145~146.5 ‘C; 'H NMR (500 MHz,
CDCls) d: 13.17 (s, 1H), 7.96 (s, 1H), 7.71 (d, J=8.5 Hz,
1H), 7.28 (d, J=8.5 Hz, 1H), 4.60~4.49 (m, 2H), 2.51 (s,
3H), 1.51~1.42 (m, 3H); '3C NMR (125 MHz, CDCl;) o:
163.54, 140.37, 135.70, 132.99, 129.48, 122.88, 120.62,
111.42, 61.15, 21.73, 14.56; HRMS (ESI) calcd for
CiHi30:N, [M+H]" 205.0972, found 205.0972.

N-IRTN BE-(7-38C- LH-M5| -3 I iz (21): 40 mg, 7~
F 86%. FEK, mp. 155~157 ‘C; 'H NMR (500
MHz, DMSO-de) d: 14.10 (s, 1H), 8.51 (d, J=4.5 Hz, 1H),
7.99 (d, J=7.5 Hz, 1H), 7.31~7.13 (m, 2H), 2.98~2.81
(m, 1H), 0.78~0.61 (m, 4H); 3C NMR (125 MHz,
DMSO-ds) d: 163.05, 148.60, 146.63, 139.15, 130.57,
130.44, 125.30, 125.26, 122.70, 122.66, 117.84, 117.81,
110.68, 110.56, 22.49, 5.73; HRMS (ESI) calcd for
C1H,;;ONsF [M+H]" 220.0881, found 220.0881.

N- 3 -(5- = % 2 - 1 F-W5) M -3-) R G % (2m): 53
mg, K 87%. FOEK, mp. 228~231 C; 'H NMR
(500 MHz, DMSO-de) J: 14.23 (s, 1H), 10.46 (s, 1H), 8.44
(d, J=9.0 Hz, 1H), 8.05 (s, 1H), 7.90 (td, J=1.5, 7.5 Hz,
2H), 7.58 (dd, J=1.5 Hz, 9.0 Hz, 1H), 7.41~7.30 (m,
2H), 7.15~7.05 (m, 1H); '*C NMR (125 MHz, DMSO-ds)
5: 160.43, 140.14, 138.69, 128.61, 127.73, 127.54, 127.28,
127.03, 126.78, 125.56, 123.65, 123.39, 123.18, 120.40,
118.44, 108.92; HRMS (ESI) calcd for CisH;;ONsF; [M+
H]" 306.0849, found 306.0849.
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5- =5 H JE- 1L P e -3-FR R 206 (2n): 49 mg, F=%
95%. {4 [E 14, m.p. 187~190 C; 'H NMR (500 MHz,
DMSO-d) 0: 14.32 (s, 1H), 8.26 (d, J=8.5 Hz, 1H), 8.05
(s, 1H), 7.59 (dd, J=2.0 Hz, 8.5 Hz, 1H), 4.41 (q, J=7.5
Hz, 2H), 1.38 (t, J=6.5 Hz, 3H); 3C NMR (125 MHz,
DMSO-ds) o: 161.79, 139.79, 135.58, 127.47, 127.22,
126.97, 126.71, 125.48, 123.95, 123.31, 122.63, 118.95,
118.92, 109.24, 60.64, 14.23; HRMS (ESI) caled for
C11H002N-F3 [M+H]" 259.0689, found 259.0689.

3.4 1BRIRIR(T)HEM

2-(2-F F A H)-N-((1R,3R,5S)-9- F 3 -9- % 4% XA
[3.3.1]Fke-3-58) LB fZ (5) A R K AR RS 252K 2R (3,
274 mg, 1.5 mmol)Fl#kHE —BKM:(CDL, 310 mg, 2.25
mmol) & T 50 mL A, ERSARY FIA 15 mL
TR IUEPRIR, SiRBEE 2 h, RIEIMA K [F-3-23E-9-
- 2% WA [3,3,11E 45(4, 476 mg, 3 mmol), Zk4EH
FE2 h, RIGIIAIK(10 mL)E KN, 8T 46 5 1 5%
BYE T O, INEBREE (30 mg, 10%), i
I 20 mL FEE, B SERAP SO N B TRRES, iR
DEFEIS . SR 4 S I P ek e ek i, B VR 4 5
A 30 mL /K, B ZBEHHL(50 mL X 3), A HLAHH 57
I RRAG TR A Y R R £ R K PR, E KR ER A T
B, Uk 4R fa DL I & (VY =1/1) B R A
Eraitk, #ENEY S.

2-(2-F F A F)-N-((1R,3R,5S)-9- F 3 -9- %( 4% XA
[3.3.1] - )E-3-35) 4Bk (5): 250 mg, 723 69%. [ o]
#, m.p. 111~113 °C; 'H NMR (500 MHz, DMSO-ds) 6:
791 (d, J=8.5 Hz, 1H), 7.03~6.94 (m, 1H), 6.90 (t, J=
7.5 Hz, 1H), 6.63 (d, J=8.0 Hz, 1H), 6.50 (d, J=7.5 Hz,
1H), 5.11 (s, 2H), 4.09~3.93 (m, 1H), 3.24 (s, 2H), 2.91
(d, J=11.5 Hz, 2H), 2.35 (s, 3H), 2.15~2.05 (m, 2H),
1.93~1.79 (m, 3H), 1.42 (d, J=10.5 Hz, 1H), 1.24~1.16
(m, 2H), 0.96~0.78 (m, 3H); '*C NMR (125 MHz,
DMSO-ds) 0: 170.30, 147.00, 130.24, 127.21, 120.53,
116.27, 114.97, 79.35, 51.76, 38.51, 38.32, 30.22, 24.05,
12.56; HRMS (ESI) caled for C;7H,sON; [M + H]*
288.2070, found 288.2070.

N-((1R,3R,55)-9- F & -9- & 7 M 3F [3.3.1] F % -3-
B)-1H-15| W3- I i (6) R A R 7 15 2a AHIF]. A&
5 115 mg, XM 2 h, 19774 80 mg, % 67%. [
4, m.p. 216~219 °C; 'H NMR (500 MHz, DMSO-ds) 6:
13.92 (s, 1H), 8.45 (d, J=10.0 Hz, 1H),8.15 (d, /=8.0 Hz,
1H), 7.61 (d, J=8.5 Hz, 1H), 7.48~7.33 (m, 1H), 7.22 (t,
J=7.5 Hz, 1H), 4.72 (s, 1H), 3.56 (d, J=10.5 Hz, 2H),
2.46~2.32 (m, 2H), 2.26~2.16 (m, 1H), 2.09 (s, 2H),
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1.94~1.84 (m, 2H), 1.55~1.40 (t, J=5.0 Hz, 3H), 1.22
(s, 1H); 3C NMR (125 MHz, DMSO-ds) o: 161.88,
141.10, 138.00, 126.38, 121.97, 121.52, 121.48, 110.81,
79.40, 52.43, 37.28, 30.00, 18.65, 11.72; HRMS (ESI)
caled for C17H23ON, [M+H]" 299.1866, found 299.1863.

1- I B -N-((1R,3R,55)-9- Fi 2 -9-Z 44 WA [3.3.1] F
Jot-3-5)- L H-M5| W3- FR G e (7, 4% 4 F] B O A Kk
AW 6 (49 mg, 0.16 mmol) & T 10 mL 1) M+, A
N,N-—HEF L Z(DMF, 2 mL)&f#E, REIMANE &L
BN E 445 mg, 1.1 mmol), FIINMEFKE(16 uL, 0.25
mmol), ZiREHFE 1 h f5UHE/ &AW EVV=1:1)HN
VRIF, A S BLREAT R E T 2 8, BRI {53 H A=
MALFIE(T) 50 mg, F7E 99%. FMAEA, mp. 290~
292 C (lit."s? 290~292 C); 'H NMR (500 MHz,
DMSO-ds) d: 8.35 (t, J=13.0 Hz, 1H), 8.13 (d, J=8.0 Hz,
1H), 7.46~7.37 (m, 1H), 7.22 (t, J=7.5 Hz, 1H), 4.70 (s,
1H), 4.09 (s, 3H), 3.52 (d, J=11.0 Hz, 2H), 2.74 (s, 3H),
2.48~2.43 (m, 1H), 2.41~2.30 (m, 2H), 2.22~2.10 (m,
1H), 2.04 (t, J=14.5 Hz, 2H), 1.90~1.78 (m, 2H), 1.49~
1.32 (m, 3H); 3C NMR (125 MHz, DMSO-dq) 6: 161.43,
140.92, 136.83, 126.61, 122.35, 122.24, 121.73, 110.43,
79.41, 52.40, 40.43, 37.45, 35.95, 33.10, 11.75; HRMS
(ESI) caled for CisHasONy [M+H]" 313.2023, found
313.2020.
3.5 SRIKRA(9)HIE R

WA 2h I GARA BT 5 S 2a #HF. (L&Y
1h 1.0 g, MK[E] 0.5 h, 1524654 2h 098 g, 7%
92%.

1-(2,4- R IE)- 1 H-M5| Me-3- HH R (9, SJE BB
H R Kb A% 2h (354 mg, 2 mmol)¥ T 2.5 mL 100 C
1) 20% I EEMAKIER T, RGN 2,4- &K
1E%(8, 430 mg, 2.2 mmol), JIN5EE)GASAEE 4 h,
SRIGIREN R IR, N 20%1 SRRV ORI Bk R &
fate, BidE 0.5 h, A A G, g, EERH R
L REREJEIAEPI9) 415 mg, 7E 60%. [ HEE,
m.p. 207~209 ‘C (lit."%] 205~207 “C); 'H NMR (500
MHz, DMSO-ds) 6: 13.14 (s, 1H), 8.15~8.10 (m, 1H),
7.81 (d, J=8.5 Hz, 1H), 7.69 (d, J=2.5 Hz, 1H), 7.53~
7.46 (m, 1H), 7.39 (dd, J=2.0, 8.5 Hz, 1H), 7.37~7.32
(m, 1H), 5.84 (s, 2H); 3C NMR (125 MHz, DMSO-ds) o:
163.30, 140.90, 135.91, 133.40, 133.24, 133.22, 131.01,
129.06, 127.78, 127.03, 123.10, 123.01, 121.65, 110.61,
49.73; HRMS (ESI) caled for C;sHsO.N,Cl, [M—H]~
319.0047, found 319.0047.
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