% *IL {t& % DOI: 10.6023/cjoc202106010

Chinese Journal of Organic Chemistry

ARTICLE

= A RER B LIRS SRR R MAZIEMZH
R e IFHRAE  FHigyre

(T FE TV RSB P R 2 453007)
CIMEITYE R FA A TE b GOSN RS R EHE LR E RS GaHNE A P R A O
A ANIRE FSAWAIFE SR WEH 2 453007)

WE W =R PR, R T SEHL T AR R SR AR A SR, 1% C—N BT R R T g
T AT R R SRR o () R BEAT (1. AR F5 007 e (B i vl Ik 96%) i & i 17— R AN ARIMZ R, JRVIVEE.
PRI S, 77 3R R FFANAE.

REEE  WEICARIMZ T, ARMEEOREE; BURELL; ekl S

Sc(OTf)s-Catalyzed Reaction of Purines with o-Hydroxybenzyl
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Xia, Chao®  Wang, Dongchao®  Guo, Haiming™**?
(“School of Environment, Henan Normal University, Xinxiang, Henan 453007)
(" Henan Key Laboratory of Organic Functional Molecules and Drug Innovation, Collaborative Innovation Center of Henan
Province for Green Manufacturing of Fine Chemicals, Key Laboratory of Green Chemical Media and Reactions, Ministry of
Education, School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang, Henan 453007)

Abstract Efficient alkylation of purines with ortho-hydroxybenzyl alcohols under mild condition has been achieved by
Sc(OTf)s catalysis. This C—N bond formation process is proposed to proceed through an ortho-quinone methide intermediate.
The reaction allows for efficient synthesis of various acyclic nucleoside analogs, with excellent yields of up to 96%, across a

broad range of substrates and the yields were maintained as the reactions were scaled up.
Keywords purine acyclic nucleosides; ortho-quinone methide; scandium catalysis; alkylation reaction
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(a) Conjugate addition reaction of Nu to 0-QMs

OH OH (0] OH Nu
BA or LA Nu
R—™ ([~ = Z Rl—7T = o~ R
-H,O conjugate
addition
o0-QMs Nu=C,0,S,PandN
(b) C-N bond formation with 0-QMs
0\ N—-N
OH OH Ri _ g2 H, - Ts ! N ! N
RWR OH OH OH
R + —_—
H Ar Ar
R1
(c) This work
R
OH OH
R

R = Ar, ethynyl, vinyl, and alkyl

B 1 ()48 B LB A L0 N (b) AR FF 3 2

Z 5] C—N LB RN () A S T AR
Scheme 1 (a) Conjugate addition reaction of 0-QMs, (b) C—N
bond formation with 0-QMs, and (c) this work

T, XFiE% G iR AR AT k. Wk 1 s, R 7
FAS 6] 1) 266 2 IR A AL S MR AT, FEAH R OB (1 P9,
B 45 AT B B X B (% 1, Entries 1~7), L, PL
Sc(OTH); ML B R fe i (Entry 4), T LL 95%[UsR 15
FIH AL AW 3a. [FIRF, L TIOH 1 AMEALTFIEET T X
FIRI (Entry 8), JEAR B4R, BT RiE#E
Sc(OTH)s JMEALT, XA 71 14 FH 8 R s B2 B[] 3R 47 10
1t (Entries 9~11). KIEH 10 mol%PIMEMF], S BiEP
AI7E 5 h SEAHHT. WD AT &2 5 mol%, HFR4E
KNS ZE 10 h, [N ABREMRIEEST. kSRRl
AR, RUEE R ], RO ICRAR IR K. B S
1] [ AR 2 FRIN 2 - (Entries 12~ 14), {/93RANEELE
BEROSIEAT. BEROR, (A 5 mol% AL 7 F 4k 4k
Xt S N IEA T 5 %2 (Entries 15~19), JE%HHFIEL
SR GE A E A IS5 B D, B RO SR E
95 mol%fH] Sc(OTH); E AT, & Bl A,
E WM 10 h (3 1, Entry 10).
1.2 IEM KU EMIRIAR

1E EIRRACEI R BT, a5 TSI L
B L SN IS (8 2). R A% B 1 RE IR 3
17, LARIF B F5 1077 3R (70% ~ 96%) 15 21 K1 N7 ) HEE e
FEMZAE RGN, ISR s L i TR ] Me Al
OMe B, BLIIFZ2REBAR, 70518 T0%H1 77%. 1A
W LT, U BAK T 90% 7= 543 2 H Artb &4,
A RELL 85% (17 2615 2 H A5 %) 3h.
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Table 1 Optimization of the reaction conditions

Cl
¢ OH OH NN
N LA (x mol%) | \
’\i/t[ 0 Ph)\© Solvent, r.t. kN/ N> "]
NT R
Ph
1a 2a 3a
Entry LA (x) Solvent th  Yield*/%

1 In(OTf)s (20) DCM 12 75
2 Cu(OTf)2 (20) DCM 12 68
3 Fe(OTf)s (20) DCM 12 71
4 Sc(0To)s (20) DCM 12 95
5 Y(OTf)s (20) DCM 12 18
6  Mg(OTf):2 (20) DCM 12 10
7 Zn(OTf)2 (20) DCM 12 NR
8 TfOH (10) DCM 12 20
9 Sc(OTo)s (10) DCM 5 94
10  Sc(OThHs (5) DCM 10 94
11 Sc(OTh); (2.5) DCM 24 68
12¢ Sc(OTf)s (2.5) DCM 24 58
134 Sc(OTh)s (2.5) DCM 24 61
14¢ Sc(OTf)s (2.5) DCM 24 55
15 Sc(0OTH)s (5) Toluene 10 74
16  Sc(OTh)s (5) EtO 10 NR
17 Sc(OTH)s (5) Acetone 10 81
18 Sc(OTHs (5) THF 10 NR
19  Sc(OTf); (5) EA 10 78

© 2021 Chinese Chemical Society & SIOC, CAS

4 Reaction conditions: 1a (0.3 mmol), 2a (0.33 mmol), LA, solvent (3 mL),
stirred at r.t. ? Isolated yields. ¢ 90 mg of 3A MS was added. ¢ 90 mg of 4A MS
was added. ¢ 90 mg of SA MS was added.

1.3 PEETELEUESIRIAR

NT DR TR B & M, X SR ER AL R
FORREAL G 2 AT T HER, SRWE 3 PR, SEA
[FEIEUARIE R3 AR BRI B8 A DAL 75 e R 15 3 v nds
AR RZF P W (4a~4i). HIELTT S, R Nt 73,
RN PR R . B R oR, XHRY P REUREE R AT
.Y RN TR, [FIRERT DL TS 1 7= 2645 B AH R =
Y)(4j~40). LRFER )G FERURI AR BN BT I
N, 43 EL 89%F1 85% 1= %15 5 4p Al 4q. R* Nkt
W, SO AR PURAEE T, H RO AEE TR, RNARE
KA.
1.4 REMEEEMAR

N TR R AZ T IEAE T AR AR 72 o i N
H1, AT T RS B SE BT T (Scheme 2). K N
YK 10 152 3 mmol, #HIHE N30 mL, =R RN
10 h, BEBELL 94% = 2615 8] 1.13 g (L&) 4b (Scheme
2). XU TN IEE A HLA B BN
1.
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Table 2 Substrate scope of purine compounds

R1
|
R OH OH NN
NSNAN L STy (o) I N> HO
RZJ\N/ N> pem, e, toh & N ):\/
H
1

Ph
2a 3
Cl Me OMe N(Boc),
N XN NN NN NTXN
I/t\%-qo I/K/E Y Ho |/t\>HO I Y Ho
kN/ N kN/ N LN/ N kN/ N
Ph Ph Ph Ph
3a: 94% 3b: 70%P 3c: 77%" 3d: 92%

Cl Cl Cl o
Me
NN N XN NN N N
|)I\>HO |)I\>HO I Y Ho | YHo
— e
CI/kN N F)\N N (Boc)zN)\N/ N O)\I}I N
Ph Ph Ph Me by
3e: 96% 3f: 92% 39: 93% 3h: 85%
@ Reaction conditions: 1 (0.3 mmol), 2 (0.33 mmol), Sc(OTf); (5 mol%) in DCM (3 mL) at r.t. for 10 h. Yields of isolated products. ® Reflux for 10 h.

K3 APRERE A AR
Table 3 Substrate scope of ortho-hydroxybenzyl alcohol compounds

cl
cl OH OH . NN
SN L § Sc(OTf)3 (5 mol%) ) Y ho
PP R [ =R*  DCcM,rt, 10h NN s
CI”™N ” = \\/R
4
1e 2 4 R Y
cl Cl cl cl cl
NN NN NN
I \>HO I \>HO I \>HO
Cl)\N/ N CI/kN/ N I)\N/ N
PH PH PH
42:92% 4o 4b:96% e 4c: 88% .
cl
Cl cl
N NS
NN NN L Y HO ‘5
)l\ = >HO )l\ “ >HO OEt NT N ’
c” >N N c” N7 N
Ph
PH ipr Ph
t
4f: 91% 4g: 93% 4h:929%  BU
cl cl cl
NN N7 NTX—N
I)I Y Ho I Y Ho I > HQ
HO
Cl)\N/ N CI/I\N/ N i Cl)\N/ N NN O ) O
O OMe O OMe Me OMe O Me  ome
MeO F cl Me
4k: 95% 41: 89% 4m: 92% 4n: 90% 40: 88%
Cl Cl Cl Cl cl

NN
I)I > Ho
Cl/kN /N\HQ
Y
we”

4p:89%  OMe

NN
A)N:[,\P HO
HzC:)\Q

4q: 85% OMe

Cl

N X
Cl)Nl\/Nt[ N\> 1Q /NKIN\> HQ

c” >N N

NN
I)i >
I)\N/ N> HO
Et iPr H>\©

4r: 83% OMe 4s: 84% OMe 4t: NR

4 Reaction conditions: 1 (0.3 mmol), 2 (0.33 mmol), Sc(OTf); (5 mol%) in DCM (3 mL) at r.t. for 10 h. Yields of isolated products.
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cl OH OH
NSENC L by Sc(OTf); (5 mol%)
Cl)'\N/ N> DCM 30 mL. rt., 10 h
H
OMe

567 mg, 3 mmol
cl
NN
)I\ _ >HO
c” >N N
PH

4b OMe
1.13 g, 94% yield

B2 Gk
Scheme 2 Gram-scale synthesis

1.5 HEXBRFAUTR

N T BB RS, R RS 8 Al
ANF R BRIRIAE RN, 73990 e N34 B g 3 i v
WE. 2-FRFEMEIE . BELL. MLV IF[2,3-DIMENE. QB2 —H
BV JE . 1-F2 0 R R L 4-0 RN 2- 0 ke MR AR
AN, X rh, AT 4-FR I G k4T
TR, LL 81% KR4 2 T AR =4 6 (Scheme 3).

760 mg, 3.3 mmol

0 OH OH £ )‘IN
Sc(OTf)3 (5 mol%
NH + Ph Sc(OThs (S mal%) ~ AN~ o
g DCM, rt, 12 h
N Ph

5 1a 6
81% yield

B 3 4-F Sk by 41 R A S I
Scheme 3 Reaction of 4-hydroxyquinazoline with o-hydroxy-
benzyl alcohol

1.6 FAXMELHTSEIR

HRFHEEERART LS Sc(IDALAL, =T £
ot % 5 R AL AN RSN, 2 SRl R
B A Sk 4 il B B [ L B PE (R 4). TERRESRIE R, )
AR R RN 3 RS ] 0 A B A, ]
PL 41% IR 5% ee G214 3a (Entry 3). i%
S6 2R W T 1k A B % 42 1) s 7 o e B, R
W R TAERLERE— BT+,

2 Zhig

ASCIE Sc(OTH); MEALTER A 254 T SEHL 1 RS
(I RE AL S B, LA 2 5 W AR S 410 W HE 5 2 e 11 i
i, FE RN FE A R LR — T K. TR
i, RN AAFRF B BEAEEBCR. RYEHE) 2z, ™=
Mg R 2R, BE— R T %R Se T, R T
A= R E.
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Table 4 Preliminary investigation on the catalytic asymmetric
version

cl

Cl OH OH Sc(OTfs (5 mol%) \ N
NN, L (5 mol%) I \>HO
L N\> Ph DCM, rt, 12h LN

N

H P "

1a 2a 3a

Entry L Yield/% ee/%

© 2021 Chinese Chemical Society & SIOC, CAS

9 Reaction conditions: 1a (0.3 mmol), 2a (0.33 mmol), Sc(OTf); (5 mol%),
ligand (5 mol%) in DCM (3 mL) at r.t. for 12 h. ? Yields of isolated products.
¢ The ee values were determined by chiral HPLC analysis.

3 ey
31 X5

"H NMR #1 3C NMR 1{# H Bruker Avance 111 HD 600
8 Avance 400 MHz A% G LRGN %€ (1778 CDCl; A
DMSO-de). =i5r #EiEfii H ABI/Sciex QStar Jii #5{X,
FUCRFN Z KA 35 AT, BoRFAMZFERMH 79
HHATTHEL. FEEMTEH 200~300 HEER, S256 075k
Fls W FUBREFIR UL AN T8, o/ TR alifh Ab 2.
32 SWHE

EZSHET, 10 mL N E K IONA 0.3 mmol
204, 0.33 mmol AR F23E K%, 0.015 mmol =i FHREFR T,
BN 3 mL S E(DCMYERIET], SR TR
10 he N EERJE, )ROSR A N PR Sk B VA
(3.0 mL)LAEK N, FH 4R CFR(5.0 mLX3)ZEEL. £
BUAH FH KBRS R BT 18 i Dk Fe AR 408 ok 2V 771, A =
SREAEEMNT VR B © NZR ZE)=4:1~2 115
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2-((6-F-9H-WE WS -9- ) (FR ) FH L) Ky (3a): HI 8
1A, 94.9 mg, F7& 94%. mp. 117.3~119.3 C; 'H
NMR (400 MHz, CDCl;) o: 8.82 (s, 1H), 8.66 (s, 1H), 8.04
(s, 1H), 7.41 (s, 1H), 7.34 (dd, J=5.2, 2.0 Hz, 3H), 7.17~
7.08 (m, 3H), 6.89~6.80 (m, 3H); *C NMR (100 MHz,
CDCl;) d: 154.8, 152.0, 151.7, 151.1, 145.8, 137.0, 131.6,
130.5, 129.5, 129.1, 128.6, 127.7, 123.9, 120.4, 116.4,
58.4; HRMS (ESI-TOF) calcd for CisHsCIN,O [M+H]"
337.0851, found 337.0844.

2-((6-H -9 H- A -9- B ) (ZR 2k ) FH 6 ) K T3 (3b):
sk, 66.3 mg, 7 70%. m.p. 124.4~126.1 C; 'H
NMR (600 MHz, CDCl3) 6: 9.59 (s, 1H), 8.77 (s, 1H), 7.91
(s, 1H), 7.44 (s, 1H), 7.37~7.32 (m, 3H), 7.17~7.12 (m,
2H), 7.07 (ddd, J=8.4, 7.2, 2.4 Hz, 1H), 6.80~6.74 (m,
2H), 6.70 (dd, J=8.4, 1.2 Hz, 1H), 2.78 (s, 3H); *C NMR
(150 MHz, CDCl3) 0: 159.8, 155.1, 151.9, 150.3, 144.4,
137.5, 133.3, 130.1, 129.1, 128.8, 128.6, 128.0, 124.6,
112.0, 116.1, 57.7, 19.4; HRMS (ESI-TOF) calcd for
CioH;7N,O [M+H]" 317.1397, found 317.1391.

2-((6- F 4 JE -9 H-WE 14y -9 FE ) (2R 38 ) FT ) K ) (Be):
H &k, 76.7 mg, 723 77%. m.p. 197.5~199.0 C; 'H
NMR (600 MHz, DMSO-ds) 6: 9.89 (s, 1H), 8.49 (s, 1H),
8.06 (s, 1H), 7.38~7.35 (m, 2H), 7.34~7.30 (m, 2H),
7.21~7.18 (m, 1H), 7.15 (d, J=7.2 Hz, 2H), 6.90 (dd, J=
8.4, 42 Hz, 1H), 6.86 (d, J=7.8 Hz, 1H), 6.78 (t, J=7.2
Hz, 1H), 4.09 (s, 3H); *C NMR (150 MHz, DMSO-ds) o:
160.4, 155.0, 152.0, 151.6, 142.8, 138.4, 129.6, 129.0,
128.7, 127.9, 127.5, 124.5, 120.7, 119.1, 115.5, 56.2, 54.0;
HRMS (ESI-TOF) caled for Ci9oH;7N4O, [M + H] ©
333.1346, found 333.1349.

2-((6- KU (U T SR ) 2 FE -9 H-PEE IS -9- ) (R 2k ) Y
FYRM(3d): T IHPIRIBEAR, 142.8 mg, F2% 92%. 'H
NMR (600 MHz, CDCl3) : 8.79 (s, 1H), 8.74 (s, 1H), 7.89
(s, 1H), 7.43 (s, 1H), 7.33 (dd, J=5.4, 1.8 Hz, 3H), 7.13~
7.10 (m, 2H), 7.07 (td, J=7.8, 1.8 Hz, 1H), 6.75 (td, J=
7.8, 1.2 Hz, 1H), 6.69 (td, J=7.8, 1.2 Hz, 2H), 1.42 (s,
18H); 3C NMR (150 MHz, CDCl3) §: 154.8, 153.1, 151.8,
150.5, 150.4, 145.3, 137.5, 130.2, 129.2, 129.0, 128.6,
128.5, 127.9, 124.1, 119.9, 116.0, 84.2, 57.8, 27.8; HRMS
(ESI-TOF) caled for CasH3NsOs [M+H]" 518.2398,
found 518.2392.

2-((2,6- L -OH-TE WA 19- BL ) (K 5L ) HY 56 ) K 3 (3e):
HEEA, 107.1 mg, 7% 96%. m.p. 189.9~191.8 C;
'H NMR (600 MHz, DMSO-ds) : 9.97 (s, 1H), 8.47 (s,

Chin. J. Org. Chem. 2021, 41, 4391~4399

© 2021 Chinese Chemical Society & SIOC, CAS

1H), 7.42~7.34 (m, 3H), 7.28~7.25 (m, 1H), 7.25~7.19
(m, 3H), 6.92~6.86 (m, 2H), 6.80 (tt, J=7.8, 1.8 Hz, 1H);
3C NMR (150 MHz, DMSO-ds) 6: 155.0, 153.2, 151.1,
150.0, 147.5, 137.2, 130.5, 130.0, 129.1, 128.8, 128.2,
127.7, 123.8, 119.2, 115.6, 57.0; HRMS (ESI-TOF) calcd
for C;sHCpNyNaO [M + Na] © 393.0280, found
393.0276.

2-((2- F-6- -9 H-VE W4 -9 FL ) (2K FE ) H 3 ) 2K 3 (31):
4 E A, 98.0 mg, 7&K 92%. m.p. 107.4~109.1 °C;'H
NMR (600 MHz, CDCls) d: 8.00 (s, 1H), 7.39~7.35 (m,
3H), 7.26 (s, 1H), 7.24 (td, J=7.8, 1.8 Hz, 1H), 7.13~
7.10 (m, 3H), 6.95 (dd, J=7.8, 1.8 Hz, 1H), 6.92~6.88
(m, 2H); 3C NMR (150 MHz, CDCly) 6: 157.4 (d, J=
219.0 Hz), 154.2, 153.7 (d, J=16.5 Hz), 152.6 (d, J=18.0
Hz), 146.3 (d, J=3.0 Hz), 136.6, 130.8, 130.1, 130.1 (d,
J=4.5Hz), 129.2, 128.8, 127.5, 123.7, 121.0, 116.4, 58.4;
F NMR (565 MHz, CDCls) 0: —48.98; HRMS (ESI-
TOF) caled for CisHi,CIFN,NaO [M+Na]® 377.0576,
found 377.0575.

2-((2- MR T A Ak ) 2 Fk-6- S -9 H- IR 14 -9- ) (O
Y E) KM (3g): LRI, 154.0 mg, 773 93%.
'H NMR (600 MHz, CDCl;) 6: 8.17 (s, 1H), 7.97 (s, 1H),
7.31 (s, 1H), 7.29~7.26 (m, 3H), 7.15 (td, J=7.8, 1.8 Hz,
1H), 6.99~6.95 (m, 2H), 6.84~6.79 (m, 3H), 1.25 (s,
18H); *C NMR (150 MHz, CDCl3) 0: 154.8, 152.6, 151.7,
151.1, 150.5, 146.4, 137.2, 130.6, 130.1, 129.6, 129.0,
128.4, 127.3, 123.6, 120.2, 116.2, 83.9, 57.8, 27.7; HRMS
(ESI-TOF) caled for CasH3CINsOs [M+H]" 552.2008,
found 552.2006.

9-((2-FRFE R H (R H) I Ak )-1,3- I 6 -3,9- 5%
Fe-1H-TE ¥y 2,6- —Ji (3h): [ E A, 92.3 mg, 5%
85%. m.p. 236.3~238.0 ‘C; '"H NMR (400 MHz, CDCl;)
8: 7.64 (s, 1H), 7.42 (s, 1H), 7.35 (dd, J=5.2, 2.0 Hz, 3H),
723 (td, J=7.6, 1.6 Hz, 1H), 7.09 (dd, J=6.8, 2.8 Hz,
2H), 6.96~6.84 (m, 3H), 6.82 (dd, J=7.6, 1.6 Hz, 1H),
3.58 (s, 3H), 3.35 (s, 3H); *C NMR (100 MHz, CDCls) ¢:
155.7, 154.2, 151.7, 149.3, 1412, 137.5, 130.3, 129.1,
129.1, 128.6, 128.0, 125.1, 121.0, 117.0, 107.4, 59.1, 30.0,
28.3; HRMS (ESI-TOF) calcd for CyoH;sN4sNaOs; [M+
Na]" 385.1271, found 385.1274.

2-((2,6- S -OH-VE M -9- FL ) (SR 58 )- FH Jik )-4- FE LR
My (4a): HEEE, 1062 mg, 5% 92%. m.p. 241.0~
242.8 “C; 'H NMR (600 MHz, DMSO-ds) d: 9.70 (s, 1H),
8.48 (s, 1H), 7.38 (dd, J=14.4, 6.6 Hz, 3H), 7.23 (s, 1H),
721 (d, J=7.2 Hz, 2H), 7.02 (d, J=7.2 Hz, 1H), 6.78 (d,

http://sioc-journal.cn/ 4395
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J=8.4 Hz, 1H), 6.73 (s, 1H), 2.13 (s, 3H); *C NMR (150
MHz, DMSO-ds) d: 153.2, 152.7, 151.1, 150.0, 147.5,
137.4, 130.5, 130.3, 129.3, 128.8, 128.2, 127.7, 127.7,
123.5, 115.5, 56.9, 20.2; HRMS (ESI-TOF) calcd for
C19H14CLN,NaO [M+Na]™ 407.0437, found 407.0434.

2-((2,6- G -OH-ME Wy -9 Jh ) (IR 8 )- FH 2 )-4- 4
ZKWy(4b): AMGE, 115.5 mg, 773 96%. m.p. 202.0~
203.7 “C; 'H NMR (600 MHz, DMSO-ds) 0: 9.48 (s, 1H),
8.53 (s, 1H), 7.39 (dt, J=13.8, 6.6 Hz, 3H), 7.23 (s, 2H),
7.22 (s, 1H), 6.83 (dd, J=8.4, 2.4 Hz, 1H), 6.81 (d, J=8.4
Hz, 1H), 6.47 (d, J=3.0 Hz, 1H), 3.59 (s, 3H); '*C NMR
(150 MHz, DMSO-ds) 0: 153.2, 152.0, 151.1, 150.0, 148.8,
147.6, 137.1, 130.5, 128.8, 128.2, 127.7, 124.5, 116.2,
115.3, 114.6, 57.0, 55.3; HRMS (ESI-TOF) calcd for
C19H14CLN,NaO, [M+Na]" 423.0386, found 423.0385.

2-((2,6- S -9H-WENA -9 FE ) (I )- F I )-4- i 2K 19y
(4c): AME K, 102.7 mg, 7% 88%. m.p. 203.5~
205.0 ‘C; 'H NMR (600 MHz, DMSO-ds) d: 9.99 (s, 1H),
8.56 (s, 1H), 7.43~7.36 (m, 3H), 7.25 (d, J=7.8 Hz, 3H),
7.07 (td, J=8.4, 3.0 Hz, 1H), 6.87 (dd, J=9.0, 4.8 Hz,
1H), 6.70 (dd, J=9.6, 3.0 Hz, 1H); *C NMR (150 MHz,
DMSO-ds) 0: 155.1 (d, J=232.5 Hz), 153.2, 151.3 (d, J=
1.5 Hz), 151.1, 150.0, 147.5, 136.7, 130.5, 128.9, 128.4,
127.7, 125.1 (d, J=7.5 Hz), 116.5 (d, J=7.5 Hz), 116.3
(d, J=22.5 Hz), 115.7 (d, J=24.0 Hz), 56.8; '°F NMR
(565 MHz, DMSO-ds) 0: —124.58; HRMS (ESI-TOF)
caled for CisH;;CLFN,NaO [M+Na]" 411.0186, found
411.0183.

2-((2,6- S -OH-VE W -9- F ) (SR 5k )- Y 35 )-4- SR Ty
(4d): A, 1119 mg, =% 92%. m.p. 250.7~
2523 ‘C; 'H NMR (600 MHz, DMSO-ds) 6: 10.29 (s,
1H), 8.59 (s, 1H), 7.48~7.36 (m, 3H), 7.34~7.16 (m,
4H), 6.95~6.81 (m, 2H); '3C NMR (150 MHz, DMSO-ds)
9: 154.0, 153.2, 151.1, 150.0, 147.6, 136.6, 130.5, 129.8,
129.0, 128.8, 128.5, 127.7, 125.8, 122.6, 117.2, 56.7;
HRMS (ESI-TOF) calcd for CisH;;C1sN;NaO [M+Na]®
426.9891, found 426.9891.

2-((2,6- G -OH-ME Wy -9 F ) (IR 28 )- F 2 )-4- YR 2K iy
(4e): AME K, 122.8 mg, & 91%. mp. 2372~
238.8 ‘C; 'H NMR (400 MHz, DMSO-ds) o: 10.32 (s,
1H), 8.59 (s, 1H), 7.51~7.31 (m, 4H), 7.31~7.17 (m,
3H), 7.01 (d, J=2.4 Hz, 1H), 6.84 (d, J=8.4 Hz, 1H); 1*C
NMR (100 MHz, DMSO-dq) d: 154.5, 153.2, 151.1, 150.0,
147.6, 136.6, 132.7, 131.6, 130.5, 129.0, 128.4, 127.7,
126.3, 117.7, 110.2, 56.7; HRMS (ESI-TOF) caled for
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CisH; 1 BrCLN;NaO [M+Na]" 470.9386, found 470.9385.

2-((2,6- G -OH-ME Y -9-F ) (IR 5 )- F 2L )-5- S A 2
Ky (4f): AOEE, 112.7 mg, 7% 91%. m.p. 210.0~
211.9 C; 'H NMR (600 MHz, CDCl;) d: 8.06 (s, 1H),
7.36~7.33 (m, 3H), 7.28 (s, 1H), 7.10~7.05 (m, 2H),
6.90~6.85 (m, 2H), 6.77 (d, J=6.0 Hz, 2H), 2.82 (hept,
J=6.6 Hz, 1H), 1.19 (dd, J=7.2, 1.8 Hz, 6H); 3C NMR
(150 MHz, CDCLy) 0: 154.1, 153.2, 153.2, 152.3, 151.6,
146.4, 137.0, 130.6, 130.1, 129.1, 128.6, 127.4, 121.2,
119.2, 114.7, 58.3, 33.9, 23.9, 23.9; HRMS (ESI-TOF)
caled for CyH;9CLN,O [M + H] " 413.0930, found
413.0925.

2-((2,6- — S -9H-WEWS -9 F )R JE )- H 2 )-6- H 41 5
Ky (4g): TCEIMARTAA, 115.8 mg, 723 93%. 'H NMR
(400 MHz, CDCl;) d: 8.00 (s, 1H), 7.41~7.31 (m, 4H),
7.15~7.07 (m, 2H), 6.88 (dd, J=8.0, 1.6 Hz, 1H), 6.81 (t,
J=8.0 Hz, 1H), 6.53 (d, J=7.6 Hz, 1H), 5.99 (s, 1H), 4.11
(q, J=6.8 Hz, 2H), 1.41 (t, J=6.8 Hz, 3H); *C NMR (100
MHz, CDCl3) 6: 153.3, 153.0, 151.6, 146.2, 146.1, 143.91,
136.9, 130.8, 129.1, 128.6, 127.5, 123.1, 121.0, 120.1,
1122, 64.9, 57.6, 14.9; HRMS (ESI-TOF) calcd for
Ca0H16C1LNyNaO, [M+Na]" 437.0543, found 437.0540.

6-((2,6- S -9H-TEIA -9 L) (R FE)-H HE)-2,4- U T
B Wy (4h): A B4R, 1333 mg, 7EE 92%. m.p.
156.5~158.2 C; '"H NMR (600 MHz, CDCl;) J: 8.05 (s,
1H), 7.39~7.34 (m, 5H), 7.10~7.06 (m, 2H), 6.90 (d, J=
2.4 Hz, 1H), 5.59 (s, 1H), 1.41 (s, 9H), 1.20 (s, 9H); 3C
NMR (100 MHz, CDCly) d: 153.2, 153.0, 151.8, 150.3,
145.9, 143.7, 137.0, 137.0, 130.9, 129.2, 128.7, 127.2,
125.1, 125.0, 124.9, 58.5, 34.6, 34.5, 31.5, 30.4; HRMS
(ESI-TOF) caled for CayHaCLN,NaO [M + Na] *
505.1532, found 505.1534.

1-((2,6- - 5 -OH-TE W4 -9 JE ) (A I )- T 3 ) 28 Iy -2- i
(4i): AR, 113.6 mg, F“% 90%. mp. 137.6~
139.6 C; '"H NMR (600 MHz, CDCl;) 6: 8.54 (s, 1H),
8.19 (d, J=9.0 Hz, 1H), 8.01 (d, J=10.2 Hz, 2H), 7.86~
7.79 (m, 2H), 7.56 (ddd, J=8.4, 6.6, 1.2 Hz, 1H), 7.40
(ddd, J=17.8, 6.6, 1.2 Hz, 1H), 7.32 (dd, J=4.8, 1.8 Hz,
3H), 7.22 (d, J=9.0 Hz, 1H), 7.13~7.04 (m, 2H); *C
NMR (150 MHz, CDCly) o: 153.7, 153.4, 153.4, 151.3,
148.3, 137.1, 133.0, 132.0, 129.8, 129.4, 129.3, 129.2,
128.4, 128.1, 126.8, 124.0, 121.9, 119.3, 114.8, 55.6;
HRMS (ESI-TOF) calcd for CHisCLNsNaO [M+Na]®
443.0437, found 443.0431.

2-((2,6- S -9H-WEWA -9-J ) (4- FH IR B8 - FE 2L )-4-H 44
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KW 4)): AEFEMA, 117.0 mg, 77 F 94%. mp.
193.2~194.9 C; 'H NMR (600 MHz, DMSO-ds) J: 9.45
(s, 1H), 8.50 (s, 1H), 7.24~7.16 (m, 3H), 7.11 (d, J=7.8
Hz, 2H), 6.85~6.76 (m, 2H), 6.46 (s, 1H), 3.59 (s, 3H),
2.30 (s, 3H); *C NMR (150 MHz, DMSO-ds) d: 153.2,
152.0, 151.1, 145.0, 148.7, 147.6, 137.6, 134.2, 130.5,
129.4, 127.6, 124.6, 116.2, 115.2, 114.4, 56.8, 55.3, 20.7;
HRMS (ESI-TOF) caled for CyH;7CLN4O, [M+H]"
415.0723, found 415.0715.

2-((2,6- G -9H-NEWS-9-J) (4- H A 2 IR 2t )- Y 3 )-4-
AL AT (4k): A OEE, 122.8 mg, 775 95%. m.p.
174.6~176.6 ‘C; '"H NMR (600 MHz, DMSO-dc) J: 9.43
(s, 1H), 8.49 (s, 1H), 7.21~7.14 (m, 3H), 6.98~6.92 (m,
2H), 6.81 (t, J=2.4 Hz, 2H), 6.46 (s, 1H), 3.75 (s, 3H),
3.60 (s, 3H); *C NMR (150 MHz, DMSO-ds) d: 159.1,
153.2, 152.0, 151.0, 149.9, 148.6, 147.6, 130.5, 129.2,
128.9, 124.8, 116.2, 115.0, 114.3, 114.2, 56.7, 55.3, 55.2;
HRMS (ESI-TOF) calcd for CaH;sC1,NgNaO3; [M+Na]®
453.0492, found 453.0489.

2-((2,6- 5 -9H-FEWS-9-FL) (4-Ji 2K Ik ) - FF 3L )-4- F 4
By @): AGEAA, 1119 mg, 77 F 89%. m.p.
196.2~197.6 ‘C; 'H NMR (600 MHz, DMSO-ds) J: 9.49
(s, 1H), 8.53 (s, 1H), 7.30 (dd, J=9.0, 6.0 Hz, 2H), 7.26~
7.20 (m, 3H), 6.84 (dd, J=9.0, 3.0 Hz, 1H), 6.81 (d, J=
9.0 Hz, 1H), 6.46 (d, J=3.0 Hz, 1H), 3.60 (s, 3H); 3C
NMR (150 MHz, DMSO-de) 6: 161.8 (d, J=243.0 Hz),
153.2, 152.0, 151.1, 145.0, 148.6, 147.6, 133.3 (d, J=3.0
Hz), 130.6, 130.1, 130.0 (d, J=7.5 Hz), 124.4, 116.3,
115.7, 115.6, 114.9, 114.6, 56.53, 55.3; YF NMR (565
MHz, DMSO-ds) o: —113.95; HRMS (ESI-TOF) calcd
for CioH;3CLFN4NaO, [M + Na] © 441.0292, found
441.0286.

2-((2,6- S -9H-WEW -9-J ) (4- SR 5L - FH 2 )-4-H 4
FOK W (4m): A O E K, 1202 mg, 75F 92%. mp.
211.3~212.5 “C; "H NMR (600 MHz, DMSO-ds) J: 9.52
(s, 1H), 8.55 (s, 1H), 7.46 (d, J=8.4 Hz, 2H), 7.25 (d, J=
8.4 Hz, 2H), 7.22 (s, 1H), 6.84 (dd, J=9.0, 3.0 Hz, 1H),
6.82 (d, J=9.0 Hz, 1H), 6.48 (s, 1H), 3.60 (s, 3H); 13C
NMR (150 MHz, DMSO-de) d: 153.4, 152.2, 151.2, 150.1,
148.8, 147.7, 136.3, 133.1, 130.7, 129.8, 128.9, 124.2,
116.5, 115.2, 114.9, 56.7, 55.5; HRMS (ESI-TOF) calcd
for CioH;3C1NgNaO, [M + Na] ©  456.9996, found
456.9990.

2-((2,6- 5 -9H-FEWS-9-F)(3- F 2R 3k )- F 3L )-4- F 4
B dn): AMGEAK, 1120 mg, 2 FE 90%. m.p.
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202.9~204.4 °C; '"H NMR (600 MHz, DMSO-ds) 0: 9.46
(s, 1H), 8.52 (s, 1H), 7.28 (t, J=7.8 Hz, 1H), 7.18 (d, J=
7.8 Hz, 2H), 7.07 (s, 1H), 7.00 (d, J=7.8 Hz, 1H), 6.87~
6.75 (m, 2H), 6.46 (d, J=3.0 Hz, 1H), 3.59 (s, 3H), 2.27
(s, 3H); 3C NMR (150 MHz, DMSO-ds) J: 153.2, 152.0,
151.1, 150.0, 148.7, 147.6, 138.2, 137.1, 130.5, 128.9,
128.7, 128.2, 124.8, 124.6, 116.2, 115.3, 114.4, 56.9, 55.3,
21.0; HRMS (ESI-TOF) caled for CyoH16CI:N4NaO, [M+
Na]" 437.0543, found 437.0542.

2-((2,6- -5 -9H-FEWS-9-F)(2- F 2 Ik )- F 3L )-4- L 4
F KWy (40): HEEAE, 109.5 mg, FFE 88%. m.p.
124.0~126.0 C; 'H NMR (600 MHz, DMSO-ds) J: 9.51
(s, 1H), 8.44 (s, 1H), 7.29 (s, 1H), 7.28 (d, J=4.2 Hz, 2H),
7.20 (dp, J=8.4, 3.9 Hz, 1H), 6.91 (d, J=7.8 Hz, 1H),
6.84 (s, 2H), 6.34 (s, 1H), 3.58 (s, 3H), 2.15 (s, 3H); 1*C
NMR (150 MHz, DMSO-de) d: 153.1, 152.1, 151.2, 150.1,
148.8, 147.6, 135.6, 135.5, 130.8, 130.6, 128.3, 126.7,
126.4, 123.6, 116.2, 114.8, 114.5, 55.2, 54.2, 18.6; HRMS
(ESI-TOF) caled for CaH;sCbN4yNaO, [M + Na] *
437.0543, found 437.0540.

2-(1-(2,6- - S -9H-WEWS -9- ) [ -2-Jfe - 1- 3 )-4- HI 45,
R W (4p): HGIELE, 93.2 mg, 775 89%. m.p. 128.2~
130.2 C; '"H NMR (600 MHz, CDCl;) 6: 8.31 (s, 1H),
7.63 (s, 1H), 7.34 (d, J=3.0 Hz, 1H), 6.85 (d, J=9.0 Hz,
1H), 6.80 (dd, J=8.4, 3.0 Hz, 2H), 3.79 (s, 3H), 2.83 (d,
J=2.4 Hz, 1H); 3C NMR (150 MHz, CDCls) J: 154.0,
153.0, 152.1, 151.9, 147.6, 144.9, 130.7, 122.4, 118.7,
116.7, 114.8, 77.6, 56.0, 46.6; HRMS (ESI-TOF) calcd for
C15H1oC1.N4NaO, [M+Na]" 371.0073, found 371.0071.

2-(1-(2,6- —E-9H-ME4-9-F5) 7, 475 3k )-4- F A JE 2R Wy
(4q): A E K, 89.5 mg, /7% 85%. mp. 177.6~
179.6 °C; 'H NMR (600 MHz, DMSO-ds) d: 9.25 (s, 1H),
8.79 (s, 1H), 6.94 (d, J=3.0 Hz, 1H), 6.82 (d, J/=16.2 Hz,
1H), 6.74 (d, J=9.0 Hz, 1H), 6.69 (dd, J=9.0, 3.0 Hz,
1H), 6.49 (dt, J=15.6, 6.0 Hz, 1H), 5.05 (dd, J=6.0, 1.8
Hz, 2H), 3.65 (s, 3H); *C NMR (150 MHz, DMSO-dj) 9:
153.4, 152.2, 151.0, 149.6, 148.9, 148.4, 130.5, 128.7,
122.8, 122.7, 116.6, 115.3, 111.1, 55.4, 46.1; HRMS (ESI-
TOF) caled for CisH;2CLNsNaO, [M+Na]® 373.0230,
found 373.0230.

2-(1-(2,6- G -OH-WE W4 -9- B ) [ JE )-4- H A R 2K iy
(4r): AR, 87.9 mg, 7% 83%. mp. 154.6~
155.6 C; '"H NMR (600 MHz, CDCl;) o: 8.44 (s, 1H),
8.02 (s, 1H), 7.08 (d, J=3.0 Hz, 1H), 6.86 (d, /=9.0 Hz,
1H), 6.73 (dd, J=9.0, 3.0 Hz, 1H), 5.76 (t, J=7.8 Hz,
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1H), 3.78 (s, 3H), 2.61~2.52 (m, 2H), 0.99 (t, J=7.2 Hz,
3H); *C NMR (150 MHz, CDCl3) J: 153.5, 153.1, 152.8,
151.3, 148.5, 146.3, 130.3, 124.6, 117.7, 115.2, 114.9,
58.4, 56.0, 25.4, 11.4; HRMS (ESI-TOF) calcd for CisHs-
CI,N4NaO, [M+Na]" 375.0386, found 375.0385.

2-(1-(2,6- - & -OH-MEWS_9-F5 )2 H F_ P 3)-4- F 48
FOR M (4s): T EHPIREAR, 92.5 mg, M@ % 84%. 'H
NMR (600 MHz, CDCl3) ¢: 8.68 (s, 1H), 8.24 (s, 1H), 7.11
(d, J=3.0 Hz, 1H), 6.88 (d, /=8.8 Hz, 1H), 6.71 (dd, J=
8.8, 3.0 Hz, 1H), 5.37 (d, J=11.4 Hz, 1H), 3.76 (s, 3H),
3.31 (dp, J=11.4, 6.6 Hz, 1H), 1.01 (d, J=6.6 Hz, 3H),
0.89 (d, J=6.6 Hz, 3H); 3C NMR (150 MHz, CDCl;) ¢:
153.4, 153.2, 153.0, 151.3, 148.3, 146.7, 130.0, 124.5,
117.8, 116.0, 115.4, 64.8, 56.0, 29.7, 20.5, 20.4; HRMS
(ESI-TOF) caled for Ci¢Hi6Cl:N4NaO, [M + Na] *
389.0543, found 389.0540.

3-((2-FR B IR BL) R L) HE Ik M e bk -4(3 H) -1l (6): 1
il Ak, 80.1 mg, 7% 81%. m.p. 133.6~135.5 C; 'H
NMR (400 MHz, CDCls) é: 8.37 (s, 1H), 8.28 (dd, J=38.0,
1.6 Hz, 1H), 8.08 (s, 1H), 7.69 (ddd, J=8.4, 7.2, 1.6 Hz,
1H), 7.63 (d, J=7.2 Hz, 1H), 7.53 (s, 1H), 7.44 (ddd, J=
8.0, 7.2, 1.2 Hz, 1H), 7.38~7.29 (m, 3H), 7.22~7.16 (m,
2H), 7.14 (td, J=17.6, 1.6 Hz, 1H), 6.97 (dd, J=17.6, 1.6
Hz, 1H), 6.84 (t, J=7.6 Hz, 2H); 3C NMR (100 MHz,
CDCly) d: 161.6, 155.1, 147.4, 146.0, 137.4, 134.7, 130.2,
129.0, 128.2, 128.1, 127.6, 127.2, 127.1, 124.5, 121.7,
120.4, 116.6, 57.6; HRMS (ESI-TOF) calcd for CyHis-
N,O, [M+H]" 329.1285, found 329.1286.

4B KL (Supporting Information) {L5%) 3 F14 (1%
T L AR SV A B . X A RE AT DL A 9 A T IR il
(http://sioc-journal.cn/) I N %K.
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