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Design, Synthesis and Structure-Activity Relationship Study of Pyri-
midine-Fused Diazepine Derivatives as LSMBTL3 Inhibitors

Zhou, Hao Che, Xin

Bao, Guochen

Wang, Na Bai, Xu™

(Center for Combinatorial Chemistry and Drug Discovery of Jilin University, School of Pharmaceutical Sciences , Changchun
130021)

Abstract Histone methylation is one of epigenetic marks and its deregulation is linked to many diseases. Malignant brain
tumor (MBT) domain protein is one of proteins that could read methylated lysine (Kme) of histones. L3MBTLI, a
representative member of the MBT family, is related to transcriptional repression, hematopoietic function and tumor formation.

Developing a potent and selective inhibitor of L3MBTL1 can help explain the regulatory mechanisms and validate its

drugability. Active compound 1 for L3MBTL3 from a library of pyrimidine-fused diazepines was initially obtained. By
incorporating the structural features of reported binders, the structure-activity relationship (SAR) studies were conducted,
which led to four novel L3MBTL3 inhibitors with ICs, values under 1 ;.Lm01°L71.

Keywords pyrimidine-fused diazepine; L3MBTL3; inhibitor; SAR study
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KA LAMBTL3 /N3 TH%F UNC2533M (1 1a A,

UNC1215-L3MBTL3 (pdb 4FL6) I3 i 45 7y & (B
1b) 3 W IX St 351 15 28 2 DAURE K 2 0 2 A B
ghi4y. W 1 AR, LAMBTLS 40657503 & A AN I Fr
Fy%%&ﬁ%ﬁﬁmméﬁﬁﬁTﬁkﬁmens
SR P A B R, 5 — NSRRI 5 —
F L3MBTL3 [R5 D48, ﬁﬁ¢“?%ﬁA§ER
mEA%mﬁwbﬁwﬁﬁ@mﬁ%Tmensﬁﬁ
R R DA R A 1 T 3R 4 R R R R
ﬁhTﬂﬁ5%¢Lﬁmﬂﬁﬁﬁm4%%M%%§%
FEA R I T

SIS AT T8 6 iy 7 A0, 8 LA 9 i
AFIBUR s 3 A N, AT UNC1215 KIS
AT L[] 4-nbms dor JE R M 5% 422 B AN () s e 5 —
EY 4 AL, BRI LAMBTL3 & EE RN T

Yoo, )

UNC121 5
L3MBTL3 Alphascreen IC5y = 0.04 umol/L
ITC: K4 =120 nmol/L

UNC1679
L3MBTL3 Alphascreen IC5¢ = 0.17 pmol/L
ITC: K4 = 350 nmol/L
Improved selectivity

OO

UNC2533
L3MBTL3 Alphascreen IC59 = 0.062 umol/L
ITC: Kgq = 370 nmol/L

L3MBTL3& H—

&Y, KRILT LIMBTL3 iG-S 1(B 2 FiR).

B RIE ) L3IMBTL3 1018l 571 f &5 4 5 £m] 60,
L3MBTL3 w54l B R B 45 6. APl
Eehib b, B A& 1 1E RN S E DRI T R R0OE R AT
FU: [ EMENE I R R 4 A 4-IEE R IRE, 4
BIERL 6 (1A 9 Fr5I N7 Ab— AR IERE PR 5L R AF
FOTEPERI M. 2%, KB T VYA ICso [ E A ik
FE)/NF 1 umol+L ™" ) LAMBTL3 il 5

1 HR5R

1.1 LEYNER

BATCLRT I TR g ) (22 Jyiedf skl 78
RRMESEAE T SRR R AR, A T EF —
RERNEY) 3a~3g. RIaHHENLEY) 3 1 4-A18L

L3MBTL3ZE [~ \\
\N

op*@

B 1 SRiER L3MBTL3 #5145 #(a) & UNC1215-L3MBTL3 (pdb 4FL6)HH: & 45 1 B (b)
Figure 1 Structure of reported L3MBTL3 binders (a) and X-ray crystal structure of the UNC1215-L3MBTL3 (b)
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6-7 HEAT A% BUAR BRIVE b [ N AF B4 72 1, 5~16
(B 2600 Scheme 1 fTzR). B AMRATTR H B 91418 1Y
EOTERPE R T HhaEk 2b F1 2¢, [EIRES AR HBHZ
A-NEAT 9-A7 FEAT BAR BRI ek [ N A5 B & 7= 17~22
(B 260 Scheme 2 il Scheme 3 fizR). MILE T
19 ANEEnE I R EATAEN A Y, XK W SRR IRIE F
A HERIZ 'THNMR, C NMR F1 HRMS FiiiF.
1.2 FEMERS5TE

A E DR A AE 7 £ E LR B Ry R AU

11173 % (University of North Carolina at Chapel Hill)[
Frye WA . NRZRMEWIEREE, Bk L3IMB-
TL3 E A, HAMNERE T 6 FASF SR I H 2403 R
P58 [ #E AT IR L3AMBTL3 () [A ¥ & 1 L3MB-
TL1" MBTD1™!; chromodomain &M CBX7!),
PHD %5 7 JARIDIA!RT PHF23"8; H3 16 Tudor 15
EH 53BP1M,

%M LANCE® TR-FRET R J7 39104k & 9%t
L3MBTL3 &P, [FIES, SR H [R5 4R I & 6O %

0
Cl R R
/ \N
N
f N7 b
aor m):(\)zo " . N—
c ¢l > N }“ CN—CN /_\/N
o) N=
N -
» ):o o 3c~3f 1,12~14
N™ N ( 1 R2
/ 0 R\N M o)
—p2 —
2a N OQS o R R! 7//\NJ\
f g Cl b o] N
N — — -~
N N
| o N™S 2
kN/ L ):o N N N
/N N N N:/
3g 4e,’4f 15,16
C -/\ : : 1
Br N N R\
Br N\Rz
a (¢]] b (o}
— N N N
N™ X
L J:o Y N NN
c al > / ;\l /
o % 4
N7 0 —1 a R 5-8 i
LA \ N-ge
N™ °N N~R2 R
/ O— /\—/\
N
2a cl Q 5
a N d, e 0) b
L = N R A
lN/ Nfo cl Q N Q
N
/ N N
N
3*’ LA o LA
N° °N N /N
I ab-ad 9~11
3¢, 1:R /©/3d 12:R O 13:R 3f, 14 R (\N/4 6, 10: R'NR? O
c,1:R= . ,12:R= : ‘R= : ,14: R = . ,6,10: = .
; oSN ;3,13 >N ' )\{\/N\) P e N ’

~
\ N
4d, 4f, 5,11, 16: R'NR? =-- /\:>7N<:’ :RINR2 = . :RINR2 = (\ g pINR2 =
- . 4b,7,9:R'NR N . 4e, 15: R'NR :\/N\) ; 8:R'NR N

9

Reaction conditions: (a) 1) TFA, CH;CN, reflux; 2) HOAc, toluene, reflux. (b) 4-(pyrrolidin-1-yl)piperidine, TEA, n-BuOH, reflux. (c) Cul,
L-proline, KsPO,, DMSO, 100 °C. (d) BBrs, dry DCM. (e) CI(CH,)s R'NR?, KI, NaOH, CHsCN, reflux. (f) NH,R, TEA, CHsCN, reflux. (g) 1)

MeOH, NaOH; 2) R'NHR? EDCI, HOBt + TEA, DMF
1

HFrb &9 1 A1 5~16 & K51

Scheme 1 Syntheses of target compounds 1 and 5~16
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Scheme 2 Syntheses of target compounds 17 and 18
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H
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Scheme 3 Syntheses of target compounds 19~22

(AlphaScreen®™)?"%t L3MBTL1.53BP1.MBTDI.CBX7. . 1. LANCE® TR-FRET lli& /5725 AlphaScreen Jlll i
JARIDIA. PHF23 iX 6 Ml (BTG TR, SKinsh R TR MR R(R?=0.8)"),

# 1 LANCE TR-FRET 1 AlphaScreen™ i3 I 5 i ICso 8 (umol*L™")*
Table 1 ICs, values (umol*L ") determined by LANCE TR-FRET assay and AlphaScreen®™ Assay

No. L3MBTL3 (LANCE) L3MBTLI1 MBTD1 53BP1 CBX7-F Jarid1 A PHF23
UNCI1215 0.066+0.03 42%29 46129 33+22 >100 >100 >100
1 5.8+0.38 16+8.7 >100 >100 >100 >100 >100
5 0.18+0.015 16+8.7 >100 >100 >100 >100 >100
6 28+0.31 51%25 >100 >100 >100 >100 >100
7 0.3710.024 11£15 >100 62184 >100 >100 5210.66
8 >100 >100 >100 >100 >100 >100 >100
9 >100 44 59.5+0.5 50£2.5 66 69 54
10 42 >100 >100 >100 >100 >100 >100
11 >100 7.5+£04 >100 86x0.5 >100 >100 >100
12 32 >100 >100 >100 >100 >100 >100
13 >100 21+15 >100 >100 >100 >100 >100
14 17 35+25 >100 >100 >100 >100 >100
15 48+0.76 >100 >100 >100 >100 >100 >100
16 6.9 41124 >100 551045 >100 >100 >100
17 24+10.0 37+£1.2 >100 >100 >100 >100 >100
18 20+1.5 32£20 >100 >100 >100 >100 >100
19 0.73 45+6.0 >100 >100 >100 >100 >100
20 >100 20£2.0 55+22 21£1.5 >100 >100 >100
21 14 32+05 >100 >100 >100 >100 >100
22 0.12 20+9.5 >100 >100 >100 >100 >100

“1Cs values are the average of at least 2 values = the standard deviation.
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FENRIE IR NE S BB ST, 98 TR AT 1,
HXt L3MBTL3 ) ICs fHi% %] 7(5.840.38) pmol-L™".
R O RIE LIMBTL3 S &5 Fs i, AR
A1 6-BF 9-11 5] N J — N IE B IR T RO
.

B, BAVEEY 1 6-Ri 2638 L5 N RFEER
BRI ] 5~8, HALAY 5 17 % LAMBTL3 £
T AN AMAE E(S: 1C50=0.18 pumoleL™", 7: ICsy=
0.37 pmolsL™"), [AIIIXFAME A% LIMBTL3 KILH
R B [5: 1Cso(L3AMBTL1)/ICso(L3MBTL3) > 88,
7: 1Cso(L3MBTL1)/ICso(L3AMBTL3)>30]. 4R )5, FAI17E
6-Pi IR b g N RS M HL L A (9~ 11), (&
PEKIEH AR, B 1E 607 L E B 5] N B = 3
HH(12~16), 1LEDRNEVEATI IR A 3, HA
BRI EY 16 F — & 3 (JICs = 6.9
umoleL ™). # Ji BATKE 7 M BE R L FE ] 5l N E £
il 9 fr, KRIL T =A% LAMBTL3 A 8-S ik &
) 18 (ICso=2 pumoleL™), 19 (IC5y=0.73 pmolsL")F1 22
(IC50=0.12 pmolsL™"), HA{b&4) 19 [ICso(L3MBTLI)/
ICso(L3MBTL3) > 61] 1 22 [ICso(L3MBTLI1)/ICs,
(L3MBTL3)>166] [ #£%F LAIMBTL3 FL A3 R4 (R 64
Zx BRTIR, FRATIE I A B0 R B LR A E T YA
ICso /N 1 pumoleL™" fITEMEAL AW 5, 7, 19 A1 22, H 41,
XU A% LAMBTLS [AIFEEA RIFHESME, H
LAY 22 5 LAMBTL3 it 2 /b2 HAE A 166
.

23 HTFIEHRR

NTHRREEA A S L3AMBTL3 &AM 7
3, FAIPRIE TIEHERLFI 6 AL(5)R 9 hL2)fiT AN S
E A MR (pdb 4FL6)TE Autodock4.2 F&F E#EAT 1%
. 3 B, AEW s A 22 RS AL UNC1215
177305 L3IMBTL3 fEH: KA &9 5 110 4 A7 111 4
M e FE DR I 3 4 N B — 4 L3MBTLI f75 & 148,
Fonkng ke 5 Asp274 FEES N 3.44 A, TR 6 41
IR 11 4-mEns e SR e #3554 — A4 LAMBTL3 £
H7 & D480k, g bt 52 58 Asp381 FEE
N 2.65 A, SN S A AT RE R AR AU AN LA
H. 534k, BHILE AT LA 6 RIS 1308
REE T BB A s AR, X AT REAR 6 LA R
PR R R R BB A &) 12~16 TEIEEE
MRz —. il 3b B, HEY) 22 1B Z 4 £7 4-Ht
W 5t FENRIE A O 37 N,N-— ZFE T & 3 AU 49 Sl 4 N 31
AN L3MBTL3 2 A5 A 48 2, X AR 52 2
F5 Asp381 Fll Asp274 [HIEE 73708 2.95, 2.99 A, TERE
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FEANG AR T RER AR K. SRR, a5 A 22
XHEI A R AL 5 HE VRS R — B WP AT A AT
BERH T EIANMR EEALS, AIMRYIED
THREZ 6 AL AT 9 A7 _E ST NK/INHITAR & 18 1 2k 5 14 )
I REIRBE AL S .

B3 &S5 L3IMBTLS X4 (@) b &1 22 5
L3MBTL3 X #4544 (b)

Figure 3 Docking structure of 5 with L3MBTL3 (a) and dock-
ing structure of 22 with L3MBTL3 (b)

2 i

8 L3MBTL3 #li#7] UNC1215 < 8A0E L H] 4-
MEE % 5 2 IR W 322 2 1) 22 67 a5 AN (R JROAR 1) e e o — S 8
BB 460 b, SRASWITHALA Y RE, T3 2 L3MBTL3
HHEALEY) 1 [ICso=(5.820.38) pmol*L™']. R/GHHE
O RiE L3IMBTL3 il &5 M i, Wit HFam T —
RGP LR B e I R E SR E Y, W)
WIHRR T X RV EWHI LR, KB T YA
L3MBTL3 Ef RiFEFEEREEAEY S, 7, 19 Fl 22
(ICso fH/NF 1 pmoleL ™).

3 SCIEES
3.1 EBR5RFH
25 1R S BT E (4 429 Varian 300 MHz K7
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HIRIU(TMS AWAR, TAREDT . AR DMSO i );
T 0 HEVBORR €8 3 5 1% B FF A Brucker Agilent1290-mi-
crOTOF Q II; Agilent 1100 T4 J5i Hc#/L(LC/MS); Thermo
Finnigan LCQ DECA XP plus Al SGW X-4 & fl0A riAX
CRIEHE). A4 s56 H By FH 21 4 #% 4 Nanoscreen Mul-
timek HLEE AW FERS, PerkinElmer EnVision® £ Fric i fL
A M{, 384 L. PerkinElmer ProxiPlate ¥&FLFFLAR,
Thermo ZIENNFESS. & R AT A 2 B BERES i 45 1)
FE PR, 40N 96%~99%; SN IEFI N, K
S EAT . PE RN R E Bl T
FERERZ H (200~300 H), 5i##EZENTEER H.

3.2 WEYIMER

3.2.1 ¥4k 3a~3g 694 %

W B {4 3a~3g 226 SCHR[ 1314 O i 5e i, Hoh ik
&W) 3b, 3¢ Fl 3g SCHR[13] 24k,

9- H  -6- X R 2 4 & -8,9- U A -5H- W nE
[4,5-e][1,4] ~ & E-7-Bi(3a): *F 67%. E O K, mp.
247~248 °C; 'HNMR (300 MHz, CDCl;) d: 8.33 (s, 1H),
7.51 (d, J=9.0 Hz, 2H), 7.14 (d, J=9.0 Hz, 2H), 5.16 (s,
2H), 4.51 (s, 2H), 3.39 (s, 3H); “C NMR (75 MHz,
CDCly) 6: 166.7, 162.0, 157.8, 157.0, 140.7, 132.5, 127.3,
120.8, 110.0, 56.3, 50.2, 40.5; ESI-MS m/z: 367.0 [M+
H]".

9- F JE -6-(1- M 145 I 3 )-4- 50 -8,9- DY & -5 H- 185 i
[4,5-e][1,4] ~HE-7-F(3d): 773 82%. FEFAK, mp.
85~87 “C; 'H NMR (300 MHz, CDCl;) 6: 8.26 (s, 1H),
4.79 (s, 2H), 4.33 (s, 2H), 3.63 (t, J=6.3 Hz, 2H), 3.32 (s,
3H), 2.60 (t, J=6.3 Hz, 2H), 2.45 (s, 4H), 1.70 (s, 4H); 1*C
NMR (75 MHz, CDCL) 6: 167.6, 162.0, 157.4, 156.4,
110.7, 55.8, 54.2, 54.1, 47.3, 46.2, 40.3, 23.6; ESI-MS m/z:
310.0 [M+H]".

9- F 3% -6-(1- MR B FE )-4- 5 -8,9- VU & -5H- 1% g
[4,5-e][1,4] ~FE-7-fli(3e): T7F 85%. FEHAK, mp.
120~121 °C; 'H NMR (300 MHz, CDCl;) d: 8.26 (s, 1H),
4.79 (s, 2H), 4.32 (s, 2H), 3.61 (t, J=6.0 Hz, 2H), 3.34 (s,
3H), 2.42 (t, J=6.0 Hz, 2H), 2.28 (s, 4H), 1.50~1.30 (m,
6H); *C NMR (75 MHz, CDCLy) J: 167.6, 162.0, 157.2,
156.3, 110.7, 57.0, 55.7, 54.6, 47.2, 44.3, 40.3, 26.0, 24.3;
ESI-MS m/z: 324.1 [M+H]".

9- FH B -6-[ 1-(V- 2% ) IR W 1-4- 5-8,9- DU & -5 H- 185 g
[4,5-e][1,4] ~ R E-7-B(3): =% 65%. HEHAK, mp.
130~132 °C; 'H NMR (300 MHz, CDCl;) d: 8.26 (s, 1H),
4.77 (s, 2H), 4.33 (s, 2H), 3.62 (t, J=6.0 Hz, 2H), 3.35 (s,
3H), 2.48 (t, J=6.0 Hz, 3H), 2.45~2.25 (m, 7H), 2.25~
2.17 (m, 4H); C NMR (75 MHz, CDCl;) §: 167.7, 162.0,
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157.1, 156.3, 110.7, 55.9, 55.6, 54.9, 52.7, 47.0, 45.8, 43.9,
40.3; ESI-MS m/z: 339.1 [M+H]".
3.22 W IEl4k 3h A= 3i 894 &

HX 2b (2.5 g, 6.67 mmol)¥ T 27 mL HEE, A 1N
A EANER 13 mL, = FRM0.5h 5, Y6 RN
W, 1 moleL ' (AR pH & 3, ik, ADEKdE T
PR KR IR T AR (A ok oK, 2.270 g). B[ 4
(123 mg, 0.5 mmol), i 5 mL —EUNHEM, A N-#
FEBRIAWE (86 mg, 0.75 mmol), 1-2.3E-(3-HIHE
FENI) A W ZEEFR £5(96 mg, 0.5 mmol)fl =%
(142 pL, 1 mmol), ZEWEHHE 10 min, IR
mmol). BRI SN e 4 5. 25T, I 15 mL e
BREQE AN MRS, SR 15 mL & H B A =,
HHA A, TR T, HET B
¥2) - V(FFED)=100 : 11433 74.

4-5-9-[2-(4- F FE R IR -1- 388 )-2- 8 A% £, 5 ]-6- X F 2
$-8,9- VU S -5 H-WE IE [4,5-¢][1,4] — & & -7-Bi (3h): /=%
80%. FUFR, mp. 183~185 ‘C; H NMR (300 MHz,
CDCly) §: 8.27 (s, 1H), 7.20 (d, J=8.4 Hz, 2H), 7.13 (d,
J=8.4 Hz, 2H), 5.22 (s, 2H), 4.67 (s, 2H), 4.56 (s, 2H),
3.77~3.60 (m, 2H), 3.60~3.48 (m, 2H), 2.55~2.38 (m,
4H), 2.36~2.25 (m, 6H); °C NMR (75 MHz, CDCl;) §:
167.3, 166.0, 162.0, 158.0, 156.4, 139.3, 137.1, 129.9,
125.3, 110.59, 55.9, 54.9, 54.6, 53.2, 50.2, 46.0, 44.7, 42.1,
27.2,21.0; ESI-MS m/z: 429.2 [M+H]".

6-%f FH 2R B -9-[2- S X -2-(4- Tk it e FE IR WE L) &
H1-4-50-8,9- VU & -SH-W5 g [4,5-e][1,4] — 2 55 -7- 1 (3i):
FEE 94%. HEFAR, mp. 218~220 C; 'H NMR (300
MHz, CDCly) 6: 8.26 (s, 1H), 7.16 (q, J=8.4 Hz, 4H),
5.21 (s, 2H), 4.76~4.57 (m, 2H), 4.55 (s, 2H), 4.41 (d, J=
13.6 Hz, 1H), 3.77 (d, J=13.6 Hz, 1H), 3.16 (t, J=11.4
Hz, 1H), 2.94~2.81 (m, 1H), 2.67~2.57 (s, 4H), 2.40~
2.24 (m, 4H), 2.05~1.90 (m, 2H), 1.87~1.78 (m, 4H),
1.70~1.44 (m, 2H); *C NMR (75 MHz, CDCl;) é: 167.5,
165.9, 162.1, 158.0, 156.6, 139.3, 137.3, 130.0, 125.5,
110.6, 61.3, 56.0, 53.5, 51.5, 50.4, 43.5, 41.0, 31.8, 31.0,
23.4,21.1; ESI-MS m/z: 438.3 [M+H]".

3.2.3 PR 3j~3m 495K

W AR R A I M BE2 mmol)¥E T 15 mL L fi
o INBALAR(398 mg, 2.4 mmol), =IRFEFE 12 h )5,
B 2¢ (289 mg, 1 mmol) FIEEH AL E4(60 mg, 1.5 mmol),
SN T AR B, SN 5E 4 SR 28 BRIE T, 020 mL KR
B, A 15 mL SRR =0, S ST 5
& H ) - VCFEE) @ MEK)=100 : 1 : 514537
.
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9-[3-(4- H L MR - 1- % ) P 2 ]-6- X FH R ik -4-50-8,9-
VU -5 H-IHE4,5-e][ 1,4] — 5 -7-B(3): 723 42%. H
R, mp. 157~158 °C; 'H NMR (300 MHz, CDCl;)
5: 8.28 (s, 1H), 7.19 (d, J=8.4 Hz, 2H), 7.10 (d, J=8.4
Hz, 2H), 5.14 (s, 2H), 4.51 (s, 2H), 4.15~3.61 (m, 2H),
2.52~2.44 (m, 4H), 2.44~2.36 (m, 4H), 2.34 (s, 3H),
2.29 (s, 3H), 1.94~1.81 (m, 4H); *C NMR (75 MHz,
CDCly) d: 167.1, 161.6, 157.8, 156.8, 139.2, 137.2, 130.0,
125.4, 110.1, 55.1, 55.0, 54.9, 52.8, 50.9, 50.3, 45.9, 24.8,
21.1; ESI-MS m/z: 429.2 [M+H]".

9-[3-(4- Nk 1% o 5 MR WE 5k ) P ik ]-6-%of FH 4% 0 -4- G-
8.,9- VU & -5H- 18 g [4,5-¢][1,4] — & 5 -7-BA (3k): 7= F
31%. AfRAK, mp. 70~72 C; '"H NMR (300 MHz,
CDCly) 6: 8.27 (s, 1H), 7.18 (d, J=8.4 Hz, 2H), 7.13~
7.08 (m, 2H), 5.14 (s, 2H), 4.51 (s, 2H), 3.94~3.66 (m,
2H), 2.98~2.84 (m, 2H), 2.65~2.50 (s, 4H), 2.40~2.30
(m, 5H), 2.00~1.91 (m, 2H), 1.90~1.82 (m, 5H), 1.81~
1.75 (m, 4H), 1.58 (m, 2H); *C NMR (75 MHz, CDCl;) ¢:
167.2, 161.7, 157.7, 156.8, 139.2, 137.3, 130.0, 125.5,
110.1, 62.1, 55.2, 54.9, 52.6, 51.4, 51.1, 50.4, 31.2, 25.1,
23.3,21.1; ESI-MS m/z: 483.2 [M+H]".

O-[3- (M PR~ 1 -5 ) PR 2 ]-6- 5%t R 2 Jk-4- 508, 9- DU -
SH-WEIE[4,5-¢][1,4] 5 E-7-T3): =% 32%. w k)
A, mp. 156~157 ‘C; 'H NMR (300 MHz, CDCl;) ¢:
8.28 (s, 1H), 7.19 (d, J=8.4 Hz, 2H), 7.10 (d, J=8.4 Hz,
2H), 5.15 (s, 2H), 4.52 (s, 2H), 3.94~3.82 (m, 2H), 3.79~
3.65 (m, 4H), 2.51~2.37 (m, 6H), 2.35 (s, 3H), 1.94~
1.81 (m, 2H); *C NMR (75 MHz, CDCl;) §: 167.1, 161.6,
157.8, 156.9, 139.2, 137.3, 130.0, 125.4, 110.1, 67.0, 55.7,
54.9,53.7,50.9, 50.4, 24.5, 21.1; ESI-MS m/z: 416.2 [M+
H]".

9-[3-( - L JH 35 ) TR JE -6- X H 2 Fk -4- 50 -8,9- DU & -
SH-WENE[4,5-e][1,4] R E-7-F(3m): F2F 40%. #H M
¥R, mp. 129~132 °C; '"H NMR (300 MHz, CDCl;) o:
8.28 (s, 1H), 7.18 (d, J=8.4 Hz, 2H), 7.11 (d, J=8.4 Hz,
2H), 5.14 (s, 2H), 4.49 (s, 2H), 3.89~3.81 (m, 2H), 2.59~
2.51 (m, 4H), 2.51~2.46 (m, 2H), 2.34 (s, 3H), 1.90~
1.77 (m, 2H), 1.02 (t, J=7.2 Hz, 6H); *C NMR (75 MHz,
CDCly) d: 167.2, 161.6, 157.9, 156.5, 139.0, 137.2, 129.8,
125.3, 110.7, 54.8, 50.2, 49.5, 49.1, 46.9, 22.5, 21.0, 8.8;
ESI-MS m/z: 402.1 [M+H]".

3.2.4 IR 4a 494 A%

S CHR13)6 7%, 1939 [Al14 4a.

9- Ff JiE -6 Xof Y8 % F -4-(4- ML % e 32 iR e 3 )-8,9- U
A -SH-WEUE[4,5-e][1,4] R E-7-Ff(4a): 72 91%. &
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BHR, mp. 170~171 °C; 'H NMR (300 MHz, CDCl;)
5: 831 (s, 1H), 7.47~7.40 (m, 2H), 7.08~7.02 (m, 2H),
4.88 (s, 2H), 4.38 (s, 2H), 3.37 (m, 5H), 2.89 (t, J=11.7
Hz, 2H), 2.66~2.53 (s, 4H), 2.14 (s, 1H), 2.05~1.90 (m,
2H), 1.85~1.75 (m, 4H), 1.64~1.46 (m, 2H); *C NMR
(75 MHz, CDCl;) d: 167.4, 165.9, 161.8, 156.1, 141.1,
132.0, 126.6, 119.8, 99.6, 61.7, 55.4, 51.5, 49.9, 49.2, 39.0,
31.7,23.1; ESI-MS m/z: 485.2 [M+H]".

3.2.5 WAk 4b~4d 49 5 mk

BALAE YD 3b (3.19 g, 10 mmol)iE T A — & ke
(100 mL)7f#, VKB RN 15 mL )2 moleL ™' = R {LH
1 SRR, A G IR TR 24 he ZEBRVERI,
20 mL /KFRE, FBATBRERE AR pH 2 7, I8+
PR B =) 3.0 g R AH R ) SR B (2 mmol)i
F 15 mL 2, InAf4LER (398 mg, 2.4 mmol), i
FEHE 12 h, OB E=P0(305 mg, 1 mmol) FIE A
£4(60 mg,1.5 mmol), N TR E R, &N 5E4A 5 7%
A, 020 mL KR, IR 20 mL & B EL =i,
ZREAE R B &R ) - V(R - &K=
100 : 1 : 5143307=4.

9- F1 - 6-[4-(3- DR I 5 ) 7 48 S 4 1-4- (8,9 DU & -
SH-WEUE[4,5-e][1,4] R E-7-ff(4b): 723 74%. AN
A, mp. 175~177 ‘C; '"H NMR (300 MHz, CDCl;) ¢:
8.32 (s, 1H), 7.19~7.06 (m, 2H), 6.99~6.82 (m, 2H),
5.12 (s, 2H), 4.50 (s, 2H), 4.00 (t, J=6.3 Hz, 2H), 3.39 (s,
3H), 2.53~2.33 (m, 6H), 2.03~1.89 (m, 2H), 1.65~1.56
(m, 4H), 1.50~1.38 (m, 2H); *C NMR (75 MHz, CDCl,)
0: 166.8, 161.8, 157.9, 157.5, 156.7, 134.4, 126.8, 115.1,
110.3, 66.6, 56.2, 54.2, 53.0, 50.4, 40.4, 28.8, 23.5;
ESI-MS m/z: 430.2 [M+H]".

9- FH Bk -6- {4-[3-(1- ML 1 Jot ) 7 28 % 2k } -4- (-8,9- Y
A -SH-BELE[4,5-€][1,4] — & & -7-Hi(4e): 7= 53%. H
¥R, mp. 151~153 °C; '"H NMR (300 MHz, CDCl;) o:
8.32 (s, 1H), 7.12 (d, J=9.0 Hz, 2H), 6.89 (d, J=9.0 Hz,
2H), 5.12 (s, 2H), 4.50 (s, 2H), 4.02 (t, J=6.3 Hz, 2H),
3.39 (s, 3H), 2.68~2.60 (m, 2H), 2.55 (s, 4H), 2.06~1.97
(m, 2H), 1.85~1.74 (m, 4H); *C NMR (75 MHz, CDCl,)
5: 166.9, 161.9, 158.1, 157.7, 156.9, 134.5, 126.9, 115.2,
110.3, 66.8, 56.3, 56.0, 54.7, 50.6, 40.5, 26.8, 26.0, 24.5;
ESI-MS m/z: 416.2 [M+H]".

9- F JE-6- {4-[3-(4- ML g I R IR W 25 ) TR 40 R 2k ) -4-
H-8,9- MU A -5SH-MEUE [4,5-¢][1,4] ~ R E-7-F (4d): =%
29%. FEFAK, mp. 188~190 ‘C; 'H NMR (300 MHz,
CDCLy) 0: 8.32 (s, 1H), 7.21~7.05 (m, 2H), 6.95~6.82
(m, 2H), 5.12 (s, 2H), 4.49 (s, 2H), 4.00 (t, J=6.3 Hz, 2H),
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3.39 (s, 3H), 2.92 (d, J=11.8 Hz, 2H), 2.60 (s, 4H), 2.47
(t, 2H), 2.02~1.78 (m, 11H), 1.58 (d, J=11.1 Hz, 2H);
C NMR (75 MHz, CDCL3) d: 166.9, 162.0, 158.1, 157.7,
156.9, 156.2, 134.5, 126.9, 115.2, 110.4, 66.7, 62.2, 56.3,
55.1, 52.8, 51.5, 50.6, 40.5, 31.4, 27., 23.4; ESI-MS m/z:
499.2 [M+H]".

3.2.6  HIAIIK e Ao 4F 495 A%

I 3g (2 g, 6.696 mmol)¥& T~ 27 mL FHIEEH, I 13
mL [ 1 molsL ™' ESEAANIATR, FEHK 0.5 h, 4%
R, FH 1 moleL ™" ) ShERVA VA pH £ 3, ik, D&k
Ve, BRNEKMAEFEY 1.58 g BUZ (200 mg, 0.74
mmol)#% T 1 5 mL 1) N,N-—F & F EE % (DMF) 1, A
1-F8 3L 2K = (200 mg, 1.48 mmol). 1-Z.3&-(3- - FIH
FIE )AL W E R R £2(142 mg, 0.74 mmol)f1=
LME(205 pL, 1.48 mmol), #iHE: 20 min 5, MIAAHRIR)
[f%(0.89 mmol). KM ZEH G, M 15 mL HOFIHRE N
W, 20 mL SRR H =k, SR E T o
BV - V(FEE)=100 : 115574,

9- FH 8 -6-[2- B8 AR -2-(IV- FF L MR R - 1- 3 ) £, 3 ]-4- -
8,9- VU & -5H- 5 I [4,5-¢][1,4] — %L & -7-Fiil (de): 7= %
92%. HFEF A, mp. 114~116 C; '"H NMR (300 MHz,
CDCly) (both of rotamers) d: 8.28 (s, 1H), 4.83 (s, 2H),
439 (s, 2H), 431 (s, 2H), 3.69~3.58 (m, 2H), 3.52~3.37
(m, 2H), 3.33 (s, 3H), 2.46~2.36 (m, 4H), 2.32 (s, 3H);
3C NMR (75 MHz, CDCl;) (both of rotamers) &: 168.4,
165.7, 162.1, 157.9, 156.5, 110.2, 55.5, 54.9, 54.6, 48.5,
48.1, 46.0, 45.0, 42.2, 40.3, 27.3; ESI-MS m/z: 353.1 [M+
H]'.

9- F Jk-6-[2-%(-2-(4- PHk g% Jot ik IR e 25k )]-4- 54-8,9- 1Y
A-SH-WEE[4,5-¢][1,4] R = -7-Hi(4f): 773 97%. A
¥R, mup. 204~206 ‘C; 'H NMR (300 MHz, CDCl5)
(both of rotamers) 6: 8.27 (s, 1H), 4.91~4.71 (m, 2H),
4.44 (d, J=15.0 Hz, 2H), 4.36 (d, J=3.0 Hz, 2H), 4.27 (t,
J=15.0 Hz, 1H), 3.78~3.66 (m, 1H), 3.33 (s, 3H), 3.16~
3.02 (m, 1H), 2.92~2.81 (m, 1H), 2.64~2.51 (m, 4H),
2.31~2.21 (m, 1H), 2.02~1.88 (m, 2H), 1.86~1.75 (m,
4H), 1.61~1.43 (m, 2H); “C NMR (75 MHz, CDCl,)
(both of rotamers) J: 168.4, 165.4, 162.0, 157.8, 156.5,
110.1, 61.1, 55.4, 51.5, 48.5, 48.1, 43.5, 40.9, 40.3, 31.7,
30.9, 23.4; ESI-MS m/z: 407.3 [M+H]".

32,7 BRI A 5~8 B AR

¥tk &) 4a (243 mg, 0.5 mmol). BEER4H(212 mg, 1
mmol). FALIFAR(9.5 mg, 0.05 mmol). L-fliZEFR(1 mg,
0.01 mmol)JBET 3.5 mL —FIEHF, Hn A AH R f
(0.75 mmol), FHEZE 100 C, BAMRY F M.
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NS4 G, 28T RN, IR 20 mL BRER SN VA TR
B, 25 mL A PR R R, St ENT S
D) ¢ V(R EE)=100 : 11758 HErtb &4

9- F Ik -6-[4-(4- ML 1 Joe L R g 5 ) 2R B ]-4-(4- ML s It
FEURIE FE)-8,9- DU S-S H-W5 g [4,5-e][ 1,4] — 5 52 -7- (5),
PR 13%. FORA, mp. 159~160 ‘C; 'H NMR (300
MHz, CDCLy) 6: 8.29 (s, 1H), 7.00 (d, J=9.0 Hz, 2H),
6.85 (d, J=9.0 Hz, 2H), 4.84 (s, 2H), 4.34 (s, 2H), 3.70~
3.60 (m, 2H), 3.43~3.32 (m, 5H), 2.95~2.70 (m, 4H),
2.66~2.53 (m, 8H), 2.21~2.07 (m, 2H), 2.05~1.90 (m,
4H), 1.85~1.75 (m, 8H), 1.75~1.61 (m, 2H), 1.59~1.46
(m, 2H); C NMR (75 MHz, CDCl;) J: 168.1, 165.9,
160.2, 156.0, 149.8, 134.0, 126.0, 116.8, 100.0, 61.9, 61.7,
55.5, 51.4, 51.1, 49.2, 48.5, 39.2, 31.3, 30.3, 27.2, 23.4,
23.3; ESI-HRMS caled for CiHuNsO [(M+2H)/2] "
280.1970, found 280.1983.

9- FH I 6-[4- (ML I Jot - 1 - J5 ) I Jk 1-4-(4- L gt Joe MR g
H£)-8,9- VU & -5H-W5E [4,5-¢][1,4] — & H-7-BH(6): =%
60%. FEOHFA, mp. 196~197 C; 'H NMR (300 MHz,
CDCly) o: 8.29 (s, 1H), 6.96 (d, J=9.0 Hz, 2H), 6.46 (d,
J=9.0 Hz, 2H), 4.82 (s, 2H), 4.34 (s, 2H), 3.71~3.59 (m,
2H), 3.43~3.30 (m, 5H), 3.26 (t, J=6.6 Hz, 4H), 2.85 (t,
J=11.7 Hz, 2H), 2.66~2.52 (m, 4H), 2.15~2.05 (m, 1H),
2.03~1.90 (m, 6H), 1.85~1.75 (m, 4H), 1.60~1.45 (m,
2H); *C NMR (75 MHz, CDCl;) 0: 168.2, 166.0, 162.0,
155.9, 146.8, 130.6, 126.3, 111.8, 100.0, 62.0, 55.6, 51.6,
51.0, 49.2, 47.8, 39.2, 31.7, 27.2, 25.6, 23.3; ESI-HRMS
caled for C,;H3N;O [M+H]" 476.3132, found 476.3128.

9- F J -6-[4-( Wk WE - 1- 5 ) 2K Jk ]-4-(4- ML gt ¢ 2 W g
H£)-8,9- VU & -5H-W5IE [4,5-¢][1,4] — & -7-B(7): 77 %
30%. FEOHFYAK, mp. 247~248 C; 'H NMR (300 MHz,
CDCly) d: 8.29 (s, 1H), 7.03~6.96 (m, 2H), 6.87~6.79
(m, 2H), 4.84 (s, 2H), 4.34 (s, 2H), 3.42~3.33 (m, 5H),
3.17~3.10 (m, 4H), 2.85 (t, J=12.6 Hz, 2H), 2.61~2.55
(m, 4H), 2.12 (s, 1H), 2.00~1.90 (m, 2H), 1.84~1.76 (m,
4H), 1.72~1.64 (m, 4H), 1.62~1.50 (m, 4H); “C NMR
(75 MHz, CDCl;) §: 168.0, 165.8, 162.3, 156.1, 150.8,
133.7, 126.0, 116.7, 100.4, 61.8, 55.8, 50.9, 50.6, 49.2,
39.3, 29.8, 27.4, 25.9, 24.4, 23.5, 14.2; ESI-HRMS calcd
for CosH4N;O [(M+2H)/2]" 245.6681, found 245.6690.

9- FH I 6-[4- (NS MEIBR - 1 - J5 ) 4% JE 1-4-(4- R gt ot IR g
5)-8,9- VU A -5H-I%IE [4,5-€][1,4] — R 5 -7-Fd (8): 7=
54%. FOHER, mp. 194~197 ‘C; 'H NMR (300 MHz,
CDCly) o: 8.30 (s, 1H), 7.04 (d, J=9.0 Hz, 2H), 6.83 (d,
J=9.0 Hz, 2H), 4.85 (s, 2H), 4.35 (s, 2H), 3.90~3.78 (m,
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4H), 3.44~3.32 (m, 5H), 3.18~3.10 (m, 4H), 2.86 (t, J=
11.7 Hz, 2H), 2.57 (s, 4H), 2.10 (s, 1H), 2.05~1.90 (m,
2H), 1.85~1.75 (m, 4H), 1.62~1.45 (m, 2H); *C NMR
(75 MHz, CDCly) &: 168.0, 166.0, 162.0, 156.0, 149.8,
134.5, 126.1, 116.1, 100.0, 66.9, 62.0, 55.6, 51.7, 50.5,
493, 392, 31.7, 27.3, 23.3; ESI-HRMS calced for
C7H3sN;0, [M+H] . 492.3081, found 492.3088.
3.2.8 HARLASH 1 A= 9~22 4945 A%

SEBR3)E 7%, FEIHWREEY 1, 9~22.

9- F¥ ik -4-(4- ML gt J ik IR g 5 )-6- 5% FH 4 2 -8,9- U
A -SH-WENE[4,5-¢][1,4] ~ A E-7-Fi(1): 775 94%. A
¥R, mp. 198~200 C; '"H NMR (300 MHz, CDCls) 6:
8.30 (s, 1H), 7.12 (d, J=8.7 Hz, 2H), 7.06~6.99 (m, 2H),
4.87 (s, 2H), 4.36 (s, 2H), 3.42~3.32 (m, 5H), 2.86 (t, J=
12.6 Hz, 2H), 2.62~2.54 (m, 4H), 2.32 (s, 3H), 2.21~
2.06 (m, 1H), 2.01~1.90 (m, 2H), 1.82~1.76 (m, 4H),
1.61~1.46 (m, 2H); *C NMR (75 MHz, CDCl;) J: 167.8,
166.1, 162.0, 156.1, 139.8, 136.5, 129.8, 125.1, 100.1,
62.0, 55.6, 51.7, 50.4, 49.3, 39.2, 319, 23.3, 21.1;
ESI-HRMS caled for C,HyNgO [M+H]" 421.2710,
found 421.2719.

9- FH JE-6-[4-(3- W WE 55 P 280 ) K J ]-4-(4- Lt g Joe BE IR
I 3 )-8,9- PU & -5 H- W5 152 [4,5-e][ 1,4] — & & -7-F (9): 7~
K 91%. FEOMA, mp. 171~173 C; '"H NMR (300
MHz, CDCls) 6: 8.30 (s, 1H), 7.03 (d, J=9.0 Hz, 2H),
6.83 (d, J=9.0 Hz, 2H), 4.84 (s, 2H), 4.35 (s, 2H), 3.99 (t,
J=6.3 Hz, 2H), 3.42~3.31 (m, 5H), 2.86 (t, J/=11.8 Hz,
2H), 2.61~2.52 (m, 4H), 2.51~2.37 (m, 6H), 2.18~2.05
(m,1H), 1.99~1.92 (m, 4H), 1.79 (s, 4H), 1.65~1.49 (m,
6H), 1.47~1.39 (m, 2H); *C NMR (75 MHz, CDCl;) ¢:
167.9, 166.1, 162.0, 157.6, 156.1, 135.2, 126.5, 115.0,
100.0, 66.8, 62.0, 56.0, 55.6, 54.7, 51.7, 50.6, 49.3, 39.2,
319, 269, 26.1, 24.5, 23.3; ESI-HRMS calcd for
C3HieN70, [(M+2H)/2]" 274.6890, found 274.6905.

9- FH B -6- {4-[3-(1- ML 1 4t ) P 480 A 5k | -4-(4- ML 1 ot
HE R e 35 )-8,9- DU & -5 H- 15 g [4,5-e][1,4] — & & -7- i
(10): 723 83%. FOMA, mp. 162~163 C; '"H NMR
(300 MHz, CDCl;) 8: 8.30 (s, 1H), 7.03 (d, J=9.0 Hz,
2H), 6.83 (d, J=9.0 Hz, 2H), 4.84 (s, 2H), 4.35 (s, 2H),
4.01 (t, J=6.3 Hz, 2H), 3.42~3.31 (m, 5H), 2.86 (t, J=
12.0 Hz, 2H), 2.73~2.62 (m, 2H), 2.61~2.53 (m, 8H),
2.15~2.00 (m, 3H), 2.00~1.91 (m, 2H), 1.85~1.75 (m,
8H), 1.59~1.45 (m, 2H); *C NMR (75 MHz, CDCl;) o:
168.0, 166.1, 162.0, 157.5, 156.1, 135.3, 126.5, 115.0,
100.0, 66.7, 62.0, 55.6, 54.3, 53.2, 51.7, 50.6, 49.3, 39.2,
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31.9, 28.8, 23.5, 23.3; ESI-HRMS calcd for C3oH,sN,0,
[(M+2H)/2]" 267.6812, found 267.6818.

9- FH J -6-{4-[3-(4- ML % e ik UK ME 2k ) P (] R
o -4-(4-ME g e FE R e 55 )-8,9- VU S-S H-WEIE [4,5-¢][ 1,4]
TRE-T-BAL): PR 81%. WEKK, mp. 64~66 C;
'H NMR (300 MHz, CDCl;) ¢: 8.30 (s, 1H), 7.03 (d, J=
9.0 Hz, 2H), 6.82 (d, J=9.0 Hz, 2H), 4.84 (s, 2H), 4.35 (s,
2H), 3.99 (t, J=6.3 Hz, 2H), 3.42~3.31 (m, 5H), 2.98~
2.79 (m, 4H), 2.62~2.54 (m, 8H), 2.48 (t, J=6.3 Hz, 2H),
2.07~1.86 (m, 10H), 1.82~1.75 (m, 8H), 1.66~1.44 (m,
4H); “C NMR (75 MHz, CDCl3) 0: 167.9, 166.0, 161.9,
157.5, 156.0, 135.2, 126.4, 115.0, 99.9, 66.7, 62.0, 61.9,
55.5, 55.1, 52.7, 51.6, 51.3, 50.6, 49.3, 39.2, 31.8, 31.2,
27.0, 23.3, 23.2; ESI-HRMS caled for C3sHs,NgO, [(M+
2H)/2]" 309.2179, found 309.2191.

9- F JE-6-[2-(ME IS Jot - 1-35) 2, FE -4~ (4- LIS Joe FE MR g
55)-8,9- NS -5 H-W5 g [4,5-][ 1,4] — R E-7-f (12): =%
90%. FHOFAK, mp. 88~90 ‘C; 'H NMR (300 MHz,
CDCLy) d: 8.26 (s, 1H), 4.47 (s, 2H), 4.18 (s, 2H), 3.52 (t,
J=6.4 Hz, 2H), 3.45~3.35 (m, 2H), 3.28 (s, 3H), 2.89 (t,
J=12.7 Hz, 2H), 2.66~2.58 (m, 4H), 2.45 (t, J=6.3 Hz,
2H), 2.41~2.31 (m, 4H), 2.34~2.12 (m, 1H), 2.06~1.98
(m, 2H), 1.86~1.78 (m, 4H), 1.70~1.58 (m, 6H); "*C
NMR (75 MHz, CDCly) &: 168.4, 165.6, 161.7, 155.4,
100.0, 61.6, 54.6, 53.8, 53.5, 51.4, 49.0, 47.0, 46.2, 38.9,
31.6, 23.3, 23.0; ESI-HRMS caled for CpH3sN;O [M+
H]" 428.3132, found 428.3143.

9- F i -6-[2-(WR IEE - 1- 3% ) £, FE 1-4-(4- THE 5% o 2L TR e
55)-8,9- NS -5 H-W5 5 [4,5-¢][ 1,4] — R E-7-f (13): =%
86%. A, mp. 103~104 C; '"H NMR (300 MHz,
CDCLy) d: 8.25 (s, 1H), 4.44 (s, 2H), 4.17 (s, 2H), 3.49 (t,
J=6.3 Hz, 2H), 3.44~3.35 (m, 2H), 3.29 (s, 3H), 2.89 (t,
J=11.6 Hz, 2H), 2.73~2.55 (m, 4H), 2.35~2.10 (m, 7H),
2.08~1.99 (m, 2H), 1.89~1.80 (m, 4H), 1.75~1.60 (m,
2H), 1.45~1.26 (m, 6H); *C NMR (75 MHz, CDCl;) ¢:
168.5, 165.7, 162.0, 155.5, 100.4, 61.7, 56.6, 54.7, 54.4,
51.5, 49.2, 47.0, 44.6, 39.1, 31.9, 25.9, 24.2, 23.2; ESI-
HRMS caled for C,4H4 N,O [M+H]" 442.3289, found
442.3273.

9-F FE-6-[2-(4- F JENR - 1- 3 ) £, 3 ]-4-(4-THE s e i
W I FE )-8,9- PU &, -S H-135 1 [4,5-e][1,4] — % & -7- i (14):
FEER 93%. HEHRY). 'TH NMR (300 MHz, CDCL) o:
8.25 (s, 1H), 4.45 (s, 2H), 4.19 (s, 2H), 3.52 (t, J=6.0 Hz,
2H), 3.44~3.34 (m, 2H), 3.32 (s, 3H), 2.90 (t, J=11.7 Hz,
2H), 2.71~2.61 (m, 4H), 2.36~2.12 (m, 13H), 2.11~
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1.98 (m, 2H), 1.89~1.80 (m, 4H), 1.76~1.60 (m, 2H);
C NMR (75 MHz, CDCl;) d: 168.6, 165.6, 161.9, 155.5,
100.4, 61.7, 55.6, 54.8, 54.6, 52.7, 51.5, 49.2, 46.7, 45.9,
442, 392, 31.8, 269, 23.1; ESI-HRMS caled for
CoHy NGO [M+H]" 457.3398, found 457.3395.

9- Ffl H-6-[2- AR -2-(N- H FE R BR - 1- 3 ) 2. 3 ]-4-(4-
L gt o 5 DR I 356 )-8,9- DU S-S H- W5 1 [4,5-¢][1,4] — A -
7-H(15): FEH 83%. WEKAK, mp. 179~181 C; 'H
NMR (300 MHz, CDCl;) (both of rotamers) d: 8.25 (s,
1H), 4.53 (s, 2H), 4.25 (s, 2H), 4.18 (s, 2H), 3.65~3.56
(m, 2H), 3.46~3.35 (m, 4H), 3.29 (s, 3H), 2.86 (t, J=12.6
Hz, 2H), 2.67~2.53 (m, 4H), 2.45~2.37 (m, 4H), 2.32 (s,
3H), 2.25~2.10 (m, 1H), 2.05~1.94 (m, 2H), 1.87~1.78
(m, 4H), 1.72~1.57 (m, 2H); *C NMR (75 MHz, CDCl,)
(both of rotamers) J: 169.5, 165.7, 161.5, 155.3, 99.0, 61.4,
54.3, 54.0, 51.3, 51.1, 49.0, 48.7, 47.9, 45.7, 44.5, 42.5,
41.6, 38.8, 31.5, 22.9; ESI-HRMS calcd for Cp4H;3oN5O,
[M+H]" 471.3190, found 471.3183.

9- F Ji-6-[2- % -2-(4- ML gt ot R IR 1 22 ) ]-4-(4- PEE gt Ao
FE R BE 52 )-8,9- VU & -5 H- 185 WE [4,5-e][1,4] — & & -7-
(16): 7&K 96%. FFA, mp. 117~120 ‘C; 'H NMR
(300 MHz, CDCl5) (both of rotamers) o: 8.24 (s, 1H), 4.59
(d, J=16.8 Hz, 1H), 4.44 (d, J=16.8 Hz, 1H), 4.40~4.23
(m, 4H), 4.12 (dd, J=15.6, 10.5 Hz, 2H), 3.74~3.61 (m,
1H), 3.57~3.46 (m, 1H), 3.43~3.32 (m, 1H), 3.29 (s,
3H), 3.06 (t, J=12.2 Hz, 1H), 2.93~2.82 (m, 2H), 2.70~
248 (m, 8H), 2.35~2.17 (m, 2H), 2.08~1.87 (m, 4H),
1.87~1.75 (m, 8H), 1.71~1.41 (m, 4H); °C NMR (75
MHz, CDCl;) (both of rotamers) d: 170.0, 166.0, 165.8,
161.8, 155.5, 99.1, 61.7, 60.8, 54.4, 51.5, 51.2, 49.5, 49.4,
48.6, 48.6, 43.3, 40.8, 39.0, 31.7, 31.3, 30.6, 27.1, 23.3,
23.2; ESI-HRMS caled for C,gH4NsO, [M + H] ©
525.3660, found 525.3659.

9-[2-(4- F LR BR -1- 5 )-2- S A £ B ]-4-(4- it g Joe ik
MR W 355 )-6- X F 2K 56-8,9- DU & -S H-W% 1 [4,5-¢][1,4] &
FH-7-H(17): 723 69%. BEK R, mp. 151~153 C;
'H NMR (300 MHz, CDCl5) (both of rotamers) J: 8.23 (s,
1H), 7.13 (d, J=8.4 Hz, 2H), 7.05 (d, J=8.4 Hz, 2H), 4.93
(s, 2H), 4.66 (s, 2H), 4.47 (s, 2H), 3.65 (m, 2H), 3.55~
3.46 (m, 2H), 3.42~3.30 (m, 2H), 2.91~2.80 (m, 2H),
2.70~2.55 (m, 4H), 2.70~2.55 (m, 4H), 2.49~2.37 (m,
4H), 2.32 (s, 3H), 2.20~2.08 (s, 1H), 2.04~1.90 (m, 2H),
1.85~1.70 (m, 4H), 1.62~1.45 (m, 2H); *C NMR (75
MHz, CDCls) (both of rotamers) J: 168.4, 167.3, 166.2,
161.4, 155.8, 139.8, 136.6, 129.8, 125.1, 116.6, 100.1,
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62.0, 55.0, 54.9, 54.6, 52.1, 51.7, 50.2, 49.3, 46.1, 44.7,
42.1, 31.7, 27.1, 232, 21.1; ESI-HRMS caled for
C30Hy3NgO, [M+H]™ 547.3503, found 547.3498.

9-[2-FAAR-(ME I I - 1- B8 ) IR g - 1- 35 ) 2, FE ]-4-(4- Tt s
Jot I MR 1 2 )-6- %oF FFY % 9 -8,9- U & -5 H-W5 ¢ [4,5-e][ 1,4]
TRE-T-FA8): FEE 87%. AR K, mp. 115~
117 °C; '"H NMR (300 MHz, CDCl;) (both of rotamers) d:
8.22 (s, 1H), 7.12 (d, J=8.4 Hz, 2H), 7.04 (d, /=8.4 Hz,
2H), 4.93 (s, 2H), 4.67 (s, 2H), 4.47 (m, 4H), 3.87~3.72
(m, 1H), 3.40~3.25 (m, 2H), 3.13 (t, J=11.7 Hz, 1H),
2.91~2.80 (m, 2H), 2.66~2.53 (m, 8H), 2.32 (s, 3H),
2.29~2.21 (m, 1H), 2.18~2.05 (m, 1H), 2.02~1.89 (m,
4H), 1.85~1.78 (m, 8H), 1.64~1.43 (m, 4H); *C NMR
(75 MHz, CDCl;) (both of rotamers) o: 168.4, 167.2,
166.4, 161.6, 155.9, 140.0, 136.6, 129.8, 125.1, 100.3,
62.0, 61.2, 55.2, 52.2, 51.7, 51.4, 50.2, 49.4, 43.5, 41.0,
31.8, 31.7, 30.9, 27.3, 23.4, 23.3, 21.1; ESI-HRMS calcd
for C34,HsoN5O, [(M+2H)/2]" 301.2023, found 301.2026.

9-[3-(4- FH HE MR B8 -1 -5 ) TH 6 1-6- 56 FH R -4 (4- Ak gt
ot FE R e 522 )-8,9- U & -5 H-W5 1 [4,5-¢][1,4] — & 25 -7-
(19): P23 67%. #HEFAEK, mp. 91~92 C; 'H NMR
(300 MHz, CDCl;) §: 8.26 (s, 1H), 7.12 (d, J=8.4 Hz,
2H), 7.07~6.95 (m, 2H), 4.87 (s, 2H), 4.38 (s, 2H), 3.81
(t, J=7.2 Hz, 2H), 3.43~3.29 (m, 2H), 2.86 (t, J=11.8
Hz, 2H), 2.65~2.56 (m, 4H), 2.54~2.36 (m, 9H), 2.32 (s,
3H), 2.28 (s, 3H), 2.18~2.05 (m, 2H), 2.00~1.93 (m,
2H), 1.90~1.83 (m, 2H), 1.83~1.76 (m, 4H), 1.62~1.45
(m, 2H); “C NMR (75 MHz, CDCl;) J: 168.4, 166.2,
161.5, 156.1, 139.8, 136.5, 129.7, 125.1, 99.8, 62.0, 55.6,
55.2, 54.2, 53.2, 51.7, 50.3, 49.8, 49.4, 46.1, 31.9, 25.5,
23.2, 21.0; ESI-HRMS calcd for C3HyNsO [(M+2H)/2]"
274.1970, found 274.1989.

9-[3-(4- Ptk gt ot HE WK g 255 ) P 25 1-6- % Y 2R e -4-(4- it
Wt IR 1 56 )-8,9- DU &5 -5 H- T g [4,5-¢][1,4] — 8 &5 -7-
fid(20): 723 79%. #EEAHARY. '"H NMR (300 MHz,
CDCly) 0: 8.25 (s, 1H), 7.11 (d, J=8.4 Hz, 2H), 7.02 (d,
J=8.4 Hz, 2H), 4.87 (s, 2H), 4.38 (s, 2H), 3.80 (t, J=7.2
Hz, 2H), 3.43~3.28 (m, 2H), 2.97~2.77 (m, 4H), 2.71~
248 (m, 8H), 2.40~2.29 (m, 5H), 2.12~2.04 (m, 2H),
1.99~1.89 (m, 5H), 1.86~1.76 (m, 11H), 1.62~1.48 (m,
4H); “C NMR (75 MHz, CDCl3) 0: 168.5, 166.1, 161.5,
156.1, 139.8, 136.5, 129.8, 125.0, 99.7, 62.0, 61.9, 55.5,
54.1, 52.4, 51.7, 51.2, 50.3, 49.8, 49.4, 31.8, 30.6, 25.5,
23.4, 23.2, 21.1; ESI-HRMS calcd for C3sHs4NgO [(M+
2H)/2]" 301.2205, found 301.2209.
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9-[3- (N ERbR-1-J5 ) P J ]-6-5%of FH DR k-4 (4- ML g e
MR WE F )-8,9- VU & -5 H-F% B [4,5-¢][1,4] — %5 -7-1 (21):
FEE 70%. HEHER, mp. 163~164 C; 'H NMR (300
MHz, CDCly) 6: 8.25 (s, 1H), 7.12 (d, J=8.4 Hz, 2H),
7.02 (d, J=8.4 Hz, 2H), 4.87 (s, 2H), 4.38 (s, 2H), 3.88~
3.78 (m, 2H), 3.75~3.66 (m, 2H), 3.42~3.30 (m, 2H),
2.86 (t, J=11.7 Hz, 2H), 2.69~2.51 (m, 4H), 2.49~2.36
(m, 6H), 2.32 (s, 3H), 2.24~2.08 (m, 1H), 2.04~1.92 (m,
2H), 1.91~1.77 (m, 6H), 1.73~1.42 (m, 2H); *C NMR
(75 MHz, CDCly) &: 168.4, 166.3, 161.6, 156.1, 139.9,
136.5, 129.8, 125.1,99.9, 67.1, 62.0, 56.1, 54.4, 53.8, 51.7,
50.4, 49.9, 49.4, 31.8, 25.1, 23.3, 21.1; ESI-HRMS calcd
for C3oH,sN,0, [(M+2H)/2]" 267.6812, found 367.6825.

9-[3-( - £ B 52 ) T 2 ]-6- X Y A JE -4 (4- ML g Joe BE IR
WE 3 )-8,9- U & -5 H-WEIE [4,5-¢][1,4] — 5 5 -7-H{(22): 7=
F T1%. EOKAE, mp. 129~131 C; 'H NMR (300
MHz, CDCl5) d: 8.26 (s, 1H), 7.11 (d, J=8.4 Hz, 2H), 7.02
(d, J=8.4 Hz, 2H), 4.87 (s, 2H), 4.37 (s, 2H), 3.87~3.72
(m, 2H), 3.45~3.26 (m, 2H), 2.86 (t, J=12.0 Hz, 2H),
2.62~2.44 (m, 10H), 2.32 (s, 3H), 2.14~2.04 (m, 1H),
2.03~1.90 (m, 2H), 1.89~1.72 (m, 6H), 1.62~1.42 (m,
2H), 1.02 (t, J=7.2 Hz, 6H); *C NMR (75 MHz, CDCl;)
5: 168.3, 166.2, 161.5, 156.1, 139.8, 136.4, 129.7, 125.0,
99.7, 62.0, 54.0, 51.7, 50.3, 50.2, 50.0, 49.4, 46.8, 31.9,
25.5, 23.2, 21.0, 11.7; ESI-HRMS calcd for CsoHyN;0
[(M~+2H)/2]" 260.6916, found 260.6930.

3.3 H4sLig

ARSI SR FH R AW INAAR  EAE SCHR[10] 2RI
3.3.1  RIRARIL K H7% K ik (AlphaScreen)

A1 uL B vk A 10 mmole L' Fikk 3 %,
DMSO FiF% 10 X)ifid Multimek HL28 AWLFERE 1 X K6
IMZEpF (20 mmol-L ™' =¥ I HFLE, pH 8.0, 25
mmol°L ™" &4k4H, 2 mmolL ™' ZHiIFHEREA 0.05%
5 20)F B2 1 mmol* L™, B 1 pL BB o s MmN 2
384 L ProxiPlate ¥RALHFLARH. FH ZEMFELZRAL 9 pL
EAE-EEY VXM 25X LR AN, %=
B FME 30 min. #5500 2 L EREEMR-E AU
WERR VB G S2AR I BE 1 0 1 IR S 1X AT 22 Mk (45
ugemL ), HIELBOLAMEFHE 30 min. WE KRG,
{f L% HTS AlphaScreen #GH EnVision £ bricfill
FUARAS M A FA 1 AL AR A5 B e 2B 3@ 1 84 GraphPad
Prism 5 F1PYZEh £ [0 390 & F2H A5 3 1Cs, 4.
3.3.2 LANCE"” TR-FRET # |

AP L B B8 10 mmol L' kg 3134,
DMSO Fik& 10 X)iEid Multimek HL2$ AWEERSF 1 X 46
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MZE (20 mmoleL™" =¥2 FHILEFEH ke, pH 8.0, 25
mmol*L™" NaCl, 2 mmol*L ™" 7 FEEE I 0.05% M-I
20)FiFE % 1 mmoleL ™', BU 1 pL FBk o idMUm A2 384
FL ProxiPlate ¥ FLISFLIR . HZIEMAEAR 4.5 ul 1 ¢
1 ff) L3MBTL3/H4K20me2 JEA (555 nmoleL™") 1 X &
MBI BNX LSRN, iR N E 30 min. 255
N 4.5 pL Eu-W1024-Anti6His (2.2 nmoleL ~ ') I
ULight-8 8 35 f1 K (137.5 nmolsL )R &R, iR #E
A NI E 30 min. W EH NS, {1/ EnVision Z451d
LA DU ASC A 1 LA A 21 e B2, 12 WA 4 A7
LANCE/DELFIA D400/630 *{#%i3k, UV2(TRF) 320 nm
TOGIE AN RS (APC 665 nm FlI%f 615
nM). il %A GraphPad Prism 5 1P 2% 2% [A] Y990
GEIETERR) 1Cs fA.

34 SFXHE

L3MBTL3 s A5 H(4FL6) 4 H A i
(http://www.resb.org). 73 X HARKAE Autodock4.2 T2
BT, L MGLTools-1.5.4 Jyx 2 1) 1% SR 3F.
AR P E AR INE S B £ MGLTools-1.5.4 _|E
AT, PR, B DLER (LRI 1 Ab 2,
BeAATT B ). fExT R F, grid box K/ A
64X 60X 60 grid points, grid spacing 1 & 2 AH ik H.68
KRz — 0375 A, WE S AR IR IR
AT FRE PR st XA KA Lamarckian 15
fERE, BRKIERIRECN 2500000, At AR FH BRI %
B, mANE G HIEI R 2RI RN L5, H
EI% B K H PyMOL v1.7 AbFE.

B B AL R P R4 K F #1412 (University  of
North Carolina at Chapel Hill)f] Stephen V. Frye i##iH
] Lindsey Ingerman James, Brandi Baughman /I
Jacqueline Norris 7EA4E#75 HMK_F ¥ 35 B, [R]BH /i
T MROR 2 24 22 e IR VLA 1 (6] 2 A2 43 - R B 7 b i) 75
Bh.

4 Bh#f Kl (Supporting Information) fiG{b &4 'H
NMR, “C NMR F1 MS i . X EeptRln] LG 3 AT
X 3k (http://sioc-journal.cn/) . %K.
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