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Design, synthesis and biological activity of novel triazine inhibitors
of Candida albicans secreted aspartic protease 2
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Abstract: In recent years, the incidence and mortality of invasive fungal infections has increased. It is highly
desirable to develop novel antifungal agents with new modes of action. Targeting virulence factors represents a
new strategy for antifungal drug discovery. Secreted aspartic protease 2 (SAP2), a kind of virulence factor, is an
emerging antifungal target. However, discovery of small-molecule SAP2 inhibitors remains a significant challenge.
Based on the structure-activity relationship of our previously identified triazine small-molecule SAP2 inhibitor, we
were able to identify two potent inhibitors, 8a and 8c, which showed excellent in vivo antifungal activity for the
treatment of C. albicans infection. Moreover, compounds 8a and 8b effectively inhibited fungal biofilm. Taken
together, triazine SAP2 inhibitors represent promising lead compounds for the discovery of novel antifungal agents.
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Figure 1 Chemical structures of peptidic secreted aspartyl proteinase 2 (SAP2) inhibitors and novel triazine SAP2 inhibitors
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Figure 2 Design rationale of the triazine SAP2 inhibitors
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Table 1 SAP2 inhibitory activity of the thiazolidinone inhibitors. nd = Not determined
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Figure 3

Binding modes of the triazine SAP2 inhibitors. (A) Schematic representation of the proposed interactions between lead

compound Al12 and C. albicans SAP2; (B) Proposed binding pose of inhibitor 8c in the active site of SAP2. The inhibitors are shown in

the stick format and hydrogen bonds are shown in dotted red lines. The figures are generated using PyMol (http://pymol.souceforge,net/)
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Figure 6 (A) Inhibitory effect of compounds 8a, 8b and FLC on C. alb. 5314 biofilm formation. (B) Inhibitory effect of compounds 8a, 8b
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6.46 (m, 1H), 6.17~6.32 (m, 1H), 4.49 (s, 2H); ESI-MS
(m/z): 320.37 [M+1],

6- G -N2- (PR MR -2- JE F ) -N“- (4- S0 2K 2E)-1,3,5-
—WE-2,4- T (3e), M EE A, iiE: 83%. *H NMR
(300 MHz, DMSO-d,) ¢: 10.23 (br s, 1H, NH), 8.89 (br s,
1H, NH), 7.52~7.87 (m, 3H), 7.24~7.43 (m, 2H), 6.34~
6.43 (m, 1H), 6.20~6.31 (m, 1H), 4.47 (d, 2H, J = 5.46 Hz);
ESI-MS (m/z): 336.48 [M+1].

6- G -N2- (K M -2- JE FH K )-N- (4- Y 2K 36 )-1,3,5-
—We-2,4- i (3f), BB E R, fiiF: 92%. 'H NMR
(300 MHz, DMSO-d;) &: 10.16 (br s, 1H, NH), 8.89 (br s,
1H, NH), 7.53~7.83 (m, 3H), 7.35~7.51 (m, 2H), 6.33~
6.42 (m, 1H), 6.19~6.31 (m, 1H), 4.47 (s, 2H); ESI-MS
(m/z): 382.29 [M+1],

6- 50 -N2- (W MR -2- JiE F 3 ) -N- (4- il 5 i 75 36) -1, 3,
5- —WE-2,4- 1% (3g), H A, I3 81%. 'H NMR
(300 MHz, DMSO-dy) ¢: 10.45 (br s, 1H, NH), 8.76 (br s,
1H, NH), 7.65~8.07 (m, 4H), 7.59 (s, 1H), 7.24 (s, 2H,
NH,), 6.35~6.66 (m, 1H), 6.22~6.33 (m, 1H), 4.50 (d,

2H, J = 5.37 Hz); ESI-MS (m/z): 381.33 [M+1].

6- G -N2- (W i -2- FE B L) -N“- (4- i 3 2K 3) -1, 3, 5-
= WE-2,4- 1% (3h), A A, i 86%. H NMR
(600 MHz, DMSO-dg) ¢: 10.73 (br s, 1H, NH), 8.84 (br s,
1H, NH), 8.13~8.26 (m, 2H), 7.91~8.08 (m, 2H), 7.61
(s, 1H), 6.38~6.44 (m, 1H), 6.30~6.36 (m, 1H), 4.55
(d, 2H, J = 5.74 Hz); ESI-MS (m/z): 347.31 [M+1].

6- 50 -N2- (PR R - 2- 5% F G )-N4- 5 56 -1,3,5- = 2 -2, 4-
% (30), A AR, BOR: 89%. *H NMR (600 MHz,
DMSO-d,) 6: 9.44 (br s, 1H, NH), 8.07~8.47 (m, 1H,
NH), 7.55 (d, 2H, J = 13.76 Hz), 8.36~8.19 (m, 4H),
6.22~6.42 (m, 1H), 6.09~6.12 (m, 1H), 4.36~4.50
(m, 4H); ESI-MS (m/z): 316.36 [M+1].

6- 5 -N2- (1 i -2- 5 T JE ) -Ne- (4- F 4 2 3iE) -1,3,5-

—ME-2,4- Tk (3), AR, 3R 86%. 'H NMR
(600 MHz, DMSO-dg) d: 9.94 (br s, 1H, NH), 8.52 (br s,
1H, NH), 7.38~7.74 (m, 3H), 6.87 (d, 2H, J = 9.04 Hz),
6.32~6.43 (m, 1H), 6.18~6.31 (m, 1H), 4.45 (s, 2H),
3.71 (s, 3H); ESI-MS (m/z): 332.46 [M+1].
1.3 N2-(kiig-2-EFE)-6-BE-N*- K E-1,3,5-= -2 ,4-
TR (da) AR 6-F-N2- (WK IR -2- 2 FHR)-NA-OF
F#-1,3,5- = ¥&-2,4- —Ji% (3a) (1.51 g, 5 mmol, 1 equiv)
VT 50 mL — SUH B2, Ik (0.64 mL, 20 mmol,
4 equiv) [EIRHRE IR 12 he R4 R, 43 i A K
50 mL. %1 Al NaCl % ¥ 50 mLx2 ¥, o /KB R4 T
P, UM T 100 mL, g AT H E K, 53 Ao
il 14 0.99 g, W#: 67%. H NMR (300 MHz, DMSO-dy)
0: 9.03 (br s, 1H, NH), 7.92 (br s, 1H, NH), 7.46~7.83
(m, 3H), 7.24~7.44 (br s, 2H, NHNH,), 7.19 (t, 2H, J =
7.92 Hz), 6.88 (t, 1H, J = 7.07 Hz), 6.30~6.44 (m, 1H),
6.12~6.29 (m, 1H), 4.46 (d, 2H, J = 5.21 Hz), 4.21 (br s,
1H, NHNH,); ESI-MS (m/z): 298.33 [M+1].

AW ab~4) i 25 J7 i S5 &) da kAl .

N2- (19 PR -2- J& Y ) -6- JfF 28 -N4- (4- Y 2R ) -1,3,5-
—E-2,4- % (4b), H B E A, IR 65%. 'H NMR
(300 MHz, DMSO-dg) d: 8.95 (br s, 1H, NH), 7.91 (br s,
1H, NH), 7.48~7.72 (m, 3H), 7.27 (br s, 1H, NHNH,),
7.00 (d, 2H, J = 8.34 Hz), 6.32~6.40 (m, 1H), 6.15~
6.30 (m, 1H), 4.45 (d, 2H, J = 5.07 Hz), 4.14 (s, 2H,
NHNH,), 2.20 (s, 3H); ESI-MS (m/z): 312.51 [M+1].

N2- (1 g - 2- 5 HH 25k ) -6- JifF 5 -N*- (4- S K 3E)-1,3,
5- —W&-2,4- & (4c), F R, iR 85%. *H NMR
(600 MHz, DMSO-d,) ¢: 8.86 (br s, 1H, NH), 7.88 (br s,
1H, NH), 7.47~7.71 (m, 3H), 7.22 (br s, 2H, NHNH,),
6.78 (d, 2H, J = 8.32 Hz), 6.34~6.39 (m, 1H), 6.16~
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6.29 (m, 1H), 4.46 (s, 2H), 4.22 (br s, 1H, NHNH,), 3.96
(dd, 2H, J = 6.91, 13.82 Hz), 1.29 (t, 3H, J = 6.91 Hz);
ESI-MS (m/z): 342.52 [M+1].

N2- (19 R -2- 25k P K ) -6- JiFR J -N4- (4- 93 R JE) -1, 3,5-
—E-2,4- % (4d), HEE A, 1 66%. 'H NMR
(600 MHz, DMSO-d,) §: 9.09 (br s, 1H, NH), 8.01 (br s,
1H, NH), 7.50~7.86 (m, 3H), 7.30 (br s, 2H, NHNH,),
6.78 (d, 2H, J = 8.56 Hz), 6.35~6.40 (m, 1H), 6.17~
6.32 (m, 1H), 4.47 (s, 2H), 4.23 (br s, 1H, NHNH,); ESI-
MS (m/z): 316.29 [M+1].

N2- (PR i -2- ik FF ) -6- ik = -N*- (4- SR 48)-1,3,5-
—Bg-2,4- 1% (4e), E L [E AR, A 63%. *H NMR
(300 MHz, DMSO-d,) 6: 9.21 (br s, 1H, NH), 8.05 (br s,
1H, NH), 7.50~7.89 (m, 3H), 7.32 (br s, 2H, NHNH,),
7.22 (d, 2H, J = 8.76Hz), 6.31~6.41 (m, 1H), 6.13~
6.30 (m, 1H), 4.44 (d, 2H, J = 4.88 Hz), 4.19 (br s, 1H,
NHNH,); ESI-MS (m/z): 332.37 [M+1].

N2- (R i -2- Jik HY k) -6- JIF 2 -N- (4- R 2R JE) -1, 3, 5-
—E-2,4- T iz (4f), B A, i FE: 84%. 'H NMR
(300 MHz, DMSO-dg) d: 9.22 (br s, 1H, NH), 8.02 (br s,
1H, NH), 7.51~7.86 (m, 3H), 7.35 (d, 2H, J = 8.61 Hz),
7.19 (br s, 2H, NHNH,), 6.31~6.40 (m, 1H), 6.15~
6.30 (m, 1H), 4.44 (d, 2H, J = 5.17 Hz), 4.20 (br s, 1H,
NHNH,); ESI-MS (m/z): 376.47 [M+1].

N2- (W I - 2- 35 FH ) -6- il 6 -N“- (4- il e B 2R JE) - 1,3,
5-—W-2,4- " Jf% (4g), FIEE A, 3 89%. *H NMR
(300 MHz, DMSO-d,) d: 9.46 (br s, 1H, NH), 8.16 (br s,
1H, NH), 7.83~8.02 (m, 2H), 7.63 (d, 2H, J = 8.87 Hz),
7.54 (s, 1H), 7.44 (br s, 1H, NHNH,), 6.45~7.29 (br s,
4H, NHNH,, NH,), 6.34~6.40 (m, 1H), 6.17~6.32 (m,
1H), 4.46 (d, 2H, J = 4.10 Hz); ESI-MS (m/z): 377.27
[M+1].

N2- (1 g - 2- 5 FH k) -6- JifF = -N - (4- i = 8 0k) -1, 3,
5- = W&-2,4- % (4h), A G4, IR 75%. 'H NMR
(600 MHz, DMSO-d,) d: 9.83 (br s, 1H, NH), 8.25 (br s,
1H, NH), 7.96~8.21 (m, 4H), 7.57 (s, 1H), 7.20 (br s,
2H, NHNH,), 6.39 (s, 1H), 6.22~6.35 (m, 1H), 4.50 (d,
2H, J = 5.17 Hz), 4.34 (br s, 1H, NHNH,); ESI-MS
(m/z): 343.34 [M+1],

N2- (PR IR -2- 2 FH L) -6- JF 2 -N*-F 0k - 1,3,5- = 15 -2,4-
g (40), A E AR, KR 90%. *H NMR (600 MHz,
DMSO-d,) 6: 8.14~8.49 (m, 1H, NH), 7.45~7.46 (m,
1H, NH), 7.16~7.36 (m, 5H), 7.11 (br s, 1H, NHNH,),
7.20 (br's, 2H, NHNH,), 6.36~6.42 (m, 1H), 5.99~6.26
(m, 1H), 4.34~4.51 (m, 4H), 4.27 (br s, 1H, NHNH,);

ESI-MS (m/z): 312.23 [M+1].

N2- (1 g - 2- 5= H k) -6- JifF 5 -N*- (4- A R 3E)-1,3,

5- —=1%-2,4- "l (4)), B EE A, W F: 71%. *H NMR
(600 MHz, DMSO-d;) ¢: 8.87 (br s, 1H, NH), 7.84 (br s,
1H, NH), 7.49~7.71 (m, 3H), 7.20 (br s, 2H, NHNH,),
6.78 (d, 2H, J = 8.93 Hz), 6.33~6.38 (m, 1H), 6.15~
6.29 (m, 1H), 4.44 (s, 2H), 4.16 (br s, 1H, NHNH,), 3.69
(s, 3H); ESI-MS (m/z): 328.30 [M+1]-
1.4 N2-(RkiEg-2-EL B EL)-6-[2-(Z5-1-E B E) B K-
N*-ZKE-1,3,5-=1&-2,4-Z % (5a) BIE AL N2-(Wk
IR -2-35 FF 3% )-6- JF 3 -N*- 28 3 -1,3,5- = H:-2,4- — fi% (4a)
(0.30 g, 0.1 mmol, 1 equiv) ¥ fi# T 25 mL H 2K+, A
1-Z5 % (0.64 mL, 20 mmol, 4 equiv), FJ F Fig /K 73 &5
ARV FE SN 3 he S NLZE W, ek 28 A A,
Nt b 51 CH,CL 1% fi [ 44, 1m) 35 W w3 hn it 18K
A K& ] AT, R, 193 3 o 4R 0.28 g,
65%, mp: 144~145 C . 'H NMR (500 MHz, DMSO-
dg) 0: 10.94 (br s, 1H, NH), 9.31 (br s, 1H, NH), 8.46~
9.06 (m, 2H), 7.95~8.12 (m, 2H), 7.43~7.94 (m, 8H),
7.26 (t, 2H, J = 7.31 Hz), 6.96 (t, 2H, J = 7.01 Hz), 6.39
(s, 1H), 6.19~6.37 (m, 1H), 4.54 (d, 2H, J = 4.63 Hz);
13C NMR (125 MHz, DMSO-d;) 6. 166.28, 164.68, 153.70,
142.25 (2C), 140.98, 134.06, 130.81, 130.60, 130.00,
129.17, 128.77 (2C), 127.53, 126.60, 126.00, 124.51,
122.06 (2C), 120.17 (2C), 110.95, 107.18, 106.92, 37.65;
ESI-MS (m/z): 436.38 [M+1].

&1 5b~5x 1) il £ T7 15 54k &4 5a t A .

N2- (16 TR -2- 3 B 3L ) -6-[2- (25 -1- 3 W 4 35) i
FE]-N*-(4- FH 2K 3)-1,3,5- = 188 -2,4- . fi% (5b), A &
&, = 73%, mp: 136~137 ‘C. 'H NMR (500 MHz,
DMSO-d,) d: 10.90 (br s, 1H, NH), 9.21 (br s, 1H, NH),
8.44~8.95 (m, 2H), 7.94~8.06 (m, 2H), 7.34~7.93
(m, 8H), 7.06 (d, 2H, J = 7.99 Hz), 6.39 (s, 1H), 6.20~
6.36 (m, 1H), 4.53 (s, 2H), 2.26 (s, 3H); ESI-MS (m/2):
450.40 [M+1].

N2- (15 i -2- 3 H 3)-6- [ 2- (25 -1- 5 H 475 85 JF 3] -
N*-(4- 2 S8 2K 3£)-1,3,5- = 5 -2,4- — 1% (5¢), 1 {0 [ 44,
KK: 65%, mp: 138~140 C. *HNMR (500 MHz, DMSO-
dg) 0: 10.86 (br s, 1H, NH), 9.13 (br s, 1H, NH), 8.42~
8.95 (m, 2H), 7.93~8.04 (m, 2H), 7.44~7.92 (m, 8H),
6.83 (d, 2H, J = 8.78 Hz), 6.39 (s, 1H), 6.17~6.37 (m,
1H), 451 (s, 2H), 3.99 (dd, 2H, J = 7.07, 13.99 Hz),
1.32 (t, 1H, J = 6.98 Hz); 3C NMR (125 MHz, DMSO-
d;) o: 166.30, 164.66, 154.01, 153.77, 142.21 (2C),
134.06 (2C), 130.87, 130.61, 129.95, 129.16, 127.50,
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126.55, 126.00, 124.52, 121.82 (3C), 114.58 (2C), 110.94,
107.14, 106.89, 63.54, 37.63, 15.23; ESI-MS (m/z):
480.39 [M+1].

N2- (15 I -2- 5 T ) -6- [2- (25 -1- 33 Y0 528 JpF 3L ] -
NA-(4- 98 3E)-1,3,5- = 822, 4- —Ji% (5d)), [ €[ 4, U
#: 45%, mp: 129~130 ‘C. *H NMR (500 MHz, DMSO-
dg) 0: 10.94 (br s, 1H, NH), 9.36 (br s, 1H, NH), 8.47~
9.05 (m, 2H), 7.72~8.12 (m, 5H), 7.42~7.71 (m, 5H),
7.09 (s, 2H), 6.40 (s, 1H), 6.19~6.37 (m, 1H), 4.52 (s,
2H); ESI-MS (m/z): 454.38 [M+1].

N2- (1 W -2- 5 T k) -6- [2- (25 -1- 36 Y0 8 JF 3L -
N*-(4-50 K 3k)-1,3,5- =2 -2, 4- — i (5e), A 0 [l 44, 0
#:56%, mp: 125~127 C. *H NMR (500 MHz, DMSO-
dg) 6: 10.97 (br s, 1H, NH), 9.47 (br s, 1H, NH), 8.48~
9.03 (m, 2H), 7.76~8.08 (m, 5H), 7.49~7.75 (m, 5H),
7.28 (s, 2H), 6.40 (s, 1H), 6.19~6.38 (m, 1H), 4.52 (d,
2H, J = 5.05 Hz); ESI-MS (m/z): 470.45 [M+1].

N2- (15 1Fg -2- 56 HH 3i6)-6-[2- (25 -1- Fk FF 995 k) Ji 3 -
N*-(4-JR 4 38)-1,3,5- = B2-2,4- — % (5F), [ [E 4k, Uk
#: 63%, mp: 123~124 ‘C.. *H NMR (500 MHz, DMSO-
dg) d: 11.03 (br s, 1H, NH), 9.50 (br s, 1H, NH), 8.56~
9.03 (m, 2H), 7.79~8.11 (m, 5H), 7.55~7.78 (m, 5H),
7.45 (s, 2H), 6.44 (s, 1H), 6.27~6.42 (m, 1H), 4.57 (d,
2H, J = 5.04 Hz); ESI-MS (m/z): 514.69 [M+1].

N2- (15 1jg -2- 3 FH ) -6-[2- (25 -1- 2% F 04 525 ) JE 25 -
N4-(4-fitf i 3 2 5E)-1,3,5- = B5-2 4- i (50), ¥ ¥ ([
&, WL 40%, mp: 174~176 ‘C . 'H NMR (300 MHz,
DMSO-dg) d: 9.91 (br s, 1H, NH), 9.20 (br s, 1H, NH),
8.43 (s, 1H), 7.82~8.21 (m, 5H), 7.44~7.81 (m, 6H),
7.06~7.40 (m, 3H), 6.42 (s, 1H), 6.25~6.40 (m, 1H),
4.61 (s, 2H); ESI-MS (m/z): 515.35 [M+1].

N2- (1 I -2- 5 T ) -6- [2- (25 -1- 35 FFY 0 328 JpF 38 -
N*-(4-filg F2£ 2K JE)-1,3,5- = W& -2,4- - Ji% (5h), 7% #% (L [
14, W Z: 49%, mp: 265~266 C . 'H NMR (500 MHz,
DMSO-dg) 6: 11.13 (br s, 1H, NH), 10.10 (br s, 1H,
NH), 8.61~9.02 (m, 2H), 7.74~8.41 (m, 8H), 7.48~
7.71 (m, 4H), 6.41 (s, 1H), 6.22~6.40 (m, 1H), 4.57 (d,
2H, J = 5.49 Hz); ESI-MS (m/z): 481.36 [M+1].

N2- (1 I -2- 5 FT i) -6- [2- (25 -1- 33 Y0 k) JpF 3L -
N5 JE-1,3,5- = B2 -2, 4- — i (5i), M [ 1k, U %
76%, mp: 102~103 ‘C. *H NMR (500 MHz, DMSO-d,)
5:10.78 (br s, 1H, NH), 9.32 (br s, 1H, NH), 8.51~8.92
(m, 1H), 7.10~8.09 (m, 14H), 6.38 (s, 1H), 6.05~6.35
(m, 1H), 4.33~4.76 (m, 4H); ESI-MS (m/z): 450.60
[M+1]

N2- (195 1 -2- 3 T 3E) -6- [2- (25 -2- 925 H 04 328 ik 2] -
N*-(4- FF 4 K 9) -1, 3,5- = 88-2,4- % (5)), H B [F 1k,
i 3 : 68%, mp: 131~132 C . 'H NMR (500 MHz,
DMSO-dg) d: 10.97 (br s, 1H, NH), 9.13 (br s, 1H, NH),
8.31 (s, 1H), 7.62~8.11 (m, 8H), 7.58 (s, 1H), 7.51~
7.57 (m, 2H), 6.86 (d, 2H, J = 7.83 Hz), 6.40 (s, 1H),
6.16~6.36 (m, 1H), 4.52 (s, 2H), 3.74 (s, 3H); ESI-MS
(m/z): 466.39 [M+1].

N2- (1 i -2- 3 T 32E) -6- [2- (25 -2- 9 H 0 38 ik 2] -
N4-(4- H1 4 3k)-1,3,5- = B4-2 4- — i (5K), 1 0 [ 44, i
R . 66%, mp: 136~138 ‘C . 'H NMR (500 MHz,
DMSO-dg) d: 10.94 (br s, 1H, NH), 9.18 (br s, 1H, NH),
8.31 (s, 1H), 7.62~8.13 (m, 8H), 7.58 (s, 1H), 7.50~
7.57 (m, 2H), 7.08 (d, 2H, J = 8.14 Hz), 6.40 (s, 1H),
6.20~6.38 (m, 1H), 4.52 (s, 2H), 2.27 (s, 3H); ESI-MS
(m/z): 450.41 [M+1],

N2- (15 i -2- 3 T ) -6- [2- (25 -2- 92 W 0 38 ik 2] -
N4- 2K 3 -1,3,5- = 182 -2, 4- — i (51), [ o [E 4k, Ui &
57%, mp: 127~129 ‘C . 'H NMR (500 MHz, DMSO-
dg) 0: 10.98 (br s, 1H, NH), 9.29 (br s, 1H, NH), 8.32 (s,
1H), 7.68~8.14 (m, 8H), 7.58 (s, 1H), 7.52~7.57 (m,
2H), 7.08 (t, 2H, J = 7.50 Hz), 6.96 (t, 2H, J = 7.23 Hz),
6.40 (s, 1H), 6.21~6.37 (m, 1H), 4.53 (s, 2H); ESI-MS
(m/z): 436.37 [M+1].

N2- (1 i -2- 36 T 32E) -6- [2- (25 -2- 525 H 04 328 ik 2] -
N*-(4- 58 2K 5E)-1,3,5- =185 -2,4- —Jf& (5m), 1 {0 [l 44,
i % . 77%, mp: 130~132 C . 'H NMR (500 MHz,
DMSO-d;) 0: 10.89 (br s, 1H, NH), 9.10 (br s, 1H, NH),
8.30 (s, 1H), 7.60~8.09 (m, 8H), 7.57 (s, 1H), 7.51~
7.56 (m, 2H), 6.84 (d, 2H, J = 8.16 Hz), 6.39 (s, 1H),
6.18~6.37 (m, 1H), 4.50 (s, 2H), 4.00 (dd, 2H, J = 6.63,
13.50 Hz), 1.32 (t, 1H, J = 6.91 Hz); ESI-MS (m/z):
480.39 [M+1].

N2- (W IR -2- 35 1 35 ) -6- [2- (25 -2- 3 FF 0755 325) it 3 -
N“-(4-5 A 3k)-1,3,5- = -2 4- — i (5n), 10l 44, i
#: 48%, mp: 130~131 ‘C. *H NMR (500 MHz, DMSO-
dg) d: 11.03 (br s, 1H, NH), 9.35 (br s, 1H, NH), 8.31 (s,
1H), 7.66~8.09 (m, 8H), 7.58 (s, 1H), 7.51~7.57 (m,
2H), 7.10 (t, 2H, J = 7.92 Hz), 6.40 (s, 1H), 6.18~6.37
(m, 1H), 4.51 (s, 2H); ESI-MS (m/z): 454.40 [M+1].

N2- (155 I -2- 2 H 3E) -6- [2- (25 -2- 36 0 32 JF 3] -
N-(4-5 A 3E)-1,3,5- = &-2,4- — i (50), F B lE 14, Uk
#R: 63%, mp: 129~130 C. H NMR (500 MHz, DMSO-
dg) 5: 11.02 (br s, 1H, NH), 9.46 (br s, 1H, NH), 8.32 (s,
1H), 7.61~8.12 (m, 8H), 7.59 (s, 1H), 7.51~7.58 (m,



B kAR BT =N S BRI SAP2 HI IR BE T LA B A AL WIS PRI A © 1657 -

2H), 7.43 (d, 2H, J = 6.84 Hz), 6.40 (s, 1H), 6.21~6.38
(m, 1H), 4.52 (s, 2H); ESI-MS (m/z): 470.39 [M+1].

N2- (W I -2- 35 T 35E) -6- [2- (25 -2- 3 1 04 225) JjF 35 -
N4-(4- 1R 3E)-1,3,5- = H4-2,4- % (5p), A o [El 44, Uk
#: 68%, mp: 135~136 ‘C. *H NMR (500 MHz, DMSO-
dg) 6: 11.03 (br s, 1H, NH), 9.47 (br s, 1H, NH), 8.32 (s,
1H), 7.61~8.10 (m, 8H), 7.58 (s, 1H), 7.51~7.57 (m,
2H), 7.43 (d, 2H, J = 6.84 Hz), 6.40 (s, 1H), 6.21~6.37
(m, 1H), 4.52 (d, 2H, J = 5.24 Hz); ESI-MS (m/z): 514.40
[M+1].

N2- (T 1 -2- 35 HH 3i)-6-[2- (25 -2- ik FF 04 k) JF -
N*-(4-Tifk i 3 45 55)-1,3,5- = 18:-2,4- — i (5q), 38 3% €4 [&]
4, W #: 51%, mp: 161~163 C. H NMR (500 MHz,
DMSO-d;) d: 11.08 (br s, 1H, NH), 9.71 (br s, 1H, NH),
8.33 (s, 1H), 7.76~8.23 (m, 8H), 7.71 (d, 2H, J = 8.16 Hz),
7.59 (s, 1H), 7.51~7.58 (m, 2H), 6.41 (s, 1H), 6.19~
6.39 (m, 1H), 4.55 (d, 2H, J = 5.72 Hz); ESI-MS (m/2):
513.28 [M-1].

N2- (15 1 -2- 5 HH 3i)-6-[2- (25 -2- Jk FF 07 56 J -
N“- (4- i 22 OR 3)-1,3,5- = -2,4- —Ji (5r), ¥ 75 €0 [#]
&, % 75%, mp: 272~274 *C . 'H NMR (500 MHz,
DMSO-d,) 6: 11.15 (br s, 1H, NH), 10.10 (br s, 1H,
NH), 8.35 (s, 1H), 7.79~8.31 (m, 10H), 7.60 (s, 1H),
7.53~7.58 (m, 2H), 6.41 (s, 1H), 6.27~6.38 (m, 1H),
4,55 (d, 2H, J = 5.93 Hz); ESI-MS (m/z): 481.35 [M+1].

N2- (W I -2- 35 T 355 ) -6- [2- (25 -2- 35 1 04 525) JF 36 -
N4- 3k -1,3,5- = B2-2,4- — Jli (5s), A {0 [l 4, Uit %
82%, mp: 107~108 C . 'H NMR (500 MHz, DMSO-
dg) 0: 13.10 (br s, 1H, NH), 10.78 (br s, 1H, NH), 8.26
(s, 1H), 7.85~8.08 (m, 5H), 7.47~7.61 (m, 3H), 7.16~
7.46 (m, 6H), 6.30~6.42 (m, 1H), 6.04~6.29 (m, 1H),
4.37~4.60 (m, 4H); ESI-MS (m/z): 450.96 [M+1].

N2- (15 s - 2-F5 FH 7 )-6- [ 2- (W4 bk - 2- 2 P 07 3 ) 3k -
N4 36 -1,3,5- = B2 -2, 4- — Ji% (5t), B (0 [E 14, i %
43%, mp: 186~187 ‘C . *H NMR (500 MHz, DMSO-
dg) 9: 13.19 (br s, 1H, NH), 11.18 (br s, 1H, NH), 8.68~
8.94 (m, 1H), 8.23~8.59 (m, 2H), 7.14~8.16 (m, 11H),
6.32~6.54 (m, 1H), 6.02~6.31 (m, 1H), 4.36~4.75 (m,
4H); ESI-MS (m/z): 451.63 [M+1].

N2- (15 M - 2- F FH K )-6- [ 2- (W bk - 2- i P 47 i ) J ik -
N4- 2K 3k -1,3,5- = B2 -2 4- — % (5u), #5 {0 [ 44, Wig %
62%, mp: 181~182 C . 'H NMR (500 MHz, DMSO-
dg) 0: 11.37 (br s, 1H, NH), 9.38 (br s, 1H, NH), 8.42 (s,
1H), 8.34 (s, 1H), 7.53~8.21 (m, 9H), 7.23 (s, 2H), 6.98
(s, 1H), 6.40 (s, 1H), 6.22~6.37 (m, 1H), 4.55 (s, 2H);

ESI-MS (m/z): 437.78 [M+1].

N2- (k- 2- 35 F 5 )-6- [2- (WA W -2- 5 PP IS 32 ) ifE 36k -
N4-(4-R 2K 3£)-1,3,5- = B2-2,4- — i (5v), H5 {0 il 44, i
#: 62%, mp: 169~171 C. *H NMR (500 MHz, DMSO-
dg) 5: 11.34 (br s, 1H, NH), 9.52 (br s, 1H, NH), 8.43 (s,
1H), 8.34 (s, 1H), 7.96~8.22 (m, 3H), 7.92 (br s, 1H,
NH), 7.67~7.89 (m, 3H), 7.62 (d, 1H, J = 7.51 Hz),
7.59 (s, 1H), 7.45 (s, 2H), 6.41 (s, 1H), 6.24~6.37 (m,
1H), 4.54 (s, 2H); ESI-MS (m/z): 517.56 [M+1].

N2- (WK M -2- 356 i L) -6-[2- (5K ik FH O 2k ) JF 6 ]-N#-
K H-1,3,5-=W-2,4- % (Bw), A B E K, E: 78%,
mp: 116~117 C . *H NMR (500 MHz, DMSO-dj) 6:
10.85 (br s, 1H, NH), 9.27 (br s, 1H, NH), 8.16 (s, 1H),
7.62~8.04 (m, 4H), 7.57 (s, 1H), 7.54 (br s, 1H, NH),
7.44 (t, 2H, J = 7.83 Hz), 7.37 (t, 1H, J = 7.16 Hz), 7.26
(t, 2H, J = 7.61 Hz), 6.39 (s, 1H), 6.22~6.36 (m, 1H),
451 (d, 2H, J = 5.15 Hz); ESI-MS (m/z): 386.46 [M+1].

N2~ (W 1 -2- J5E T 58 )-6- [ 2- (T P -4- Ji F 075 32 ) Jifk -

N4 2K 3t -1,3,5- = -2, 4- — iit (5x), ¥ {0 [& 44, e 3%
65%, mp: 231~232 C . 'H NMR (500 MHz, DMSO-
dg) 0: 11.17 (br s, 1H, NH), 9.34 (br s, 1H, NH), 8.62 (d,
2H, J = 5.47 Hz), 8.12 (s, 1H), 7.59~8.02 (m, 4H), 7.58
(s, 1H), 7.53 (br s, 1H, NH), 7.27 (t, 2H, J = 7.64 Hz),
6.96 (t, 1H, J = 7.14 Hz), 6.39 (s, 1H), 6.20~6.36 (m,
1H), 4.52 (s, 2H); ESI-MS (m/z): 387.30 [M+1].
1.5 2-{2-[(2-{4-[(mkMm-2- R E) pz & ]-6-[4-F | E
FEYVRE]-135-Zh-2-EME)RER XS HI R
ZBs (7a) AR thEWTa~TcHIH & ik 5hE
Yy 5a flH

2-{2-[(2-{4-[(W Mg -2- J& FF ) Jiie k] -6- [ (4- FH A B
PRI I FE]-1,3,5- = R -2-JE I IE) F A LR AR 4
IR .16 (7a), H €, I 72%, mp: 180~181 C.
IH NMR (500 MHz, DMSO-d,) d: 10.94 (br s, 1H, NH),
9.10 (br s, 1H, NH), 8.04 (s, 1H), 7.59~8.05 (m, 3H),
7.57 (s, 1H), 7.46 (br s, 1H, NH), 7.32 (t, 1H, J = 7.92 Hz),
7.05 (t, 1H, J = 6.99 Hz), 6.97 (d, 1H, J = 8.86 Hz), 6.83
(d, 2H, J = 8.86 Hz), 6.36~6.43 (m, 1H), 6.17~6.35
(m, 1H), 4.89 (s, 2H), 4.49 (s, 2H), 4.18 (dd, 2H, J =
7.17, 14.32 Hz), 3.72 (s, 3H), 1.22 (t, 1H, J = 7.17 Hz);
3C NMR (125 MHz, DMSO-dy) &: 169.08, 166.22,
164.52, 156.07, 154.73, 142.19, 138.16, 133.96, 130.66,
125.90, 124.23, 121.73 (2C), 113.94 (3C), 113.23,
110.92, 107.27, 106.82, 65.61, 61.19, 55.63, 37.63,
14.51; ESI-MS (m/z): 518.29 [M+1].

2,2'-[{4-[(2-{4-[ (W R -2- FE H I ) frie 561 -6- [ (4- 4
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SR HE) e HE]-1,3,5- = MR -2-FE ) F A 2R ]-1,2- 2K 2}
(RN LR . BE (Tb), I E AR, YR 78%, mp:
86~87 ‘C. *H NMR (500 MHz, DMSO-d;) &: 10.74 (br s,
1H, NH), 9.09 (br s, 1H, NH), 8.04 (s, 1H), 7.59~7.87
(m, 2H), 7.56 (s, 1H), 7.44 (br s, 1H, NH), 7.13~7.32 (m,
2H), 6.99 (d, 1H, J = 8.51 Hz), 6.85 (d, 2H, J = 8.21 Hz),
6.36~6.41 (m, 1H), 6.17~6.35 (M, 1H), 4.86 (s, 2H), 4.84
(s, 2H), 4.50 (s, 2H), 4.18 (dd, 4H, J = 7.16, 14.31 Hz),
3.72 (s, 3H), 6.85 (t, 6H, J = 7.14 Hz); HR-ESI-MS
(m/z) [M+1]: 620.2466

2,2'-[{4-[(2-{4-[ (W R -2- F& FH I ) Jrie 561 -6- [ (4- 4
Fe ORI 5 FE]-1,3,5- = HE-2-FE Y AL ) 4 3K ]-1,3- 2K 3 )
(R LR LB (Tc), A B E A, W 66%, mp:
95~97 C . 'H NMR (500 MHz, DMSO-d,) J: 10.75
(br's, 1H, NH), 9.07 (br s, 1H, NH), 8.41 (s, 1H), 7.60~
8.04 (m, 3H), 7.56 (s, 1H), 7.41 (br s, 1H, NH), 6.83 (d,
2H, J = 8.69 Hz), 6.54~6.73 (m, 2H), 6.35~6.43 (m,
1H), 6.18~6.35 (m, 1H), 4.90 (s, 2H), 4.82 (s, 2H), 4.49
(s, 2H), 4.13~4.24 (m, 4H), 3.72 (s, 3H), 1.18~1.27
(m, 6H); 3C NMR (125 MHz, DMSO-d,) J: 168.97,
168.92, 166.22, 164.53, 160.03, 157.18, 154.67, 153.79,
142.16, 138.18, 134.06, 126.91, 121.65 (2C), 117.77,
113.94 (2C), 110.91, 108.07, 107.26, 106.76, 100.42,
65.70, 65.34, 61.20, 61.14, 55.62, 37.62, 14.50 (2C);
ESI-MS (m/z): 620.32 [M+1]. HR-ESI-MS m/z [M+1]:
620.2469.
1.6 2-{2-[(2-{4-[(RkM-2- B A E) pR & ]-6-[4-BHEE
FE)BEE]-1,3,5-ZR-2-EHE)RG R XS EI TR
(8a) WIERL ¥4 2-{2-[(2-{4-[(Wk g -2- K= HH Jik) Ji&e k] -6-
[(4- FP 480 35 2 ) e 3] -1,3,5- = B2 -2-JE 38 Y 0755 3]
FHAFHEY LR 2B (7a) (0.11 g, 0.22 mmol, 1 equiv) Al
LiOH-H,0 (0.014 g, 0.33 mmol, 1.5 equiv) T- 5 mL &
EVEF (THF-MeOH-H,0 = 3:2:1) , = iRt $k ;e i
1he o ZEF A, A K (20 mL), 1 mol-L* 35 fR 1
W pH 2 2.0~3.0, HULEAE L. DR, R KT,
75 2] 1 5 18 4K 64 mg, Y3 59%, mp: 188~189 C .
'H NMR (400 MHz, DMSO-d, + D,0) &: 8.59 (s, 1H),
7.97 (d, 2H, J = 7.60 Hz), 7.43~7.71 (m, 3H), 7.28~7.42
(m, 1H), 7.15~6.93 (m, 2H), 7.89 (d, 2H, J = 8.80 Hz),
6.41 (s, 1H), 6.34 (s, 1H), 4.78 (s, 2H), 4.52 (s, 2H),
3.77 (s, 3H); *C NMR (125 MHz, DMSO-d) d: 170.44,
164.54, 158.85, 156.75, 155.77, 142.86, 142.42, 132.04
(2C), 126.56, 124.14 (2C), 121.59, 114.20 (3C), 113.25,
111.05, 107.67 (2C), 65.43, 55.70, 37.63; ESI-MS (m/2):
490.25 [M+1].

k&%) 8b . 8c 1l 4 77 1L S5 &) 8a AH ]

2,2'-[{4-[(2-{4-[ (WK Mg -2- 5 P 3% i 55 1-6-[(4- FH 4
FEOR SR 5E]-1,3,5- = e -2-FE Pk 5L ) A 2R )-1,2- K 0 )
Z(FR)IM 1 (8b), I A, Y% 43%, mp: 228~
229 ‘C . 'H NMR (400 MHz, DMSO-d; + D,0) J: 8.06
(s, 1H), 7.45~7.80 (m, 3H), 7.16~7.44 (m, 2H), 6.94
(d, 1H, J = 8.80 Hz), 6.87 (d, 2H, J = 8.80 Hz), 6.40
(s, 1H), 6.31 (s, 1H), 4.76 (s, 4H), 4.50 (s, 2H), 3.72
(s, 3H); BC NMR (125 MHz, DMSO-d,) &: 170.47,
170.39, 165.43, 163.42, 162.44, 156.39, 150.16, 142.97,
142.52, 131.60, 127.35, 122.19 (2C), 118.89, 114.28
(2C), 113.80, 111.08, 107.68 (3C), 101.03, 65.95, 65.56,
55.72, 37.66; HR-MS (ESI) m/z: Calcd. for C,H,sN,O,
[M+H]* 564.183 7, Found 564.184 3.

2,2'-[{4-[(2-{4-[(Wk Wi -2- & FF 356) i L] -6- [ (4- F 4R
e OR L) i 3£1-1,3,5- = W -2- Y2 JifF ) M -1, 3-
AREY ()W L (8c), A [ A, i 2 48%, mp:
233~234 "C. *H NMR (400 MHz, DMSO-d, + D,0) ¢:
8.52 (s, 1H), 7.92 (d, 1H, J = 8.40 Hz), 7.44~7.75 (m,
3H), 6.91 (d, 2H, J = 8.80 Hz), 6.63 (d, 1H, J = 8.80 Hz),
6.58 (s, 1H), 6.43 (s, 1H), 6.20~6.41 (s, 1H), 4.80 (s,
2H), 4.74 (s, 2H), 451 (s, 2H), 3.72 (s, 3H); HR-MS
(ESI) m/z: Calcd. for CyHxxN,O [M+H]* 564.183 7,
Found 564.185 5.
2 SAP2HIEgSE M LI

AHIF 5 2 W SCHRIAGE 7 SAP2 411l % 1 AR 7 1%,
LA PepA 1 BH M0t B 2E 4T 2 RN, 24138 45 42 1 SOk
g

7F 225,96 FLAR b B FLAK I N A7 45 TR 0 2% 1
185 uL.SAP2 i 5 uL . #il5§ 5 uL, /£ =5 5L, PepAfig
BH P X @ 41, DMSO ff s (4. 1R21 )5 T 30 TR %
30 min. JI A 18.75 umol-LYJE#) 5 uL, IR IE 5, 1#
FH Bioteck Synergy?2 £ T G& B b 4% & 10 min Il 52 b &
W5 Kt (e = 340/30 nm, /., = 485/20 nm). H#E
BT B[] 5 5 R B B AR BE, TH B RN IR EE R D
i1l 77 B ) 6% o FELREAN R L PR 0 Ak 26 5 A R R 1)
log B AT AE LR ML &, 73 B3E P 5 77 2 K 3G &,
JE 3L GraphPad Prism 5.0 #/4 HL#: 13 2 1Co fH
3 BRI R RIR BN 16

LA R Y 1) S A A Y S 56 2 IR Pukkila-Worley
LS AT VAT

H1 75 T B AT 28 B glp-4.sek-1 T- NGM 5% 3¢ 4 |
AR IAT 7R £k B, 15 CH IR 5~6 REF I, B0,
F¢ LB, FH MO G2l e T34, NN, R 5
Y £ UG, T MO 2 i R Ak S A, 15 2 LIS R
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TR FINGM 537 3E |25 CH 33 K, 15 LA

M 4 C %1 T 1) SDA B2 Ik B ¥ 1 7% C. alb.
SC5314 T2 mL YEPD ¥ {45 7= F v, 30 C Rz R &,
BEFRBAEKEHMER. KH, 100 pL HiK T
BHI B g 1 75 2 [ (% R A8 % 45 ng-mL?), 30 C #5
FRIT o LA 2R e e FH MO & i e 1 14, 400~
500 HF ik B T A SEREVE -, 25 CHiFR4h. A
6 mL JC B Y MO 25 ph VR AT- 4l i e 2k HUE T 15 mL AT
Erh, REME 4R 7R L2 AL LI 2 mL B 57
FE (45 80% M9.20% BHI.45 png-mL1E A5 &), 5L
FCN 30 H 2k s HEAT B 9% . Al AL & ) 8a. 8c Kk
16 pg-mL?, 4B M4 32 pg-mLt, I ¥ A A R
E=84L, AR FiR R FREE, 125 CR:F%, 5524 h
THEOW 8 %5 FLER AF TS 1B L o
4 L KINHISE

M—~80 “CUKH H W B 10 pL C. alb. SC5314 i #
1 mLYEPD B 75, VRS 5 T30 CREIKF K FE 24 h
Jei, WA B 10 bl 25 1 mL #TF YEPD 8537 3 i, 4k &8
BFE16 h R E N AERKRSETREE M. ¥ 1mL
YEPD B &0, 3525 BIE W, DN PBS £ i 5 % 3
WG, B Ja — NN 1 mL PBS 22 /i W T TR 5, Hi Bk
10 21| Spider 5 77 J& o IC BB B

7E 12 FLAR B 5 — B LN N IR 1 8% 3 mL, 7l
NEAIMANEE® 15 mL. 7E 12 LR 5 — 51 FE 4L
53 BN 2 mg-mL? FLC [) DMSO ¥ ¥ <2 mg-mL 4k
4% 8a ) DMSO % ¥ « 2 mg-mL1 4k 5% 8b ) DMSO
A 2 mg-mL 4k & 4 8c 1) DMSO ¥ Wi %% 96 pL.
RS & FLC 24 I AT R PR R 228 — 5L, | T
#5 FL 0 i DMSO % 7 96 pL 1E 2 A X ] St &9
8a~8c [ 34T 1% - W BE 2 26 VU AL, ¥ B 4 MR BER B,
R &k i A 64~8 pg-mLt,

s B 5E i, Wi Al iCE T 37 CEEE R A
IR 5 h G, Tt @ B S0 T WS H 22T ek i
CiE(ELCH
5 R R I SEIE

3 AV ECFE A K R B 1A BR 1 BUBC R K C. alb.
5314 1 (4 & Bk B i 24 8 #k C. alb. 103, &0, 1% L
T, NN PBS i e 3R, Bt fa — IR PBS Z&1ft
1 mLRFTIR 2], F RPMI 1640 15 97 U B ik 13108
CFU-mL' B & .

T 96 LAk b BL: GL1 & FL A0 A A5 Wl B8 Ak B B
100 pL, iCE T 37 CAEIRAEEAE b 15 9% 1.5 h (B3 pl
JEE SIS 75 85 97 24 h) Ja, WIRIAE 55 — 2 H 96 fLIR b
B1:G1 % fL i A\ RPMI 1640 1% 9% ¥ 200 pL, B2: G12
LI N A7 00 B P B B R 100 pL, B1:D1 &L

2 mg-mLAE I 254 () DMSO ¥ 3 6.4 uL, E1:G1 4L
BN 2 mg-mL* FLC ff) DMSO ¥ 6.4 pL, 821 )5 5
Wik 251041

M 37 °CfE I 1E IR AR T Lt B 97 1.5 h 5 ) 96 1L
B, B FE RPMI 1640 15 77K, H PBS 22 il 5 i%
Ve 3R, ¥ B I A & LY R, 37 C1E
HER A P9 24 h e, ok BJE 25U, PBS 22 M UH
Ve 3K, WEOGAE TR, B1: G124 4L A\ XTT/menadione
HE 100 pL, 37 “CEIRMEVR AR 5572 3 h 5, LI HL
I 80 uL A7 H 96 FLAR, 18 FH B FR AL T 490 nm i
KR4 FLOD M. 5= [, LLODfE T 80%
PA b [ B A 25 P09 2 SMICyg0

PEETTE: MR AN —EE, T & A
P A 5 A ST 5 AR, S ST SEALA B 2
P AR SRS KGR B SR A S A AR, DTSR
BCTHAE R, JE S BT R B s A

P38 9 5 ASTHIBITTL A AR TE AR A 285 00 5%
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