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Abstract: Three carboline fluorescent probes F1-F3 were designed and synthesized, based on lead compound
JYJ-19, an antifungal compound discovered previously by our group. The antifungal activity in vitro results
showed that compound F1 had moderate antifungal activity (MIC,, = 32 pg-mL"). The stokes shift of F1 is 70 nm.
The fluorescent probe F1 has good optical properties and can be used for fluorescence imaging research.
Subcellular localization experiments results showed that F1 was enriched in the mitochondria of fungal cells. The
detection of intracellular reactive oxygen species levels shows that JYJ-19 enhances intracellular reactive oxygen
species levels. The above results indicated that carboline compounds could exert antifungal effects by acting on
fungal mitochondria.
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Figure 1 Discovery and structural optimization of carboline-based antifungal compounds

Table 1 In vitro antifungal activities of compounds JYJ-19. FLC: Fluconazole

MIC,, ug-mL”, 48 h

Strain

MIC,,, ug-mL”, 72 h

Strain

JYJ-19 FLC JYJ-19 FLC
C. glabrata 8535 1 4 C. neoformans H99 0.5 2
C. albicans 0304103 2 >64 C. neoformans ATCC34877 0.5 4
C. parapsilosis 5008 2 32 C. gattii ATCC14116 1 4

A. fumigatus 7544 16 >64
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Figure 2 Several common commercial fluorescent fragments
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Figure 3 Reasonable design process of carboline fluorescent probe
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Table 2 In vitro antifungal activities of compounds F1-F3. C.
neo.: Cryptococcus neoformans
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Distribution of negative control compound FO and
mitochondrial probe (A), lysosomal probe (B) and endoplasmic

reticulum probe (C) respectively in C. neoformans H99 cells
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Figure 5 Distribution of carboline fluorescent probe F1 and
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Figure 6 Effects of compounds JYJ-19 and fluconazole on reac-

tive oxygen species in C. neoformans H99 cells
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ZR BRI, AW 5k T RIS S AL 5 TYI-19
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SE A A E PRSP T e R AL ST RE
iR A T RO LR R LR R

LI E S
1 EYMER

S8 e BT R AR AR ) BV R B R T B o bt el sl Ak
2, EEGNE (TLC) 7 M fd H GF254 B (H
H A ), BRI JE A BT A R A 300~400 H
(FEFE ST g5 4 44 FH Bruker AVANCE
300 % Bruker AVANCE 600 % f# 1 (Bruker Company,
Germany) it 3% '"H NMR #% B, PL TMS & M #5 . CDC,
5 DMSO-d, A 7, 1= AL R AH (0) FIR &4 () 7
5 UL ppm A Hz N AL . BT A H AR & Y I 265 3 K
T4 90%.
1.1 7-FEEEFH([1,2,5-c]lB_m4-F2 Q) W& =
B 10 mL 57K FUEE T 50 mL (0 B T8 6990 o, oA T &8
JR L1 (0.5 g, 2.5 mmol) 5] 5, & W L 25%~
28% FKIEW (4.4 mL) ZFIMAZNRAER T, T=
TS5 A R BB BE S S 18 h, TLC B W 0 e 7 7R 1
BEARVERE T A . RN WG, %K B2 CH,OH ¥ 7,
hn30 mL ZKGHE 75 73 HIUS NAR &R, B % 250 mL 73 N
Srf, EtOAC ZEHL =R (50 mLx3), & I Y8 = R AL
1321 EtOAc J2, M43 7 FH 50 mL /K B i — ik, Ml
NaCl 7K ¥ BRI IR (50 mLx2) {2 i3k /K AH 23 55, 13
NIE & 157K Na,SO, 1, T8 11 280 1 LR 38 9 BE G
IKER B HE L7 4% T 5 1) Na, SO, [ 7K AN F 45 sl Hek A
FE, A5 SR IR SF 8, WO DR AE e i 28 AT R &
7 A3 B IR R A [ AR (2), ICE: 90%. 'H NMR
(600 MHz, DMSO-d,) 6 8.88 (s, 2H), 8.50 (d, J = 8.8 Hz,
1H), 6.39 (d, J = 8.8 Hz, 1H).
1.2 N-(7-REEEFH[1,2,5-c)1E — e -4-E)FkR-1,3-=
BZ (FO) BO%I& S HL15 mL T/ 2 555 50 mL
(1) 93 T Joe i rh, B R 1] 44 2 1 (0.36 g, 2.0 mmol,
1 equiv) IV 78 50 W Ja , 43 ) A O R B A4,
#1 (0.332 g, 2.0 mmol, 1 equiv)~ Jo /K i FR £F (0.829 g,
6.0 mmol, 3 equiv). 17 £ 3-1R A 2 Z IR #h (0.657 g,
3.0 mmol, 1.5 equiv) A LR BB HRE RS, T
85 °CE& M F I Rl A4 0 7, TLC AR I R B o R
N 68 RS, R O AAR FR PR R =R, 98UE B 5 MeCN A
7, I 20 mL 7K 75 43 BIUR B &, EtOAc 2R B =X
(20 mLx3), & H Wbz = IR ZE AT B 1) EtOAC JZ2, K IK
53 51 FH 30 mL /K e 4% — U, M NaCl /K 5 7 G 34 P I
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(30 mLx2) {i 32 i 7K AH 43 59, 18] N\ 3& & 1) 6 7K Na,SO,
TP, R R RRR LLZR A N BE O /K BR B R AR I
Na,SO, [El A i 45 etk 9, 448 A e s S 8, 1k
ERVBTRAE e e 28 I AN B 2508 49 BIRR AL 5 6 (FO).
2 64%. "H NMR (600 MHz, DMSO-d,) 6 8.43 (d,
J=9.0 Hz, 1H), 6.02 (d, J = 9.0 Hz, 1H), 4.75 (s, 2H),
4.41 (s, 2H), 2.59~2.53 (m, 2H).

1.3 6-FASE £-1,3,4,9-IU S -2 H-MLOE 7 [3,4-b] F5| 5 -2-
BT B (4o) B9  HHL 15 mL G /K THF 3% 7
150 mL () A% e, FRECH (A4 3¢ fH A (1,118 g)
TN 78 73 W i, S8 TR N T 65 1) R IR L
THg (1.205 g, 5.519 mmol, 1.2 equiv), T iR &4
FERMN 1.5 he TLCHRME MM o [N 45 3R Ji5, 22 2% N
A 20 mL Y1 NaHCO, 7K I W1 14 K S 247 /b 3R
RPEAE . R 2 250 mL 2 2F H, EtOAc 2K =X
(40 mLx3), & IF U HE EtOAC A HUAH, #4351 F 40 mL
IKBEEE— IR, LRI ER K BES P IR (40 mLx2), B AT
7K Na,SO, 1, -5 1 2% 5 DLZS 4% P4 BE TG /K Bk B
25 2% T 1) Na, SO, [l 44 A Fij- 25 sV A A, 48 FH il g
U i g, WO BR IR e % 28 R AN B U RIS B R
YUMo o KL & E R B FE RE R AE 2 T (PE/EtOAC =
10:1, v/iv — PE/EtOAc = 8: 1, vv) 153 3 (4 [H 14 (4c),
W% 40%. "H NMR (600 MHz, CDCl,) ¢ 7.20 (d, J =
8.7 Hz, 1H), 6.94 (d, J = 1.7 Hz, 1H), 6.81 (dd, J = 8.7,
2.4 Hz, 1H), 4.63 (s, 2H), 3.86 (s, 3H), 3.77 (s, 2H), 2.77
(s, 2H), 1.51 (s, 9H).

1.4 9-3-RAE)-6-F FH-1,3,4,9-F0 S -2H-MEIE FH
[3,4-b]W5|WR-2-F5ERHL T s (Sc) AU EI15mL L
K N, N-— F 38 F I e 7 57510 1 50 miL 33 T 58 i R, o
AN A 4e (1.11 g, 3.671 mmol, 1 equiv) 7870 &R 5,
AN FREL 60% AL HY (440 mg, 11.013 mmol, 3 equiv)
TN B IR A AR R, BT OKOK I 3 55 b i
0.5 h &, FRECTT 1 1,3- B A BE (0.889 g, 4.405 mmol,
1.2 equiv) IIANSRAR & rh, 4645 T 5 i 5610 T i
[ 1he TLCHUEI N . SR, 2222 i1\ 20 mL
TRVE R T A AR EN, R b ] L 6 [ A4 2T T KT
T I AR, R YA EtOAC ZEEL =R (50 mLx3), &
J U 2 EtOAc 2, FI AT NaCl 7K BE ¥4 = 7% (50 mLx3)
i 7 DMF ¥ 771, 18] A\ JE7K Na,SO, T-J4, 14 2 51 Lh
X 2% P BETC K BR A2 HE L 75 98 G0 1K Na, SO, [ 44 AN F- 45
FRHCIR £, 80 FH St D R 2 F a8, WOER DB R AE e e 28 R
BOR B LW FAS B R ARV b o SRR A i
JBKEZHT (PE/EtOAC = 15: 1, v/v) /83 [ ([ 4K (5¢), Ui
#:14.5%. 'H NMR (600 MHz, CDCL,) 6 7.24 (s, 1H),
6.94 (s, 1H), 6.85 (dd, J = 8.8, 2.4 Hz, 1H), 4.65 (s, 2H),

4.15 (t, J = 6.7 Hz, 2H), 3.86 (s, 3H), 3.75 (s, 2H), 3.37
(t, J = 6.1 Hz, 2H), 2.77 (s, 2H), 2.34~2.27 (m, 2H),
1.51 (s, 9H).

1.5 9-(3-iRA£)-1,3,4,9- 0 S -2H-ML I 7 [3,4-b] 15|
WR-2-$2ERN T B (Sb) MUFI& A HUTESENED) S,
15938 76 MR AR, IR 22%. "H NMR (600 MHz,
CDCL,) 6 7.49 (d, J = 7.7 Hz, 1H), 7.35 (s, 1H), 7.21~
7.18 (m, 1H), 7.11 (t, J = 7.5 Hz, 1H), 4.67 (s, 2H), 4.20
(t, J = 6.8 Hz, 2H), 3.76 (s, 2H), 3.38 (t, J = 6.1 Hz, 2H),
2.80 (s, 2H), 2.33 (s, 2H), 1.51 (s, 9H).

1.6 6-FARE-9-G-((7-FHEFFH[1,2,5-c]IE Zm-4-%)
FE)HE)-1,3,4,9-PU S -2 H-MLIE H [3,4-b] 5| FR-2-F %
T BE (6c) BUFIF  BHL1S mL T IEEFIT 50 mL
F4) 6 FE 68 R PR, AR B HR R4 Se (0.215 g, 0.508 mmol,
1 equiv) TNV TR RS, 70 0 AR KPR B Ak 4
(0.084 g, 0.508 mmol, 1 equiv). J& 7K i F& £ (0.211 g,
1.524 mmol, 3 equiv)~ # [A] f£& 2 (0.110 g, 0.609 mmol,
1.2 equiv) A EIRIBEEBAAE RS, T 85 C% M4
A E R BEEE 10 b, TLC BRI s 7 J5OR] Se BA % A
i 2 BEARWFETE 4. NS )T, Fr I N AR R %2
R, P B & MeCN I, I 20 mL 7K &8 75 75 8,
EtOAc 2 L = 7R (20 mLx3), & Uit 42 = 7R 25 BL 1)
EtOAc J2, # %43 5 F 20 mL 7K ¥k ¢ — ¥ 19 F1 NaCl
IKIE LS PIIK (20 mLx3) e #E /KA 2 2, BN T
7K Na,SO, T, T (1 20 R DL 2% N BE G K Bk & 4
2525 JEC B 1) Na, SO, [Fl 44 A i 45 s HCR 4, i s <
ok, VB VTR T 7 25 0O i 25 Y R 4 B0 A 40 8 [ 4k
HH i (6¢), T 2lith, BEHAT TP RN,

1.7 N-(3-(6-FA & £-1,2,3,4-10 S -9 H-MLIE F[3,4-b] 5|
WR-9-E )R E)-7-FH E K FH[1,2,5-c|IE —1-4-f% (F3) BY
& 1S mL /K S H T 50 mL 5 B
B A, K D A A 6 L In N T TR R AR 0 Y R
J&, MBI S mL =R 48, T =R FHdE =
1 hJ&, TLC AR ME I N o 285 3R I, ek s ok 25 K6
IIEFICL R A B 5E I =5 TR, F 10% S5 A Al K
VR AR R 10 pH & 10~ 11, # 8 % 250 mL 43
R S, EtOAC B =% (20 mLx3), &3 E =%
ZHLI) EtOAC J2, K43 il FH 20 mL 7K e i — Ik I AN
NaCl 7K BR3P IR (20 mLx3) {2 i3k 7K AH 23 55, 13
ATE7K Na,SO, T4, 15 1 380 S DA 4% P BE TG /K Bk
FE R 2RI 1 Na, SO, [ 4 A Fi- 45 sl Hetk 4, A
R IR I DR, WS R VR TE T 28 R AT B 25 RIS
BB A YHL S o R 2 PR AR L R A R A (PE/
EtOAc = 1:1 — CH,CL/MeOH = 10: 1, v/v) 13 Ff5 41 4
&1 (F3), &M 16.78%. 'H NMR (600 MHz,



EAFNEE RS T RET BT B BRI B AR DL 5T ¢ 649 -

DMSO-d,) 6 8.41 (d, J= 8.5 Hz, 1H), 7.34 (d,J = 8.9 Hz,
1H), 6.83 (d, J = 2.4 Hz, 1H), 6.68 (d, J = 6.8 Hz, 1H),
6.23 (d, J = 9.3 Hz, 1H), 4.19~4.10 (m, 4H), 3.71 (s,
3H), 3.46 (s, 2H), 3.17 (t, J = 5.3 Hz, 2H), 2.69 (s, 2H),
2.10~2.04 (m, 2H).
1.8  N-(3-(6-5-1,2,3,4-P S -9H-NL UE 3 [3,4-b] 5| F-9-
)R E)-7-FEE K H(1,2,5-¢] 1B M -4-F% (F1) B 5
& O ESHELEYF3, B oA K, ik
#:22%. "HNMR (600 MHz, DMSO-d,) § 8.44 (d, J =
7.8 Hz, 1H), 7.49 (d, J = 8.6 Hz, 1H), 7.39~7.38 (m,
1H), 7.04 (d, J = 8.1 Hz, 1H), 6.27 (d, J = 8.3 Hz, 1H),
421 (t, J = 6.6 Hz, 2H), 4.11 (s, 2H), 3.47 (s, 2H), 3.12
(s, 2H), 2.67 (s, 2H), 2.11~2.04 (m, 2H).
1.9 N-(3-(1,2,3,4-TU S -9 H-ALYOE H [3,4-b] M5 Mk-9-F5) &
B)-7-THE R FH(1,2,5-c]E W -4-B%2 (F2) B#l& &
FRITVESFA G F3, AR AL A AR R R, i 24%.
'H NMR (600 MHz, DMSO-d,)  8.43 (d, J = 8.6 Hz,
1H), 7.47 (d, J = 8.2 Hz, 1H), 7.39 (d, J = 7.8 Hz, 1H),
7.10~7.05 (m, 1H), 6.98 (t, J = 6.5 Hz, 1H), 6.29 (d, J =
9.6 Hz, 1H), 4.26~4.20 (m, 4H), 3.49 (s, 2H), 3.24 (t,
J = 5.7 Hz, 2H), 3.16 (s, 1H), 2.78 (t, J = 5.1 Hz, 2H),
2.12~2.07 (m, 2H), 1.89 (s, 1H).
2 RSN EEEMNIR

R 45 5 [ I PR 5256 =5 bR Ak Bl 23 (CLST) R AT
M27-A3 Fil M38-A2 J7 S AT MK o B 3% A0 4 1 5
I T Bk A PBS ¥ 3 ¥k, FH RPMI 1640 15 77 ) T Bl
1x10° CFU-mL™" {f) B B . K 3 200 2 96 FLR (5
FL 100 pL), 15l A4 A 9 LAAE 2 B 1 5 92 I 21 1 =
. LARPMI 1640 24 7 (1% B&, AN N2 56 20l AF B v
PR, T35 °C1H I £ 77 48 H 15 7% 72 h, {3 A AR A
OD,,, AT 5, UM F > 80% 1 5 /N FE BV Ay 3 M1
B E (MICy,)-
3 2R KERFROUNE ML K KL SR

TR ) B RS AR &9 F1UBC A% 2 mg-mL
) DMSO ¥ ¥, B & AR T DMSO 2453 FH Jo /K B
FiREAL 10 pmol L.

B KA - 7E 96 L 41 f 55 77 b b, W HL 200 pL
10 pmol L' L&) F1 B, == FL. 2K
PRI . 14 “Absorbance Scan”, #£ 230~800 nm &
TR B, e R W BT St 2 P 9 e A D o KT R i
K, %&£ “Fluorescence Scan”, 7E 500~800 nm £l ¢ Yt
R, B K T TR N R KA E R e K R S o
4 TimpEERISELE

MARLETF- 4 °CUKFE  HO9 T #k ) SDA R - B HY 2
—W % T YEPD B: 72, 1£ 30 °CCREIRIG A6 i &

16 h, 250 AR T8 2k K 5 I C. neoformans H99 4
J, I 1 mL PBS ZZ /i 6 — 3 /5, I\ 1 mL i fif
YEPD £ FR UM 20 pL ZCHREHAL SV FL, W ieiR 2 5
T 37 cCHEBHEFM P ILMF 4 h, Z0 (3000 r-min’,
1 min) PR 75 AHE G0 P IR 7 7 RIS 3R, T 1 mL
PBS &t — X, I 1 mL ¥ i YEPD £5 32, 5 7 I\
T B 19 2 R A VA T AR L P9 TR X 41 € R S PR T 2% 1 L,
F 37 CCHE BT FAEA 0.5~1 hJ5 (ZRRIAR A 5
PR ET 75 45 0.5 h, ¥ B AR IR & FH I [A) 75 2248 K 3
1 h), &0 (3 000 rrmin”, 1 min) J& % & A 3E 405 A
FIERET 2> 7 A0 35, 1 mL AR B R K U 3.4 38 J5 By 1k
FE A T WS AR S T, 5 H 200 uL A2 2
K BIFLE 1.5 mL KB 508 F, (T B 82 (7
A SRR AR S A N AT, B OV K) . HUFE
RTIRFTIR A a5, LS WL 2 A5 1) 1 B T T 3k v v
P, WM e e bas g R, R Lo B BB 2 A [
EAEB I BJa, £ 96 3 R A B AEE (Leica TCS
SP5 confocal Laser) Ml %%,

RHILRE BB S HOR B RSO IRE L
G FOF1 BRI A 1E 488 nm A, 1785 (1) 41 i 2%
LLOGIRET UK KR 7E 561 nm AL .
5 YHREMIEM S K AN S

M4 cCOKFHELH R A C. neoformans H99 T 11
SDA MR, BEEUH— V% T 1 mL YEPD £53#7, £ 30 °C
PERHIEIL 16 h)g, #8850 1.5 mL &b, B0 3E gk
FEM, M1 mL PBS 2 Ml e — i J5 , &0 7 B
%, F YEPD 5 78 Fi B 10 5 5, B 1x107 CFU-mL™" )
PR BT 1.5 mL B0, BN 1 mL =, 55
N — & R AL A AL & 4, A3 4R B 4 pg-mL,
F 37 CEREBFMPHA 1205, BOF L LFEER
%, F PBS ¥t — J5, I\ 1 mL ¥ YEPD 1% 77 ¥k Ail
1 pL 10 mmol-L"' i 44 DCFH-DA, 4k%: T 37 °C%
B 3 7246 T E 20 min (5E RS 3~5 min BUENRE ), 5
O FF R RBEN I  ERER 2 F A1 E3E R 92, 1 mL
A PR ER KPR 3.4 08 JE b7 I TE BB T A =T
Pt o A 200 pL A EE K BVFAE 1.5 mL K B &G
B (T BORE AL 82 (A RN I RE AR B G S R
17, WG IGVER) . IUFERTIRATIR S 5, BS uL e Ay
0 TR B TR e, R R BRI, I
BB LB 40 [ e AR BRI
R TSR,

e Smk: T3, SORIABE LS LA m A
LRI AL Mgk, (b B A BT R S5 CERS;
it TR AR g, SCHR TR, B0 A 2 S0, DR T L R
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