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Efficient Synthesis of Benzothiadiazole Compounds and Their Application in Fluorescent Imaging of Lipid
Droplets YANG Li, YAN Jia-yu, LI Jing-can, ZHANG Yi-rong, REN Chang-yue *, LI Xin-min" (College of Pharmacy, Zunyi Medical

University, Zunyi 563000, China)

Abstract: Owing to their outstanding photophysical properties, robust chemical stability, and facile structural modifications,
benzothiadiazole derivatives have important applications in the fields of fluorescent probes, biological imaging, and related
interdisciplinary research. However, the currently reported synthetic routes for these functional compounds are plagued by prominent
limitations, such as the reliance on costly phosphine ligands, use of toxic volatile organic solvents, and harsh reaction conditions,
including prolonged reaction duration and elevated temperatures, which greatly restrict their large-scale preparation and practical
application. To overcome these limitations, we developed a highly efficient ligand-free and eco-friendly Suzuki coupling reaction. This
system uses palladium acetate as the catalyst, potassium carbonate as the base, and an ethanol-water solution as the green reaction
medium to realize efficient coupling between 4,7-dibromo-2,1,3-benzothiadiazole and arylboronic acids bearing diverse substituents.
Using this optimized protocol, 12 benzothiadiazole compounds were synthesized in isolated product yields of up to 97%. Photophysical
property tests demonstrated that nearly all 12 target compounds were polarity-responsive molecules whose emission wavelengths
exhibited a significant redshift with increasing solvent polarity. Among them, BTD-6 displays optimal polarity-responsive performance,
and its fluorescence characteristics remain highly stable in complex biological environments without interference from
microenvironmental factors, such as pH, viscosity, or temperature. MTT assays confirmed that BTD-6 possesses favorable
biocompatibility without obvious cytotoxicity. Laser confocal microscopy imaging demonstrated that BTD-6 has a specific lipid
droplet—targeting capability in both HeLLa and HT-1080 cells, enabling real-time detection of dynamic changes in intracellular lipid
droplet content, thus serving as a high-performance fluorescent probe for lipid droplet-related biological imaging. This study provides
anovel green synthetic strategy for benzothiadiazole-based compounds, and the developed BTD-6 probe shows excellent performance
in lipid droplet-targeted imaging and dynamic monitoring, laying an important foundation for the diagnosis of related diseases and
mechanistic research.

Key words: benzothiadiazole; Suzuki reaction; ligand-free; green synthesis; lipid droplet; fluorescence imaging; polarity response
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AR SEIT I, 9Bt FE AR BT R SR T HE TR
(B 1) Plo 2810 — ISR TOE 70T RIAFHDE
PR M ANEE, R SRR A
{8 A R LSO A 27 S AR B 2 AT R IR A

B HIREE MOy RHZ RSO IR

Fig.1 Fluorescent probe with benzothiadiazole as the core

molecule

Suzuki-Miyaura {1 B F8 i 4 SR AL 1L
x5 K 5 757 LA A8 BRI B, S
P RS- Tk ERL B K IR 07 I LB WD R e v FE TV —
00, 10, HAf, Dh4,7-235-2,1,3- KM WY
L5 55 IR 12 AT A 1 I A ) 6 2R - 1 — ke = 1k
TR AW EE R0, SR, CIRIE & A R
TEAERE R, A5 2 BUR B A4S0 B 14
(1 PPhss XPhos) Ak e MidkAT, BREEKH
B 1B TC A 1 £ Ak 7R HT B A& (4 PACla(dppf)
‘BusPPd), AMUIGIN T R EAS, B8 M AR
RN EBIE 02, BARA D= TCRCARL A &R
RkiE, HATAEEE ) DMA R BIEAR], H
TAEKR &R CRZH 110 °C ULk MEizl%k
PR A ReSEI R N4k, FF H R BITEERAR A R,
PR IR (ZHURT 85%) 1314, Ak, HA
B 7 2 30 T I R 2% A T BT ARG B A
K EAE B SRR S i), X LA et
B RS RGN B 75 oR o JE T DL e, AR
J& T — A ER SO Suzuki (BEENAR R, BRIH
ST 4,7-R-2,1,3- 2R e AN R B R O
SRR 1) v SR R SN 122478 2R DA LAY 2 453 (1 755

FAAR R R AL N AL, T R AL o A A
BV R R A S R o RIS, DR AR Z B2 KT
WAF N IIA I, e T e B v AL R -
SRR AR RS VERET, s s
i RAIRIFE MR =AY, PR ISR
ik 97%, WENTIA G HRITE, iz E
Pt RS . IRRAL & R At 7R B . A
SOOI BT R T R G, W
B 7 o> T AR S OC B R I R A 5 2200
WE MR 0 RIKDCYEEVERE, FATEE—P
MR AT BTD-6 ks AR FWETT, S0k 1
V73 IR AR ) 7 5 P R e P 5 o 440 i PN T
F N T

1 SRS
1.1 FEAERSEG

Bruker ADVANCEII 400 %! #% i 3t 4§ 1% 1%
(TMS AWtR, TAREITRER, HEmEwAs
#]); ShimadzuUV-2600i %58 4b-1] WL 4306 Y6 FE Tt
CRHEALAR I INAE R A F]D; Cary Eclipse %% 57
Je T (3£ Agilent A %] ); OLYMPUS FV4000
RPOCHfEME: (HA OLYMPUS AF]D.

FEPEALT) . 4,7-ZR-2,1,3-2K JF e k| 55 BL )
i (R B REARE R AFD; HEITEER R
A, 200~300 H, B\ THRATD; WK
(B E R RHE IR B IR A FD s 41 )
PBS. g8 AlF-EDTA VAL (AL REFERHEA
FRATD; 4iug: DMSO (HAEHEAEYIRHEAR
AT]); DMEM 5373 LU AEMR AR A FD;
faAE Mg R i AE IR A T FRii ekt
w644kl (Lipid Droplet-Tracker Green, LDTG)-
A BEAR S5 Y6 Gek) (Lyso-Tracker Green, LTG).
ZRPIAR SR 5 TRl (Mito-Tracker Green, MTG)
(PR RAEMHERRAFD; HARRFIE N E =
SRTaiRkF, REH— DA, HEMH.
1.2 L5k
1.2.1  Suzuki IR ) — D B

A, KUK 0.5 mmol 4,7- ¥R-2,1,3- 5
gE 14 1.1 mmol 75 ZEHHHER . 5 mol%EE S 4E . 2 mmol
TR . 4 mL 50% L BE KW, IIAE] 15 mL
LN HOf T, 80 °CR . FERBILE RS, TN
20 mL Y ANEALEN . 20 mL & R HEATAEEL, ¥



BV E ARG, M ARV B b4,
Vel A S 8 485 . 7% BTD-1 ~ 12 4
I T AZRE LIRS AR RS SRR AL

P ARG RAE B AR W R

4,7-X (FEH) FIFF[][1,2,5]ME M (BTD-1):
B {0 [E /405), THNMR (CDCls, 400 MHz), 6: 8.01
~7.93 (m, 4H); 7.80 (s, 2H); 7.61~7.52 (m,
4H); 7.52~7.43 (m, 2H). BCNMR (CDCl3, 101
MHz), §: 154.2, 137.5, 133.4, 129.4, 128.7, 128.5,
128.2.

4,7-X0 CRFEL) ZEF[c][1,2,5]ME 4 (BTD-2):
{0 [ /40161, THNMR (CDCls, 400 MHz), J: 7.86
(d, 4H, J=8.0Hz); 7.76 (s, 2H); 7.37 (d, 4H,
J=7.8Hz); 2.46 (s, 6H). 3CNMR (CDCl;, 101
MHz), §: 154.3, 138.3, 134.7, 133.1, 129.4, 129.2,
127.9, 21.4.

4,7-3 (4-LFHFE) FIF[c][1,2,5]ME —
(BTD-3): £ i [Fl 1A . 'THNMR (CDCls, 400 MHZ),
5: 7.9~79 (d, 4H); 7.8 (s, 2H); 7.4 (d, 4H,
J=8.0 Hz); 2.8 (q, 4H, J=7.6 Hz); 13 (t, 6H,
J=7.6Hz). 3CNMR (CDCl;, 101 MHz), J: 154.3,
144.7, 135.0, 133.2, 129.4, 129.3, 128.3, 127.9,
28.8, 15.7.

4,7-3 (4- GRUT ) ZRFL) ZRIF[c][1,2,5]8—
e (BTD-4): ZEfE A7), "THNMR (CDCls, 400
MHz), §: 7.96~7.90 (d, 4H); 7.78 (s, 2H, J=3.0
Hz); 7.63~7.56 (d, 4H); 1.42 (s, 18H). 3CNMR
(CDCls, 101 MHz), §: 154.3,151.5, 134.7, 133.1,
129.0, 128.0, 125.8, 34.9, 31.5.

4,7-X (4-FEEFEIRIL) FRIF[C][1,2,5]E — M
(BTD-5): £t [E K81, 'THNMR (CDCls, 400
MHz), J: 7.97 ~7.88 (m, 4H); 7.72 (s, 2H);
7.13 ~7.04(m, 4H); 3.90(s, 6H) . SCNMR(CDCl;,
101 MHz), 6: 159.9, 154.3, 132.5, 130.5, 130.1,
127.5, 1142, 55.5.

4.4'- (FEIF[][1,2,5]ME —Me-4,7-— 3 ) X (N,N-
THEIKM) (BTD-6): L [E &I, THNMR
(CDCls, 400 MHz), J: 7.96 ~7.88 (m, 4H);
7.69 (s, 2H); 6.91 (d, 4H, J=8.5Hz); 3.05 (s,
12H). BC NMR (CDCl3, 101 MHz), J: 154.5,
150.4, 132.1, 130.0, 126.7, 125.9, 112.6, 40.7.

4,7- N R FIR I [c][1,2,5]E — M (BTD-
7): GEAHPIRYIR0, THNMR (CDCls, 400 MHz),
0: 7.73 (d, 4H, J=7.1Hz); 7.69 (s, 2H); 7.41

(t, 2H, J=7.7Hz); 7.24 (d, 2H); 2.46 (s, 6H).

3CNMR (CDCly, 101 MHz), J: 154.1, 138.1,
137.4, 133.4, 129.9, 129.1, 128.5, 128.1, 126.5,
21.7.

4,7-W (3-HEIERIL) FKIF[c][1,2,5]4E — Mk

(BTD-8): & [ #4211, 'THNMR (CDCls, 400

MHz), d: 7.79 (s, 2H, J=1.7Hz); 7.61~7.51 (d,
4H); 7.47 (t, 2H, J=7.6 Hz); 7.06~6.98 (d, 2H);
3.91(s, 6H, J=1.7Hz).'3*CNMR(CDCl3, 101 MHz),
5: 159.8, 154.2, 138.8, 133.4, 129.7, 128.2, 121.8,
1152, 113.9, 55.5,

4.4-CFEIF[C][1,2,5]08 —Me-4,7- 3 ) —F IR

(BTD-9): #{[H1AR2, 'THNMR (CDCls, 400
MHz), 6: 10.13 (s, 2H); 8.18 (d, 4H, J=8.0 Hz);
8.08 (d, 4H, J=8.1Hz); 7.91 (s, 2H). '*CNMR
(CDCls, 101 MHz), §: 191.9, 153.9, 143.1, 136.2,

133.2, 130.1, 130.1, 128.8.

4,7-X (4- () KIE) RIF[][1,2,5]
M (BTD-10): ¥ 2 [ 40231, THNMR (CDCls,
400 MHz), J: 8.10 (d, 4H, J=8.1Hz); 7.86 (s,
2H); 7.82 (d, 4H, J=8.2Hz). *CNMR (CDCl;,
101 MHz), 0: 153.9, 140.7, 132.9, 130.8, 130.4,
129.7, 128.6, 125.8, 125.8, 125.7, 125.7, 125.6,
122.9,

4,7-X (EWy -2-38) K I [c][1,2,5] % — M (BTD-
11): ZLfafE{AR4Y, "THNMR (CDCls, 400 MHz),
0: 8.10 (d, 2H, J=3.7Hz); 7.84 (s, 2H); 7.45
(d, 2H, J=5.1 Hz); 7.21 (t, 2H, J=5.2 Hz).
3CNMR (CDCly, 101 MHz), d: 152.7, 139.5,
128.1, 127.6, 126.9, 126.1, 125.9.

4.4'- (FEIF[][1,2,5]ME —Me-4,7-—FL) X (N, N-
THRHERRE) (BTD-12): S (A[E A5, 'THNMR
(CDCls, 400 MHz), 0: 7.93 ~7.84 (m, 4H);
7.74 (s, 2H); 7.35~727 (m, 8H); 7.25~7.17

(m, 12H); 7.12~7.03(m, 4H). *CNMR (CDCl;,
101 MHz), 0: 1542, 148.1, 147.6, 132.2, 131.1,
130.0, 129.5, 127.5, 125.0, 123.4, 123.0.

1.2.2 W3 M st



Iy TR BC ] VERAFREL— € &) BTD-1 ~
12, AT DMF i, {50 F B 29K N 1
mmol/L £ .

BTD-1 ~ 12 JGi i ik: 7 5l 30 uL Fik
it VR A 2970 pL IE ke, 1,4- 5 NFF.
DUk . &b O ek, f6i#5
SARFUA 3mL, 25 E R EA 10 pmol/L; 7351
D3R A P 58 AR RSO 15 A0 5% e R 6 1

BTD-6 St 4 o il i :

YERAFRE— & B/ BTD-6, &fiET NN-—H
S FR I r, A 23 T IR B 24 BE A T mmol/L 2% F

WM SR : B 30 uL BTD-6 fifs 4 WA B &2
AN FEAFR S B 7K, 4- BN RR AT (0%~
100%), (FAFII S AARUN 3 mL, PR 4REN
10 pmol/L; 43 AR _E 3 A5 WU 1) 58 AR A e i
R o

pH MM JA: B 30 pL BTD-6 fif & M e 2
ANIF] pH B PB 2t (20 mmol/L), 845l
AR 3 mL, 9P 2N 10 pmol/L: 73
SR, 3 A< VAR D 58 A1 I SO 1 AR 2 Y R A e
jrL

B SR BYX 30 uL BTD-6 fif % b B &
ASEAR R B H ol /B IR AR (0% ~
100%), RN AAFN 3 mL, 24P ZRERN
10 pmol/L; 43 AR _F 3 A5 WU 1) 58 AR U e it
I o

BN IR: B 30 uL BTD-6 fif % A Fe &2
PB ZZ¢Pi T (20 mmol/L, pH7.4), {45 sk
B 3mL, ZYEmAIKRERN 10 umol/L; 7EAN AR
FEE R A 00 1 55 7 R AT O 1 A0 2 Sl R ST
J ik
1.2.3  BTD-6 40 751 5256

HUnE B4 K- 119 HeLa ZHAREEFD T 96 FLARH
E 24 h, BFLEER 100 uL 400 E N 5x104
cell/mL FJ4H &7, BE S IIA 041020 pmol/L+
30, 40. 50 umol/L ft) BTD-6 i & 24 h. W H LK
&, HEA MR IR, S PBS WYL 3 i
96 LR, 2R J5 M BEALH I 10% MTT 35577 5,
AL 4ho BJE R 10% MTT FIRF IR, N
A 100 pL ] DMSO, A F B ARG & % FL7E 490
nm A& FI ' AR
1.2.4 BTD-6 4t e i plif

# HeLa 40058 HT-1080 ZH i 78 55 77 L 1% 55

24h J5, AN 10 pmol/L BTD-6 Fl b3t 5 £ Gkl

(100 nmol/L 1] LDs-tracker. Lyso-tracker BY Mito-
tracker) W¥H 30min, < J5HTCILIE HE; 7736 Y
SR, FEAO | mL BioRdk, o HBOEIRER
TR IEAT R - Itk tE: RSk ek
JeBh, WRAZR R OGGR 2ok st (et gukt
HIE, Aex=405 nm, Aem=490 ~ 530 nm; BTD-6 JHJH,
Aex=488 nm, Aem=660 ~ 730 nm. TSR A
1024x1024, P59 60x iM% «
1.2.5 IRV 35K

O BUE KR HeLa 4o defh T 3L A= RS

FRILH I E 24 h, FEILEM 1 mL 40055 5 1x10%
cell/mL FIZHALEIF . B 3t S AR I 43 5
AHI 0. 25, 50, 100 pmol/L MR (OA) W 24
he WESR )G, B EA AR, A PBS
JEYE, I 10 umol/L BTD-6 A1 100 nmol/L LDs-
tracker [{155 7R ZEIL A0 & 30 min; 1% & 45 AW 5 I
PBS ¥, IO 1 mL 85375 A7 L SR AE DO S
OB BRG4GB IE , Aex=405 nm,
Jem=490 ~ 530 nm; BTD-6 #IH , Aex=488 nm, Lem=660

~ 730 nm. PR 1024x1024, YN 60x
ML
2 ER5HW

2.1 MK

AL AR . TSR B T AR A X
Suzuki & M IJE BB, KL 4,7- 2R
2,1,3-2R 1 — M 5 ORI IR A Suzuki S SRR %
I, 2552 8T NSRBI SR R . 24 DA
5 mol%BE B A N AL« BRERET b £ FE/KIFR
IR, I TN 6 /NI, A I S A R (3
1, B9 1. ¥FHEE 80°CHT, RIS i 2 Bk
FHAEH) 95% (R 1, FFT 2). HREHRUS M 7
B 4y F /KA VR B S TR B /K VA TR, 7 i e
TR 80% ~ 85% (£ 1, F5 3. 4). EMAMRI
NEHE, kS SRR AT S B S A . 4 R
L, G H TG E AR, SOSICER R [%
H82% (K1, 75 5). Ml F Z M40 AL 774
AR, 72N 76% (R 1, 75 6).
LS (D) 4 S = (SRR A ) 4
TEATR], VU FEIRE] 5S0% LT (R 1, F57
~8)o BJE, FHET ARG R IR, 2 Af



FABRBRENAE A BREST , A 1R 8] P 7521 80% F 7 i
KR, F5 9. R, 4RI IR,
B MR B (B 1, 55 10~ 12). &Ll
bk, 1EPE Smol% EEERALIE AT, 2 mmol
WRIRERAE IR, LB AKIETRONE T, 80 °C NN i
S N S AT i B

£1 Suzuki &AL

Tab.1 Optimization of the Suzuki reaction conditions

hae) FEAEAL A T sl
D/%
1 Pd(OAc), K,COs EtOH/H,0 Trace?
2 Pd(OAc), K>CO; EtOH/H,0 95
3 Pd(OAc), K,CO; i-PrOH/H,O 85
4 Pd(OAc), K,CO;3 MeOH/H,0O 80
5 PdCl, K>CO3 EtOH/H,O 82
6 Pd/C K>CO3 EtOH/H,O 76
7 PdCIy(CH3CN), K>CO3 EtOH/H,O 50
8 Pd,(dba)s K2COs EtOH/H,0 42
9 Pd(OAc), Na,CO;3 EtOH/H,O 80
10 Pd(OAc), Cs,CO3 EtOH/H,O 56
11 Pd(OAc), K3PO4 EtOH/H,O 61
12 Pd(OAc), NaOH EtOH/H,0O 12

H: D R 0.5mmol4, 7-R-2, 1, 3-ZEFEME M, 1.1 mmol
FIEMER. 2 mmol Bk, ¥ (ZED ¥ OK) =1:1, 80 °C %R+
S 6h, SR 2) 25°C .
22 RV ENEDTA

AR AT, B Smol% BAEERHE L
A, 2 mmol BRIREIE B, LEEKIEBET,
80 °CI I, EHZIR R IV R &M, Seieas RN
R 20 HPeTE LT R i A L 1 RO S

fsgme, SRRHSHMBTHRE, 25 )T
B HAE A DL R NON-Z R 2RI R Y AT 5 4,7-—
TR-2,1,3- IR FME WRITR AT IR, 7 B e 358
B (K2, F51~6). REHERNILA F R
FHAR R 2RI RR 1A SRR O, 25 SRR AR RAF
BITE 85% LA E (3R 2, 5 7. 8). MLl 4-HfpK:
RIMERAL AT, AT 2] 85% M7 Bl
(K2, JF5 9. A EAWHFIER) 4- =5 K0
TR, P2 iR R IR 76% (3R 2, 75 10D,
MULEA R JE T I 2-MEY BN N, 7 dh iR ]
PLUEE] 91% (R 2, P9 11). —REHHZ—3
HEMRERF RO TR, O ZH
TRy AIE 4237, UL 4-08R = 28 i N Rk AT
MBI SN, AT LIS 3] 82% MBI Flle®R (% 2,
75 12). BARMZ RN Z R E R HL A BT 13
FEE, SR SEI TR I Y B PR S E I 2R
FRAE NIRRT, RN RIAN T8 42 DL BRI PR %
TIED B GR 2, J$%5 130 14). AR¥E STk
TIE 5 I BNHLE S 20270, HEN AT e SR R 2 2 Ak S
ARG WA RE ST, WS AR R R
PA(ID)/PA(O)iH M R LRI 45 A, AT
TEPEAL A, SEURMRI RS, Toii A AU
W SFEAT o A —J7 T, FEASCAT s K A
MR R, SERE. AT ENER 5 & A A
JRFALEI B, S SRS PO iR, Toiks X
RIFIERAEIEH K Suzuki MBI, [FFEEE K B
PR G, MELAAY BSAS B H AR =)o 24 4-IRK IR
YERRAIS, R 4-1RKHINIER H St A K4 Suzuki
IR, FERMNARREMZ, ML S5
RIFE S 4 RN ER AR o

xR2 EMYE"
Tab.2 Substrate expansion
NN 5 mol% Pd(OAc), NN
\ /] + @ K,CO3 \ /)
§ B(OH)2 - /T -
Br@*m RN/ EtOHH,0,80°C X / \_ X

Fes 75 HR

b P
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S
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W RPIZPE: 0.5 mmol 4, 7-TR-2, 1, 3-JRIFMETME 1.1 mmol FEEMIER . 2 mmol T/KEKERET . ¥V (ZEE) ¥V (UKD =1:1. 80 °C =S FMH

FREL6h, 7B .
2.3 eWrEH R

BT R E R AL, 1FEIFR 2 TR 12 AR
IBE RGN F BTD-1 ~ 12 (82, F5 1~
12), FFiEE RS- WA e T 5 R
TH93 9928 82 FLAEAS IR PR VA 75 I R A i 76k
RGN . BTD-1~ 12 [ Ko & . i
KRG WFE e i #e . BE IR RECEH s
RS TR 30 R IFME M RERZ N BRI LT T (A,
PR AR O A FL P BT (DD, 4 TR LA D-
A-D JLHIZEH, HOLWFRIER ) 1 A R
(ICT) %M ES. ML REW, Fratkay
DR LTS Gy, VA SRR B 5, B K R S
KB40k, Hr BTD-6 208 R wttebbmi s
BRI X EZRRE TR A FRE ICT Bk
A, HICT Riekng, Mt Bk R . BUCER

R E BT ICT RN e e, 05 e A,
AR b i IR AT, b FRe /iR, D-A #E
PN ICT RN, HOMO-LUMO fg 4R itk
N, RIS ST LR (R 3, J$5 2 ~8. 11,
12); BTD-6 (NN- " H%&J&) 5 BTD-12 (=Zf%)
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Tab.3 Basic optical properties of benzothiadiazole-based fluorescent molecules
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Fig.2 Polarity response test results and response to different
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Fig.3 Cytotoxicity of different concentrations of BTD-6 on
HeLa cells
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Fig.4 Co-localization imaging of compound BTD-6 (at 10
umol/L) and commercial organelle dye (at 100 nmol/L) in
HeLa cells

Merged [ 4 /Pearson’s

/ Coefficient
0.76

Merged § 4 | Pearson’s
' Coefficient
0.31

/ Pearson’s
Coefficient
0.41

1. L GRHEIE, 20=405 nm, Zey=490 ~ 530 nm; 2. BTD-6 ifli#,
Jex=488 i, 2em=660 ~ 730 nm; 3. F& 1 MEME 2 MEIFEE; 4.
BTD-6 5 ik Gt} ity EEAH 5
B 5 BTD-6 (10 umol/L) FIf &M ssd«kl (100
nmol/L) 7E HT-1080 4l i3k 5 £ e 5
Fig.5 Co-localization imaging of BTD-6 (at 10 pmol/L) and
commercial organelle dye (at 100 nmol/L) in HT-1080 cells



OA (pmol/L)
0 25 50 100

Probe | 2 Probe | 2 Probe § 2 Probe

Merged} 3 Merged] 3 Merged § .3 Merged

=p
©

Normalized Intensity
P2

N

o
I

0 25 50 100
OA Concentration (umol/L)

a.l. IR EDLIEREIE, 1,=405 nm, A=490 ~ 530 nm; 2.
BTD-6 i#ill, 2488 nm, Zew=660~730nm; 3. FEMZ 1 A
B2 WG HFEIE: b AR IE 5 m
Bl 6 AFEIKAE OA 755 HeLa 401 l5 iR 221 1 AR
%K
Fig.6 Confocal imaging of lipid droplet changes in

HeLa cells induced by different concentrations of OA

3

KRR E T — AN TR AL 4,7- 35
-2,1,3- 8 I8 e b5 55 SR RG 1) Suzuki R
BRI FR o Al G RS A 2 M Re
AR MR AW R Z TR &
BR12 ANZRFEME T, HEXTZIE Sy
TR B AT T R, HF
BTD-6 It e I S PR B 14 e R g, HLAS
ZHAOIAEE T3, A, BTD-6 R .40
BRI, FEXT 40 P A i E A e S R e A
F S O I R B AR A T L
JUET PRV R S S L e

S R

[1] Zheng Y P, Chen J S, Macwan V, Dixon C L, Li X
R,LuSJ,YuYY, XuPL, Sun QM, Hu Q, Liu W,
Raught B, Fairn G D, Neculai D. Nat. Metab., 2024,
6(8): 1549-1565.

[2] Liu S, Dong W H, Gao H Q, Song Z R, Cheng Z.
Acc. Chem. Res., 2025, 58(4): 543-554.

[3] Wu L L, Huang C S, Emery B P, Sedgwick A C,
Bull S D, He X P, Tian H, Yoon J, Sessler J L, James T
D. Chem. Soc. Rev., 2020, 49(15): 5110-5139.

[4]Li X C, Liang X, YinJ L, Lin WY. Chem. Soc. Rev.,
2021, 50(1): 102-119.

[5]Cao SF,LiuY,Guo YN, ZuBY, Yan F, Guo D S,
Dou X C. ACS Sens., 2025, 10(3): 1998-2006.

[6] Rakitin O A. Tetrahedron Lett., 2020, 61(34):
152230.

[7]Wang FY,YuSJ, XuZA,LiLL,Dang Y J, Xu X
W, Luo Y, Cheng Z, Yu H J, Zhang W, Zhang A, Ding
CY. Anal. Chem., 2018, 90(13): 7953-7962.

[8] Li W T, Wang L Y, Tang H, Cao D R. Chem.
Commun., 2019, 55(31): 4491-4494.

[91 Shi X J, Sung SHP, Lee M M S, Kwok R T K, Sung
HHY, Liu HX, Lam ] WY, Williams I D, Liu B, Tang
B Z. J. Mater. Chem. B, 2020, 8(7): 1516-1523.

[10] Beletskaya I P, Alonso F, Tyurin V. Coord. Chem.
Rev., 2019, 385: 137-173.

[11] Ayogu J 1, Onoabedje E A. Catal. Sci. Technol.,
2019, 9(19): 5233-5255.

[12] Sanzone A, Calascibetta A, Ghiglietti E, Ceriani C,
Mattioli G, Mattiello S, Sassi M, Beverina L. J. Org.
Chem., 2018, 83(24): 15029-15042.

[13] Ledesma-juarez A, Rodriguez M, Giiizado-
rodriguez M, Romero-borja D, Garcias-morales C,
Maldonado J L, Barba V. J. Mater. Sci. Mater.
Electron., 2019, 30(15): 13974-13983.

[14] Idris I, Tannoux T, Derridj F, Dorcet V, Boixel J,
Guerchais V, Soulé J F, Doucet H. J. Mater. Chem. C,
2018, 6(7): 1731-1737.

[15] Krzesinski P, Dinoi C, Rosal I, Vendier L,
Kumandin P, Sytniczuk A, Bastin S, César V,
Kajetanowicz A, Grela K. Chem Catal., 2025, 5(5):
101292.

[16] Lovell T C, Garrison Z R, Jasti R. Angew. Chem.,
2020, 132(34): 14469-14473.

[17] Kandel R, Soto M A, Medina D, Patrick B O, Lelj
F, Maclachlan M J. Angew. Chem. Int. Ed., 2025, 64(3):
€202415381.

[18] Nishikawa T, Nagata Y, Suginome M. ACS Macro
Lett., 2017, 6(4): 431-435.

[19] Chen S H, Cao X Y, Hu P T, Jiang K, Liang Y T,
Xu B J, Li Z H, Wang Z Y. Mater. Adv., 2023, 4(24):
6612-6620.

[20] Pazini A, Maqueira L, Silveira S F, Jardim B AR,
Santos C R, Valente F M, Back D, Aucélio R Q,
Cremona M, Rodembusch F S, Limberger J. Dyes
Pigm., 2020, 178: 108377.

[21] Saltan G M, Dingalp H, Kirmac1 E, Kiran M, Zafer
C. Spectrochim. Acta Part A Mol. Biomol. Spectrosc.,
2018, 188: 372-381.

[22]MaF H, Liu F H, Hou Y J, Niu H J, Wang C. Synth.
Met., 2020, 259: 116235.

[23] Taylor D, Malcomson T, Zhakeyev A, Cheng S X,
Rosair G M, Marques-hueso J, Xu Z T, Paterson M J,



Dalgarno S J, Vilela F. Org. Chem. Front., 2022, 9(20):
5473-5484.

[24]WanDY,MaYC,LiJ L, Hu M G, Liang L X, Mo
L C, Che Z Y, Tang C, Zhao K, Jiao H, Li J. Adv. Opt.
Mater., 2025, 13(8): 2402687.

[25] D’amico F, Papucci C, Franchi D, Reginato G,
Taddei M, Mordini A, Zani L, Dessi A, Calamante M.
J. Org. Chem., 2024, 89(10): 6991-7003.

[26] Toso A, Colussi S, Padigapaty S, de Leitenburg C,
Trovarelli A. Appl. Catal., B 2018, 230: 237-245.

[27] Nikoshvili L, Bakhvalova E S, Bykov A V,
Sidorov A1, Vasiliev A L, Matveeva V G, Sulman M G,
Sapunov V N, Kiwi-Minsker L. Processes, 2020, 8(12),
1653.



	1.2.1  Suzuki偶联反应的一般步骤
	1.2.2  光物理性质测试
	1.2.3  BTD-6细胞毒性实验
	取对数生长期的HeLa细胞接种于96孔板中孵育24 h，每孔接种100 μL细胞密度为5×104 cell/mL的细胞悬浮液，随后加入0、10、20 μmol/L、30、40、50 μmol/L的BTD-6孵育24 h。孵育结束后，将原有细胞培养液吸出，使用PBS清洗3遍96孔板，然后向每孔中加入含10% MTT的培养基，继续孵育4 h。最后吸出含10% MTT的培养液，加入100 μL的DMSO，使用酶标仪测量各孔在490 nm处的吸光度值
	1.2.4  BTD-6细胞共定位成像
	1.2.5  油酸诱导实验
	2  结果与讨论
	2.1  反应条件优化
	2.2  底物普适性研究
	2.3  光物理性质研究
	2.4  BTD-6极性响应性质研究
	2.6  BTD-6细胞共定位研究

	3  结论

