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27 104 i) FAo)H, acetonitrile WollA Ryl (or 1,4-Butane sultone) (1.0 mmol) ! RoBr (1.2 mmol)ZE
Wi v #R35th. Adeoz Wzhg o) Fe gulE AASE FFES WS (1 nl)ol Ho]il, Hexane
(15-25 mL)dll 7}sted st} HAES 55, 54 33tE2 9 22 (58 < 90%) ol t}.

< RiSR.9 4 T3>

1z

24 WEeEre (20 mL) % RSR, (0.1 mmol), 3 (Sulfur, 1.0 mmol) ¥ JEFHEALo]= (CHONa, 1.0 mmol)<]
ZEES 22 (room temperature)ol A WHA wwHEIATE., fulE A AZ o|Fo, FAHEL MC/DW Aoz F
39k, f§71742 FREkE NaSO,o.2 A=A Y. &89 HMC (9/1)& AHEste] Aevtd AydaznteEn

gz gAstel wA A AHES G5HAT (FE: o 90%).

BIS: 'H MVR (400 MHz, DMSO-ds) & 10.05 (s, 1H), 8.81 (s, 1H), 8.51 (s, 1H), 8.21 (d, J = 8.1 Hz, 1H),

8.15(d, J=7.9Hz, 1), 7.78 (d, J=7.5Hz, 1H), 7.72 - 7.64 (m, 2H), 7.46 - 7.35 (m, 3H), 5.89 (s,
2H), 4.64 (t, J=7.3 Hz, 2H), 2.54 (s, 2H), 2.12 (t, J = 7.4 Hz, 2H), 1.74 - 1.66 (m, 2H). ESI HRMS

m/z = 495.0352 [MNal', calc. for ColBrN,0sS = 472.05.

BSS: 'H NVR (400 MHz, DMSO-ds) & 8.07 (s, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H),
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7.73 (dt, J = 7.5, 3.7 Hz, 1), 7.68 (s, 1), 7.50 - 7.37 (m, 2H), 7.23 (dt, J = 5.9, 3.7 Hz, 2ID),
6.56 (dd, J=5.9, 3.7 Hz, 1), 5.64 (s, 2), 4.43 (t, J = 7.5 lz, 2H), 2.48 (s, 20), 1.94 (dq, J =
15.5, 7.9 Hz, 2), 1.71 (p, J = 7.9 Hz, 20). "C NR (101 MHz, DNSO-D) & 173.11, 134.91, 133.36,
132.31, 132.16, 130.66, 130.42, 120.79, 128.66, 128.27, 128.10, 127.47, 125.30, 122.34, 106.43,
105.82, 51.60, 48.20, 44.96, 27.04, 23.08. ESI HRMS m/z = 548.9887 [MNal', calc. for CoHuBrNNa0:s, =
526.00.

CIS: 'H NIR (400 MHz, DMSO-ds) & 10.00 (s, 1H), 8.74 (s, 1H), 8.61 (s, 1H), 8.23 (dt, J = 6.8, 3.4 Hz,

1), 8.20 - 8.11 (m, 3H), 7.75 - 7.60 (m, 4H), 7.46 (ddd, J = 8.2, 7.1, 1.3 Hz, 2H), 7.21 (ddd, J =
7.9, 7.1, 0.9 Hz, 2H), 4.59 (q, J = 7.4 Hz, 4H), 4.52 (t, J = 6.8 Hz, 2H), 2.58 (s, 2H), 2.11 (td, J =

10.5, 5.9 Hz, 4H), 1.95 (q, J = 7.8, 7.2 Hz, 2H), 1.83 - 1.65 (m, 2H). C NMR (101 MHz, DMSO-D) &

146.73, 140.45, 131.46, 131.42, 130.79, 130.76, 128.85, 128.75, 127.10, 126.20, 122.57, 120.80,
119.26, 111.78, 111.39, 109.82, 50.91, 47.15, 42.19, 27.78, 26.40, 26.06, 22.60. ESI HRMS m/z =

548.1978 [M+Nal', calc. for CuHyN:0sS = 525.21.

CSS: 'H NMR (400 MHz, DMSO-&) & 8.12 (dd, J = 7.7, 1.1 Hz, 2H), 8.03 - 7.88 (m, 3H), 7.80 (s, 1H),
7.62 (d, J = 8.2 Hz, 2H), 7.49 - 7.38 (m, 4H), 7.22 - 7.14 (m, 2H), 4.46 (d, J = 6.6 Hz, 2H), 4.36

(dt, J=120.2, 7.2 Hz, 4H), 2.50 - 2.43 (m, 4H), 2.04 - 1.75 (m, 6H), 1.73 - 1.61 (m, 2H). 13(3 NMR (101
MHz, DMSO-Ds) & 171.75, 139.90, 131.64, 131.56, 129.84, 129.75, 127.66, 127.54, 125.66, 124.54,

122.01, 120.23, 118.66, 109.29, 105.41, 105.07, 51.03, 44.05, 43.77, 41.93, 26.51, 25.67, 24.72,
22.52. ESI HRMS m/z = 602.1519 [M+Na]+, calc. for C:ng:g()N:gNaO:gSZ = 525.21.

DIS: I NMR (400 MHz, DMSO-d;) & 10.01 (s, 1H), 8.80 (s, 1H), 8.51 (s, 1H), 8.25 - 8.19 (m, 1H), 8.19

- 8.13 (m, 1H), 8.06 (d, J = 2.0 Hz, 1H), 7.72 - 7.62 (m, 3H), 7.34 (d, J = 8.3 Hz, 1H), 5.85 (s, 2H),
4.63 (t, J=7.2 Hz, 2H), 2.54 (s, 2H), 2.12 (p, J = 7.4 Hz, 2H), 1.69 (p, J = 7.4 Hz, 2H). ESI HRMS

m/z = 572.9454 [M+Na]+ y calc. for ngHg()szNzO:gS = 549.96.

DSS: 'H NMR (400 MHz, DMSO-ds) & 8.07 (s, 1H), 8.05 - 7.96 (m, 2H), 7.90 (dd, J = 7.9, 1.6 Hz, 1H),
7.71 (s, 1), 7.50 - 7.38 (m, 3H), 6.50 (d, J = 8.4 Hz, 1), 5.59 (s, 2H), 4.43 (t, J = 7.4 Hz, 2I),
2.49 - 2.45 (m, 21), 1.93 (p, J = 7.5 Hz, 2H), 1.75 - 1.63 (m, 20). C NMR (151 MHz, DMSO-Dy) &
173.07, 135.18, 134.64, 132.29, 132.06, 131.70, 130.69, 130.45, 129.16, 128.29, 128.12, 125.34,
123.25, 121.43, 106.50, 105.87, 51.61, 47.90, 44.96, 27.01, 23.06. ESI HRMS m/z = 626.8996 [M+Nal
calc. for CgpHigBroNoNaOsS, = 603.91.

(1) FEHH EA € o3 A4t

Ril, RilRy 2 RiSR.S WW-Vis &5 2 3% 4% ~=9E8S gasgon, 2 Ax T 12 = 1o eyl

= 12 =7 1904 R, RiIR; ¥ RSR.9] FEE] 545 YeRd Flolt.

=]
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& | Agpse € Pems®| A | @ | Eg€ o D e
(nm)<| (X109 (nm)e] (nm)e|  (%6)e | (eV)e| (GM)<
BIS< | 325¢ 8.8< | 433<| 108<| 593<| 3.86¢ 0.6 0.38¢ |¢
CISe | 325¢ 5.8¢ 373<| 48 7.6 | 3.05¢ 0.8e 0,254 |«
DIS< | 325« 6.8< 434<| 109¢| 605<( 3.89< 05 0.38< |¢
BSS< | 350¢<| 28.7¢ - - 37< | 3984 05 0.64< ¢
CSS< | 351« 307< | 364¢| 14« 39¢ | 3814 05€ 0.62¢ |«
DSS«<| 350« | 389« - - 3.8¢ | 4.05< 04 0.66< |
Bl< 344 B.7e 368« | 24« | 79.6<( 4.06¢ 0.7< 0.60« |
Cle | 345 121 | 370<] 25< | 921<| 4.08< 79.1¢ 0.65¢ |¢
Di< 344 6.9¢ 368<| 24| 65.1¢| 4014 6.4¢ 0.63« |¢

1% ¥ 1S A9Ed, RIRE 7S 1F (carbazole group) S ¥38HA] @komn | ol g UIE oln|tiE
9 (naphthimidazolium salt)S 743 HA W& U & 2EXA AZTE =3 A
[e]

'
UEZEemuEE 948 SAT A3 T @& (0, <0.3)S yEhG.

A A2 1*1 olmttEEE AFshel I1SC A ROS AEE Fey] fe Bl el (thione form)=
Azt F, RSR, o IFF A AL (0, > 0.6)E RiIRE T ot

RiSRy= oF3F W& YERATH(Or < 5%). RiIRy & RiSR9] SHAIE =E3Ia Ri19 FEZH EAFS A A3
2 Fd = (0 >65 %) ROS A (D, > 0.60)S 7 HolFtt,

RiIE B3 ond f PDTO AAA Frel sigdd 4= Avk. R, RilRy 2 RiSR.9]
grola, melyA] gub-S AbEStH HAEVE AlSE s G AlEet Ao 54
S-S FHE) S8, TP o17]%E PDT(TP-excited PDT)7} #HAIZQl tigte
(02, two-photon absorption cross—section)o|A] Clx tjoFsl FZ(XE
79.D)5 YERdY. Z3 ¥F IE o > 92.1 % 2 ROS A (0, = 0.

2 9y vholeolugel g9 5 ek,

l-

J Strong emssion

5 ~{ e S (AeNer: { 2
Strong emssion, week ROS generation :L / ﬁc

y
N \ 5 { ,|
(L= \ %
= / N, / /
N\ N
\ \
)
Weak emssion, strong ROS generation N

Strong ROS generation
(2)TP-PDT in vitro B AIX o]¥]A (cell imaging)

HeLa AEE= Aefo}dA 10% (FBS) % #HuA& (100 units mL_l)O] skl DMEM (Dulbecoo's Modified Eagle
medium) | 4] 48A1ZF EF wlFatiTt. ol ool M g viAE FEA DMEMSRE wA S ¥ PSE G4
star wFskaiet.  olFAl FF ojuA= x40 2 "lEAN=V = vhEA 2 BF FxF dvuE (Leica TCS
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[0103]
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[0105]

[0106]
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SP8 MP)©O.2 HEZ319Th.  TP-PDT PS= ZAWIA ~8.11 X 100 W cm o s|23l= 1.55 ¥ 2d¢] ne Ao
fs Ti:Sapphire #@ oA A2 (Mai Tai HP)oll ]3] 740 nmoll A 7|Eth. A7) Z7AdA AWZo Add #H oA
Z8e 1.2mE 49,

9% olnlA At % 20] GEIAT. % 2014 740 mel A 17 380-550 mel WE Foz B4 ojulx]
2 J=39 (A2ALD B = 20um).

()ME W ROS A 24

Hela MZE PS (5uM) 2 DCF-DA (10puM)E 30% w<eF Mg, Afuo)ld = MIE FY3 DMEMNSZE 2
3] A o}OﬂE} =A% 9 X0 A 820 nme] TP 3S z+zF 0, 100, 200 ¥ 400 Ao = FA}slglth.  DCF-DAC
Y = 2 TP 270 $o] =A% a1, DCF-DAY olmv3 ZH-& 488 nm <97] Z 500-540 nm W #o|t}.

T 38, 4 AA oo wel, DCF-DAZ A& AU ROS TS veldl Aoz, AME Hela AlEQ &3 o]n
(a) CI(5uM) 30%, (b) DCF-DA(10puM) 30%, (c) DCF-DA 2 CI 30%, 44 % TP ~sHdol™, 488 nmoll A
7] % 500-540 nm W= oA FF omAE FSIUTH =AY v = 50 um). = 39 (c¢)ollA] DCF-DAC] 3
F F7re S, Ax dl AElE C B2 o]FA FYUs At EFH o R AXY ROSE HAAA F ‘zl—b—
Ag AT Ao, DCF-DAS] g go] A F7ket Ao@uol, Ax ueA Cl7F FRAR 283t &
A

o =0 0 o~
25 O FEIdes &+ Ao

B
% 4=, dolA el mE o] FA PDT &8-S veEld RHeR | Hela MEE CI (5 uM) ¢ 37 30& &<
FulolAstdrt. A ~HEZ Ho|A A}  Hoechst 33342 % Pl HF ZT2BE AMR3le] AX AEE
A5 3, (a) CIZ W= 3.06, 3.52, 4.29, 5.01 ¥ 5.69 mW. Log (LD:p)e 7R #Ho]# Z=oA 820

ruo re

ol A =AY AES] A=, (b) C ol log (#o]A 59l Log(Ls)olTh.

% 404 HelLa Aol CIE A g3l & o]Fx} #Hh2] A7]1E 3.06 mW ~ 5.69 mV= ZA3le] AMEEA HAEES
AAs Zo=z ) 569 W Al719 F9S =AM BS uf, MEsAH] 7P addgoz YEIRS™ | scan number
100 vhol] ¢F 90 %o AFEAS Helth, = CI7F YAZEE F3F o2 APEA 7= AS Felg

(4)TP-PDT in vitro

o
=

S AEE 24A7F D 48A17F H9F 0-100 uM PSe} A Q1w ol s}

=4

ARE & boll UEhidTE. = 5elA dEAe] wE AS & T F, dol e AEdA CI7k
AE=go] gles e, 20 s A Fskar 48A17ke] AuE AEZ7F o [d3] 4ol AdS5S & 5 ot

AA ool A ZpukE, 2-HERWAl, 2 4-HERRA B AEd ] ke o[vvE (imidazole), °lVtHEH
¥ (imidazolium salt) 2 o]v|t}&#-2-E]> (imidazoline-2-thione)& 7IWte 2 3= o 719 +UA Q=
(heavy-atom—free) FWUZAA(PS)E FASATE. o]F olnuE-—ImlE ZHAlolA 3FgE (C1)S #3 453
A A, o3 4 2 ¥R wHES Uit &, A% dF53 bk A48 (0, = 0.65), °o]FA FF (o

=79.1 GO % FF WE (0p = 92.1 D& 2 ovHE-ThtE F7eld 7Iwke] F4 gl (heavy-

atom-free) PSE A3k 4 At}. o]& o]FAF 7] FdF 2 (two-photon—excited photodynamic therapy)
2 g3 nlo] @ o|u] A (fluorescence bioimaging)ol &% < At}.

olgat ol AAelEe] v WAE AAole wuol o5 AHAOL, Y slERoplA B AN 7
A AR A1 AARYE S £4 W wdel At ol o, 49A JleEel 298 Wus o
£ #AE FEAL, 9/EE 49E PYasEe] MuE W vE Fus 2F wi 2@uAY, ge
THLx EE FEEO sl BASAL ABHHGE AT At guz, e i
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