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The unmet need to devenovel approaches for cancer diagnosis and treatment has led to
the evolution of theranostic agents, which usually include an anticancer drug and a fluorophore. In
recent years, a noinvasive method has been developed which includes bioimaging and

photodynamic therapy in
differences between can

a single chromophore. Taking advantage of the knowledge regarding the
cer cells and normal cells, we have developed molecules that specifically

target the tumor microenvironment. Overexpression of certain enzymeg.,(sulfite oxidase), -
galactosidase) and receptors (e.g., glucose and biotin receptors) has been used as molecular targets.

Certain physicochemical

properties like pH, viscosity, and polarity have also been explored as

diagnostic tools in determining thismor microenivironmentHerein, we report one diagnostic and
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four therapeutic compounds that emit in the nemnfrared region and selectively target cancer or
senescent cells.

More specifically, two fluorophores emitting in the ndafrared region, onef hemicyanine
and other of flavylium salt type, were synthesized and characterized. The latter is active in
photodynamic therapy and can be characterized as a photosensitizer. These imaging agents were then
combined via stable linkers with various smatiletules (e.g., modified-Biotin, triphenylphosphine,
and morpholine analogs) to direct them to target cells. Various molecular tracers were then attached
resulting in quenching of their fluorescence. Interaction of these with molecules that are
overexpressed in the target cells (increased levels of biothicigalactosidase) lead to a change in the
photophysical properties of the molecules. Additionally, the molecules have domains that rotate at
low viscosity values while reducing their rotation when thiscosity values increase. This has the
conseqguence of changing the intensity of absorption and emission of these agents. Purification of the
intermediate and final compounds was performed by appropriate techniques such as column
chromatography and higherformance liquid chromatography (HPLC) and characterized by 1D/2D
NMR spectroscopy and high resolution mass spectrometry. The photophysical properties were
recorded using UWis and fluorescence spectroscopy where the response, response speed and
selectinity of the compounds in the presence of an appropriate analyte were performed
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H-18 H-34

H-32
H-33

H-23
H-28 H-22
H-27
H-25 H-26
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8 6 4 2 [ppm]
n' <4k h "Hbaw _ ', w A . SOd6 (500 MHz£28C5. a

'H NMR (500 MHz, DMS{0

L Y.451(dPpP=8.15 Hz, 1H28), 7.437.38 (d, J= 8.56 Hz, 1H2H),

7.367.29 (d, J=8.15 Hz, 1H:28), 7.267.20 (d, J=8.56 Hz, 1H2H), 6.936.87 (t, J=7.51 Hz, 1H; H
27), 6.866.80 (t, J= 7.0Rz 1H, F26), 3.263.19 (s, 3H, H8), 2.071.95 (s, 3H, 134) 0.950.81 (s, 6H,

H-32 & H33).

61



] L & "E
-
-3
e do v »
- |
e E L
-8
- ¢ +
-8
g .- ;® -
o ki
- - ‘ |
I T T T I T T T I T T T ‘ T T T
8 6 4 2 F2 [ppm]
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13CNMR(500MHz DMSQd6)+ : 189.1 G-19),140.7 G-30), 137.05G29), 133.2¢-24), 130.9G21),
130.7 G28), 129.9G-23), 128.7G-27), 127.26G26), 123.7G:25), 113.6(22), 55.8 G31), 35.6 G
18), 21.6 ¢:32 &G33), 14.3 G34).
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H-15  H-34

H-27 H-9
H-13

H-2
©]
Hz TRA
NH-11
H-4

A A dll MW& & \WM

N~ TOMNT ON 0 [=2] -2} 0 (< - -

(1] NS [ ND (2] ==} N~ (N o~ o

".‘ oo cns < o e “"’ “C S

i I v el sl ik T i il
| T T T I T T T I T T T | T T T I T T
10 8 6 4 2 [ppm]
n' S 46vh shiblmw _'  WA.  '-d6(400/MHz 25C)5 a { h

IH NMR (400 MHz, DMS®c 0 1-896 (prp2Hy NH21), 8.518.45 (d, J= 164 1H, H14), 8.42
8.38 (d, J=8.5 Hz, 1H28), 8.278.23 (d, J=8.8 Hz, 1H23), 8.218.14 (m, 2H, K & H22), 8.048.00
(d, J= 8.8 Hz, 1H;25), 7.797.74 (t, J=7.42 Hz, 1H:2), 7.767.65 (t, J=7.42 Hz, 1H;26) 7.557.49
(d, J=16 Hz, 1H;18),6.89-6.85 (d, J=8.1 Hz, 1H4) 6.756.70 (s, 1H, 1), 5.135.10 (s, 2H, H5),
4.11-4.10 (s, 3H, $34), 3.803.74 (M, 5H, HO, H12 & H17), 3.323.25 (br, 4H, 19 & H13), 1.991.97
(s, 6H, FB2 & H33).
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n° ¢ 4780 " % baw _' . WwA. id6(100MHz 256). 5a{ h

13C NMR (100 MHz DMSGd6) * : 181.4 G-19), 160.2 G1), 155.2 ¢-3), 146.6 ¢-29), 139.6 G14),
136.5 -30), 133.0 ¢:24 & G5), 132.7 ¢-23), 130.7 ¢:21), 130.0 G28), 128.2 ¢-22), 126.8 G-27),
1265 (G26), 122.8 ¢-25), 114.2 ¢6), 112.8 -18), 108.5 (), 107.2 G4), 98.2 G2), 79.1 G-16),
78.6 G17), 57.1 G-15), 52.6 ¢-31), 43.6 G9 & G13), 42.4 G-10 &G12), 33.8 ¢-:34), 26.19G32 &
G33).
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IH NMR (400 MHz 2B 0: 5.265.22 (d, J=3,81Hz, 1HMQ 0 =3.93 @,d<B.81 Hz, IHpHQ O | G U X 0 Db
3.93 (d, j=3.81 Hz, 1H;HQ 6 6 U-B.9D (dpJeBE Hz, 1HHHQ 6 | 0-318Y (doJ€adsh Hz 1H; H

H QO 6 0-3)88 (dpJE3y8T Hz, 1HOHQ 6 | G-3)8X (d,0JE3y8h HzHLHO Q6 6 U-3)7B (Mo THy H
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n' ¢ 52a¥h° % baw _' . wp0(100 MHZMEC). ¢ 5

3CNMR(100MHz D;0) 1: 1765 Gy Q0 = Cdaread,d0.75 Gm (b)), 65.96 CH @), 33.62 GH Q
(b)), 71.57 Gp @)), 30.63 Gp B)),70.01 Go Q)), 69.85Go B)), 60.72 Gn @), 60.55 G @)), 6
56.76 G @), 64.08 Cth ), 61.98 Gc @), 61.72CGc B)). 6
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OH-3'
OH-4' H-32
H-33
H-9
H-13
U ™ 'M' JM Nyl Veanbpighaomprpinedh
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o (= oM w0 ©0 - < l\‘ ©
= g%ese ,"2 2 3 s 2 5
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n' S 5%h shHplaw _ '  wA.  '-d6(400pMHz 25C)5 a { h

IH NMR (400 MHz, DMSR) 1 YO,0ctsPAMMNIHLL), 8.488,42 (d, J= 16 Hz, 1H;14), 8.428.34
(m, 3H, M5, H17 & H28), 8.248.19 (d, J=9.0 Hz, 1H;23), 8.188.14 (d, J=8.56 Hz, 1H2H), 8.12
8.08 (d, J= 9.0 Hz, 1NHT )Q7.997.95 (d, J=8.56 Hz, 1H28), 7.867.81 (t, J=7.7 Hz, 1H;37)7.68
7.63 (t, J=7.7 Hz, 1H;28), 7.487.43 (d, J=16 Hz, 1H;18), 6.906.88 (s, 1H, 12), 6.886.83 (d, J=8
Hz, 1H, H1), 5.465.41 (s, 2H, Hh Q 0 =5.2p &, @H, H5), 5.034.99 (s, 1H, O Q 0 =3.90 (&, Pl
H-34), 3.963.89 (s, 2H, ¢ Q0 =3.86 @,1H, O Q0 =3.76 @y4pi, HO & H12), 3.793.50 (m,
5H, HM Q& QB QI QI QIO =3.08 @H2H, Ofd Q  3n Chol £3.26 (5,alH, 19 & H13), 2.09
2.07 (ACN), 1.92.88 (dd, 6H, £32 & H33).

70



o ANODNITNOOONOTODONO

< ONMINNOODT IO N 0 om ol @ N

< DITOONNONONRONDTWOTF N Mo sd| & F
, 0 IO+ INONNOORANNINO-OF~ O - © wy wdl o @

o NBOovaNNooowoaNTaons N in Qe @ W

o VVITOOOOONNNNNT-~OO0 © 0w Nl o] o @
'~ A g g g S g g g A . g o g (Y N~ nww <SP M §

| s —tee | r i |

10'
9 8 H OH
7"

OH

-t
2

e

: Ay T : . LAMLE . L &L ok
200 150 100 50 [ppm]

n' ¢ 5gh 3P baw _ ' mpw A -d6@JOMHz, 25C).

13CNMR(100MHz DMSGd6)+ : 181.6 G-19), 165.4Cy QU T Ci)c1G8MG3)(157.8 G-14), 155.4
(G29), 147.5G30), 141.8¢-16), 139.5(28), 136.7 G-24), 133.7 ¢-23), 132.6 G-22), 130.7 G-27),

130.0 G-21), 128.4 G-26), 126.9 G17), 126.4G5), 122.7 G6), 114.0 G25), 112.8G4), 108.1 G

18), 106.9G-2), 97.9CM Q U = G- (bSC-re (SHC preidbivG- 1t & @1Q), 68.5 G-15), 61.1 G

c QU I GH @ UPTCRMUIDT GABGCD3), 426 G34), 26.3 G32 &G33).
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Ho Q dokQ) Z6nokd T6nlh Z6pokh Zépt) 30 6-8.885t, Jo9B8 Kz, 1H.HQ U =3.14 s T
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13 NMR (500 MHz, TN (50%PBS BUFFER (S0@)1: 182.2 (Cl9), 1658 ( Q0 = Mg Mmdc 6/
155.1 (G3), 147.9G14), 142.3 (€16), 140.0 (29), 138.6 (39), 137.2 (30), 134.4 (28), 133.2 (€

24),131.17 (@3, 41, 37), 130.8 (86), 130.4 (22), 129.7 (€0, 38), 128.7 (@1, G27), 127.4 (26),

126.9 (€17), 123.3 (G &GT QU T  @)ML13M(25),108.8 (G4), 107.3 (€18), 98.4 (2), 91.0 (€

MQUO S -or AUPT -IUDI -9BMBR0), 648 (@ QU T -35H6L.G(AS) 61.4 (€ QO S -pn dd O
HQO S -3L)p5R.0 (EHQ 0 = -P&GDI), 458/ (@2), 34.0 (B4), 26.7 (€32 & G33).
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