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1. Introduction 

Heptamethine carbocyanine (tricarbocyanine) dyes (Figure 1) 

possess outstanding photophysical properties, namely, high molar 

absorption and emission coefficients and a narrow 

absorption/emission band. Their fluorescent maxima are located 

in the near infrared (NIR) range (700–1000 nm, NIR-I window), 

where biological tissues are transparent,1 thus making them 

suitable for bioimaging.2,3 Moreover, most common 

photodetectors have sensitivity up to 900 nm,4 thus making NIR-

I dyes convenient for widely used bioimaging equipment. 

 

Figure 1. A general structure of tricarbocyanine dyes. R1–R5 – variable 

substituents. 

The unique photophysical properties of these dyes make them 

attractive as photosensitizers for photodynamic/photothermal 

therapy,5–7 including nanoparticle conjugates.8–10 Besides, these 

dyes have been applied as light- or hydrolysis-mediated 

photocages for controlled release of therapeutic molecules, for 
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example for cyclosporine A,11 camptothecin12 and 

chlorambucil.13 

Another remarkable feature of tricarbocyanines is their 

preferential accumulation and retention in tumour tissues.14 A 

proposed explanation of this phenomenon includes several 

factors15 such as hypoxia-mediated overexpression of organic 

anion transporting polypeptides (OATPs),16 greater negative 

mitochondrial membrane potential in cancer cells compared to 

normal ones17 and formation of covalent adducts with 

biomolecules, like albumin.18 

Abovementioned properties of tricarbocyanines were utilized 

for the development of fluorescent and theranostic conjugates.2,14 

Сarbocyanine dyes were applied as delivery vectors in covalent 

conjugates with various anticancer agents and in some cases were 

shown to increase their cytotoxicity.2,14,19 For example, conjugate 

of non-toxic cytoprotective agent troxipide with dye MHI-148 

showed nanomolar cytotoxic activity (EC50 267 nM) on three 

glioblastoma cell lines.20 The same dye linked with the renin 

angiotensin system (Ras) inhibitor S-trans-trans 

farnesylthiosalicylic acid (FTS) significantly improved specific 

aggregation of this acid in pancreatic tumor cells.21 Another 

important example is the conjugate of tricarbocyanine dye with 

oxoplatin, showing micromolar activity against Burkitt 

lymphoma cells and accumulating specificially in the tumor area 

in mice.22 Mitosis inhibitor cabazitaxel linked with a 
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carbocyanine dye exhibited micromolar cytotoxicity against 

drug-resistant renal cell carcinoma cells, which is superior to 

that of the native dye and drug.23 Some conjugates of kinase 

inhibitor erlotinib with heptamethine carbocyanines have shown 

up to 50-fold increase in cytotoxicity, compared to initial 

erlotinib.24 Moreover, conjugation of carbocyanine dye IR-783 

with flavonoid-based natural compound genistein led to 2-fold 

lower IC50 than that of the non-conjugated drug.25 

These examples indicate the high potential of covalent 

conjugates comprised of a cytotoxic compound and a 

carbocyanine dye, for drug development. Nonetheless, there are 

very few26 examples of covalent conjugates of dyes with 

representatives one of the most effective anticancer drugs 

families – anthracyclines. These drugs are widely used in clinical 

practice to treat different types of cancer, e.g. leukemia, 

lymphoma, lung cancer etc.27 Their cytotoxicity mechanism is 

complex, but the most pronounced mode of action in clinical 

concentrations is topoisomerase IIα inhibition.28 Besides their 

high cytotoxicity, anthracyclines have serious side effects, the 

most severe is potentially lethal cumulative cardiotoxity.29 Side 

effects of anthracyclines can be reduced if they are used in tumor 

targeting systems, e.g. liposomes,30 nanoparticles31 or covalent 

conjugates with delivery vectors. 

In this work we report the synthesis of conjugates based on 

heptamethine cyanine dyes and anthracycline antibiotic 

daunorubicin. Conjugation was performed by Cu-catalysed 

azide-alkyne cycloaddition (CuAAC), one of the so-called “click 

reactions”. These reactions are very suitable for labile 

compounds, because of their high selectivity, almost quantitative 

yields and mild conditions required.32 

2. Results and discussion 

2.1. Synthesis 

To synthesize the conjugates by click-reaction, we first had to 

introduce a suitable functional group into the daunorubicin 

molecule. There is a number of previously known approaches to 

modification of anthracycline antibiotics (Figure 2). In this work 

we introduced the azide group in a daunorubicin via acylation of 

the 3′-amino group (site a)33 and via synthesis of an oxime 

derivative on the 13-carbonyl group (site d).34 

 

Figure 2. Known sites for modification of daunorubicin.27,33,34 

Azide derivative 1 (Figure 3) was synthesized by acylation of 

the 3′-amino group of daunorubicin with commercially available 

oxysuccinimide 4-azidobutanoate using a previously reported 

procedure.35 The resulting compound 1 was obtained with high 

yield (83%). For compound 2, oxime ligation with O-(2-(2-

azidoethoxy)ethyl)-hydroxylammonium chloride36 was used 

(Scheme 1). The synthesis was conducted on the basis of 

procedure for oxime ligation of olivomicin37 with some 

alterations: reduced oxyamine excess from 5 to 3-fold, DMSO as 

the solvent, no pyridine treatment, and addition of dry Na2SO4 

into the reaction mixture for water removal. The resulting 

compound 3 was obtained with high yield (82%). 

The second task was the synthesis of indocyanine dyes bearing 

a terminal alkyne moiety suitable for conjugation with 

daunorubicin derivatives 1 and 2. We obtained two 

unsymmetrical dyes, containing a terminal alkyne moiety in the 

quaternary nitrogen atom (5a-b, Scheme 2). Their synthesis was 

based on known general procedures.38–41 N-alkylated indolenine 

salt 3a-b was coupled with N-((1E,2E,4E)-5-

(phenylamino)penta-2,4-dien-1-ylidene)benzenaminium 

chloride followed by condensation with 2-methyl-3-(prop-2-yn-

1-yl)benzo[d]thiazol-3-ium under basic conditions to yield 

unsymmetrical tricarbocyanine dyes 5a and 5b, respectively. 

Based on dyes 3c and 4c (Figure 4), four novel daunorubicin 

conjugates were synthesized via a CuAAC reaction (6a-b, 7a-b, 

Scheme 3).32 

.

 
Scheme 1. Synthesis of alkylazide daunorubicin derivatives 1 and 2.

 
Scheme 2. Synthesis of functionalized tricarbocyanine dyes used in this work. 



The compositions of the conjugates were confirmed by mass-

spectra. UV/Vis absorption spectra contained the characteristic 

signals at 480 and 780–790 nm. According to absorption spectra, 

the molar ratio between anthracycline and dye chromophores is 

1:1 for all the obtained conjugates. Conjugates exhibit emission 

bands characteristic for both anthracycline (586 nm) and 

tricarbocyanine (818–833 nm). 

2.2. Biological evaluation 

Cytotoxicity of the obtained compounds was measured by 

MTT-test on 4 cell lines: murine colon carcinoma CT26, human 

metastatic pancreatic adenocarcinoma COLO357, pseudonormal 

tumorigenic in nude mice human breast epithelial cells HBL100 

and human colon cancer cells HCT116 (Table 1). 

Scheme 3. Synthesis of conjugates 6a-b and 7a-b. 

Table 1. Cytotoxicity of the compounds obtained. 

Compound 
IC50, μM 

CT26 COLO357 HBL100 HCT116 

Daunorubicin 0.032 <0.032 <0.032 1 

1 1 0.8 4 1 

2 4 4 4 1 

5a 0.2 1 1 1 

5b >100 >100 >100 18 

6a 20 4 20 3 

6b >100 >100 >100 >100 

7a 4 2 1 1 

7b >100 >100 >100 >100 

According to literature,33 acylation of the 3′-amino group 

significantly decreases cytotoxicity of anthracyclines, impairing 

their ability to penetrate the cell membrane. Surprisingly, 

daunorubicin derivative 1 with the acylated amino group was 

found to be more active than 2. However, cytotoxicity of both 

derivatives (1 and 2), as well as of conjugates with lipophilic dyes 

(6a, 7a), was lower than that of the parent drug. Conjugates with 

sulfo-tricarbocyanines (6b, 7b) displayed no activity, presumably 

due to their impaired transportability in membranes. It was 

recently shown that polar negatively charged groups could 

decrease cytotoxicity of carbocyanine-drug conjugates.24 The 

same trend is observed for the dyes, 5b has no cytotoxicity 

because of its inability to get through the cell membrane.42 

Anticancer agents relying on direct nuclear DNA damage 

could make stable mutations in normal cells and this way induce 

tumor recurrence, a very dangerous side-effect.43 Mitochondria-

targeting is one of the prospective approaches to overcome this 

problem.43 Tricarbocyanine dyes are able to accumulate in 

mitochondria;44 this allows us to suggest that our conjugates 

possess the same property. The accumulation of the conjugates in 

the cells was visualized with confocal microscopy (Figure 3). 

Compared to daunorubicin and the known antitumor 

anthracycline, doxorubicin, compound 7a is distributed in the 

cytoplasm of the cell and is not visualized in the nucleus (blue 

arrow shows unstained nuclei, white arrows show nuclei with 

anthracycline fluorescence signal). 

 

 

Figure 3. Confocal imaging of HCT116 cells treated with the conjugate 7a, daunorubicin and doxorubicin (24h, 1μM). The compound 7a was detected with 

excitation at 633 nm and emission range 699–800 nm (daunorubicin and doxorubicin: Ex 488 Em 500–650 nm).

The results of colocalization with lysotracker and DHR123 show that conjugate 7a accumulated preferentially in mitochondria and 

less in lysosomes of the treated cells (Figure 4). 



 

 

 

Figure 4. Confocal imaging of HCT116 cells, treated with the conjugate 7a (24h, 1μM), dyed with Hoechst and Lysotracker (A) and DHR123 (B). 7a: Ex 
633 Em 699–800 nm; Lysotracker: Ex 476 Em 509–582 nm; DHR123: Ex 476 Em 509-582 nm; Hoechst: Ex 405 Em 410–490 nm.

In addition to the predominant distribution of the 7a derivative 

in mitochondria, their significant damage is seen in comparison 

with the control (cells untreated with anthracycline) – 

mitochondria acquired a spherical shape and significantly 

increased in size. DHR123 has been used as a mitochondrial 

tracker to significantly increase intrinsic fluorescence in the 

presence of ROS. 

While the both components of the conjugate are capable of 

generating ROS, delivery to the mitochondria might lead to the 

increase of the contribution of this mechanism to the overall 

cytotoxic effect. Therefore, we evaluated cytotoxicity of the 

conjugates in presence of antioxidant NAC 100 μM with pre-

incubation 12 h before adding 7a (Figure 5). 

 

Figure 5. MTT-assay for HCT116 cells, treated with the conjugate 7a (96h, 

0.8–6.4μM) in the presence and absence of NAC (after 5 independent repeats, 

errors did not exceed 10%). 



 

 

Dose-dependent cell death in the presence of NAC is less 

pronounced than without the antioxidant. This allows us to 

conclude that the mechanism of cell death under the action of 

derivative 7a is associated with the generation of ROS. 

3. Conclusions 

To conclude, we synthesized a series of tricarbocyanine-

anthracycline conjugates and evaluated their cytotoxic properties. 

Hydrophobic dyes were found to be capable of selective delivery 

of the anthracycline to the mitochondria, leading to significant 

contribution of ROS generation to the mechanism of action of the 

conjugates. Cytotoxicity of the covalent conjugates was found to 

be lower than that of the parent drug. Nonetheless, structure 

optimization might overcome this problem, thus making the 

conjugates of tricarbocyanines and anthracyclines an attractive 

target for further drug development. 

4. Experimental section 

4.1. Materials and methods 

Thin-layer chromatography was performed using Merck silica 

gel 60 F254 plates. For column chromatography, Merck Silica gel 

60 was used. NMR experiments were carried out on Bruker 

Avance 400 and Bruker Avance II 600 spectrometers. Routine ESI 

LCMS mass spectra were acquired using Agilent 6340 Ion Trap 

equipped with an electrospray ionization source (ESI) (“Agilent 

Technologies”) coupled to an Agilent 1100 HPLC system. ESI 

HRMS spectra were recorded using Bruker micrOTOF II system. 

Analytical HPLC was performed using a Knauer HPLC system 

equipped with a K-2501 detector, using Sunfire C18 (5 μm, 

4.6×250 mm) and VDSphere PUR 100 C8-E columns (7 μm, 

46×250 mm). UV-Vis absorption spectra were recorded using a 

Varian Cary 100 UV-Vis spectrophotometer. The fluorescence 

studies were carried out on a Perkin-Elmer LS 55 luminescence 

spectrometer. Freeze-drying was performed using FreeZone 1 

Liter Benchtop Freezy Dry Systems. Evaporation under reduced 

pressure was performed with Labconco Acid-Resistant CentriVap 

Centrifugal Vacuum Concentrator and Heidolph Hei-VAP 

Precision rotary evaporator. The solvents used in this work were 

of the highest grade available. 

N-((1E,3E,5E)-5-(phenylimino)penta-1,3-dien-1-yl)aniline 

hydrochloride39, compound 4a,40 and 2-methyl-3-(prop-2-yn-1-

yl)benzo[d]thiazol-3-ium bromide41 were synthesized according to 

literature procedures. Compound 4b was synthesized similarly to 

the compound 4a.  

4.2. Synthesis of 3-hexyl-1,1,2-trimethyl-1H-benzo[e]indol-3-ium 
iodide (3a) 

The procedure was based on38 with some modifications. 1,1,2-

Trimethyl-1H-benzo[e]indole (0.50 g, 2.4 mmol) and 1-

iodohexane (1.3 mL, 7.2 mmol) in acetonitrile (5 mL) were stirred 

upon heating to 72°C for 24 h. After cooling to room temperature, 

an excess of diethyl ether was added, the precipitate was filtered 

off, washed by diethyl ether and dried. Yield: 0.78 g (88%), light 

gray powder. M.p. 160°C. 1H NMR spectrum (DMSO-d6, δ, ppm, 

J/Hz): 0.84–0.89 (m, 3 H, CH3), 1.31 (br. s., 4 H, 2 CH2), 1.46 (br. 

s., 2 H, CH2), 1.76 (s, 6 H, C(CH3)2), 1.89 (br. s., 2 H, CH2), 2.95 

(s, 3 H, =С-СН3), 4.58 (t, 2 H, 3JHH = 7.2, СН2N+), 7.70–7.82 (m, 

2 H, aromatic), 8.16 (d, 1 H, 3JHH = 9.0, aromatic), 8.22 (d, 1 H, 
3JHH = 8.1, aromatic), 8.30 (d, 1 H, 3JHH = 8.8, aromatic), 8.38 (d, 

1 H, 3JHH = 8.2, aromatic). 13C NMR spectrum (DMSO-d6, δ, 

ppm): 13.6 (s, 1 C, CH3), 13.8 (s, 1 C, =С-СН3), 21.4 (s, 2 C, 

C(CH3)2), 21.7, 25.3, 27.2, 30.6 (all s, 1 C, all CH2), 47.7 (s, 1 C, 

СН2N+), 55.3 (s, 1 C, C(CH3)2), 113.1, 123.2, 126.9, 1297.0, 

128.2, 129.5, 130.5, 132.8, 136.7, 138.2 (all s, 1 C, all aromatic), 

196.0 (s, 1 C, =С-СН3). HRMS-ESI: found: m/z 294.2217 M. 

C21H28N. Calculated: М = 294.2216. IR, ν/cm–1: 1130 (С-N, 

tetr.am.), 1466 (СН2, СН3). 

4.3. Synthesis of 4-(1,1,2-trimethyl-1H-benzo[e]indol-3-ium-3-
yl)butane-1-sulfonate (3b) 

Procedure was based on45 with some modifications. A mixture 

of 1,1,2-trimethyl-1H-benzo[e]indole (0.78 g, 3.73 mmol) and 1,4-

butane sultone (0.40 mL, 4.02 mmol) in o-diclorobenzene (3.0 

mL) was stirred under 120°С for 8 h. After cooling to room 

temperature, an excess of diethyl ether was added; the precipitate 

formed was filtered off, washed by diethyl ether and dried. Yield: 

0.75 g (59%), light blue powder. Dec. >200°С. 1Н NMR spectrum 

(DMSO-d6, δ, ppm, J/Hz): 1.70–1.82 (m, 8 H, СН2, C(CH3)2), 2.02 

(br.s., 2 H, СН2), 2.52–2.56 (m, 2 Н, СН2SO3), 2.95 (br.s., 3 H, 

=C-CH3), 4.61 (br.s., 2 H, СН2N+), 7.66–7.82 (m, 2 H, aromatic), 

8.16–8.30 (m, 3 H, aromatic), 8.36 (d, 1 H, 3JHH = 7.5, aromatic). 

4.4. Synthesis of 3-hexyl-1,1-dimethyl-2-((1E,3E,5E,7Z)-7-(3-
(prop-2-yn-1-yl)benzo[d]thiazol-2(3H)-ylidene)hepta-1,3,5-trien-
1-yl)-1H-benzo[e]indol-3-ium iodide (5a) 

Mixture of 3-hexyl-1,1-dimethyl-2-((1E,3E,5E)-6-(N-

phenylacetamido)hexa-1,3,5-trien-1-yl)-1H-benzo[e]indol-3-ium 

iodide (4a) (0.10 g, 0.16 mmol), 2-methyl-3-(prop-2-yn-1-

yl)benzo[d]thiazol-3-ium bromide (0.040 g, 0.16 mmol), and 

sodium acetate (0.030 g, 0.32 mmol) of in acetonitrile (2.0 mL) 

was stirred under 70°С for 4 h. After cooling to room temperature, 

an excess of diethyl ether was added, the precipitate formed was 

filtered off, washed by diethyl ether and dried. Then the dye was 

purified by silica gel column chromatography (elution with 

CH2Cl2–MeOH, 50:1) followed by silica gel thin-layer 

chromatography (eluent CH2Cl2–MeOH, 10:1). Yield: 0.012 g 

(11%), dark green powder. 1H NMR spectrum (CDCl3, δ, ppm, 

J/Hz): 0.91 (t, 3 H, 3JHH = 7.2, CH3), 1.35–1.38 (m, 4 H, 2 CH2), 

1.47–1.50 (m, 2 Н, CH2), 1.82–1.86 (m, 2 H, CH2), 2.00 (s, 6 H, 

C(CH3)2), 2.47 (br.s., 1 H, С≡СН), 4.08 (t, 2 H, 3JHH = 7.3, 

+NCH2), 5.25 (br. s., 2 H, СН2С≡СН), 6.13 (d, 1 H, 3JHH = 13.1, 

=СН), 6.57 (t, 1 H, 3JHH = 12.3, =СН), 7.28–7.32 (m, 2 H, 2 =СН), 

7.37 (t, 1 H, 3JHH = 7.3, aromatic), 7.45 (t, 2 H, 3JHH = 7.5, 

aromatic), 7.49–7.55 (m, 3 H, aromatic, 2 =СН), 7.60 (t, 2 H, 3JHH 

= 7.5, aromatic), 7.78 (d, 1 Н, 3JHH = 7.3, aromatic), 7.89-7.94 (m, 

3 H, aromatic, =СН), 8.12 (d, 1 H, 3JHH = 8.6, aromatic). 13C NMR 

spectrum (CDCl3, δ, ppm, J/Hz): 13.9 (s, 1 C, CH3), 22.45, 26.6 

(all s, 1 C, all CH2), 27.7 (s, 2 C, C(CH3)2), 29.7, 31.5 (all s, 1 C, 

all CH2), 35.8 (s, 1 C, СН2С≡СН), 49.9 (s, 1 C, C(CH3)2), 53.1 (s, 

1 C, +NCH2), 73.4 (s, 1 C, С≡СН), 76.1 (s, 1 C, С≡СН), 102.6, 

109.1 (all s, 1 C, all =СН), 110.2 (s, 1 C, aromatic), 112.8 (s, 1 C, 

=СН), 117.5, 121.2 (all s, 1 C, all aromatic), 122.2 (s, 1 C, =СН), 

122.3, 124.7, 125.6, 127.7, 128.2, 128.3 (all s, 1 C, all aromatic), 

129.8 (s, 1 C, =СН), 129.9, 130.4, 132.0, 134.1, 136.4, 138.8 (all 

s, 1 C, all aromatic), 139.9 (s, 1 С, N-C-S), 142.7 (s, 1 C, aromatic), 

151.8, 158.0 (all s, 1 C, all =СН), 192.1 (s, 1 C, +N=C). HRMS-

ESI: found m/z 543.2820 [M+]. Calculated for C37H39N2S
+ 

543.2828. IR, ν/cm–1: 1360 (N tret.), 2115 (С≡СН). 

4.5. Synthesis of 4-(1,1-dimethyl-2-((1E,3E,5E,7Z)-7-(3-(prop-2-
yn-1-yl)benzo[d]thiazol-2(3H)-ylidene)hepta-1,3,5-trien-1-yl)-
1H-benzo[e]indol-3-ium-3-yl)butane-1-sulfonate (5b) 

A mixture of 4-(1,1-dimethyl-2-((1E,3E,5E)-6-(N-

phenylacetamido)hexa-1,3,5-trien-1-yl)-1H-benzo[e]indol-3-ium-

3-yl)butane-1-sulfonate (4b) (0.10 g, 0.2 mmol), 2-methyl-3-

(prop-2-yn-1-yl)benzo[d]thiazol-3-ium bromide (0.03 g, 0.4 

mmol), and sodium acetate (0.050 g, 0.2 mmol) in acetonitrile (2 

mL) was stirred at 70°С for 1 h. After cooling to room temperature, 

an excess of diethyl ether was added, the precipitate was filtered 



 

 

off, washed by diethyl ether and dried. Further purification was 

performed by silica gel column chromatography (elution with 

CH2Cl2–MeOH, 7:1). Yield 0.025 g (21%), dark green powder. 

λmax = 775 nm (MeOH). 1Н NMR spectrum (DMSO-d6, δ, ppm, 

J/Hz): 1.73–1.79 (m, 2 H, CH2), 1.80–1.85 (m, 2 H, CH2), 1.89 (s, 

6 H, C(CH3)2), 2.52 (br.s., 2 H, CH2SO3), 3.58 (t, 1 H, 4JHH = 2.4, 

С≡СН), 4.18 (t, 2 H, 3JHH = 7.5, +NCH2), 5.30 (d, 2 H, 4JHH = 2.0, 

СН2С≡СН), 6.44 (d, 1 H, 3JHH = 14.2, =СН), 6.52 (t, 1 H, 3JHH = 

12.5, =СН), 6.58 (t, 1 H, 3JHH = 12.4, =СН), 6.70 (d, 1 H, 3JHH = 

12.7, =СН), 7.41 (t, 1 H, 3JHH = 7.6, aromatic), 7.46–7.54 (m, 2 H, 

aromatic, =СН), 7.58 (t, 1 H, 3JHH = 7.9, aromatic), 7.61–7.68 (m, 

2 H, aromatic, =СН), 7.74 (d, 2 H, 3JHH = 8.5, aromatic), 7.96 (t, 1 

H, 3JHH = 14.4, =СН), 7.99 - 8.06 (m, 3 H, aromatic), 8.23 (d, 1 H, 
3JHH = 8.7, aromatic). 13С NMR spectrum (DMSO-d6, δ, ppm, 

J/Hz): 22.5 (s, 1 C, CH2), 26.3 (s, 1 C, CH2), 26.7 (s, 2 C, C(CH3)2), 

35.6 (s, 1 C, СН2С≡СН), 43.6 (s, 1 C, CH2SO3), 48.5 (s, 1 C, 

C(CH3)2), 50.7 (s, 1 C, +NCH2), 76.6 (s, 1 C, С≡СН), 76.8 (s, 1 C, 

С≡СН), 102.1, 102.2, 111.6 (all s, 1 C, all =СН), 113.1, 122.1, 

123.2 (all s, 1 C, all aromatic), 124.5 (s, 1 C, =СН), 124.7, 125.1, 

125.2, 127.5, 127.5, 128.1 (all s, 1 C, all aromatic), 128.1 (s, 1 C, 

=СН), 129.8, 130.2, 130.2, 131.1, 132.9, 139.9 (all s, 1 C, all 

aromatic), 140.6 (s, 1 C, N-C-S), 144.9 (s, 1 C, aromatic), 148.7, 

154.1 (all s, 1 C, all =СН), 194.5 (s, 1 C, +N=C). HRMS-ESI: 

found m/z 595.2083 [M+Н]. Calculated for C35H34N2S2O3
+ 

595.2084. IR, ν/cm–1: 1052 (SO3), 1389 (N tret.), 2118 (С≡СН). 

4.6. Synthesis of daunorubicin azide (1) 

To a solution of daunorubicin hydrochloride (50.0 mg, 88.7 

mmol, 1 eq) in of CH2Cl2 (8 mL) 4-azidobutyric acid 

oxysuccinimide ester (49.6 mg, 219.2 mmol, 2.5 eq) and 

diisopropylethylamine (772 μL, 4.4 mmol, 50 eq) was added. The 

reaction mixture was stirred at 20°C for 10 h with control by TLC 

(CH2Cl2–MeOH, 10:1) and HPLC (VDSpher C8 column, method: 

20 min 25–95% MeCN–H2O with absorption detection at 260 nm). 

Then solvent was evaporated. The residue was dissolved in CH2Cl2 

and purified by silica gel column chromatography (CH2Cl2–

MeOH, 50:1 v/v). Yield: 50 mg (83%), red powder. 1H NMR 

spectrum (CDCl3, δ, ppm, J/Hz): 1.25 (br. s., 1H, CHOH), 1.29 (d, 

3H, 3JHH = 6.5, CHCH3), 1.76 (m, 2H, CHCH2CH), 1.85 (m, 2H, 

CH2CH2CH2), 2.08 (dd, 1H, 2JHH = 14.98, 3JHH = 3.37, 

CHCH2CH), 2.22 (dt, 2H, 3JHH = 7.40, 1.77, CH2CH2CO), 2.29 (d, 

1H, 3JHH = 3.37, CHCH2CH), 2.41 (s, 3H, CH3CO), 2.82 (d, 1H, 
2JHH = 18.34, CCH2C), 3.18 (d, 1H, 2JHH = 18.34, CCH2C), 3.64 

(br. s., 1H, CHOH), 3,80 (d, 2H, 3JHH = 5.69, N3CH2CH2), 4.04 (s, 

3H, CH3O), 4.15 (m, 1H, CHNH), 4.22 (m, 1H, CH3CH), 5.19 (br. 

s., 1H, COH), 5.47 (d, 1H, 3JHH = 3.37, CHO), 6.00 (d, 1H, 3JHH = 

8.31, OCHO), 7.36 (d, 1H, 3JHH = 8.38, aromatic), 7.76 (t, 1H, 3JHH 

= 8.38, aromatic), 7.99 (d, 1H, 3JHH = 8.38, aromatic), 13.20 (s, 

1H, OH), 13.95 (s, 1H, OH). 13C NMR spectrum (CDCl3, δ, ppm, 

J/Hz): 16.3 (s, CHCH3), 24.3 (s, OCCH3), 24.5 (s, CH2CH2CH2), 

29.5 (s, CHCH2CH), 32.7 (s, COCH2CH2), 32.9 (s, CCH2COH), 

34.6 (s, CHCH2COH), 44.9 (s, CHNH), 50.3 (s, N3CH2), 56.2 (s, 

OCH3), 66.7 (s, CH3CH), 69.1 (s, (CH2)CCHO), 69.6 (s, CHOH), 

76.2 (s, CH2COH), 100.2 (s, OCHO), 110.8, 111.0, 118.0, 119.4, 

120.3, 133.5, 134.0, 135.0, 135.3, (all s., aromatic), 155.3, 156.0 

(all s., aromatic, COH), 160.5 (s, aromatic, COCH3), 170.7 (s, 

CONH), 186.1, 186.5 (all s., CO), 211.8 (s, HOCC(O)CH3). 

HRMS-ESI: found m/z 639.2307 [M+H]+. Calculated for 

C31H35N4NaO11+ 639.2297. 

4.7. Synthesis of daunorubicin azide (2) 

Daunorubicin hydrochloride (23.0 mg, 40.7 mmol, 1 eq) was 

treated by solution O-(2-(2-azidoethoxy)ethyl)-

hydroxylammonium chloride (30.9 mg, 114.1 mmol, 2.8 eq) in 

DMSO (2.5 mL), then dry Na2SO4 (527 mg) was added. The 

reaction mixture was stirred at 20°C for 10 h with control by TLC 

(CH2Cl2–MeOH–AcOH, 120:40:1) and HPLC (VDSpher C8 

column, method: 20 min 25–95% MeCN–H2O with absorption 

detection at 260 nm). Then the reaction mixture was freeze-dried. 

The residue was dissolved in CH2Cl2, filtered off and purified by 

silica gel column chromatography (CH2Cl2–MeOH, 3:1 v/v). 

Yield: 26.1 mg (82%), red powder. 1H NMR spectrum (DMSO-d6, 

δ, ppm, J/Hz): 1.16 (d, 3 H, 3JHH = 6.5, CHCH3), 1.71 (m, 1 H, 

CHCH2CHNH2), 1.83 (s., 3 H, NCCH3) 1.88 (m, 1 H, 

CHCH2CHNH2), 2.19 (m, 1 H, OCHCH2COH), 2.28 (m, 1 H, 

OCHCH2COH) 2.85 (m, 1 H, HOCCCH2COH), 3.05 (m, 1 H, 

HOCCCH2COH), 3.35 (m, 3 H, CH2N3, CHNH2), 3.39, 3.40, 3.43, 

3.48 (all m, CH2OCH2CH2OCH2), 3.50 (m, NOCH2CH2), 3.55 (t, 
3JHH = 5,1, OCH2CH2N3), 3.62 (m, 1 H, CHOH), 3.94 (s, 3 H, 

OCH3), 4.02 (m, 2 H, NOCH2), 4.11 (m, 1 H, CHCH3), 4.90 (m, 1 

H, CCH(O)CH2), 5.28 (m, 1 H, OCHO), 5.31 (br. s., 1 H, 

CH2C(OH)CN), 5.46 (br. s., 1 H, CHOH), 7.57 (br. s., 1 H, 

CHCOCH3), 7.82 (m, 2 H, CCHCHCH, aromatic). 13C NMR 

spectrum (DMSO-d6, δ, ppm, J/Hz): 10.2 (s, NCCH3), 17.3 (s, 

CHCH3), 28.7 (s, CHCH2CHNH2), 33.5 (s, HOCCCH2COH), 47.1 

(s, CHNH2), 50.4 (s, CH2N3), 57.0 (s, OCH3), 66.5 (s, CHOH), 

66.7 (s, CH3CH), 69.7 (s, CH2CH2N3), 69.1, 70.1, 70.14, 70.18 (all 

s, CH2OCH2CH2OCH2), 71.6 (s, CCH(O)CH2), 71.8 (s, 

CH2C(OH)CN), 73.0 (s, NOCH2), 99.6 (s, OCHO), 110.9, 111.1 

(all s, O=CCCOH), 116.7 (s, O=CCCOCH3), 120.0 (s, 

O=CCCHCH, aromatic), 120.4 (s, CHCHCOCH3, aromatic), 

135.1 (s, O=CCCHCH, aromatic), 135.9 (s, HOCCCH2COH, 

aromatic), 136.3 (s, HOCCC(O)CH2, aromatic), 136.6 (s, 

CHCHCH, aromatic), 154.9 (s, HOCCCH2COH, aromatic), 156.8 

(s, HOCCC(O)CH2, aromatic), 160.0 (s, C=NO), 161.1 (s, 

COCH3, aromatic), 186.7 (s, 2 C, C=O, aromatic). HRMS-ESI: 

found m/z 744.3078 [M+Н]+. Calculated for C35H45N5O13
+ 

744.3087. 

4.8. General procedure for the synthesis of conjugates 6a-b and 
7a-b 

A solution of daunorubicin azide 1 or 2 (8 μmol) of MeOH (1 

mL) was treated by tricarbocyanine dye 5a or 5b, a solution of a 

dye (7.4 umol) of DMSO (1 mL). Then ascorbic acid (0.28 M 

aqueous solution (4 mmol) and CuSO4– 

tris(benzyltriazolylmethyl)amine, 1:1 (0.01 M solution of in 55% 

DMSO) were added, the reaction mixture was stirred under argon 

atmosphere for 10 h with control by TLC. After consumption of 

starting materials the reaction mixture was concentrated in vacuo 

and freeze-dried. The residue was purified by silica gel column 

chromatography. 

4.8.1. Conjugate 6a 

Yield: 6.4 mg (69%), green powder. TLC: CH2Cl2–MeOH 10:1 

(v/v). Eluent for column chromatography: CH2Cl2–MeOH 15:1 

(v/v). HRMS-ESI: found m/z 1181.5043 [M]+. Calculated for 

C68H73N6O11S
+ M 1181.5053. 

4.8.2. Conjugate 6b 

Yield: 9.0 mg (93%), green powder. TLC: CH2Cl2–MeOH, 

10:1 (v/v). Eluent for column chromatography: CH2Cl2–MeOH 

5:1 (v/v). HRMS-ESI: found m/z 1255.4106 [M]+. Calculated for 

C66H68N6O14S2Na+ 1255.4127. 

4.8.3. Conjugate 7a 

Yield: 10.4 mg (90%), green powder. TLC: CH2Cl2–MeOH, 

5:1 (v/v). Eluent for column chromatography: CH2Cl2–MeOH 5:1 

(v/v). HRMS-ESI: found m/z 1286.5811 [M]+. Calculated for 

C72H84N7O13S
+ 1286.5842. 

4.8.4. Conjugate 7b 



 

 

Yield: 4.6 mg (50%), green powder. TLC: CH2Cl2–MeOH, 5:1 

(v/v). Eluent for column chromatography: CH2Cl2–MeOH 4:1 

(v/v). HRMS-ESI: found m/z 1338.5096 [M]+. Calculated for 

C70H80N7O16S2
+ 1338.5097. 

4.9. MTT-assay 

The cytotoxic activity of compounds was assessed in vitro 

using the MTT assay against human tumor cell lines, such as 

human colon cancer cells HCT116. The cells were obtained from 

American Type Culture Collection, USA. Cells were cultivated in 

Dulbecco modified Eagle’s medium supplemented with 10% fetal 

bowine serum (HyClone, Logan, UT), 2 mM L-glutamine, 100 

U/mL penicillin, and 100 µg/mL streptomycin at 37°C in a 

humidified CO2-controlled atmosphere. Cells in logarithmic phase 

of growth were used in the experiments. To prevent mycoplasma 

infection, the drug Mycokill (GE, USA) was used. Before the start 

of the experiments, at least three passages were carried out on a 

medium free from antimycoplasma drug. The samples were used 

as 10 mM stock solutions in DMSO. Samples of the compounds 

were stored at +4°C, thawed at room temperature immediately 

before use. Cells were plated in 96-well plates (NUNC, USA, 

5·103 cells in 190 μL culture medium per well). After 24 h of 

incubation at 37°C (5% CO2, in a humidified atmosphere), 10 μl 

of the solutions of test compounds to final concentrations 0.1–50 

μmol/L were added to the cells. The cells without substances 

served as an intact control. The cells were incubated for 72 h at 

37°C, 5% CO2, in a humidified atmosphere; 2 h before the end of 

incubation, 20 μL of aqueous solution of MTT (5 mg/mL, PanEko, 

Russia) was added to the wells. After the end of the incubation, the 

culture medium was removed, the cells were resuspended in 100 

μL of DMSO, and the optical density of the solution was measured 

with Multiscan FC plate spectrophotometer (Thermo Scientific, 

USA) at 571 nm. The percentage of survived cells survived was 

calculated as a quotient from the division of the average optical 

density in the wells after incubation with a given dose to the 

average optical density of the control wells. Five independent 

experiments were carried out for each concentration; the results 

are statistically processed. Standard deviations did not exceed 

10%. 

4.10. Laser scanning confocal microscopy was used to visualize 
colocalization, the morphology of mitochondria and to monitor the 
integrity of the plasma membrane upon treatment with synthesized 
compounds. The HCT116 cells were plated on 35 mm dishes with 
the glass bottom (SPL Life Sci., Korea) and incubated for 72 h at 
37°C, 5% CO2 to reach 50% confluence. Then the cells were 
incubated with synthesized compounds for up to 24 h followed by 
washing with PBS. For labeling mitochondria, nuclei and 
lysosomes, dihydrorhodamine 123 (DHR 123; (476 
nm/509-582 nm), Hoechst 33342 (405 nm/410–500 nm) and 
Lysotracker Green (476 nm/509–582 nm), respectively, were used 
as recommended by the manufacturer (Thermo Fisher Sci.). Dyes 
flare into the DHR123/LysotrackerGreen channels was excluded 
by regulation of the laser power and detector gain in samples with 
sequential staining. Images were analyzed on a laser scanning 
confocal microscope Leica TCS SPE 5 with LAS AF software 
(Leica Microsystems GmbH, Germany). 
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