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Histologic examination of biopsy material is the leading method 
for accurate diagnosis in the field of oncology when fluorescent 
dyes are used as diagnostic agents. The promising fluorophores 
are based on tricarbocyanines since they have high quantum 
yields of fluorescence, transparency window, defined as light 
wavelengths between 600 and 1000 nm, and have several centers 
for modification.1 The introduction of a substituent at the meso-
position of the polymethine chain for conformationally anchored 
tricarbocyanines not only promotes the appearance of an 
additional functional group, but also increases the Stokes shift. 
Varying the linkers at the quaternary nitrogen atoms of 
heterocycles allows changing the lipophilicity and hydrophilicity 
indices of the molecule. The introduction of carbocyanines into 
a single structure with molecules capable of selective 
accumulation in certain types of malignant neoplasms allows 
one to obtain highly effective diagnostic agents.

Conjugates whose molecules consist of different functional 
parts are a large family of organic compounds used in targeting 
medicine against a wide range of cancer diseases. Among a large 
number of methods for obtaining such  structures, the copper-
catalyzed [3 + 2] azide–alkyne cycloaddition reaction (CuAAC) 
is of special importance.2,3 The main disadvantage of this method 
is related to the presence of copper catalyst in the reaction, so the 
use of this reaction imposes additional control on metal content 
in the final products. In addition, it is not always easy to introduce 
an alkynyl or azide component into a structure that is part of a 
future conjugate. The introduction of short alkynyl fragments by 

nucleophilic substitution has previously been described only for 
the example of tricarbocyanine dye anchored by cyclopentene.4 
The introduction of propargylamino substituent into the more 
common dyes anchored by cyclohexene was not possible due to 
the lability of the structure.5 Therefore, the use, development and 
optimization of other synthetic approaches to the preparation of 
conjugates is an urgent task. The replacement of meso-positioned 
chlorine atom by the b-alanine fragment is optimized and well 
implemented leading to a carboxy component suitable for the 
peptide synthesis reaction.6 The peptide bond formation reaction 
does not require complicated synthetic conditions, it is sufficient 
to use carboxy group activating agents, which can be subsequently 
separated from the reaction mixture by chromatography. The 
peptide bond is generally stable under in  vitro and in vivo 
conditions.7 Thus, conjugation by the peptide synthesis methods 
may be an alternative route to obtain diagnostic conjugates 
targeting prostate cancer. In this paper, we compare both 
synthetic approaches.

A ligand targeting prostate-specific membrane antigen 
(PSMA) based on modified urea DCL (N-[N-[(S)-1,3-
dicarboxypropyl]carbamoyl]-(S)-l-lysine) was taken as a 
vector platform. We selected a ligand containing the 
m-chlorophenyl substituent at the nitrogen atom of lysine and 
the dipeptide chain l-Phe-l-Tyr in the linker structure, the basic 
structures were compounds 1a,b. Previously, such ligands 
showed high affinity to PSMA expressing cell line LNcAP 
(9 ± 3 nm).8 The synthesis of the vector was carried out by 
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Fluorescent conjugates of carbocyanine dyes with a ligand 
selective to prostate-specific membrane antigen were 
accessed by either peptide synthesis or CuAAC methodology, 
with the latter being more promising. The introduction of a 
propargylamino moiety at the meso-position of the 
polymethine chain of the fluorophores afforded the alkyne 
counterparts for the CuAAC reaction toward the ligand 
bearing azido group. The photochemical studies showed that 
the quantum yields of the obtained conjugates exceeded 
those for the unmodified fluorophores by more than 20 times.
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solid-phase synthesis according  to  the previously described 
methodology, in which diaminopropane is pre-immobilized on 
the resin.9,10

Compound 1a contains one amino group and three carboxy 
functions, therefore its conjugation with the formation of the 
peptide bond looks somewhat problematic. However, we 
managed to perform its conjugation with cyanine dye 2a 
(Scheme 1, the synthesis of 2a was reported previously6). The 
carboxy group in the b-alanine moiety of compound 2a had to be 
preliminarily activated by its in situ conversion into either 
succinimide (2b) or benzotriazole (2c)11 derivatives, whose 
further reactions with tricarboxy amine 1a afforded the target 
amide conjugate 3, although in modest yields of 22 or 19%, 
respectively. 

The principal drawback of this scheme is difficulties for the 
preparation of sufficient amounts of product 3. In fact, conjugate 
3 in both cases was isolated by reversed-phase liquid 
chromatography with the H2O/MeCN eluent. In addition, the 
preparation of the starting ligand 1a involves solid-phase 
synthesis and scaling up this process is problematic because the 
capacity of 2-chlorotrityl chloride resin decreases when 
1,3-diaminopropane is immobilized.10 Anyway, the obtained 
conjugate 3 is a valuable compound since it bears carboxy 
groups, which is crucial for binding to PSMA.12

In order to avoid side reactions involving carboxy groups of 
the vector fragment and to improve the yield of 3, we attempted 
to conjugate O-tert-butylated analog of compound 1a with 
fluorophore 2 followed by removal of the tert-butyl protecting 
groups. Although the conjugation proceeded well with 65% 
yield, the next removal of the tert-butyl protections with any of 
CF3CO2H-contaning systems (cf. refs. 13–16) was accompanied 
by decomposition of the cyanine part of the conjugate (for 
details, see Online Supplementary Materials, Scheme S1, 
Figure 1 and comments therein). 

Therefore, it seemed reasonable to study the azide–alkyne 
cycloaddition for the construction of conjugate. For this purpose, 
it was necessary to introduce an alkynyl moiety into the 
fluorophore structure, similarly to that we performed previously.6 
Dyes 4a–c with chlorine atom at the meso-position of the 
polymethine chain were reacted with propargylamine to afford 
the anticipated products 5a–c equipped with terminal acetylenic 
bond (Scheme 2). The bands in absorption spectra hypso
chromically shifted from the region of 780–785 nm (chlorides 
4a–c) to 652–655 nm (amines 5a–c), which meets the stated 
requirements (Figure 1).

For the conjugation with alkynes 5a–c, azido analog of amine 
1a, vis. compound 1b, was employed. It is of note that ligand 1b 
is essentially accessible since all the steps for its preparation can 
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Scheme  1  Reagents and conditions: i, NHS, DCC, DMF, 0–5 °C, 18 h; ii, HOBt, DCC, DMF, 0–5 °C; iii, 1a, Et3N, DMF, room temperature, 18 h.
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be carried out by classical peptide synthesis in solution.8 The 
resulting products of the click reaction 6a–c were purified by 
reversed phase liquid chromatography with H2O/MeCN 
eluents.  The structures of the conjugates were confirmed by 
physicochemical analysis and provide evidence for the successful 
conjugation of the PSMA-ligand with the carbocyanine tag (see 
Scheme 2).

Attachment of a triazole moiety close to a fluorophore would 
lead to fluorescence changes. For example, replacement of 
chlorine at the meso-position of a conformationally anchored 
tricarbocyanine by a triazole moiety allows effective visualization 
of inflammatory processes in the eye due to brighter fluorescence 
compared to the conventional FDA-approved (Food and Drug 
Administration) ICG dye (Indocyanine green).17 Moreover, the 
introduction of this structural motif to the dye leads to an increase 
in photostability and fluorescence quantum yield.18

The effects of the structure on the photochemical properties 
were studied for the initial fluorophores 4a–c, propargylamino-
modified tricarbocyanines 5a–c and the resulting conjugates 
6a–c (Table 1). The introduction of a propargylamino substituent 
in conjugation with the polymethine chain of initial chloro 
fluorophores 4 causes a hypsochromic shift of the absorption 
maxima (~140 nm) and fluorescence (~40 nm), which, in turn, 
leads to an increase in the Stokes shift (~2420 cm–1). At the same 
time, the introduction of PSMA-ligand into the structure and the 
presence of triazole ring near the conjugated system in series 6 
do not affect these parameters.

Studies on quantum yields of fluorescence show that the 
presence of propargylamino moiety at the tricarbocyanine 
structure significantly increases this parameter in both negatively 
charged (6a) and neutral (6c) molecules: by 17 and 7 times, 
respectively. The introduction of the ligand additionally increased 
this index by approximately 2-fold in both cases. This suggests 
that the obtained conjugates may be regarded as promising 
diagnostic agents.

In conclusion, fluorescent conjugates can be obtained by the 
peptide synthesis reactions, however, the efficiency of this 
method is inferior to the azide–alkyne cycloaddition method. 
The propargylamino moiety was introduced at the meso-position 
of the polymethine chain based on the fluorophore with the 
corresponding chlorine substituent. The thus obtained new 
propargylamino tricarbocyanines were subjected to CuAAC 
reaction with ligand bearing azido group, which afforded the 
target triazole conjugates which possessed fluorescent properties 
and contained a vector selective to prostate specific membrane 
antigen. The introduction of a nitrogen atom into the structure of 
the polymethine chain of the fluorophore increases the Stokes 
shift at 2400 cm–1, and the quantum yields of conjugates in 
which the triazole ring locates in close proximity to the 
fluorophore structure exceed those of the unmodified tags by 
more than 20 times.
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Scheme  2  Reagents and conditions: i, HCºCCH2NH2, DMF, Et3N, argon atmosphere, 65 °C, 1.5–5 h (for 4a,b) or room temperature, 24 h (for 4c); 
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Figure  1  Absorption maxima for compounds (1) 4a, (2) 5a, (3) 4b, (4) 5b,  
(5) 4c and (6) 5c.

Table  1  Shift of absorption maxima and photochemical parameters for 
fluorophores 4a–c, 5a–c and conjugates 6a–c in DMF.

Compound labs/nm lfl/nm
Stokes 
shifts/cm–1 

e/
dm3 mol–1 cm–1

Ffl
(%)

4a 790 817   418 2.56 × 105 0.002
5a 654 777 2421 1.56 × 105 0.035
6a 650 775 2481 6.54 × 104 0.065
4b 790 814   373 2.81 × 105 0.003
5b 666 776 2128 1.87 × 105 0.007
6b 634 761 2632 2.31 × 103 0.100
4c 790 817   418 5.22 × 105 0.007
5c 654 777 2421 2.01 × 105 0.050
6c 640 761 2484 4.89 × 104 0.135
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