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Extended annotation

Natural chlorins being hydrogenated analogues of porphyrins represent a highly promising molecular platform for the creation of modern photosensitizers and fluorescent probes.[1-6] Their unique photophysical characteristics such as intense absorption in the therapeutic optical window, high quantum yield of singlet oxygen generation and pronounced fluorescence, determine a wide potential for use in biomedicine. However, for the implementation of such advanced applications as targeted delivery or selective labeling of biological targets the possibility of targeted and strong covalent fixation of an active molecule on a target structure, for example, on a specific protein, is of key importance.[7-11] 
In modern bioconjugation chemistry, a number of selective bioorthogonal approaches have been developed to solve this problem. Among them, modification of primary amino groups of lysine using active esters (for example, NHS-esters),[12-14] formation of hydrazone bonds,[15,16] as well as click chemistry methods, primarily azide-alkyne cycloaddition.[20,21] A special place in this series is occupied by maleimide chemistry[17-19] based on the reaction of the Michael addition of cysteine residues to thiol groups.[22-24] This approach stands out for the optimal balance between high reactivity, selectivity and compatibility with physiological conditions. 
The selectivity of maleimide binding is due to two main factors: the relative rarity of cysteine in protein structures and the exceptional nucleophilicity of its thiol group in a neutral medium which makes this method almost ideal for problems of directed conjugation.[24] In addition, the maleimide fragment itself has its own biological activity including antitumor and anti-inflammatory properties which creates prerequisites for a synergistic effect in hybrid molecules.[25-28] 
Thus, the strategic combination of a photoactive chlorin chromophore and a selective maleimide linker opens the way to the creation of new bifunctional agents for theranostics. As part of this work, the target was to develop and implement a targeted synthesis of such conjugates based on the chlorin e6 derivative. For this purpose, the tasks of creating methods for obtaining maleimide-containing linkers and investigating strategies for their covalent attachment to the chlorin macrocycle were solved. 
A modular functionalization strategy was successfully implemented as a result of which new conjugates containing covalently bound maleimidocaproic acid and its hydrazide were synthesized for the first time. The synthesis was carried out in two independent ways: through the formation of a classical amide bond and through the formation of a hydrazone bond, which provides flexibility of approach and the possibility of fine-tuning the properties of the final molecules. 
All key intermediates and target conjugates were subjected to detailed structural characterization using a complex of modern physico-chemical analysis methods. Proton nuclear magnetic resonance spectroscopy (1H NMR) was used to confirm the structure and establish the purity of the synthesis products which makes it possible to track the appearance of characteristic signals and the disappearance of reagents. The final confirmation of the molecular weight and target structure was obtained by mass spectrometry methods, including MALDI-TOF or ESI-MS. The course of the reactions and the purity of the compounds were controlled by thin-layer chromatography (TLC). The obtained spectroscopic and chromatographic data unambiguously confirmed the assumed structure of all synthesized compounds and demonstrated their high degree of purity which is critically important for subsequent biological studies. The developed synthetic schemes have demonstrated their effectiveness and good reproducibility providing the production of targeted maleimide-chlorin conjugates with high yields at key stages which indicates the optimizability of the proposed techniques. 
As a result of this work, a universal modular platform has been proposed for creating bifunctional molecules that combine the unique photophysical properties of the chlorin chromophore[1-6] and the high selectivity of the maleimide anchor to cysteine residues of proteins.[17-19, 22-24] The obtained compounds are of considerable practical interest as promising tools for targeted delivery, fluorescent labeling of specific protein targets,[7-11] as well as for the development of new-generation theranostic platforms.
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