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Abstract: Hydroxylated rhodamines, carbopyronines,
silico- and germanorhodamines with absorption maxima
in the range of 530–640 nm were prepared and applied in
specific labeling of living cells. The direct and high-yielding entry to germa- and silaxanthones tolerates the presence of protected heteroatoms and may be considered
for the syntheses of various sila- and germafluoresceins, as
well as -rhodols. Application in stimulated emission depletion (STED) fluorescence microscopy revealed a resolution
of 50–75 nm in one- and two-color imaging of vimentinHaloTag fused protein and native tubulin. The established
structure–property relationships allow for prediction of
the spectral properties and the positions of spirolactone/
zwitterion equilibria for the new analogues of rhodamines,
carbo-, silico-, and germanorhodamines using simple additive schemes.

Among the multitude of fluorophores reported so far, only
rhodamines,[1] carbopyronines,[1a] and silicon-rhodamines (SiR)[2]
bearing a carboxyl in the ortho-position of the pendant aromatic ring provide specific vital labeling and perform well in
super-resolution fluorescence microscopy. These dyes exist in
equilibrium between zwitterionic (fluorescent) and spirolactone
(non-fluorescent) forms. Many cationic lipophilic triarylmethanes bind non-specifically and stain membrane structures.[3]
Numerous anionic fluorescent labels, commercially available as
sulfonates or phosphates, are hydrophilic and highly water
soluble but do not penetrate the plasma membrane and are
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therefore used nearly exclusively in immunostaining of fixed
cells; alternative strategies of membrane-impermeant label delivery employ cell-penetrating peptide conjugates[4] and reversible permeabilization.[5]
On the contrary, several rhodamine-type dyes specifically
stain intact cells when applied as conjugates with small molecule recognition units.[1a, 2a, c, 6] The most widely used recognition units are BG-NH2, BC-NH2 and HaloTag amine (covalent ligands of the SNAP-tag,[7] CLIP-tag,[8] and HaloTag proteins[9]).
Several non-covalent ligands (such as docetaxel, jasplakinolide,
or pepstatin A, binding to native b-tubulin,[2b] F-actin,[2b] or aspartyl proteases in lysosomes,[2c] respectively) have been successfully used as conjugates with fluorescent dyes (see Figure S1, Supporting Information). However, the affinity and
staining specificity of a given marker depends on the cell line,
the nature of the ligand and the dye, the length of the linker
between them, and the cell staining buffer composition.[2b]
Moreover, the spectral variety of photostable dyes suitable for
live cell super-resolution microscopy still remains limited.
To address some of the above-stated limitations, we have recently proposed the introduction of hydroxyl groups into the
fluorescent dye molecules as a method for increasing polarity,
improving solubility in water and preventing unspecific binding. In our previous study, we reported the dye 580R[1a, 10] (a
live-cell two-color STED imaging marker), a rhodamine with
two hydroxyl groups in allylic positions. In 580R and its predecessor Atto 590,[1b] the conjugated alkene bonds in dihydroquinoline fragments provide the bathochromic and bathofluoric
shifts.[1a, 10] However, these fragments are prone to photo-oxidation and may negatively affect the photostablity.[11] Aimed at
[**] STED: stimulated emission depletion.
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