
Vicinal Diol Compounds and Their Boron Complexes 
in Cosmetic Applications

ABSTRACT

Vicinal diol-containing hydroxy acids constitute a structurally diverse and biologically relevant class of compounds 
widely used in cosmetic science and dermatology. These molecules including α-hydroxy acids, polyhydroxy acids, 
aldonic, uronic, and aldaric acids, sugar alcohols, salicylic acid derivatives, and C18 oxylipins possess cis-vicinal 
diol or α-hydroxy-carboxylate motifs capable of forming reversible coordination complexes with boron species. 
Under neutral to mildly alkaline conditions, boric acid and borate anions interact with these functionalities to 
generate five-membered cyclic borate esters in which boron adopts a tetrahedral geometry. Such dynamic, pH-
dependent complexation can significantly alter physicochemical properties, including effective acidity, solubility, 
stability, lipophilicity, and supramolecular organization. This review examines the chemistry, stereochemical 
requirements, and biological implications of boron complex formation with cosmetically relevant hydroxy acids 
such as glycolic, lactic, malic, tartaric, and salicylic acids; sugar acids including gluconic, glucuronic, and glucaric 
acids; polyols such as mannitol, sorbitol, and mannose; L-ascorbic acid; and 9,10-dihydroxy derivatives of mono-, 
di-, tri-, and tetra-unsaturated C18 fatty acids. Across these structurally diverse systems, boron complexation 
introduces multifunctional effects, including controlled release of active acids, modulation of irritation potential, 
enhanced oxidative stability, metal chelation, film formation, and potential regulation of quorum sensing and 
biofilm formation. Collectively, current evidence suggests that boron complexes of vicinal diol compounds 
represent a versatile and promising platform for next-generation cosmetic and dermatological formulations. By 
integrating coordination chemistry with skin biology, these reversible boron-diol systems offer innovative strategies 
for barrier support, microbiome modulation, anti-inflammatory activity, and protection against environmental 
stressors. All boron complexes discussed herein are therefore of potential relevance in cosmetology and, more 
broadly, in dermatological applications, warranting further experimental and clinical investigation.
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(AHAs), polyhydroxy acids (PHAs), aldonic acids, uronic
acids, aldaric acids, and related sugar-derived acids have
demonstrated therapeutic value in the management of dry
skin, acne, photoaging, pigmentation disorders, and barrier
dysfunction [1-8]. Their multifunctionality arises from the
presence of hydroxyl and carboxyl groups, which confer
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INTRODUCTION

Hydroxy acids have long occupied a central position in 
cosmetic science and dermatology owing to their well-
established roles in modulating keratinization, promoting 
epidermal turnover, enhancing dermal matrix biosynthesis, 
and supporting skin barrier function. α-Hydroxy acids

J. Cosmet. Sci. Trichol, Vol.1 Iss.1, August (2026), pp:37-65
1

Olga A. Rozentsvet1, Alexander O. Terent’ev2, Sergey V. Baranin2, Valery M. Dembitsky2,3*

1Institute of Ecology of the Volga River Basin, Russian Academy of Sciences, Togliatti, Russia
2N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Moscow, Russia
3Natural Products International, 65 Enterprise, CA, USA
*Correspondence to: Valery M. Dembitsky, N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Moscow, Russia,
E-mail: devalery@gmail.com

Received: July 18, 2026; Manuscript No: JCST-26-7917; Editor Assigned: July 23, 2026; PreQc No: JCST-26-7917 (PQ); Reviewed: 
July 31, 2026; Revised: August 05, 2026; Manuscript No: JCST-26-7917 (R); Published: August 24, 2026

Citation: Rozentsvet OA, Terent’ev AO, Baranin SV, Dembitsky VM (2026). Vicinal Diol Compounds and Their Boron Complexes in 
Cosmetic Applications. J. Cosmet. Sci. Trichol. Vol.1 Iss.1, August (2026), pp:37-65.

Copyright: © 2026 Olga A. Rozentsvet, Alexander O. Terent’ev, Sergey V. Baranin, Valery M. Dembitsky. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source are credited.



we assess whether these reversible boron-diol systems 
represent a viable next generation of multifunctional 
cosmetic agents.

REVIEW

Stereochemical Determinants of Boron-Vicinal Diol 
Complex Formation

The ability of cis-and trans-diols to form boron 
complexes is governed primarily by three-dimensional 
geometry, conformational flexibility, and the requirements 
of chelate ring formation [28,29]. Boron compounds such 
as boric acid (B(OH)₃), borate (B(OH)₄⁻), and boronic 
acids (R-B(OH)₂) act as Lewis acids and form cyclic esters 
with vicinal (1,2-) diols by simultaneously coordinating to 
two neighboring oxygen atoms [30]. For stable complex 
formation, both hydroxyl groups must approach the boron 
center in a spatial arrangement that allows formation of a 
low-strain five-membered O-B-O chelate ring, with boron 
adopting a tetrahedral (sp³) geometry in the resulting 
complex [30-32].

In cis-diols, the two hydroxyl groups are oriented on the 
same side of the carbon backbone or ring system, which 
generally allows them to adopt conformations where both 
oxygen atoms can simultaneously coordinate to boron 
without significant distortion. This geometry facilitates 
optimal O-B bond angles, minimizes torsional strain, and 
provides favorable entropic stabilization through the 
chelate effect. As a result, cis-vicinal diols particularly those 
in carbohydrates and polyols readily form stable cyclic 
borate esters. The stability is further enhanced under 
mildly alkaline conditions, where partial deprotonation 
increases the nucleophilicity of the oxygen atoms and 
stabilizes negatively charged borate species [28,33-36].

In contrast, trans-diols have hydroxyl groups oriented on 
opposite sides of the carbon framework. In rigid systems 
such as cyclohexane rings or pyranose sugars, this trans-
arrangement often places the hydroxyl groups too far apart 
or in an unfavorable spatial orientation to simultaneously 
coordinate to the same boron atom without significant 
conformational strain. Attempting to force such 
coordination would require distortion of bond angles and 
torsional strain, making complex formation energetically 
unfavorable. Consequently, trans-1,2-diols in rigid cyclic 
systems typically form weak or negligible boron complexes 
[37-41].

However, in flexible open-chain molecules, trans-diols 
may occasionally adopt conformations that temporarily 
bring the hydroxyl groups into proximity suitable for 
chelation, allowing weaker or transient boron complex 
formation. Thus, the decisive factor is not simply the cis/
trans designation in a two-dimensional projection, but 
whether the three-dimensional arrangement permits 
formation of a stable five-membered chelate ring with 
minimal strain [42-45].
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acidity, humectant properties, metal-chelating capacity, and 
broad biological compatibility.

Within this diverse group, α,β-diol acids represent a 
particularly important structural subclass. The presence of 
vicinal hydroxyl groups (1,2-or 2,3-diol systems), in 
combination with one or more carboxyl groups, creates a 
chemically versatile framework capable of participating in 
hydrogen bonding, metal coordination, and reversible 
covalent interactions [9-13]. Such structural motifs are 
widely distributed in biologically relevant molecules, 
including sugar acids (e.g., gluconic, glucuronic, and 
glucaric acids), hydroxy fatty acids (e.g., 9,10-
dihydroxyoctadecanoic acid), and small organic acids (e.g., 
tartaric, malic, and lactic acids) [14-18]. The stereochemical 
arrangement of these diol systems particularly cis-vicinal 
configurations plays a critical role in determining their 
reactivity and biological function.

Boron chemistry introduces an additional dimension to 
this field. Boric acid and borate species act as Lewis acids 
with a strong affinity for cis-vicinal diols, forming reversible 
five-membered cyclic borate esters in aqueous 
environments [19-21]. This dynamic coordination converts 
trigonal planar boron into tetrahedral borate complexes 
and establishes pH-dependent equilibria between free acids 
and boron-bound species [19-23]. Although boron-diol 
interactions have been extensively investigated in 
carbohydrate chemistry, chemical sensing, and plant 
physiology, their systematic exploration in cosmetic and 
dermatological applications remains limited.

The formation of boron complexes with α,β-diol acids 
presents several promising opportunities for topical use. 
Complexation can modulate effective acidity, reduce 
irritation potential, alter lipophilicity, enhance chemical 
stability, enable controlled release, and influence 
supramolecular organization within formulations. In 
addition, emerging studies suggest that certain boron-
organic systems may interfere with bacterial quorum 
sensing and biofilm formation, supporting microbiome-
conscious strategies that attenuate pathogenic behavior 
without imposing strong selective pressure for 
antimicrobial resistance [24-27].

At the same time, the incorporation of boron into 
cosmetic systems necessitates careful consideration of 
toxicological aspects, regulatory limits, systemic exposure, 
and long-term tolerability. Balancing chemical innovation 
with safety and compliance is therefore essential when 
evaluating the feasibility of α,β-diol acid-boron complexes 
as functional cosmetic ingredients [28].

This review aims to provide a comprehensive overview 
of α,β-diol acids and their boron complexes, focusing on 
their coordination chemistry, structural determinants, 
physicochemical properties, biological activities, 
formulation potential, and safety considerations. By 
integrating insights from organic chemistry, lipid science, 
carbohydrate chemistry, microbiology, and dermatology,
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polyhydroxy acids (PHAs), aldonic acids, uronic acids,
aldaric acids, hydroxy fatty acids, and related sugar alcohol
derivatives. Their biological activity is closely linked to
their ability to modulate keratinization, promote
controlled exfoliation, enhance epidermal renewal,
improve dermal matrix synthesis, and support skin
hydration through humectant and barrier-repair
mechanisms [2-8,14,23,28,36]. In addition to their acid-
mediated effects, many hydroxy acids possess strong
hydrogen-bonding capacity and metal-chelating properties,
contributing to antioxidant stabilization and improved
formulation performance.

When hydroxy acids contain cis-vicinal diol (α,β-diol)
systems, they are capable of forming reversible
coordination complexes with boron species such as boric
acid (B(OH)₃) or borate (B(OH)₄⁻). These interactions
typically result in the formation of five-membered cyclic
borate esters, in which boron transitions from trigonal
planar (sp²) to tetrahedral (sp³) geometry. The
complexation process is dynamic and pH-dependent,
establishing equilibrium between free hydroxy acid and its
boron-bound form [23,28,36]. This reversible coordination
can significantly modify physicochemical behavior,
including effective acidity, solubility, lipophilicity, stability,
and interaction with biological membranes.

The formation of boron complexes introduces
additional functional dimensions to hydroxy acids.
Complexation may enable controlled release of active
species, reduce irritation by moderating free acid
concentration, enhance oxidative stability through metal
chelation, and promote weak supramolecular network
formation that influences film-forming and rheological
properties in topical formulations. Emerging evidence also
suggests that certain boron-hydroxy acid systems may
interfere with bacterial quorum sensing and biofilm
formation, offering potential microbiome-conscious
strategies in dermatological applications [2-7,52-55].

Thus, hydroxy acids and their boron complexes
represent a chemically versatile and biologically relevant
platform that bridges coordination chemistry with skin
physiology. Understanding the structural determinants of
boron binding and the resulting changes in biological
activity is essential for evaluating their potential as
multifunctional cosmetic agents.

L-Ascorbic Acid and Their Boron Complex

L-Ascorbic acid (1, or vitamin C) forms boron
complexes through its highly reactive 2,3-enediol (vicinal
diol) system, which is located on the γ-lactone ring of the
molecule. Structurally, L-ascorbic acid is a 2,3-enediol
derivative of a hexonolactone, and the hydroxyl groups at
C-2 and C-3 are arranged in a cis orientation that is
particularly favorable for chelation [56-58]. These adjacent
hydroxyl groups constitute an ideal binding site for boron
compounds because boron, in the form of boric acid
(B(OH)₃), borate (B(OH)₄⁻), or boronic acids (R-B(OH)₂),
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cis-Vicinal diols generally form strong and stable boron 
complexes because their geometry naturally satisfies the 
spatial and electronic requirements for chelation, whereas 
trans-diols often fail to do so, particularly in rigid systems, 
due to unfavorable alignment and increased ring strain 
[28,36,43].

The preference of boron for particular vicinal diols is 
governed primarily by three-dimensional geometry, 
although in many cases this correlates with the classical 
erythro-versus threo-stereochemical description used for 
1,2-diols. Boron compounds such as boric acid, borate, 
and boronic acids form cyclic esters by coordinating 
simultaneously to two neighboring hydroxyl groups, 
producing a five-membered O-B-O chelate ring in which 
boron adopts a tetrahedral (sp³) configuration. For such 
chelation to occur efficiently, the two oxygen atoms must 
be properly aligned so that their lone pairs can overlap 
favorably with the empty p-orbital of trigonal boron or 
stabilize the tetrahedral borate species [46-50]. In open-
chain systems described in Fischer projections, erythro 
diols (hydroxyl groups on the same side) more readily 
adopt conformations that place the two OH groups in a 
spatially favorable orientation for chelation, often 
approximating a cis relationship in three-dimensional 
space. In contrast, threo-diols (hydroxyl groups on opposite 
sides) typically correspond to trans-like arrangements that 
require greater conformational distortion to bring the 
oxygen atoms into the proximity and geometry needed for 
cyclic borate ester formation. As a result, erythro-type 
vicinal diols generally form stronger and more stable boron 
complexes than threo-type diols. This stereochemical 
preference becomes even more pronounced in cyclic 
systems such as carbohydrates, where rigid ring 
conformations clearly differentiate between cis-and 
trans-1,2-diols: cis-diols readily generate low-strain five-
membered borate rings, whereas trans-diols often cannot 
achieve the necessary alignment without significant 
energetic penalty, leading to much weaker or negligible 
complexation. Thermodynamically, the stability of the 
boron-diol complex reflects optimal O-B bond angles, 
minimal torsional strain, favorable chelate entropy, and 
effective charge stabilization under neutral or mildly basic 
conditions [46-51].

Thus, while conformational flexibility can occasionally 
allow threo-diols to participate in boron binding, especially 
in highly flexible acyclic molecules, cis-oriented (erythro-
type) vicinal diols are generally preferred for boron 
complex formation because they satisfy the geometric and 
electronic requirements for stable chelation.

Hydroxy Acids and their Boron Complexes

Hydroxy acids constitute a structurally diverse class of 
organic compounds characterized by the presence of one 
or more hydroxyl groups in combination with carboxylic 
acid functionality. In cosmetic and dermatological science, 
these compounds include α-hydroxy acids (AHAs),
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Producers of L-Ascorbic acid

L-Ascorbic acid (1) is produced both naturally by living
organisms and industrially through well-established
biotechnological processes. In nature, most plants and
many animals synthesize L-ascorbic acid enzymatically from
glucose via the uronic acid pathway (also called the
Smirnoff-Wheeler pathway in plants) [64-66]. In plants, D-
glucose is converted through a sequence of
intermediatesD-mannose, L-galactose, and L-galactono-1,4-
lactonebefore being oxidized in mitochondria to L-ascorbic
acid by L-galactono-1,4-lactone dehydrogenase [67-69]. This
biosynthetic capacity explains the high concentrations of
vitamin C found in fruits and vegetables such as citrus
fruits, acerola, rose hips, kiwi, blackcurrants, guava, and
leafy greens. In contrast, humans, other primates, guinea
pigs, and some bat and bird species lack the functional
enzyme L-gulonolactone oxidase due to genetic mutations,
rendering them incapable of endogenous vitamin C
synthesis and therefore dependent on dietary intake. Most
other mammalsincluding rodents, livestock species, and
many vertebratesretain this enzymatic pathway and
synthesize ascorbic acid in the liver (or kidneys in some
species) from glucose derivatives [65-69].

Figure 1: Basic scheme for the formation of boron 
complexes with L-ascorbic acid. The complex is formed 
through coordination of the 2,3-cis-enediol hydroxyl 
groups of L-ascorbic acid to the electron-deficient boron 
center, resulting in a five-membered cyclic borate ester. 
This reversible, pH-dependent interaction converts boron 
from trigonal planar to tetrahedral geometry and may 
influence the stability, redox behavior, and bioavailability 
of ascorbic acid in topical formulations.
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acts as a Lewis acid capable of accepting electron pairs 
from oxygen donors. In aqueous solution, especially at 
neutral to mildly alkaline pH, boric acid interacts with the 
2,3-diol moiety of ascorbic acid to form a five-membered 
cyclic borate ester (2 and 3). The mechanism involves 
initial coordination of one hydroxyl oxygen to the electron-
deficient boron center, followed by intramolecular 
chelation by the adjacent hydroxyl group, resulting in ring 
closure and formation of an O-B-O bridge. During this 
process, boron undergoes a change in hybridization from 
trigonal planar (sp²) to tetrahedral (sp³), and one or more 
hydroxyl groups on boron may be displaced or 
deprotonated, depending on pH. Under alkaline 
conditions, where ascorbate monoanion predominates, 
complex formation is enhanced because deprotonation 
increases the nucleophilicity of the oxygen atoms and 
stabilizes the resulting borate ester [59-61]. The equilibrium 
can be represented as a reversible condensation reaction 
accompanied by the elimination of water, and the resulting 
borate-ascorbate complex often exists as a negatively 
charged tetrahedral species in solution.

Complexation with boric acids proceeds in an analogous 
manner, yielding cyclic borate esters in which the 
substituent (R) attached to boron can modulate stability 
through electronic effects; electron-withdrawing 
substituents typically enhance binding affinity. 
Importantly, the formation of boron complexes can 
influence the physicochemical and biological properties of 
L-ascorbic acid. Chelation may stabilize the enediol system 
against oxidative degradation, alter redox potential, modify 
solubility, and affect skin penetration in topical 
formulations. Because the 2,3-enediol group is also 
responsible for the antioxidant activity of vitamin C, boron 
coordination can modulate its reactivity toward reactive 
oxygen species while maintaining reversible binding under 
physiological conditions [60,61]. Thus, the boron-ascorbate 
interaction represents a chemically well-defined, pH-
dependent, and reversible complexation process centered 
on the cis-vicinal diol functionality, with potential 
implications for pharmaceutical stabilization and cosmetic 
delivery systems.

The formation of a dimeric boron complex of L-ascorbic 
acid (4) is possible when an excess of ascorbic acid is 
present under alkaline conditions. At elevated pH, 
deprotonation of the 2,3-enediol system increases the 
nucleophilicity of the coordinating oxygen atoms, 
facilitating the interaction of two ascorbate ligands with a 
single boron center. In such a system, boron can act as a 
bridging unit, forming a bis(ascorbate) borate species in 
which two L-ascorbate molecules are coordinated through 
their vicinal diol groups to the same tetrahedral boron 
atom [61,62,63]. This results in a more stable, negatively 
charged complex that exists in equilibrium with 
monomeric borate-ascorbate species. The formation of this 
dimeric structure is favored in alkaline media, where 
borate (B(OH)₄⁻) predominates and ligand exchange 
processes are more dynamic.
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tetrahedral (sp³) geometry. A simplified equilibrium
representation can be written as:

B(OH)₃ + HO-CH₂-COO⁻ ⇌ [B(OH)₂(OCH₂COO)]⁻ +
H₂O

Under more dehydrating or concentrated conditions,
condensation reactions may occur with elimination of
water, leading to more stable borate esters. Depending on
stoichiometry, mono-(6) or bis(glycolato)borate complexes
(7, see Figure 2) may form. In such species, glycolate can
act either as a monodentate ligand (through the
carboxylate only) or more commonly as a bidentate ligand
forming a chelate ring with boron. The stability of these
complexes increases with increasing pH, since
deprotonation enhances the nucleophilicity of the
coordinating oxygen atoms and favors formation of
negatively charged borate species [49,76].

Figure 2: Schematic diagram of the formation of 
cosmetically active hydroxy acids and their boron 
complexes: glycolic acid, lactic acid, malic acid, tartaric 
acid, and salicylic acid. The scheme illustrates the 
coordination of hydroxyl and/or carboxylate groups of 
these hydroxy acids to the boron center, leading to the 
formation of cyclic borate or boronate complexes with 
tetrahedral geometry. These reversible, pH-dependent 
interactions may modulate effective acidity, enhance 
formulation stability, and enable controlled release of the 
active acid in topical cosmetic applications.

Thermodynamically, chelation is favored because 
formation of a five-membered ring provides entropic and 
enthalpic stabilization. However, the boron-glycolate bond 
remains reversible and pH-dependent, which is 
characteristic of borate esters. At lower pH, protonation 
weakens coordination and shifts the equilibrium toward 
free boric acid and glycolic acid.
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Industrial production of L-ascorbic acid is dominated by 
fermentation-based technologies derived from the classical 
Reichstein process and its modern biotechnological 
modifications. The traditional Reichstein process 
combines chemical steps with microbial oxidation: D-
glucose is hydrogenated to D-sorbitol, which is then 
selectively oxidized by Gluconobacter oxydans (formerly 
Acetobacter suboxydans) to L-sorbose. Subsequent 
chemical transformations convert L-sorbose into 2-keto-L-
gulonic acid (2-KLG), which is finally lactonized to yield L-
ascorbic acid [70-72]. Contemporary manufacturing 
increasingly relies on two-step or one-step fermentation 
systems using genetically optimized microbial strains, 
including Ketogulonicigenium vulgare in co-culture with 
Bacillus species, enabling efficient bioconversion of 
sorbose to 2-KLG with reduced chemical processing. 
Advances in metabolic engineering have further improved 
yields by modifying microbial pathways for direct glucose-
to-2-KLG conversion, lowering production costs and 
environmental impact. Today, large-scale production is 
concentrated in industrial biotechnology facilities, 
particularly in China and Europe, where microbial 
fermentation accounts for the majority of the global 
vitamin C supply. Thus, L-ascorbic acid is obtained either 
through natural biosynthesis in plants and most animals or 
via sophisticated fermentation technologies that integrate 
microbial oxidation, enzymatic specificity, and controlled 
chemical transformation to meet pharmaceutical, 
nutritional, and cosmetic demands [72-75].

Other Active Hydroxy Acids and Their Boron 
Complexes

The reaction of boric acid (B(OH)₃) with glycolic acid (5, 
HO-CH₂-COOH) is primarily a coordination-esterification 
process driven by the ability of boron to act as a Lewis acid 
and of glycolic acid to function as an oxygen-donor ligand. 
Glycolic acid is the simplest α-hydroxy acid (AHA), 
containing both a hydroxyl group and a carboxylic acid 
group on adjacent carbon atoms. This structural 
arrangement makes it capable of chelating boron either 
through the α-hydroxy and carboxyl oxygen atoms or, 
under certain conditions, through diol-like interactions 
when partially deprotonated [49,76,77].

In aqueous solution, boric acid exists predominantly as 
trigonal planar B(OH)₃ but behaves as a Lewis acid by 
accepting hydroxide ions to form tetrahydroxyborate,
[B(OH)₄]⁻. When glycolic acid is added, especially at mildly 
acidic to neutral pH, coordination occurs via donation of 
lone pairs from the oxygen atoms of glycolate to the 
electron-deficient boron center. Upon partial 
deprotonation of glycolic acid to the glycolate anion (HO-
CH₂-COO⁻), chelation becomes more favorable. The α-
hydroxy oxygen and the carboxylate oxygen can coordinate 
simultaneously, forming a five-membered cyclic boron 
chelate (6). In this process, one or more hydroxyl groups 
on boron are displaced, and boron typically adopts a
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carboxylate oxygen atoms can act cooperatively as a
bidentate ligand. In aqueous solution, particularly at
neutral to mildly alkaline pH where malic acid is partially
deprotonated to malate, the nucleophilicity of the oxygen
atoms increases, facilitating coordination to the electron-
deficient boron center [59,82-84]. The hydroxyl oxygen
and one carboxylate oxygen bind simultaneously to boron,
forming a five-membered cyclic borate chelate and
converting boron from trigonal planar (sp²) geometry to
tetrahedral (sp³) geometry. The equilibrium process
involves substitution of one or more boron hydroxyl
groups and may be accompanied by partial dehydration.
Depending on pH and stoichiometry, mono-(12) or
bis(malato)borate (13) complexes can form, and in some
cases the second carboxylate group may contribute to
stabilization through electrostatic or secondary
coordination effects. Compared with cis-vicinal diols such
as those found in sugars, malic acid forms moderately
stable boron complexes, as it provides one hydroxyl and
one carboxylate donor rather than two hydroxyl donors.
The resulting boron-malate complexes are reversible and
strongly pH-dependent, illustrating the broader
coordination capacity of boron toward α-hydroxy
dicarboxylic acids and their importance in solution
chemistry and potential formulation systems [82-84].

The reaction of boric acid [B(OH)₃] with tartaric acid
(14, HOOC-CHOH-CHOH-COOH) is a classical example
of strong complex formation between boron and a cis-
vicinal diol-containing dicarboxylic acid. Tartaric acid
contains two adjacent hydroxyl groups at C-2 and C-3, in
addition to two carboxylic acid groups. The presence of the
2,3-cis-diol system makes tartaric acid a particularly
effective chelating ligand for boron, and its interaction
with boric acid is significantly stronger than that observed
with simple monohydroxy acids [62,76,85,86].

Boric acid is a Lewis acid rather than a classical proton
donor. In aqueous solution, it accepts hydroxide ions to
form tetrahydroxyborate, B(OH)₄⁻. When tartaric acid is
added, complexation occurs through coordination of the
two adjacent hydroxyl groups to the electron-deficient
boron atom. The reaction involves donation of lone pairs
from the oxygen atoms of the diol to boron, followed by
condensation with elimination of water, producing a five-
membered cyclic borate ester. In this complex, boron
changes from trigonal planar (sp²) geometry in free boric
acid to tetrahedral (sp³) geometry in the chelated form.

A simplified equilibrium representation is:

(OH)₃ + tartaric acid ⇌ cyclic borotartaric complex +
H₂O

More specifically, under mildly acidic to neutral
conditions, one of the most common species formed is a
monoborotartaric acid complex (15), in which boron is
bound to the 2,3-diol portion of the molecule. At higher
pH, when tartaric acid is partially or fully deprotonated to
tartrate (C₄H₄O₆²⁻), coordination becomes even stronger
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From a practical standpoint, boric acid-glycolic acid 
interactions are relevant in solution chemistry, buffering 
systems, and potentially in cosmetic formulations where 
both components may coexist. Complex formation can 
slightly modify acidity, solubility, and reactivity of glycolic 
acid. Compared with strong cis-vicinal diols (such as in 
carbohydrates), glycolic acid forms moderately stable boron 
complexes, since it provides one hydroxyl and one 
carboxylate donor rather than two equivalent hydroxyl 
donors. Nonetheless, the reaction illustrates the broader 
coordination versatility of boron toward α-hydroxy 
carboxylic acids and its tendency to form cyclic, tetrahedral 
boron chelates with adjacent oxygen-containing functional 
groups [49,76,77].

Lactic acid (8, 2-hydroxypropionic acid) reacts with boric 
acid (B(OH)₃) or the borate anion (B(OH)₄⁻) through 
coordination involving its α-hydroxy and carboxyl 
functional groups, although its complex-forming ability is 
weaker than that of true vicinal (1,2-diol) systems. 
Structurally, lactic acid contains a single hydroxyl group at 
C-2 adjacent to a carboxylic acid group at C-1, enabling it 
to act as a bidentate ligand under suitable conditions. In 
aqueous solution, boric acid behaves as a Lewis acid and 
can accept electron pairs from oxygen donors. Upon 
partial deprotonation of lactic acid to the lactate anion 
(CH₃-CHOH-COO⁻), particularly at neutral to mildly 
alkaline pH, coordination becomes more favorable [78-80].

The hydroxyl oxygen and one of the carboxylate oxygens 
can simultaneously bind to the boron center, forming a 
five-membered cyclic borate chelate. During this process, 
boron transitions from trigonal planar (sp²) geometry in 
free boric acid to tetrahedral (sp³) geometry in the resulting 
borate complexes (9 and 10). The equilibrium may be 
represented as a reversible condensation reaction 
accompanied by partial displacement of boron hydroxyl 
groups and, in some cases, water elimination. Compared 
with cis-vicinal diols in sugars or polyols, lactic acid forms 
moderately stable boron complexes because it provides 
only one hydroxyl donor and one carboxylate donor rather 
than two hydroxyl groups. The stability of the boron-lactate 
complex increases with pH, where the lactate form 
predominates and nucleophilicity of the oxygen atoms is 
enhanced. Overall, lactic acid can coordinate to boron 
through α-hydroxy-carboxylate chelation, forming 
reversible, pH-dependent tetrahedral boron complexes that 
illustrate the broader affinity of boron for adjacent oxygen-
containing functional groups beyond classical diol systems 
[78-81].

Malic acid (11, 2-hydroxybutanedioic acid) reacts with 
boric acid (B(OH)₃) or the borate anion (B(OH)₄⁻) through 
coordination involving its α-hydroxy-carboxylate system, 
forming chelated boron complexes under suitable pH 
conditions. Structurally, malic acid contains one hydroxyl 
group at C-2 adjacent to a carboxylic acid group at C-1, as 
well as a second carboxyl group at C-4. Although it does 
not possess a true 1,2-diol, the α-hydroxy and neighboring
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However, its boron complexes appear to display additional 
biological effects, notably quorum sensing inhibition and 
antibiofilm activity. Quorum sensing is a bacterial 
communication system that regulates virulence factor 
production and biofilm formation. By interfering with 
these signaling pathways rather than directly killing 
bacteria, boron-salicylate complexes offer a strategy to 
suppress pathogenic behavior without exerting strong 
selective pressure for antibiotic resistance.

In silico investigations using the self-consistent extreme 
classifier (SCEC) model have suggested that combinations 
of salicylic acid and boric acid derivatives may enhance 
quorum sensing modulation. Computational findings 
indicate that certain boron-SA complexes exhibit dual 
activity, showing both inhibitory and activating effects 
depending on molecular structure and concentration [87]. 
This observation aligns with prior experimental evidence 
demonstrating that salicylic acid can exert concentration-
dependent and context-dependent modulation of biofilm 
formation. Importantly, boron complexation appears to 
amplify the biological activities not only of SA itself but 
also of its conjugates with organic acids such as malic or 
citric acid, as well as sugar derivatives. These boron-
mediated systems can interfere with bacterial signaling 
cascades and suppress biofilm development, thereby 
reducing bacterial persistence and virulence.

In cosmetology and dermatology, this property is 
particularly attractive for conditions involving biofilm-
associated pathogens, including acne vulgaris 
(Cutibacterium acnes), seborrheic dermatitis, and certain 
chronic wound or scalp conditions. By targeting quorum 
sensing pathways rather than bactericidal mechanisms 
alone, boron-salicylic acid complexes could function as 
anti-virulence agents, minimizing disruption of the skin 
microbiome while attenuating pathogenic activity. This 
approach may reduce the development of antimicrobial 
resistance while enhancing the overall antibacterial efficacy 
of salicylic acid [87-92].

Boron complexes of salicylic acid represent a promising 
multifunctional system: they may improve transport and 
bioavailability, enhance antibiofilm and quorum sensing 
inhibition properties, modulate microbial behavior 
without strong selective pressure for resistance, and 
potentially expand the therapeutic scope of SA in 
dermatology. While further experimental and clinical 
validation is required, these findings suggest that boron-
salicylate chemistry could open new avenues in anti-
biofilm dermatological formulations and microbiome-
conscious cosmetic strategies [87]

Sugar Acids and Their Boron Complexes

Sugar acids are a broad class of carbohydrate derivatives 
formed by the oxidation of one or more functional groups 
of monosaccharides, resulting in molecules that retain the 
polyhydroxy backbone of sugars but contain one or more 
carboxyl groups. Depending on the position and extent of
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due to increased nucleophilicity of the oxygen atoms. In 
alkaline solution, tetrahedral borate species react readily 
with tartrate to form stable borotartrate anions (16), often 
written as [B(tartrate)(OH)₂]⁻ or related species depending 
on stoichiometry [76,85,86].

Importantly, tartaric acid markedly increases the 
apparent acidity of boric acid. This occurs because 
complex formation stabilizes the tetrahedral borate species, 
effectively shifting the equilibrium toward proton release. 
For this reason, mixtures of boric acid and tartaric acid (or 
other cis-diols) behave as stronger acids than boric acid 
alone. This phenomenon is well known in analytical 
chemistry and has historically been exploited in titrimetric 
determination of boron.

Under conditions of dehydration or higher 
concentrations, more condensed structures may form, 
including species in which one boron atom bridges 
between diol oxygens, or, in some cases, polymeric borate-
tartrate networks. However, the predominant structure in 
aqueous solution is the five-membered chelate involving 
the vicinal diol. The carboxyl groups of tartaric acid may 
remain protonated or ionized depending on pH, and while 
they contribute to overall stability through electronic 
effects and possible secondary coordination, the primary 
binding site is the 2,3-cis-diol moiety [62,76].

The boric acid-tartaric acid reaction illustrates the strong 
affinity of boron for cis-vicinal diols and demonstrates how 
polyhydroxy carboxylic acids can stabilize tetrahedral boron 
complexes. Compared with simpler α-hydroxy acids such as 
glycolic acid, tartaric acid forms significantly more stable 
boron complexes due to the presence of a true 1,2-diol 
system. This reaction has both theoretical importance in 
coordination chemistry and practical relevance in 
analytical chemistry, buffering systems, and studies of 
boron-polyol interactions [62,76,85,86].

The biological and dermatological relevance of boron 
complexes of salicylic acid (SA) extends beyond simple 
coordination chemistry and into plant physiology, 
microbiology, and anti-biofilm strategy. Salicylic acid (17, 2-
hydroxybenzoic acid) readily forms chelated complexes 
with boric acid (B(OH)₃) or borate (B(OH)₄⁻) through its 
ortho-hydroxy-carboxylate system, yielding tetrahedral 
boron-salicylate species (18 and 19). In plant systems, 
research indicates that SA can form boron complexes with 
water-soluble ligands such as sugars, glycerol, and organic 
acids. These complexes are believed to facilitate systemic 
transport of SA through xylem and phloem saps, 
highlighting a natural biological role for boron-mediated 
modulation of SA mobility and activity. This dynamic 
complexation may regulate bioavailability and distribution 
rather than simply serving as a structural interaction 
[87-92].

From a microbiological perspective, salicylic acid itself 
exhibits antibacterial properties, particularly in 
dermatological contexts such as acne management.
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adopt a cis (erythro-type) relationship, allowing them to
function as an efficient vicinal diol chelation site. This
geometric arrangement enables simultaneous coordination
of both oxygen atoms to an electron-deficient boron
center, such as boric acid (B(OH)₃), borate (B(OH)₄⁻), or
boronic acids (R-B(OH)₂). Upon interaction, the two
adjacent hydroxyl groups donate lone pairs to boron,
resulting in formation of a five-membered cyclic borate
ester in which boron transitions from trigonal planar (sp²)
to tetrahedral (sp³) geometry. The reaction is typically
favored at neutral to mildly alkaline pH, where partial
deprotonation of the hydroxyl groups increases their
nucleophilicity and stabilizes the resulting borate complex.
The equilibrium can be viewed as a reversible
condensation process accompanied by water elimination,
and the resulting gluconate-borate complex often exists as
an anionic tetrahedral species in solution [97-100].

Figure 3: Schematic diagram of the formation of 
cosmetically active boron complexes of sugar acids. The 
diagram depicts the coordination of cis-vicinal diol groups 
present in sugar acids to boric acid or borate species, 
resulting in the formation of five-membered cyclic borate 
esters with tetrahedral boron geometry. These reversible 
complexes may enhance hydration, antioxidant 
stabilization, and microbiome-modulating potential, while 
enabling controlled release and improved tolerability in 
cosmetic and dermatological formulations.

Although gluconic acid possesses additional hydroxyl 
groups capable of interaction, the 3,4-cis-diol site provides 
an energetically favorable chelate ring with minimal strain 
and optimal O-B-O bond angles, making it the preferred 
binding locus. This strong and selective complexation 
explains the frequent use of gluconate ligands in boron 
chemistry and highlights the importance of cis-vicinal diol 
geometry in stabilizing boron-polyol complexes [97-98].

The potential application of aldonic acid-boron 
complexes (21 and 22) in cosmetology and dermatology 
arises from the strong affinity of boron for the cis-vicinal 
diol systems present in aldonic acids. Aldonic acids (e.g., 
gluconic acid, galactonic acid, and mannonic acid) are 
formed by oxidation of the aldehyde group of aldoses to a 
carboxylic acid while retaining multiple hydroxyl groups 
along the carbon chain. Many aldonic acids contain 1,2-or 
2,3-cis-diol arrangements that readily coordinate boron,
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oxidation, sugar acids are generally classified into three 
principal categories: aldonic acids (20, Figure 3), aldaric 
acids (23), and D-gluconic acids (26). Aldonic acids arise 
from oxidation of the aldehyde group at C-1 of an aldose 
to a carboxylic acid, while the primary alcohol group at C-6 
remains unchanged; examples include gluconic acid 
derived from glucose and galactonic acid from galactose. 
Uronic acids result from oxidation of the terminal primary 
alcohol group (usually C-6) to a carboxyl group while 
preserving the aldehyde or its cyclic hemiacetal form; 
important representatives include glucuronic acid, 
galacturonic acid, and iduronic acid, which are key 
components of glycosaminoglycans and plant pectins. 
Aldaric acids are produced when both the aldehyde (C-1) 
and the primary alcohol (C-6) groups are oxidized to 
carboxyl functions, yielding dicarboxylic acids such as 
glucaric acid and galactaric (mucic) acid. In addition to 
these classical groups, more complex sugar acids such as 
aldobionic acids (e.g., lactobionic acid) consist of a sugar 
linked to a sugar acid via a glycosidic bond, combining 
strong humectant properties with metal-chelating and 
antioxidant activity [93-95].

Chemically, sugar acids are highly hydrophilic due to 
their multiple hydroxyl groups and one or more 
carboxylate moieties, which confer strong hydrogen-
bonding capacity, metal-ion chelation, and buffering 
behavior in aqueous systems. Their acidity is typically mild 
to moderate, depending on the number and position of 
carboxyl groups, and they often exist as lactones under 
certain pH conditions, particularly in the case of aldonic 
acids such as gluconic acid forming gluconolactone. 
Biologically, sugar acids play crucial structural and 
metabolic roles: glucuronic acid participates in hepatic 
detoxification through glucuronidation reactions; 
galacturonic acid forms the backbone of pectic 
polysaccharides in plant cell walls; and iduronic and 
glucuronic acids contribute to the structural diversity and 
biological activity of heparin, chondroitin sulfate, and 
other glycosaminoglycans. In cosmetic and pharmaceutical 
applications, sugar acids are valued for their gentle 
exfoliating properties, humectant capacity, antioxidant 
activity, and compatibility with sensitive skin. Polyhydroxy 
and aldobionic acids, in particular, have gained attention 
as mild alternatives to traditional -hydroxy acids, offering 
keratinization modulation with reduced irritation while 
providing additional barrier-support and free-radical-
scavenging effects. Thus, sugar acids represent a versatile 
family of multifunctional carbohydrate derivatives whose 
physicochemical properties bridge carbohydrate chemistry, 
biological metabolism, and modern dermatological science 
[93-96].

Gluconic acid (20, aldonic acid) the C-1 oxidation 
product of glucose, contains a linear hexonic acid 
backbone bearing multiple hydroxyl groups whose relative 
stereochemistry strongly influences its coordination 
behavior toward boron. In its predominant conformations 
in aqueous solution, the hydroxyl groups at C-3 and C-4
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conformations in aqueous solution, the hydroxyl groups at
C-2 and C-3 are arranged in a cis-(erythro-type)
relationship, creating an ideal vicinal diol site for boron
binding. This 2,3-cis-diol system readily chelates boron
species such as boric acid (B(OH)₃), borate (B(OH)₄⁻), or
boronic acids (R-B(OH)₂). Upon interaction, the adjacent
hydroxyl oxygens donate electron density to the electron-
deficient boron center, forming a five-membered cyclic
borate ester in which boron adopts a tetrahedral (sp³)
coordination geometry. The process is favored at neutral to
mildly alkaline pH, where partial deprotonation enhances
the nucleophilicity of the diol oxygens and stabilizes the
resulting borate complex [105-108]. Although glucaric acid
contains additional hydroxyl groups and two terminal
carboxylate functions that can influence electronic
distribution and solubility, the 2,3-cis-diol provides the
most energetically favorable chelation site due to minimal
ring strain and optimal O-B-O bond alignment. In alkaline
solution, glucarate anions can further stabilize boron
complexes through electrostatic interactions and, in some
cases, secondary coordination involving carboxylate
groups. Overall, the presence of the 2,3-cis-vicinal diol in
glucaric acid enables efficient and reversible boron
complex formation, exemplifying the strong affinity of
boron for properly oriented polyhydroxy ligands and
highlighting the importance of stereochemical
arrangement in determining chelation strength [105,106].

The potential application of aldaric acid-boron
complexes (24 and 25) in cosmetology and dermatology is
rooted in the unique structural features of aldaric acids
and their strong affinity for boron coordination. Aldaric
acids (e.g., glucaric acid, galactaric acid/mucic acid) are
formed by oxidation of both the aldehyde (C-1) and
primary alcohol (C-6) groups of aldoses to carboxylic acids.
As a result, they are dicarboxylic polyhydroxy acids
containing multiple hydroxyl groups along the carbon
backbone, often including cis-vicinal diol systems (e.g., 2,3-
or 3,4-positions) that readily chelate boron. In the presence
of boric acid (B(OH)₃) or borate (B(OH)₄⁻), these diol sites
form five-membered cyclic borate esters, converting boron
from trigonal planar (sp²) to tetrahedral (sp³) geometry.
The interaction is reversible and strongly pH-dependent
[105,106,109].

From a dermatological and cosmetic perspective, several
advantageous properties can be identified: (i) Aldaric acids
are highly hydrophilic and generally exhibit lower skin
penetration compared to smaller alpha-hydroxy acids
(AHAs). When coordinated with boron, the effective
acidity and concentration of free acid may be attenuated,
enabling more controlled modulation of keratinization
with reduced irritation potential; (ii) The presence of two
terminal carboxyl groups together with multiple hydroxyl
functionalities renders aldaric acids efficient chelators of
transition metal ions that catalyze oxidative processes.
Boron complexation may further stabilize these systems
and enhance resistance to oxidative degradation in
formulations exposed to light or oxygen; (iii) Their
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forming five-membered cyclic borate esters in which boron 
adopts a tetrahedral (sp³) geometry. These complexes are 
reversible and pH-dependent, establishing an equilibrium 
between the free aldonic acid and its boron-bound form 
[97-99].

From a cosmetic and dermatological perspective, several 
functional advantages can be identified: (i) Certain aldonic 
acids, particularly gluconic acid and its lactone 
(gluconolactone), are classified as polyhydroxy acids 
(PHAs). They provide gentle exfoliation and promote 
epidermal renewal with lower irritation potential 
compared to traditional alpha-hydroxy acids (AHAs). 
Boron complexation may further regulate free acid 
availability, enabling controlled release and reducing 
irritation; (ii) Aldonic acids are highly hydrophilic and act 
as effective humectants. In their complexed form, 
reversible boron-diol interactions may promote weak 
supramolecular structuring at the skin surface, improving 
film formation and reducing transepidermal water loss 
(TEWL); (iii) Aldonic acids are capable of chelating trace 
metal ions that catalyze oxidative processes. Boron 
complexation may stabilize these systems and enhance the 
oxidative stability of both the active ingredient and the 
overall formulation; (iv) Boron-containing complexes of 
polyhydroxy compounds have been reported to influence 
bacterial quorum sensing and biofilm formation. 
Accordingly, aldonic acid-boron systems may contribute to 
microbiome-friendly antimicrobial strategies, particularly 
in formulations for acne-prone or sensitive skin; (v) Boron-
polyol interactions can influence viscosity and network 
formation in aqueous systems, potentially improving 
texture, substantivity, and active delivery without the need 
for permanent cross-linked polymers; and (vi) 
Complexation may reduce the availability of free borate, 
thereby potentially improving safety and tolerability 
compared with uncomplexed boric acid systems.

However, practical application requires careful 
consideration of regulatory restrictions on boron 
compounds in cosmetic products, as well as thorough 
safety assessment to ensure minimal systemic exposure. 
Additionally, while the coordination chemistry is well 
established, robust clinical data demonstrating superior 
dermatological benefits compared with conventional PHA 
systems remain limited [100-103].

Aldonic acid-boron complexes (21 and 22) represent a 
promising multifunctional platform in cosmetology and 
dermatology, offering potential advantages in controlled 
exfoliation, hydration enhancement, antioxidant support, 
microbiome modulation, and formulation stability. Their 
future utility will depend on balanced optimization of 
efficacy, safety, and regulatory compliance [98-103].

Glucaric acid (23, aldaric acid), the fully oxidized 
derivative of glucose in which both the C-1 aldehyde and 
the C-6 primary alcohol are converted to carboxylic acid 
groups, retains a polyhydroxylated backbone that strongly 
influences its coordination chemistry. In its predominant
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strain five-membered chelate ring with optimal O-B-O
bond angles. The resulting boron complex is reversible and
dynamic, characteristic of borate-polyol interactions. Thus,
glucuronic acid reacts readily with boric acid or borate
anions through its 2,3-cis-diol system, forming stable cyclic
borate esters that exemplify the strong affinity of boron for
properly oriented vicinal diols in carbohydrate-derived
acids [112-116].

The potential use of glucuronic acid-boron complexes
(27 and 28) in cosmetology and dermatology is based on
the strong affinity of boron for the 2,3-cis-vicinal diol
system present in glucuronic acid, combined with the
biological relevance of glucuronic acid in skin metabolism
and detoxification pathways.

Glucuronic acid is a uronic acid derived from glucose in
which the C-6 primary alcohol is oxidized to a carboxylic
acid. In aqueous solution, especially in its pyranose form,
the hydroxyl groups at positions 2 and 3 can adopt a cis
configuration suitable for boron chelation. In the presence
of boric acid (B(OH)₃) or borate (B(OH)₄⁻), these hydroxyl
groups coordinate to the boron center, forming a five-
membered cyclic borate ester. During this process, boron
shifts from trigonal planar (sp²) to tetrahedral (sp³)
geometry. The complexation is reversible and pH-
dependent, establishing equilibrium between free
glucuronic acid and the boron-bound species [113-116].

From a dermatological perspective, several functional
attributes can be proposed: (i) Glucuronic acid is highly
hydrophilic and structurally related to glycosaminoglycan
components, including precursors of hyaluronic acid. It
plays an important role in water retention and extracellular
matrix hydration. In its boron-complexed form, reversible
boron-diol coordination may facilitate the formation of
weak supramolecular films at the skin surface, thereby
enhancing hydration and reducing transepidermal water
loss (TEWL); (ii) In human physiology, glucuronic acid is
involved in glucuronidation pathways that support the
detoxification of xenobiotics. Although topical application
does not replicate systemic metabolic processes, its
inherent biochemical compatibility with skin tissues may
favor barrier-supportive formulations. Boron complexation
may further influence molecular stability and local
availability; (iii) The presence of multiple hydroxyl groups
together with a carboxylate functionality enables
glucuronic acid to chelate transition metal ions that
promote oxidative reactions. Coordination with boron may
enhance molecular stability and contribute to improved
oxidative protection, particularly in formulations exposed
to UV radiation; (iv) Boron-polyol systems have been
associated with modulation of bacterial quorum sensing
and inhibition of biofilm formation. Accordingly,
glucuronic acid-boron complexes may support microbiome-
conscious cosmetic approaches by influencing microbial
communication rather than exerting strong bactericidal
effects; and (v) Complex formation may reduce the
concentration of free borate species within formulations,
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polyhydroxy nature contributes to strong water-binding 
capacity and humectant behavior. Reversible boron-diol 
interactions may promote the formation of weak 
supramolecular networks at the skin surface, improving 
substantivity and reducing transepidermal water loss 
(TEWL); (iv) Boron-polyol interactions have been 
associated with modulation of quorum sensing and 
inhibition of biofilm formation. Consequently, aldaric 
acid-boron complexes may support microbiome-friendly 
strategies for managing acne-prone or sensitive skin by 
influencing bacterial communication rather than exerting 
direct bactericidal effects; and (v) Complex formation may 
decrease the concentration of free borate, thereby 
potentially improving safety and minimizing irritation 
while preserving functional efficacy within the 
formulation.

Aldaric acid-boron complexes (24 and 25) represent a 
chemically robust and multifunctional system with 
potential benefits in gentle exfoliation, antioxidant 
stabilization, hydration enhancement, microbiome 
modulation, and formulation performance. Their 
successful use in cosmetology and dermatology would 
depend on careful optimization of concentration, delivery 
system, safety profile, and regulatory compliance, along 
with validation of clinical efficacy.

Glucuronic acid (26), the C-6 oxidized derivative of 
glucose, contains a carboxylic acid group at C-6 and 
multiple hydroxyl groups along its pyranose ring. Of 
particular importance for boron chemistry are the cis-
oriented hydroxyl groups at C-2 and C-3, which form a 
vicinal diol system capable of efficient chelation. In 
aqueous solution, boric acid (B(OH)₃) behaves as a Lewis 
acid and can accept electron pairs from oxygen donors. 
When glucuronic acid is presentespecially at neutral to 
mildly alkaline pHthe 2,3-cis-diol moiety coordinates to 
the boron center through simultaneous donation of lone 
pairs from both hydroxyl oxygens. This interaction results 
in the formation of a five-membered cyclic borate ester 
involving an O-B-O bridge between C-2 and C-3. During 
complex formation, boron transitions from its trigonal 
planar (sp²) geometry in free boric acid to a tetrahedral 
(sp³) configuration in the chelated complex [109-113].

Under alkaline conditions, where borate (B(OH)₄⁻) 
predominates and glucuronic acid is partially deprotonated 
to glucuronate, complexation becomes more favorable. 
Deprotonation increases the nucleophilicity of the diol 
oxygen atoms and stabilizes the resulting borate-
glucuronate complex, which typically exists as a negatively 
charged tetrahedral species in solution. The equilibrium 
can be described as a reversible condensation reaction 
accompanied by the elimination of water, with stability 
strongly dependent on pH and ionic strength. Although 
glucuronic acid also contains a carboxylate group at C-6 
that can influence solubility and electronic distribution, 
the primary binding site for boron is the 2,3-cis-vicinal 
diol, because this arrangement allows formation of a low-
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Fourth, boron-polyol interactions have been associated
with modulation of microbial behavior, including
interference with quorum sensing and inhibition of
biofilm formation. Accordingly, boron complexes of sugar
acids may support microbiome-conscious cosmetic
strategies by influencing bacterial communication
pathways rather than exerting direct bactericidal effects,
which is particularly relevant for sensitive or acne-prone
skin.

Fifth, glucuronic acid, as a representative uronic acid,
introduces an additional level of biological relevance due
to its role in glycosaminoglycan structure and
detoxification pathways. Although topical application does
not replicate systemic glucuronidation, its structural
compatibility with skin biochemistry may favor barrier-
supportive and physiologically compatible formulations,
with boron complexation potentially influencing stability
and local availability.

Finally, complex formation generally reduces the
concentration of free borate species, which may improve
safety and tolerability while preserving functional activity.
At the same time, the reversible nature of boron-diol
coordination ensures that these systems remain dynamic,
allowing gradual dissociation under physiological skin
conditions [36, 38, 55, 85, 86].

Taken together, boron complexes of aldonic, aldaric,
and uronic acids can be viewed as adaptive supramolecular
systems, combining hydration, controlled bioactivity,
oxidative protection, and microbiome modulation within a
single chemical framework. Their functionality arises not
from permanent structural modification, but from
reversible coordination chemistry, enabling responsive
behavior at the skin interface.

Table 1 summarizes the currently available evidence on
boron-containing systems relevant to dermatology/
cosmetology, distinguishing studies that directly exploit
boronate/borate interactions with vicinal diols or catechols
from broader topical boron formulations in which the
precise complexation state is not resolved.

Table 1 summarizes the currently available evidence on
boron-containing systems relevant to dermatology/
cosmetology, distinguishing studies that directly exploit
boronate/borate interactions with vicinal diols or catechols
from broader topical boron formulations in which the
precise complexation state is not resolved.

Table 1 summarizes the currently available evidence on
boron-containing systems relevant to dermatology/
cosmetology, distinguishing studies that directly exploit
boronate/borate interactions with vicinal diols or catechols
from broader topical boron formulations in which the
precise complexation state is not resolved.
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potentially improving tolerability and minimizing irritation 
while allowing gradual dissociation under physiological 
skin conditions.

Glucuronic acid-boron complexes (27 and 28) represent 
a chemically sound and biologically compatible system 
with potential applications in hydration enhancement, 
barrier support, oxidative stabilization, microbiome 
modulation, and controlled boron delivery. While 
promising from a mechanistic and formulation standpoint, 
their practical use in cosmetology and dermatology would 
require careful safety evaluation and validation of efficacy 
in clinical settings [114-119].

Boron Complexes of Sugar Acids: Aldonic, Aldaric, 
and Uronic Systems in Dermatological Applications

Sugar acids, including aldonic, aldaric, and uronic acids, 
represent a structurally related class of polyhydroxy 
carboxylic acids characterized by multiple cis-diol motifs 
and, in some cases, terminal or internal carboxylate 
groups. These features make them particularly well suited 
for coordination with boron through the formation of 
reversible boronate esters. Such interactions generate 
dynamic complexes in which boron adopts a tetrahedral 
geometry, establishing equilibria between free and bound 
forms that are strongly influenced by pH and local 
chemical conditions [97-99].

From a dermatological and cosmetic perspective, these 
boron-sugar acid systems exhibit several complementary 
functional properties. First, their high hydrophilicity and 
dense hydroxyl functionality contribute to water-binding 
capacity and humectant behavior, supporting skin 
hydration and extracellular matrix stability. In the presence 
of boron, reversible boron-diol coordination may promote 
the formation of weak supramolecular networks or surface 
films, enhancing substantivity and reducing 
transepidermal water loss (TEWL).

Second, the modulation of acidity through boron 
complexation represents an important functional 
advantage. Aldonic acids (e.g., gluconic acid and related 
polyhydroxy acids) and aldaric acids can act as mild 
exfoliating or keratinization-modulating agents. When 
complexed with boron, the effective concentration of free 
acid may be reduced, enabling controlled release and 
reduced irritation compared to conventional alpha-hydroxy 
acids (AHAs), while maintaining beneficial effects on 
epidermal renewal.

Third, the presence of multiple hydroxyl and carboxylate 
groups confers strong metal-chelating properties, allowing 
these acids to sequester transition metal ions that catalyze 
oxidative reactions. Boron coordination may further 
stabilize these systems and enhance resistance to oxidative 
degradation, particularly in formulations exposed to light, 
oxygen, or UV radiation [28,36,53-55].
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Vicinal diol 
ligand / 
partner

Boron species
or complex

Study type Model / system Dermatologic 
or cosmetic 
relevance

Main finding Evidence 
level /
limitation

Poly(vinyl
alcohol) (PVA)

Boric acid-PVA
boronic ester
network

In vitro / ex
vivo materials
study

Dynamic
adhesive film
tested on rough,
hairy mouse
skin and other
substrates

Reversible
wound-dressing
adhesion;
possible skin
patch platform

Rapid water-
activated
adhesion,
strong yet
reversible
bonding, and
tunable
crosslink
density for skin-
contact
adhesives.

Preclinical only;
not a
therapeutic
efficacy study
and not a
cosmetic trial.

Catechol /
chlorinated
catechol

Phenylboronic
acid-catechol
boronate
complex

In vitro Antibacterial
pH-responsive
hydrogel;
human skin
fibroblast
cytocompatibilit
y

Antimicrobial
dressings; skin-
contact
biomaterials

Reversible
catechol-
boronate
complexation
modulated
antibacterial
activity and
reduced
cytotoxicity at
higher pH;
active against
multiple
bacteria
including
MRSA.

No animal or
clinical skin
efficacy shown
in this study.

Catechol groups
+ EGCG
(polyphenolic
catechol)

Boronic acid-
catechol
dynamic
hydrogel

In vitro + in
vivo

Injectable
quaternized-
chitosan
hydrogel; full-
thickness skin
defect model

Regenerative
wound
dressings;
antioxidant/
antibacterial
skin biomaterial

Hydrogel
showed self-
healing,
antibacterial
and antioxidant
properties, good
biocompatibility
, and improved
wound healing
in a full-
thickness skin-
defect model.

Animal
evidence only;
no human
dermatology/
cosmetic trial.

Unspecified
dermal-cell
interface; boron
salts

Boron salts
(non-complex-
specific)

In vitro Human
keratinocyte
migration assay

Re-
epithelialization
/ skin repair

Boron salts
accelerated
keratinocyte
wound closure/
migration
without
increased
proliferation.

Supports cell
migration, but
not a defined
vicinal-diol
complex.

Dermal
extracellular-
matrix
components

Boric acid (non-
complex-
specific)

In vitro Human dermal
fibroblasts

Wound repair /
matrix
remodeling

Boric acid
altered
extracellular-
matrix turnover
and TNF-α
release in

Mechanistic
support, but
not direct proof
of a boron-diol
complex in
skin.
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fibroblasts;
related
enzymatic
effects on
elastase and
alkaline
phosphatase
were also
reported.

Pluronic-
containing
hydrogel matrix

Sodium
pentaborate
pentahydrate
hydrogel

In vitro + in
vivo

Dermal cells; rat
full-thickness
wound model

Chronic wound
management

Increased
wound
contraction and
collagen
deposition;
authors
proposed
usefulness for
chronic
wounds/
dermatologic
practice.

Promising, but
the specific
boron-vicinal-
diol complex is
not chemically
resolved in the
biological data.

Topical boric
acid solution

3% boric acid Clinical
observational /
retrospective
case-control

31 ICU patients
with deep
wounds; 12-
patient
retrospective
comparison

Severe wound
care /
dermatologic
tissue repair

3% boric acid
was associated
with faster
return to
standard care
after
granulation
versus
conventional
antiseptics.

Human
evidence exists,
but older, non-
randomized,
and toxicity/
handling
concerns were
noted.

Polyurethane
sponge matrix

Boric acid
particle-
impregnated
NPWT sponge

Clinical
prospective
randomized
study

100 patients
with chronic
wounds and
tissue defects

Chronic wound
dressing

Boric-acid-
particle sponges
combined with
negative-
pressure therapy
improved
chronic wound
recovery
compared with
comparator
treatment.

Human
evidence, but
this is a device/
formulation
study, not a
defined small-
molecule boron-
diol complex
study.

Boron-based gel
(composition
not fully
disclosed in
abstract)

Topical boron
gel

Clinical phase
III randomized,
double-blind,
placebo-
controlled trial

Breast-cancer
patients
receiving
radiotherapy

Radiation
dermatitis
prevention

Significant
preventive effect
on several
radiation-
dermatitis
categories was
reported.

Clinically
relevant, but
complex
chemistry not
specified and
not clearly a
vicinal-diol
boron complex.

Sodium
pentaborate
pentahydrate
gel

Topical sodium
pentaborate
pentahydrate
3%

Clinical
randomized,
double-blind,
placebo-
controlled trial

206 patients
with grade 1-3
hemorrhoids

Mucocutaneous
wound
healing /
barrier support

Reduced
itching, pain,
bleeding, and
hemorrhoid 
grade versus 
placebo.

Human
evidence, but
anorectal
mucosa rather
than cosmetic
dermatology.
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Sodium
pentaborate
pentahydrate
gel

Topical sodium
pentaborate
pentahydrate
3%

Clinical
randomized,
double-blind,
placebo-
controlled trial

206 patients
with grade 1-3
hemorrhoids

Mucocutaneous
wound
healing /
barrier support

Reduced
itching, pain,
bleeding, and
hemorrhoid
grade versus
placebo.

Human
evidence, but
anorectal
mucosa rather
than cosmetic
dermatology.

Boron-based gel Topical boron
gel

Clinical
retrospective
controlled study

450
primiparous
women after
episiotomy

Perineal wound
healing

Reported
improved
episiotomy
wound healing
and reduced
pain.

Human
evidence, but
obstetric/
perineal rather
than core
cosmetic
dermatology.

Local boric acid
powder

Boric acid
powder

Clinical case
study

Two patients
with diabetic
wounds

Difficult wound
management

Local boric acid
cleared necrosis
and accelerated
healing in
reported cases.

Case-level
evidence only.

converting boron from trigonal planar (sp²) to tetrahedral
(sp³) geometry. Because mannitol possesses more than one
suitable diol pair, complexation can occur at either the 2,3-
or 3,4-position, giving rise to at least two positional
isomeric borate complexes. Under alkaline conditions,
where borate anion predominates and hydroxyl groups are
more nucleophilic, complex formation is enhanced, and
negatively charged borate-mannitol species are stabilized in
solution [127-131]. In some cases, especially at higher
boron concentrations, mannitol can even coordinate two
boron centers or form bridged structures, further
increasing apparent boric acid acidityan effect exploited in
analytical chemistry for boron titration. The equilibria are
reversible and strongly pH-dependent, but the presence of
multiple cis-diol sites in D-mannitol makes it one of the
most effective polyol ligands for boron, illustrating the
strong preference of boron for flexible polyhydroxyl
systems capable of forming low-strain five-membered
chelate rings [129-131].

The potential use of D-mannitol-boron complexes in
cosmetology and dermatology is based on the strong and
reversible interaction between boron species (boric acid or
borate) and the multiple cis-vicinal diol groups present in
D-mannitol. D-Mannitol is a hexitol widely used in
pharmaceutical and cosmetic formulations as a humectant,
antioxidant stabilizer, bulking agent, and osmoprotectant.
Because it contains several adjacent hydroxyl pairs (notably
at positions 2,3 and 3,4), it forms stable cyclic borate
esters, with boron adopting a tetrahedral configuration.
These complexes are dynamic and pH-dependent, creating
equilibrium between free mannitol and boron-bound
forms [127-131].

From a cosmetic perspective, several functional
advantages can be proposed: (i) Mannitol is well known for
its ability to scavenge hydroxyl radicals and protect
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Table 1: Vicinal diol compounds and their boron 
complexes relevant to cosmetology/dermatology

Polyols and Sugars and Their Boron Complexes

Polyols and sugars play a key role in boron binding due 
to the presence of cis-1,2-diol (vicinal diol) groups, which 
can form reversible cyclic boron esters with boric acid 
(B(OH)₃) or borate ions (B(OH)₄⁻). Boron binds most 
effectively to molecules containing adjacent hydroxyl 
groups in a suitable spatial orientationsuch as mannitol, 
sorbitol, ribose, and other sugars and sugar alcohols. In 
aqueous media at neutral and slightly alkaline pH, five-or 
six-membered cyclic boron-diol complexes form, reducing 
the concentration of "free" reactive boron. This is of great 
importance in biological systems: cell wall polysaccharides, 
exopolysaccharides, and intracellular polyols can serve as 
buffers or reservoirs for boron, reducing its cytotoxicity 
and regulating its bioavailability. Such complexes are 
dynamic and dependent on pH, ionic strength, and the 
presence of competing ligands, but it is thanks to sugars 
and polyols that many organisms are able to tolerate 
elevated boron concentrations while maintaining 
physiological equilibrium [22,23,34,55,120-126].

D-Mannitol (29), a hexitol (sugar alcohol) derived from 
mannose, contains six hydroxyl groups arranged along a 
flexible carbon chain, with particularly important cis-
vicinal diol pairs at positions 2,3 and 3,4. These adjacent 
hydroxyl groups provide highly favorable binding sites for 
boron species such as boric acid (B(OH)₃) or borate 
(B(OH)₄⁻). In aqueous solution, boric acid behaves as a 
Lewis acid and forms cyclic borate esters with properly 
oriented diols. When D-mannitol is present, the oxygen 
atoms of the 2,3-cis-diol (30) or the 3,4-cis-diol (31) donate 
lone pairs to the electron-deficient boron center, 
producing a five-membered O-B-O chelate ring and
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Figure 4: Schematic diagram of the formation of 
cosmetically active boron complexes using polyols and 
sugars. The scheme illustrates the coordination of boric 
acid or borate species with cis-vicinal diol groups present in 
polyols and monosaccharides, leading to the formation of 
reversible five-membered cyclic borate esters. Such dynamic 
boron-diol interactions can enhance hydration, influence 
rheological properties, and enable controlled boron 
availability in topical cosmetic and dermatological 
formulations.

Because L-sorbitol contains more than one suitable cis-
diol arrangement, complexation can occur at either the 
2,3-or the 3,4-position, producing at least two positional 
isomeric borate complexes (33 and 34). Under mildly 
alkaline conditions, where partial deprotonation increases 
the nucleophilicity of the hydroxyl groups and borate 
species predominate, complex formation is significantly 
enhanced and stabilized as negatively charged borate-
sorbitol complexes. In some systems, especially at higher 
boron concentrations, additional coordination or bridging 
interactions may occur, further increasing stability and 
apparent acidity. The equilibria remain reversible and 
strongly pH-dependent, but the presence of multiple cis-
diol sites makes L-sorbitol a highly effective ligand for 
boron, exemplifying the strong affinity of boron for 
flexible polyhydroxyl compounds capable of forming low-
strain five-membered chelate rings [74,130-132, 135, 136].

The potential use of L-sorbitol-boron complexes in 
cosmetology and dermatology arises from the strong and 
reversible interaction between boron species (boric acid, 
B(OH)₃, or borate, B(OH)₄⁻) and the multiple cis-vicinal 
diol groups present in L-sorbitol. It is a polyol widely used 
in cosmetic and pharmaceutical formulations as a 
humectant, moisturizer, osmoprotectant, and stabilizing 
agent. Because it contains several adjacent hydroxyl pairs 
(notably at positions 2,3 and 3,4, it readily forms cyclic 
borate esters, in which boron adopts a tetrahedral (sp³) 
configuration. These complexes are reversible and pH-
dependent, creating a dynamic equilibrium between free 
sorbitol and boron-bound species [130-133].

Rozentsvet OA, Terent’ev AO, Dembitsky VM

sensitive active ingredients, such as peptides and vitamins, 
from oxidative degradation. Complexation with boron may 
further enhance formulation stability by modulating redox 
processes and reducing metal-catalyzed oxidation; (ii) As a 
highly hydrophilic polyol, mannitol contributes to water 
retention within the stratum corneum. In its boron-
complexed form, reversible boron-diol interactions may 
facilitate the formation of weak supramolecular networks, 
improving film formation and enhancing surface 
hydration; (iii) Free boric acid can cause irritation at 
elevated concentrations. When complexed with mannitol, 
boron is present in a bound state, which may decrease the 
availability of free borate while allowing gradual and 
reversible release, thereby improving tolerability in topical 
formulations; (iv) Boron-containing systems have been 
associated with mild antimicrobial effects, and boron-
polyol complexes may influence bacterial quorum sensing 
and biofilm formation. In conditions such as acne or 
seborrheic dermatitis, these properties could complement 
other active ingredients; and (v) Boron-mannitol 
interactions can generate weak, reversible cross-links in 
aqueous systems, potentially enhancing gel structure, 
viscosity, and skin adherence without requiring permanent 
polymerization.

D-Mannitol-boron complexes (30 and 31) are chemically 
robust, reversible systems that may offer antioxidant 
support, enhanced hydration, controlled boron delivery, 
mild antimicrobial effects, and improved formulation 
performance. While promising from a coordination 
chemistry and formulation standpoint, their 
dermatological value depends on careful safety assessment 
and clinical validation [129-134].

L-Sorbitol (32, L-glucitol) is a hexitol containing six 
hydroxyl groups distributed along a flexible carbon chain, 
and its stereochemical arrangement provides favorable cis-
vicinal diol pairs at positions 2,3 and 3,4. These adjacent 
hydroxyl groups act as efficient chelation sites for boron 
species such as boric acid (B(OH)₃) or the borate anion 
(B(OH)₄⁻). In aqueous solution, boric acid functions as a 
Lewis acid and accepts electron pairs from oxygen donors. 
When L-sorbitol is present, the oxygen atoms of a cis-diol 
pair coordinate simultaneously to the boron center, 
forming a five-membered cyclic borate ester characterized 
by an O-B-O bridge. During this chelation process, boron 
changes from trigonal planar (sp2) geometry to a 
tetrahedral (sp3) configuration.
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D-Mannose (35), an aldohexose and C-2 epimer of

alkaline conditions, where borate species predominate and
hydroxyl groups become more nucleophilic due to partial
deprotonation, complex formation is enhanced and
stabilized as negatively charged borate-mannose complexes.
The equilibrium is reversible and strongly pH-dependent,
but the presence of multiple cis-vicinal diol systems makes
D-mannose an efficient ligand for boron, illustrating the
strong stereochemical dependence of boron-carbohydrate
complex formation and the preference for low-strain five-
membered chelate rings [137-141].

The potential use of D-mannose-boron complexes in
cosmetology and dermatology is based on the strong,
reversible interaction between boron species (boric acid,
B(OH)₃, or borate, B(OH)₄⁻) and the cis-vicinal diol groups
present in D-mannose. D-Mannose (35) is a naturally
occurring aldohexose structurally related to glucose and
plays roles in glycoprotein biosynthesis and cell recognition
processes. In aqueous systems, its hydroxyl
groupsparticularly the 2,3-and 3,4-cis configurations in the
pyranose formcan chelate boron to form five-membered
cyclic borate esters (36 and 37), with boron adopting
tetrahedral (sp³) geometry. These complexes are dynamic
and pH-dependent, establishing equilibrium between free
mannose and boron-bound forms [142-145].

From a dermatological standpoint, several functional
prospects may be considered: (i) As a highly hydrophilic
sugar, D-mannose can contribute to moisture retention
and surface hydration. In boron-complexed form,
reversible boron-diol interactions may create weak
supramolecular networks that enhance film formation on
the skin, potentially reducing transepidermal water loss
(TEWL) and improving barrier function; (ii) D-Mannose is
known to interfere with bacterial adhesion mechanisms in
certain biological systems by binding to lectin-like
adhesins. When combined with boron, additional
quorum-sensing modulation or antibiofilm activity may
occur, as boron-polyol systems have been associated with
signaling interference in microorganisms. This suggests
possible applications in acne-prone or microbiome-
sensitive skin care formulations; (iii) Complexation with
mannose may reduce the level of free boron species in a
formulation, potentially lowering irritation risk while
allowing gradual, reversible release. This controlled
delivery mechanism could improve tolerability in topical
applications; (iv) Sugars can stabilize sensitive cosmetic
ingredients by influencing hydration layers and reducing
oxidative degradation. Boron-mannose complexes may
enhance such stabilizing effects through chelation and
modulation of redox-active trace metals; (v) Boron-diol
chemistry can contribute to weak cross-linking interactions
in aqueous systems, potentially improving viscosity, texture,
and substantivity without permanent polymer networks.

D-Mannose-boron complexes (36 and 37) represent a
promising multifunctional system with potential roles in
hydration enhancement, barrier support, microbiome
modulation, controlled boron delivery, and formulation
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From a dermatological perspective, several potential 
benefits can be outlined: (i) Sorbitol is highly hydrophilic 
and plays an important role in maintaining water content 
within the stratum corneum. When complexed with 
boron, reversible boron-diol interactions may facilitate the 
formation of weak supramolecular networks at the skin 
surface, improving film formation, reducing 
transepidermal water loss (TEWL), and enhancing skin 
smoothness; (ii) Free boric acid may cause irritation at 
higher concentrations. Coordination with sorbitol can 
reduce the level of freely diffusible boron while enabling 
gradual and reversible release at physiological skin pH, 
thereby improving tolerability in topical formulations; (iii) 
Polyols such as sorbitol are known to stabilize sensitive 
active ingredients by maintaining hydration shells and 
mitigating oxidative stress within formulations. Boron-
sorbitol complexes may further enhance stability by 
modulating redox processes and influencing metal ion-
mediated oxidation; (iv) Boron-containing systems exhibit 
mild antimicrobial properties, and in combination with 
sorbitolwhich affects osmotic balancethese complexes may 
contribute to the inhibition of microbial growth, quorum 
sensing, or biofilm formation, offering potential benefits 
for acne-prone or compromised skin; and (v) Reversible 
boron-polyol interactions can subtly influence viscosity and 
gel structure in aqueous systems, improving substantivity, 
spreadability, and overall sensory performance without the 
need for permanent polymeric networks.

L-Sorbitol-boron complexes (33 and 34) represent a 
chemically stable, reversible, and multifunctional system 
with potential benefits in hydration enhancement, barrier 
support, controlled boron delivery, mild antimicrobial 
activity, and formulation stabilization. Their practical use 
in cosmetology and dermatology is promising but depends 
on careful safety assessment and clinical validation 
[130-132,135].

glucose, readily reacts with boric acid (B(OH)₃) or the 
borate anion (B(OH)₄⁻) through its cis-vicinal hydroxyl 
groups at positions 2,3 and 3,4, which provide favorable 
chelation sites for boron coordination. In aqueous 
solution, D-mannose predominantly adopts cyclic pyranose 
forms (α-and β-anomers), and within these ring 
conformations the stereochemical arrangement of the 
hydroxyl groups at C-2 and C-3, as well as at C-3 and C-4, 
allows formation of cis-oriented diol systems capable of 
binding boron. Upon interaction, the two adjacent 
hydroxyl oxygens donate lone pairs to the electron-
deficient boron center, forming a five-membered cyclic 
borate ester characterized by an O-B-O bridge. This 
chelation converts boron from trigonal planar (sp²) 
geometry to tetrahedral (sp³) geometry. Because D-
mannose contains more than one suitable cis-diol pair, 
complexation can occur at either the 2,3-or 3,4-position, 
resulting in at least two positional isomeric borate 
complexes (36 and 37), and additional variation may arise 
from the α-or β-anomeric configuration. Under mildly
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Mannitol, in particular, is well recognized for its
antioxidant properties, including the ability to scavenge
hydroxyl radicals and protect sensitive active ingredients
such as peptides and vitamins from oxidative degradation.
Boron complexation may further enhance formulation
stability by modulating redox processes and reducing the
impact of metal-catalyzed oxidation. Similarly, sorbitol and
related polyols may contribute to stabilization effects
through their metal-chelating capacity and ability to
influence the microenvironment of reactive species.

An additional advantage of boron-polyol systems lies in
their potential to modulate the availability of free boric
acid. At higher concentrations, uncomplexed boric acid
may cause irritation; however, when coordinated with
polyols, boron exists predominantly in a bound form. This
reduces the concentration of free borate species while
allowing gradual and reversible release under physiological
conditions, thereby improving tolerability in topical
formulations.

Boron-polyol interactions have also been associated with
mild antimicrobial effects, including interference with
bacterial quorum sensing and inhibition of biofilm
formation. These properties suggest that polyol-boron
complexes may support microbiome-conscious cosmetic
strategies, particularly in formulations targeting acne-prone
or sensitive skin, where modulation of microbial
communication may be preferable to strong bactericidal
activity.

From a formulation perspective, the ability of boron to
form reversible cross-links with polyols introduces
additional functional benefits. Boron-polyol coordination
can generate weak, dynamic networks in aqueous systems,
influencing viscosity, gel structure, and skin adhesion
without requiring permanent polymerization. This
behavior enables the development of formulations with
improved texture and delivery properties while
maintaining flexibility and responsiveness [147-150].

Overall, boron complexes of polyols can be viewed as
adaptive supramolecular systems that integrate hydration,
antioxidant protection, microbiome modulation, and
formulation stability. Their functionality arises from the
interplay between polyol chemistry and reversible boron
coordination, providing a versatile platform for the design
of advanced dermatological and cosmetic products.

While the reported properties of boron-diol complexes
highlight their potential in cosmetic and dermatological
applications, it is important to critically evaluate the
limitations and variability of these findings. Much of the
available evidence is derived from in vitro studies or
formulation-based observations, where the dynamic and
reversible nature of boron-diol interactions is not always
rigorously quantified. In particular, stability constants for
boron complexes are relatively low and highly dependent
on pH, ligand structure, and competing species, raising
questions about the persistence and functional relevance

Rozentsvet OA, Terent’ev AO, Dembitsky VM

stabilization. Their future application in cosmetology and 
dermatology will depend on rigorous safety evaluation and 
validation of biological efficacy [138-145].

D-Glucose (38) reacts with boric acid (B(OH)₃) or borate 
(B(OH)₄⁻) through its cis-vicinal hydroxyl groups at C-3 
and C-4, which provide a favorable chelation site for boron 
complex formation. In aqueous solution, D-glucose exists 
predominantly in cyclic pyranose forms (α-and β-anomers), 
and within these conformations the relative 
stereochemistry at positions 3 and 4 permits formation of 
a cis-diol arrangement capable of coordinating to boron. 
When boric acid is present, the electron-deficient boron 
atom accepts lone pairs from the two adjacent hydroxyl 
oxygens, leading to formation of a five-membered cyclic 
borate ester involving an O-B-O bridge between C-3 and 
C-4. During this process, boron undergoes a transition 
from trigonal planar (sp²) geometry to a tetrahedral (sp³) 
configuration. Under mildly alkaline conditions, where 
borate anion predominates and glucose hydroxyl groups 
exhibit increased nucleophilicity, the equilibrium shifts 
toward formation of a negatively charged borate-glucose 
complex (39) [128,131,146-150]. Because D-glucose can 
exist in both α-and β-pyranose forms, at least one structural 
isomer of the borate complex may form depending on the 
anomeric configuration and ring conformation. The 
interaction is reversible and strongly pH-dependent, but 
the 3,4-cis-diol system provides a thermodynamically 
favorable binding site due to low ring strain and optimal 
O-B-O bond angles. Thus, D-glucose readily forms stable 
cyclic borate esters via its 3,4-cis-vicinal diol, exemplifying 
the general affinity of boron for properly oriented 
carbohydrate hydroxyl groups [146-150].

Boron Complexes of Polyols: Mannitol, Sorbitol, and 
Related Systems in Cosmetic Applications

Polyols such as mannitol, sorbitol, and related sugar 
alcohols represent an important class of diol-rich 
compounds widely used in cosmetic and dermatological 
formulations. Their multiple hydroxyl groups, often 
arranged in favorable cis-vicinal configurations, enable 
efficient coordination with boron through the formation 
of reversible boronate esters. These interactions generate 
dynamic complexes in which boron adopts tetrahedral 
geometry, establishing equilibria between free and bound 
forms that depend on pH, concentration, and the presence 
of competing ligands [54,55,85,86,97-99].

From a functional standpoint, boron-polyol systems 
combine the intrinsic physicochemical properties of 
polyols with the adaptive behavior of reversible 
coordination chemistry. Polyols are highly hydrophilic and 
act as effective humectants, contributing to water retention 
within the stratum corneum. Upon complexation with 
boron, reversible boron-diol interactions may promote the 
formation of weak supramolecular networks at the skin 
surface, enhancing film formation, improving 
substantivity, and reducing transepidermal water loss 
(TEWL) [28,36,54].
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From a biochemical perspective, 9,10-DiHODA is
considered an oxidized lipid derivative and may arise
during lipid peroxidation processes. As such, it is
sometimes detected as a marker of oxidative modification
of unsaturated fatty acids. In biological membranes,
introduction of vicinal hydroxyl groups into a fatty acid
chain disrupts hydrophobic packing, increases polarity, and
can modify membrane fluidity and permeability.
Compared with oleic acid, the dihydroxy derivative is more
hydrophilic and exhibits altered interfacial behavior, which
may influence lipid-protein interactions and membrane
organization [156-159].

In dermatological and cosmetic contexts, hydroxy fatty
acidsincluding dihydroxy derivativesare of interest because
of their emollient, humectant-modulating, and barrier-
modifying properties. The presence of two hydroxyl groups
increases hydrogen-bonding capacity, potentially enhancing
interaction with skin lipids and stratum corneum
components. Such structural features may contribute to
improved skin hydration, mild keratolytic effects, and
modulation of barrier repair processes. Some hydroxy fatty
acids are also reported to exhibit mild anti-inflammatory
or antimicrobial activity, although specific data on 9,10-
dihydroxyoctadecanoic acid remain relatively limited
compared with better-studied hydroxy acids such as
ricinoleic or lactic acid derivatives [160-164].

In materials and formulation science, 9,10-DiHODA has
attracted attention as a precursor for the synthesis of
polymers, surfactants, and specialty esters. The vicinal diol
functionality allows further chemical modification,
including esterification, etherification, or complexation
with boron and other Lewis acids, potentially generating
amphiphilic or cross-linkable systems. Additionally, its
ability to form hydrogen-bonded networks can influence
rheological behavior in lipid-based formulations [157-162].

Although comprehensive pharmacological studies are
still limited, available knowledge suggests that 9,10-
DiHODA primarily functions as a structurally modified
fatty acid with altered polarity, membrane interaction
capacity, and chemical reactivity. Its significance lies in its
role as an oxidized lipid derivative, a modulator of lipid
organization, and a chemically versatile building block with
potential applications in cosmetic, dermatological, and
materials science contexts [161-164].

9,10-DiHODA (40) is detected in appreciable amounts
in several vegetable oils, particularly in soybean oil and
corn oil, and to a lesser extent in canola, olive, and
flaxseed oils, where it arises mainly from oxidative
transformation of oleic acid [165]. These oils are naturally
rich in monounsaturated and polyunsaturated fatty acids,
especially oleic (C18:1) and linoleic (C18:2) acids, which
are susceptible to oxidation during processing, storage, and
exposure to air or light. One important pathway involves
epoxidation of the double bond followed by hydrolytic ring
opening to yield vicinal diols, producing 9,10-
dihydroxyoctadecanoic acid. The higher levels observed in
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of these complexes under physiological conditions. 
Furthermore, comparisons across studies are complicated 
by differences in experimental design, concentrations, and 
formulation matrices, which can significantly influence 
observed effects such as hydration, antimicrobial activity, 
or oxidative stability. The extent to which boron 
complexation provides advantages over the parent polyols 
or acids alone also remains insufficiently addressed in 
many cases. In addition, while boron-polyol systems have 
been associated with microbiome modulation and quorum 
sensing interference, direct mechanistic evidence in 
dermatological contexts is still limited. Therefore, more 
systematic studiesincluding quantitative thermodynamic 
analysis, in situ characterization, and controlled clinical 
evaluationare needed to establish the true functional 
contribution of boron complexation and to distinguish 
specific effects from general formulation properties.

Hydroxy Fatty Acids and Their Boron Complexes

Hydroxy fatty acids are lipid molecules that contain one 
or more hydroxyl (-OH) groups along their hydrocarbon 
chain in addition to the terminal carboxyl group, and this 
structural feature gives them the capacity to interact with 
boron through reversible complex formation. When two 
hydroxyl groups are positioned in a vicinal (1,2-diol) or 
suitably oriented configuration, boric acid (B(OH)₃) or 
borate (B(OH)₄⁻) can form cyclic borate esters, typically 
five-or six-membered rings, analogous to the complexes 
formed with polyols and sugars. Even in 
monohydroxylated fatty acids, weaker coordination 
interactions with boron are possible through combined 
participation of hydroxyl and carboxyl groups, particularly 
under slightly alkaline conditions. In biological 
membranes, hydroxy fatty acids are components of 
phospholipids, glycolipids, cutins, and specialized bacterial 
lipids, so boron complexation may occur at the lipid-water 
interface where boric acid is present. Such interactions are 
dynamic and pH-dependent, and while they are generally 
weaker than boron-polyol complexes, they could contribute 
to localized boron sequestration within membranes or 
extracellular lipid matrices. This membrane-associated 
complexation may modulate boron bioavailability and 
potentially influence membrane stability, permeability, and 
oxidative processes under elevated boron conditions 
[49,52,78,130,151-153].

9,10-Dihydroxyoctadecanoic acid (often referred to as 
9,10-dihydroxystearic acid, 9,10-DiHODA, 40) is a vicinal 
diol fatty acid typically formed by dihydroxylation or 
oxidative transformation of oleic acid. It occurs as a 
mixture of stereoisomers depending on the mechanism of 
formation (for example, via epoxidation-hydrolysis 
pathways or enzymatic oxidation), and its biological and 
physicochemical properties are influenced by both 
stereochemistry and the presence of the two adjacent 
hydroxyl groups within the long C₁₈ aliphatic chain 
[154-157].
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could contribute to skin defense against environmental
stress, including sun exposure [166-170].

Because the molecule contains two hydroxyl groups
within a long C₁₈ chain, it has amphiphilic properties that
may enhance stratum corneum lipid organization and
barrier reinforcement. Improved barrier integrity reduces
transepidermal water loss (TEWL) and can mitigate
dryness and irritation that are often exacerbated by UV
radiation. Additionally, hydroxy fatty acids can influence
membrane fluidity and keratinocyte differentiation,
potentially supporting barrier repair following UV-induced
damage. Some oxidized fatty acid derivatives also exhibit
mild anti-inflammatory activity by modulating lipid
signaling pathways, which could theoretically help reduce
erythema or inflammatory responses associated with sun
exposure, although specific mechanistic studies for this
particular diol are limited [165,171,172].

In cosmetic and dermatological formulations, 9,10-
DiHODA may serve as: (i) A barrier-supporting emollient
with enhanced hydrogen-bonding interactions; (ii) A
structuring or rheology-modifying lipid in creams and
emulsions; (iii) A precursor for functionalized derivatives
(esters, polymers, cross-linkable systems), and (iv) A
component of skin-conditioning formulations targeting
dry, photo-exposed skin.

Its vicinal diol structure also enables formation of boron
complexes, which may expand its functional potential.
Boron complexes of 9,10-dihydroxyoctadecanoic acid (45)
form via cyclic borate ester formation between the 9,10-cis-
diol and boric acid or borate species, yielding tetrahedral
boron chelates. Such complexes may provide several
theoretical advantages: (i) Stabilization of the diol structure
through reversible chelation; (ii) Modulation of
lipophilicity and skin penetration behavior; (iii) Formation
of cross-linked or supramolecular networks that enhance
film-forming properties; (iv) Potential mild antimicrobial
effects, since boron-containing compounds can exhibit
antimicrobial activity, and (v) Possible modulation of
oxidative processes, as boron-polyol complexes may
influence redox behavior in certain systems.

Importantly, boron complexes are generally reversible
and pH-dependent, which may allow controlled release or
dynamic interactions within topical formulations.
However, while the chemical rationale is strong, definitive
in vivo evidence demonstrating superior photoprotective
efficacy of the boron complexes specifically remains to be
established [165,169].

9,10-DiHODA (40, see Figure 5) is unlikely to function
as a direct UV-absorbing sunscreen agent, but it may
contribute to barrier repair, hydration support, and
formulation structuring, all of which are beneficial for skin
exposed to solar radiation. Its boron complexes represent a
promising area for further research, particularly in the
development of multifunctional lipid-boron cosmetic
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soybean and corn oils likely reflect their fatty acid 
composition and greater susceptibility to oxidative 
modification compared with more oleic-stable oils such as 
olive oil. The presence of this dihydroxy fatty acid increases 
the polarity of the lipid fraction and may influence 
physicochemical properties such as viscosity, hydrogen-
bonding capacity, and emulsification behavior. From a 
technological standpoint, its formation can be viewed both 
as a marker of oxidative processes and as a source of 
chemically reactive diol functionality that enables further 
modification, including esterification or complexation 
reactions. Thus, the occurrence of 9,10-
dihydroxyoctadecanoic acid in common edible oils reflects 
the oxidative chemistry of unsaturated lipids and 
contributes subtly to the functional and chemical diversity 
of vegetable oil components [162-165].

9,10-DiHODA, a long-chain vicinal diol fatty acid 
derived from oleic acid oxidation, reacts with boric acid 
(B(OH)₃) or the borate anion (B(OH)₄⁻) through 
coordination of its 9,10-cis-vicinal hydroxyl groups, which 
provide an ideal chelation site for boron. When the two 
hydroxyl groups are in a cis configuration, they can 
simultaneously donate lone pairs to the electron-deficient 
boron center, forming a five-membered cyclic borate ester 
characterized by an O-B-O bridge linking C-9 and C-10. 
During this process, boron transitions from trigonal planar 
(sp²) geometry in free boric acid to a tetrahedral (sp³) 
configuration in the chelated complex. Under mildly 
alkaline conditions, partial deprotonation of the hydroxyl 
groups and formation of borate species enhance 
nucleophilicity and stabilize the resulting borate-diol 
complex, which typically exists as a negatively charged 
tetrahedral species in solution. The carboxylic acid group 
at C-1 may also be deprotonated at higher pH, increasing 
solubility and potentially contributing secondary 
electrostatic stabilization, although it is not the primary 
coordination site. Because the 9,10-diol is embedded 
within a hydrophobic C₁₈ chain, complex formation may 
influence amphiphilic behavior, self-assembly, and 
interfacial properties, potentially leading to intermolecular 
boron bridging or cross-linking under suitable conditions. 
The equilibrium is reversible and pH-dependent, but the 
presence of a properly oriented cis-1,2-diol in 9,10-
dihydroxy-octadecanoic acid allows efficient formation of 
stable cyclic borate esters, illustrating the strong affinity of 
boron for vicinal diols even within long-chain lipid systems 
[166-168].

9,10-DiHODA is a vicinal diol derivative of oleic acid 
that possesses increased polarity and hydrogen-bonding 
capacity compared with its parent monounsaturated fatty 
acid. At present, there is no direct clinical evidence 
demonstrating that 9,10-dihydroxy-octadecanoic acid alone 
functions as a classical UV filter or provides measurable 
SPF protection comparable to approved sunscreen agents 
(e.g., zinc oxide, avobenzone). However, its structural 
features suggest several indirect protective mechanisms that
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membered cyclic boronate esters with tetrahedral boron 
geometry. The unsaturated double bonds present along the 
hydrocarbon chain do not participate directly in 
coordination and therefore do not hinder complex 
formation. These reversible boron-diol interactions may 
influence amphiphilic behavior, film-forming properties, 
and controlled release potential in dermatological and 
cosmetic formulations.

A family of C18 oxylipins, namely 9,10-dihydroxy 
derivatives of mono-, di-, tri-, and tetra-unsaturated 
octadecenoic acids, react with boron anions in alkaline 
media to form the corresponding boron complexes (46-49). 
The coordination occurs specifically at the 9,10-cis-vicinal 
diol moiety, which serves as the primary chelation site for 
boron. The presence, number, and position of carbon-
carbon double bonds along the aliphatic chain do not 
interfere with boron complex formation, as they are 
electronically and spatially remote from the diol 
functionality. Thus, unsaturation in the hydrocarbon chain 
does not significantly affect the ability of these oxylipins to 
generate stable cyclic boronate esters under alkaline 
conditions [165,168,178-181].

The corresponding borate complexes introduce an 
additional dimension. The 9,10-vicinal diol can form cyclic 
borate or boronate esters that are reversible and responsive 
to pH and competing diols. This dynamic covalent 
interaction may enhance film formation, improve 
substantivity, modulate oxidation stability of highly 
unsaturated species, and potentially enable controlled 
release of the free diol on the skin surface. Boron-diol 
interactions may also contribute to weak supramolecular 
network formation, influencing rheology and texture in 
topical formulations. Nevertheless, regulatory and 
toxicological considerations are significant, as boric acid 
and related borates are subject to restrictions in several 
jurisdictions. Therefore, while the free acids show potential 
as barrier-supporting and inflammation-modulating lipid 
actives, and their boron complexes offer intriguing 
formulation advantages, further mechanistic, safety, and 
clinical studies are essential to substantiate their role as 
protective agents in dermatology and cosmetic science 
[182-186].

Use of boron-diol complexes in cosmetic formulations

At present, the application of boron-diol complexes in 
cosmetic formulations appears to lie at the interface 
between established practice and emerging research. 
Certain boron-polyol systems, particularly those based on 
widely used ingredients such as sorbitol, mannitol, and 
gluconolactone, are indirectly represented in commercial 
products where boric acid or borate-buffered systems 
coexist with diol-containing compounds. However, in 
many cases, the presence of discrete, well-defined boron-
diol complexes is not explicitly reported, as these 
interactions are reversible, formulation-dependent, and 
often not isolated as individual ingredients. Consequently,
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systems aimed at enhancing skin barrier protection and 
formulation stability [169-177].

Four compounds 9,10-DiHOME (41, 9R,10R,Z)-9,10-
dihydroxyoctadec-12-enoic acid, 9,10-DiHODE (42, 9R, 
10R,12Z,15Z)-9,10-dihydroxyoctadeca-12,15-dienoic acid, 
9,10-DiHOTrE (43, 6Z,9R,10R,12Z,15Z)-9,10-
dihydroxyoctadeca-6,12,15-trienoic acid, and 9,10-DiHOTE 
(44, 3Z,6Z,9R,10R,12Z,15Z)-9,10-
dihydroxyoctadeca-3,6,12,15-tetraenoic acid can be 
regarded as a family of C18 oxylipins, namely 9,10-
dihydroxy derivatives of mono-, di-, tri-, and tetra-
unsaturated octadecenoic acids that are structurally related 
to oxidized metabolites of dietary C18 fatty acids. Such 
molecules belong to the broader class of octadecanoids, 
which are commonly formed through cytochrome P450-
mediated epoxidation of a double bond followed by 
epoxide hydrolase conversion to vicinal diols [165,166,176]. 
From the perspective of dermatological and cosmetic 
applications, they present both promising opportunities 
and important considerations. Their long hydrophobic 
chains combined with an internal 9,10-vicinal diol suggest 
potential for barrier interaction, film formation, and 
emollient behavior, which could support stratum corneum 
lipid organization and reduce trans-epidermal water loss, 
thereby indirectly enhancing resilience to UV stress.

Because these structures resemble endogenous lipid 
mediators, they may also influence inflammatory and 
repair pathways; however, biological responses are context-
dependent, and some related diol octadecanoids have been 
associated with cytotoxic or pro-inflammatory effects under 
certain conditions. Consequently, their topical use would 
require careful evaluation of concentration, formulation, 
and safety rather than presuming inherent anti-
inflammatory benefit [165,166,177].

Figure 5: Schematic diagram of the formation of 
cosmetically active boron complexes of the C18 
oxylipin family, namely 9,10-dihydroxy derivatives of 
mono-, di-, tri-, and tetra-unsaturated octadecenoic 
acids. The scheme illustrates coordination of the 9,10-
cis-vicinal diol group to borate species under alkaline 
conditions, forming five-
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enables boron to modulate key physicochemical properties
such as acidity, solubility, stability, and molecular
organization, thereby providing opportunities for the
development of advanced dermatological formulations. In
particular, boron-diol interactions may support controlled
release of active ingredients, reduce irritation associated
with free acids, and enhance hydration through the
formation of weak supramolecular networks that improve
film formation and reduce transepidermal water loss. In
addition, boron-containing systems have demonstrated
antioxidant and metal-chelating properties, which may
contribute to protection against oxidative stress and
environmental damage, both of which are central factors
in skin aging and inflammatory conditions [193-196].

Figure 6: Dynamic borate-diol interactions as a 
conceptual mechanism for skin hydration and barrier 
stabilization. (1) Boric acid (B(OH)₃) undergoes reversible 
coordination with vicinal diols to form cyclic borate esters 
through dynamic covalent interactions. (2) Reversible 
borate-diol cross-linking generates a transient 
supramolecular network capable of retaining and 
organizing water molecules, thereby promoting hydration 
and structural stability at the molecular level. (3) At the 
skin surface, these dynamic interactions are proposed to 
enhance water retention within the stratum corneum, 
strengthen the hydrated intercellular matrix, and improve 
skin barrier function, resulting in enhanced skin 
hydration, elasticity, smoothness, and a healthy hydrated 
appearance. The figure illustrates a conceptual mechanism 
by which reversible borate-diol chemistry may contribute to 
cosmetic formulations designed to improve skin 
moisturization and barrier integrity.

Beyond these physicochemical effects, boron 
compounds may also play a role in modulating the skin 
microbiome. Emerging evidence suggests that boron-
containing molecules can influence bacterial quorum 
sensing and biofilm formation, offering a strategy to 
attenuate microbial virulence without exerting strong 
selective pressure for resistance. This property is 
particularly relevant for the management of acne, 
seborrheic dermatitis, and other microbiome-associated 
disorders, where maintaining microbial balance is 
preferable to broad-spectrum antimicrobial approaches. 
Furthermore, the compatibility of boron-polyol and boron-
sugar acid systems with endogenous skin components,
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much of the detailed structural and mechanistic 
understanding of these complexes originates from 
laboratory studies rather than from fully characterized 
commercial systems. This distinction reflects both 
analytical challengesdue to the transient nature of 
boronate ester formationand regulatory and formulation 
practices, which typically focus on bulk ingredient 
functionality rather than dynamic supramolecular species. 
Therefore, while the underlying chemistry is already 
relevant to existing formulations, the deliberate design and 
optimization of boron-diol complexes as functional entities 
remain an emerging area with significant potential for 
future cosmetic and dermatological applications [187-196].

Prospects for the Use of Boron-Containing 
Compounds in Cosmetology

The prospects for using the presented vicinal diol 
compounds and their boron complexes in cosmetology are 
scientifically promising and conceptually innovative. These 
systems combine well-established hydroxy acid 
functionalitysuch as controlled exfoliation, hydration 
enhancement, antioxidant stabilization, and microbiome 
modulationwith the dynamic and reversible coordination 
chemistry of boron. Boron complexation offers the 
potential to regulate effective acidity, reduce irritation, 
enable controlled release of active species, improve 
oxidative stability, and enhance film-forming or rheological 
properties in topical formulations [28,36,55]. In addition, 
emerging evidence suggests that certain boron-organic acid 
systems may interfere with bacterial quorum sensing and 
biofilm formation, opening avenues for microbiome-
conscious skincare strategies, particularly in acne-prone or 
sensitive skin (Figure 5). The structural diversity of the 
compounds reviewedranging from small α-hydroxy acids 
and sugar acids to polyols and lipid-derived diolsprovides a 
versatile platform adaptable to moisturizers, anti-aging 
products, barrier-repair formulations, and protective skin 
treatments [22,23,54,60,87,187]. However, successful 
translation into commercial applications will require 
careful optimization of concentration, formulation design, 
and regulatory compliance regarding boron content, as 
well as comprehensive safety and clinical validation. 
Overall, these boron-vicinal diol systems represent a 
promising direction for next-generation multifunctional 
cosmetic ingredients with potential to enhance both 
efficacy and tolerability [28,33,87,188-192].

Prospects for the Use of Boron-Containing 
Compounds in Dermatology

Boron-containing compounds represent a promising 
and still underexplored class of functional agents in 
dermatology, offering a unique combination of chemical 
versatility, reversible reactivity, and biological compatibility. 
Owing to their ability to form dynamic complexes with cis-
vicinal diols, boron species can interact with a wide range 
of biologically relevant molecules, including sugars, 
polyols, hydroxy acids, and glycan-rich structures present at 
the skin surface. This reversible coordination chemistry
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structures that can significantly alter physicochemical
properties. These changes may include modulation of
effective acidity, altered solubility and lipophilicity,
modified membrane interactions, enhanced oxidative
stability, metal chelation, and controlled release behavior.
Importantly, stereochemical orientationparticularly
erythro-type (cis) diol arrangementsgoverns complex
stability, emphasizing the structural selectivity underlying
boron coordination.

From a dermatological perspective, the implications are
substantial. Boron complexation offers a potential strategy
to moderate irritation associated with free hydroxy acids by
reducing immediate availability of active protonated
species while preserving long-term efficacy. In polyhydroxy
and sugar acid systems, complex formation may enhance
hydration and barrier-support effects through reversible
supramolecular interactions at the skin surface. In lipid-
derived diols, such as C18 oxylipins, boron binding does
not interfere with double-bond unsaturation but selectively
targets the vicinal diol, potentially enabling amphiphilic
film formation and surface substantivity without
compromising lipid functionality.

Moreover, emerging evidence suggests that certain
boron-organic acid complexes may influence microbial
communication pathways, including quorum sensing and
biofilm formation. Such anti-virulence strategies represent
a promising direction for acne-prone and microbiome-
conscious skincare, offering modulation of pathogenic
behavior without strong bactericidal pressure that could
promote antimicrobial resistance. In addition, stabilization
of antioxidants such as L-ascorbic acid through boron
coordination may enhance resistance to oxidative
degradation and improve formulation longevity.

Despite these promising attributes, translation into
clinical cosmetology requires careful consideration of
regulatory frameworks governing boron-containing
compounds, particularly with respect to systemic exposure
and concentration limits. Safety evaluation, skin
penetration studies, toxicological profiling, and well-
designed clinical trials remain essential steps before
widespread implementation. The reversible nature of
boron-diol chemistry may offer opportunities to optimize
bioavailability while minimizing risk, but such advantages
must be validated experimentally.

Overall, the collective data support the view that boron
complexes of vicinal diol compounds represent a versatile
and innovative platform in cosmetic science. By integrating
principles of coordination chemistry with dermatological
functionality, these systems provide a bridge between
molecular structure and biological performance. Across
hydroxy acids, sugar acids, polyols, antioxidant systems,
and lipid-derived diols, boron complexation consistently
introduces multifunctional potentialcontrolled activity,
improved tolerability, oxidative stabilization, microbiome
modulation, and enhanced formulation performance.
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including glycosaminoglycans and extracellular matrix 
constituents, suggests that these compounds may support 
barrier function and tissue homeostasis [197-198].

At the same time, the practical implementation of 
boron-containing compounds in dermatology requires 
careful consideration of safety, regulatory constraints, and 
formulation stability. The bioavailability of free boron 
species, potential systemic exposure, and concentration-
dependent toxicity must be rigorously controlled, 
particularly in leave-on products. Importantly, 
complexation with diol-containing ligands may reduce free 
borate levels and improve tolerability, although this effect 
requires further quantitative validation. In addition, the 
dynamic and pH-dependent nature of boron coordination 
introduces formulation challenges, as the stability and 
functionality of these complexes depend on environmental 
conditions such as pH, ionic strength, and the presence of 
competing ligands [22,23,28,36].

Overall, boron-containing compounds offer a versatile 
platform for next-generation dermatological applications, 
bridging coordination chemistry with skin biology. Their 
ability to function as reversible molecular connectors 
rather than static ingredients provides a conceptual shift 
toward adaptive, responsive formulations (see Table 2). 
Future research should focus on elucidating the kinetics 
and thermodynamics of boron-diol interactions under 
physiological conditions, developing analytical tools to 
detect transient complexes in situ, and conducting well-
designed in vivo and clinical studies to establish efficacy 
and safety. Such efforts will determine whether boron-
based systems can transition from promising chemical 
constructs to practical and widely adopted dermatological 
technologies [199-205].

CONCLUSION

Vicinal diol-containing compounds constitute a 
chemically coherent yet biologically diverse class of 
molecules whose relevance to cosmetology and 
dermatology extends far beyond traditional exfoliation 
chemistry. The unifying structural feature across the 
systems examined in this reviewα,β-diol or cis-vicinal diol 
functionalityconfers a pronounced ability to form 
reversible coordination complexes with boron species. 
Whether present in classical α-hydroxy acids (glycolic, 
lactic, malic, tartaric), β-hydroxy aromatic systems (salicylic 
acid), sugar acids (gluconic, glucuronic, glucaric), polyols 
(mannitol, sorbitol, mannose), L-ascorbic acid, or C18 
oxylipin derivatives such as 9,10-dihydroxy unsaturated 
fatty acids, the stereochemical requirement for boron 
complexation remains consistent: properly oriented cis-
vicinal hydroxyl groups capable of generating low-strain 
five-membered cyclic borate esters.

The chemistry of boron-diol interactions is characterized 
by dynamic, reversible, and pH-dependent equilibria. 
Upon coordination, boron transitions from trigonal planar 
(sp²) to tetrahedral (sp³) geometry, forming cyclic borate
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Thus, all boron complexes discussed in this review are of 
considerable potential interest in cosmetology and, more 
broadly, in dermatology. Their future impact will depend 
on continued interdisciplinary research that integrates 
organic chemistry, materials science, microbiology, skin 
biology, and regulatory science. If successfully developed 
and validated, boron-vicinal diol systems may represent a 
new generation of multifunctional cosmetic agents 
designed not merely to treat the skin surface, but to 
interact dynamically with its biochemical and microbial 
environment.
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