Journal of Organic Chemistry Research F LA 5T, 2026, 14(2), 203-220 Hans X
Published Online June 2026 in Hans. https://www.hanspub.org/journal/jocr

https://doi.org/10.12677/jocr.2026.142019

KMEARBERIN SRR

R
ZINASE KA A TR, HOA 22

5

3

Woks H . 20264F3H 120 FHER: 20264F5H28H; KA HM: 20264F6 H8H

R

SRR BH AT B OREATRZ —, BAGEANFEAEHREE R TR ARG LR
ErRPhE. ‘SR 5 RTEN” BESKRET, FREN. TRAMEFEERKENE
BREESEAHHENL, CRARREBMERTIRRAR. R, Ko TRRERFEREEO-HEER
15118 K] /mol) fE HAEE M KA T ISR AR . AR RGBS T KERNEREER VA B K&
PSR SHERR.

XK ia
s, KA, FAHLER

Recent Advances in the Use of Water as an
Oxygen Source in Organic Synthesis

Jiaxuan Zhao

School of Chemistry and Chemical Engineering, Lanzhou Jiaotong University, Lanzhou Gansu

Received: March 12, 2026; accepted: May 28, 2026; published: June 8, 2026

Abstract

Oxidation reactions are among the most fundamental transformations in organic synthesis; how-
ever, the use of traditional chemical oxidants often entails severe challenges, including low atom
economy and environmental pollution. Driven by the principles of “green chemistry” and “atom
economy,” the direct incorporation of water—an inexpensive, non-toxic, and naturally abundant
reagent—as an oxygen source in organic transformations has emerged as a highly active frontier
in modern synthetic chemistry. Nevertheless, the inherent thermodynamic stability of the water
molecule (O-H bond dissociation energy up to 118 kJ/mol) makes its activation under mild con-
ditions exceptionally challenging. This review systematically summarizes recent advances and
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provides mechanistic insights into the utilization of water as an oxygen source in organic synthe-
sis.
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Figure 1. Types of common oxidants
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Figure 2. Traditional organic reactions involving water
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Figure 3. Anti-Markovnikov hydration of alkenes
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Figure 4. Silver-catalyzed anti-Markovnikov fluorohydroxylation of alkenes
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Figure 5. Asymmetric bromohydroxylation of styrene
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Figure 6. Chiral phosphoric acid-catalyzed asymmetric bromohydroxylation
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Figure 7. Ru-catalyzed conversion of alcohols and water to carboxylic acids
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Figure 8. Mechanism of Ru-catalyzed conversion of alcohols and water to carboxylic acids
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Figure 9. Ru-catalyzed synthesis of lactams from cyclic amines and water
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Figure 10. Mechanism of Ru-catalyzed synthesis of lactams from cyclic amines and water
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Figure 11. Ru/In-cocatalyzed oxidative transformation of alkenes with water
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Figure 12. Mechanism of Ru/In-cocatalyzed oxidative transformation of alkenes with water
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Figure 13. Ru-catalyzed oxidation of furfural with water
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Figure 14. Ru-catalyzed oxidation of alkyl halides with water
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Figure 15. Water as H/O source for N-heteroarene oxidation to lactams
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Figure 16. Water as H/O source for N-heteroarene oxidation to lactams
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Figure 17. Carbonylation of benzylic and allylic C-H bonds with water
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Figure 18. Photocatalytic asymmetric oxidation of tertiary phosphines using water
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Figure 19. Selective electrooxidation of biomass-derived alcohols to aldehydes
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Figure 20. Electrocatalytic dihydroxylation of unactivated alkenes with water
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Figure 21. Hexafluoroisopropanol-assisted direct electrochemical C-H hydroxylation of benzylic bonds
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Figure 22. Highly efficient Mn-catalyzed photocatalytic oxidation using water as the oxygen source
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Figure 23. Metallaphotocatalytic oxidation of thioethers in water
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Figure 24. Metallaphotocatalytic anti-Markovnikov oxidation of S-alkyl styrenes with water
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Figure 25. Photocatalytic hydrogen-evolving cross-coupling (PHCC) for C-H hydroxylation of benzene
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Figure 26. Iron-catalyzed electrochemical C-H oxidation and alcohol dehydrogenation using water as the oxygen source
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Figure 27. Manganese-catalyzed electrochemical epoxidation of alkenes using water as the oxygen source
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Figure 28. Direct epoxidation of propylene on Pd-Pt electrocatalysts via water activation
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Figure 29. Selective nickel-electrocatalyzed C-H oxidation of alkylarenes
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Figure 30. Photoelectrocatalytic water-mediated oxidation of alkenes under visible light
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Figure 31. Photoelectrocatalytic oxidation of unactivated aliphatic C-H bonds using water as the source
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Figure 32. Examples of spontaneous catalytic reactions in water microdroplets
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