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Procedure (Note 1) 

A. 1,3-Dihydroxyphenazine dioxide (3).  A 500-mL three-necked flask 
equipped with an oval Teflon-coated stir bar (50 mm x 20 mm), argon inlet, 
and two rubber septa is charged with benzofuroxan (10.0 g, 98%, 73.4 mmol, 
1.0 equiv) (Note 2), and phloroglucinol (9.26 g, 73.4 mmol, 1.0 equiv) (Note 
3).  Methanol (100 mL) (Note 4) is added, and the mixture stirred at room 
temperature under streaming argon until the solids dissolved. N,N-
Diisopropylethylamine (13.8 mL, 129 mmol, 1.1 equiv) (Note 5) is added to 
the mixture followed by deionized water (26 mL).  Upon addition of the 
amine and water, the solution turns a deep green color, as shown in Figure 1.  
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Figure 1.  Reaction setup immediately upon addition of water and N,N-

diisopropylamine (Photo provided by authors) 
 

After stirring at room temperature for 18 h, the reaction is quenched by 
addition of 100 mL of aqueous HCl (1.2 M) (Note 6).  The reaction solution is 
then further diluted by the addition of 200 mL of deionized water and 
allowed to stir for 20 min. The purple solid formed is isolated by filtration 
through a 150-mL medium porosity (grade 3) sintered glass funnel and 
washed with three 20 mL portions of deionized water (Note 7). The crude 
material, still in the sintered glass funnel, is resuspended in the funnel with 
50 mL of ethanol (Note 8) with stirring. After the solid is resuspended and 
the solution resembled a slurry it is allowed to slowly filter (Figure 2).  

 

 
Figure 2.  Intermediate 1,3-dihydroxyphenazine dioxide being 

resuspended in ethanol with a metal spatula and filtered (Photo provided 
by authors) 

The crude material is then dried for 18 h under reduced pressure using a 
high vacuum pump (0.2 mbar, 20 °C) (Note 9) to yield the crude product as a 
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purple powder (9.62 g) (Note 10). The dried crude powder is then added to a 
250-mL Erlenmeyer flask and resuspended in 100 mL of phosphate buffer 
(pH 7.0, 100 mM) (Note 11).  The resulting slurry is allowed to stir vigorously 
overnight. The purified intermediate is then isolated by filtration through a 
60-mL fine porosity sintered glass funnel (grade 4) and washed with two 
portions of 20 mL of deionized water to remove any residual buffer salts. The 
wet solid is dried for 18 h under reduced pressure using a high vacuum pump 
(0.2 mbar, 20 °C) (Note 9) to yield the intermediate as a fine purple powder 
(9.14 g, 51%) (Note 12).  The intermediate, 1,3-dihydroxyphenazine dioxide, 
is characterized by 1H NMR, 13C NMR, and IR, matching the previously 
published data (Note 13).2  This solid is recrystallized before use in the next 
step to yield 7.59 g 1,3-dihydroxyphenazine dioxide (42% yield overall, 83% 
yield for recrystallization) (Note 14).  
 

 
Figure 3.  A) 1,3-Dihydroxyphenzine dioxide after the final drying step. 
(Photo provided by authors) B) Small portion of 1,3-dihydroxyphenzine 

dioxide after recrystallization (Photo provided by checkers) 
 

B. 1,3-Dihydroxyphenazine (4). A 500-mL three-necked round bottom flask 
equipped with an oval, Teflon-coated stir bar (50 mm x 20 mm), argon inlet, 
and two rubber septa is charged with 1,3-dihydroxyphenazine dioxide (6.00 
g, 24.6 mmol, 1 equiv) and 110 mL of deionized water.  Potassium hydroxide 
(8.11 g, 123 mmol, 5 equiv, 85%, technical grade) is then added as a 5 mL 
solution to the slurried mixture of 1,3-dihydroxyphenazine dioxide.  Upon 
addition of the base, the mixture becomes a dark green homogenous solution 
(Figure 4).  
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Figure 4.  Addition of aqueous potassium hydroxide to a slurry of 1,3-

dihydroxyphenazine dioxide results in the formation of a homogeneous 
green solution (Photo provided by authors) 

 
The solution is allowed to stir at room temperature for 30 min under 

flowing argon to ensure complete dissolution. Sodium dithionite (8.26 g, 41.8 
mmol, 1.7 equiv., 88%, technical grade, Note 16) is then added to the reaction 
solution over the course of 15 min.  The reaction is allowed to stir for 2 h 
under flowing argon at which point the reaction is exposed to air and allowed 
to continue to stir for 18 h.  The reaction is then quenched by the addition of 
glacial acetic acid (approximately 1 mL, Note 17) until the solution reached a 
pH of 5.0, as monitored by a pH probe (due to the color of the solution).  The 
crude product is then isolated by filtration through a 60 mL medium porosity 
sintered glass funnel (grade 3) and washed with two 20 mL portions of 
deionized water and dried for 18 h under reduced pressure using a high 
vacuum pump (0.2 mbar, 20 °C) (Note 9).  The crude product (5.53 g) is 
redissolved in 50 mL of N,N-dimethylformamide in a 100-mL Erlenmeyer 
flask equipped with an oval, Teflon-coated stir bar (50 mm x 20 mm).  
Decolorizing charcoal (2.5 g) (Note 18) is added, and the mixture is allowed 
to stir for 24 h.  The decolorizing charcoal is removed by filtering the mixture 
through a pad of Celite (Note 19).  The Celite pad is washed successively with 
2.5 mL of N,N-dimethylformamide and 10 mL of acetone.  Deionized water 
(200 mL) is added slowly (over 15 s) to the filtrate and the solution is allowed 
to stand for 1 h without stirring while cooling in an ice bath at 0 °C.  The solid 
precipitate is filtered through a 60 mL medium porosity sintered glass funnel 
(grade 3) and washed with two 10 mL portions of deionized water. The wet 
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solid is dried for 18 h under reduced pressure using a high vacuum pump 
(0.2 mbar, 20 °C) (Note 9) to yield the title compound as orange-brown 
microneedles (2.61 g, 50% relative to starting 1,3-dihydroxyphenazine 
dioxide) (Note 20).  The title compound is characterized by 1H NMR, 13C 
NMR, IR, HR-ESI MS, Elemental Analysis, and quantitative NMR (Notes 21, 
22) matching previously published reports of the compound.2 Powder X-ray 
diffraction shows that freshly recrystallized 1,3-dihydroxyphenazine 
crystallizes as a pentahydrate.  When the solid is allowed to dry, two different 
solid crystal forms of 1,3-dihydroxyphenazine are identified (Note 15). 
 

 
Figure 5.  1,3-Dihydroxyphenazine following final recrystallization and 

drying (Photo provided by authors) 
 
 
Notes 
 
1. Prior to performing each reaction, a thorough hazard analysis and risk 

assessment should be carried out with regard to each chemical substance 
and experimental operation on the scale planned and in the context of the 
laboratory where the procedures will be carried out. Guidelines for 
carrying out risk assessments and for analyzing the hazards associated 
with chemicals can be found in references such as Chapter 4 of “Prudent 
Practices in the Laboratory" (The National Academies Press, Washington, 
D.C., 2011; the full text can be accessed free of charge at 
https://www.nap.edu/catalog/12654/prudent-practices-in-the-
laboratory-handling-and-management-of-chemical. See also 
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“Identifying and Evaluating Hazards in Research Laboratories” 
(American Chemical Society, 2015) which is available via the associated 
website “Hazard Assessment in Research Laboratories” at 
https://www.acs.org/content/acs/en/about/governance/committees
/chemicalsafety/hazard-assessment.html. In the case of this procedure, 
the risk assessment should include (but not necessarily be limited to) an 
evaluation of the potential hazards associated with benzofuroxan, 
phloroglucinol, methanol, N,N-dimethylformamide, N,N-
diisopropylethylamine, ethanol, hydrochloric acid, potassium 
dihydrogen phosphate, potassium hydroxide, and sodium dithionite.  

2. Benzofuroxan (98%) was obtained from Thermo Scientific and used as 
received. 

3. Phloroglucinol was obtained from Sigma Aldrich and used as received. 
4. All solvents were purchased from major suppliers and used as received.  

Checkers: Methanol, HPLC grade, Fischer Scientific; N,N-
dimethylformamide (with Sure Seal), Fisher Scientific; acetone, analytical 
reagent grade, Fischer Scientific. Authors:  methanol, ACS grade, 
Pharmco; N,N-dimethylformamide, (with Sure Seal), Sigma Aldrich; 
acetone, ACS grade, Pharmco.  

5. Diisopropylethylamine was obtained from Beantown Chemical (authors) 
or Sigma Aldrich (checkers) and used as received. 

6. Concentrated HCl was purchased from Pharmco (authors) or Sigma 
Aldrich (checkers) and used as received. 

7. A fine porosity sintered glass filter (grade 4) may also be used. 
8. Ethanol, 200 proof, was purchased from Pharmco (authors) or Fisher 

Scientific (checkers, ACS reagent grade) and used as received.   
9. The authors dried the material in a vacuum oven for 18 h (100 mm Hg, 

40 ºC).  
10. A second run, performed on half scale, gave 5.06 g of crude material. The 

authors obtained 8.49 g on full scale. 
11. 100 mM phosphate buffer was made by dissolving 2.72 g of KH2PO4 

(Sigma Aldrich - authors; Merck - checkers) in 200 mL of deionized water 
and correcting the pH to 7.0 with KOH (85%, Beantown Chemical - 
authors or Fisher Scientific - checkers). 

12. A second run by the checkers, performed on half scale, gave 4.51 g (50%) 
yield. Two runs, performed by the authors on full scale, gave 7.78 g (43%) 
and 7.64 g (43%). 

13. Fine purple powder. 1H NMR (600 MHz, DMSO- d6) d: 14.95 (s, 1H), 11.23 
(s, 1H), 8.49 (dd, J = 7.9, 1.8 Hz, 1H), 8.45 (d, J = 7.9, 1.97 Hz, 1H), 7.90 (m, 
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2H), 7.20 (d, J = 2.4 Hz, 1H), 6.67 (d, J = 2.4 Hz, 1H).  13C NMR (151 MHz, 
DMSO-d6) d: 161.7, 154.8, 137.8, 135.4, 131.7, 131.6, 130.6, 122.3, 118.8, 
118.6, 105.5, 90.6. IR (AT-IR) n: 3093, 1641, 1570, 1472, 1393, 1305, 857, 804 
cm-1. mp > 250 °C.  

14. The authors reported use of the intermediate without further 
purification. The checkers found that, while not influencing the success 
of the reaction, recrystallization assures the highest reproducibility with 
regard to the purity of the final product. 1,3-Dihydroxyphenazine 
dioxide (9.14 g, 36.9 mmol) was dissolved in 450 mL of N,N-
dimethylformamide and allowed to stir for 30 min to ensure complete 
dissolution.  Water (675 mL) was then added slowly, and the solution 
was cooled in an ice bath without stirring.  After 30 min in an ice bath the 
solution was filtered using a 150 mL medium porosity (grade 3) sintered 
glass funnel and washed with two 40 mL portions of deionized water. 
The purple solid was dried under a reduced pressure using a high 
vacuum pump (0.2 mbar, 20 °C) for 18 h to yield 7.59 g of product. 
Recrystallizations by the checkers gave yields of 83% and 81% starting 
from the non-recrystallized material. This recrystallization produced a 
microcrystalline powder of sufficient quality for analysis by powder 
diffraction.  The powder X-ray diffraction pattern obtained from this 
solid indicates that 1,3-dihydroxyphenazine dioxide crystallized with an 
equivalent of DMF and 1.5 equivalents of water (Note 15). 

15. The X-ray powder diffraction patterns of 1,3-dihydroxyphenazine 
dioxide (DMF)(H2O)1.5, 1,3-dihydroxyphenazine(H2O)5, and one form of 
1,3-dihydroxyphenazine were measured on PANalytical Empyrean 
diffractometer equipped with an incident-beam focusing mirror and an 
X’Celerator detector.  The patterns (1-50° 2θ, 0.0083556° steps, 4.0 
sec/step, 1/4° divergence slit, 0.02 radian Soller slits) was measured from 
0.7 mm diameter capillary specimens using Mo Kα radiation.  The pattern 
of the second form of 1,3-dihydroxyphenazine was measured on 
PANalytical X’Pert Pro diffractometer equipped with an X’Celerator 
detector.  The pattern (4-100° 2θ, 0.016711° steps, 4.0 sec/step, 1/2° 
divergence slit, 0.04 radian Soller slits) was measured from a flat-plate 
specimen using Cu Kα radiation. 

16. Sodium dithionite (88%) was purchased from Sigma Aldrich and used 
without further purification.  Other grades of sodium dithionite have also 
been used with satisfactory results. While the grade did not have an 
impact, the checkers found that the reaction performed significantly 
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better with freshly obtained sodium dithionite, as a reaction conducted 
with an old batch did not yield any appreciable amounts of the desired 
product. 

17. Glacial acetic acid was purchased from Pharmco (authors) or   
Titolchimica (checkers) and used as received. 

18. Decolorizing Charcoal (DarcoÒ, G-60) was purchased from J.T. Baker 
Chemical Company and used as received. 

19. CeliteÒ 545 was purchased from Supelco (authors) or Sigma Aldrich 
(checkers) and used as received. 

20. A second run, performed by the checkers on half scale, gave 1.24 g (48%). 
Two full-scale runs performed by the authors provided 2.71 g (52%) and 
2.32 g (45%) of product.   

21. Orange-brown microneedles.  1H NMR (500 MHz, DMSO-d6) d:  10.64 (s, 
1H), 10.62 (s, 1H), 8.18 (dd, J = 8.4, 0.8 Hz, 1H), 8.06 (dd, J = 8.8, 0.7 Hz, 
1H), 7.85 (ddd, J = 8.6, 6.6, 1.6 Hz, 1H), 7.77 (ddd,  J = 8.5, 6.6, 1.4 Hz, 1H), 
6.85 (d, J = 2.37 Hz, 1H), 6.82 (d, J=2.39 Hz, 1H).  13C NMR (126 MHz, 
DMSO-d6) d:161.0, 154.5, 145.4, 143.3, 139.2, 133.0, 130.7, 129.4, 128.3 (2C), 
105.0, 98.6. IR (AT-IR) n: 3367, 2981, 2813, 2639, 1640, 1631, 1455, 1159, 999, 
860 cm-1.  HR-ESI MS m/z calculated for C12H9N2O2 [M+H], 213.0559, 
found 213.0659. mp > 250 °C. 

22. Analysis by qNMR relative to an internal standard of dibromomethane 
(99%, Sigma Aldrich) found the solid to be 98.5% pure by mass. The 
checkers reported qNMR purities by mass of 98.8% and 98.3% relative to 
a standard of p-dichlorobenzene). 
 

 
Working with Hazardous Chemicals 
 

The procedures in Organic Syntheses are intended for use only by persons 
with proper training in experimental organic chemistry.  All hazardous 
materials should be handled using the standard procedures for work with 
chemicals described in references such as "Prudent Practices in the 
Laboratory" (The National Academies Press, Washington, D.C., 2011; the full 
text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654).  All chemical waste 
should be disposed of in accordance with local regulations.  For general 
guidelines for the management of chemical waste, see Chapter 8 of Prudent 
Practices.  
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In some articles in Organic Syntheses, chemical-specific hazards are 
highlighted in red “Caution Notes” within a procedure.  It is important to 
recognize that the absence of a caution note does not imply that no significant 
hazards are associated with the chemicals involved in that procedure.  Prior 
to performing a reaction, a thorough risk assessment should be carried out 
that includes a review of the potential hazards associated with each chemical 
and experimental operation on the scale that is planned for the procedure.  
Guidelines for carrying out a risk assessment and for analyzing the hazards 
associated with chemicals can be found in Chapter 4 of Prudent Practices. 

The procedures described in Organic Syntheses are provided as published 
and are conducted at one's own risk.  Organic Syntheses, Inc., its Editors, and 
its Board of Directors do not warrant or guarantee the safety of individuals 
using these procedures and hereby disclaim any liability for any injuries or 
damages claimed to have resulted from or related in any way to the 
procedures herein. 
 
Discussion 
 

The ability to effectively store energy produced by intermittent 
renewable sources is a critical challenge for chemists and materials scientists.  
Redox flow batteries (RFB), which generate current by the flow of electrons 
between dissolved redox active compounds in separate solutions, are 
envisioned as a method to store renewable energy at the electrical grid scale.  
The best known examples of RFBs are driven by redox active metal or main 
group complexes.3–6  Within the past decade, redox active organic molecules 
have begun to be used in the construction of RFBs with high cell potential 
and cycle stability, at economical price points.7–11 Of particular interest are 
substituted dihydroxyphenazines, a class of heterocycles, that have recently 
been used as an anolyte for aqueous organic RFBs.12  Recent work indicates 
that different regioisomers of dihydroxyphenazine show dramatically 
different solubility and stability under electrochemical cycling conditions.2  
Of particular interest was 1,3-dihydroxyphenazine (Figure 6), which showed 
greater than 1.5 M solubility in 2M aqueous potassium hydroxide and 
excellent electrochemical stability.  Previously reported methods of 
producing 1,3-dihydroxyphenazine, however, are low yielding and 
cumbersome.2,13–15  In this work we report an improved method of producing 
1,3-dihydroxyphenazine at high purity and moderate yield.  This method 
was used by the Materials Engineering Research Facility (MERF) at Argonne 
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National Lab to deliver more than 1.5 kg of this compound for use in the 
construction of aqueous organic RFBs. 
 

 
Figure 6.  The structure of 1,3-dihydroxyphenazine 

 
Previous methods of producing 1,3-dihydroxyphenazine have appeared 

several times in the chemical literature.  As shown in Scheme 1A, Yosioka 
and coworkers produced 1,3-dimethoxyphenazine in low yield by 
condensing aniline and 4-nitroresorcinol dimethylether with potassium 
hydroxide in refluxing toluene.13  This intermediate, 1,3-
dimethoxyphenazine, was then demethylated using hydrobromic acid in 
acetic acid to yield 1,3-dihydroxyphenazine.  The yield of 1,3-
dihydroxyphenazine produced in the demethylation step was not reported.  
As shown in Scheme 1B, Clemo and Daglish report the synthesis of 1,3-
dihydroxyphenazine via the hydrolysis of 1,3-diaminophenazine.14,16  The 
hydrolysis step proceeds in 20% yield leading to an overall 9% yield from a 
starting material of picaryl-o-phenylenediamine. 
 

  
Scheme 1. A. Synthesis of 1,3-DHP via an intermediate of 1,3-

dimethoxyphenazine. B.  Synthesis of 1,3-dihydroxyphenazine from an 
intermediate of 1,3-diaminophenazine 

 
Haddadin and coworkers reported a different route to 1,3-

dihydroxyphenazine using a reactive aryl nitroso intermediate.17  As shown 
in Scheme 2, o-phenylenediamine is first oxidized by peracetic acid to o-
nitrosoaniline in low yield (17%) followed by cyclization with phloroglucinol 
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in basic methanol.  From o-phenylenediamine, 1,3-dihydroxyphenazine was 
produced in 4% yield. 

  
Scheme 2.  Synthesis of 1,3-dihydroxyphenazine via an intermediate of o-

nitrosoaniline 
 

More recently, Wellala et al. reported a synthesis of 1,3-
dihydroxyphenazine (3) via the reduction of a 1,3-dihyroxyphenazine 
dioxide intermediate.2  As shown in Scheme 3, the authors produced 1,3-
dihyroxyphenazine via the condensation of benzofuroxan and 
phloroglucinol using potassium hydroxide in a mixture of water and THF. 
The intermediate was purified by recrystallization from DMSO/Acetone and 
DMSO/H2O.  Reduction of the N-oxide intermediate via sodium dithionite 
and subsequent Soxhlet extraction with acetone yielded 1,3-
dihydroxyphenazine in 16.8% yield from the starting benzofuroxan.  Similar 
preparations of the intermediate 1,3-dihyroxyphenazine have been reported, 
in yields ranging from 26-32%, but to the best of our knowledge, Wellala and 
coworkers were the first to reduce 1,3-dihydroxyphenazine dioxide to 1,3-
dihydroxyphenazine.15,18,19 
 

  
Scheme 3.  Synthesis of 1,3-dihydroxyphenazine via an intermediate of 
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The procedure reported in this work for the synthesis of 1,3-
dihydroxyphenzaine follows the basic scheme originally published by 
Wellala and coworkers.2  As shown in Scheme 4, 1,3-dihydroxyphenazine 
dioxide (3) is first produced through the condensation of benzofuroxan and 
phloroglucinol using N,N-diisopropylethylamine (DIPEA) in a mixed solvent 
of water and methanol.  The intermediate was then reduced with sodium 
dithionite in basic water to yield 1,3-dihydroxyphenzanine in 23% overall 
isolated yield in two steps from benzofuroxan. 
 

 
Scheme 4.  New method to produce 1,3-DHP at scale 

 
There are several advantages of the preparation in this work over 

previously published methods.  First, the use of N,N-diisopropylethylamine 
in a mixed solvent of methanol and water produces 1,3-dihydroxyphenazine 
dioxide at higher yield than previously reported formations in basic water 
and THF.  Moreover, the product was produced more cleanly than methods 
using metal hydroxide bases.  The cleaner product allows a time-consuming 
recrystallization from DMSO/Acetone and DMSO/Water to be replaced 
with a pH 7 buffer wash. The solid 1,3-dihydroxyphenazine dioxide obtained 
is then carried forward to the next step without further purification as the 
small amount of impurity could be easily removed when the final 1,3-
dihydroxyphenazine was purified.  The reduction step of this synthesis is 
very similar to that originally proposed by Wellala and coworkers, but we 
report that a sub-stoichiometric amount of sodium dithionite (1.7 
equivalents) yields a cleaner reaction with fewer side products.  Lastly, the 
final purification by Soxhlet extraction with acetone is replaced with a 
recrystallization from DMF/water which is more amenable to production of 
the compound at scale.  Finally, recrystallization of both the intermediate 1,3-
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dihydroxyphenazine dioxide and 1,3-dihydroxyphenazine produces 
microcrystalline powders suitable for powder X-ray diffraction.  Powder X-
ray diffraction analysis yielded a structure of 1,3-dihydroxyphenazine 
dioxide and 3 unique structures of 1,3-dihydroxyphenazine.   

The crystal structure of 1,3-dihyroxyphenazine dioxide(DMF)(H2O)1.5 is 
characterized by stacks of 1,3-dihydroxyphenazine dioxide molecules along 
the b-axis.  These stacks form layers parallel to the ab-planes, with layers of 
DMF/H2O and H2O molecules between them.  One water molecule (on a 2-
fold axis) links DMF molecules, while the other hydrogen bonds to the 1,3-
dihydroxyphenazine dioxide molecules.  

The crystal structure of 1,3-dihydroxyphenazine(H2O)5 is characterized 
by stacks of 1,3-dihydroxyphenazine molecules along the a-axis.  These stacks 
form layers parallel to the ab-planes, with layers of H2O molecules between 
them.  An extensive network of hydrogen bonds links both the water 
molecules and the 1,3-dihydroxyphenazine molecules. One form of 1,3-
dihydroxyphenazine crystallizes in space group P1, with Z' = 3, while 
another form crystallizes in Pbca with Z' = 1 (Figure 7). Hydrogen bonding is 
more prominent in the orthorhombic structure, linking the molecules into 
chains along the c-axis. 
 

 
Figure 7. Structure of 1,3-dihydroxyphenazine (parent Pbca space group) 

as determined via powder X-ray diffraction. The blue structure represents 
the experimental structure determined via Rietveld refinement while the 

red structure represents that indicated via DFT calculation 



 

 Org. Synth. 2025, 102, 45–63                         DOI: 10.15227/orgsyn.102.0045 
 

58 

References 
 
1. Argonne National Laboratory, Materials Engineering Research Facility, 

9700 S. Cass Avenue, Lemont, IL 60439.  Pacific Northwest National 
Laboratory, 902 Battelle Boulevard, Richland, Washington 99352.  North 
Central College, 40 N. Brainard Street, Naperville, Illinois 60540.  Email:  
ncboaz@noctrl.edu.  Argonne National Laboratory’s Work Is Supported 
by the U.S. Department of Energy, Office of Energy Efficiency and 
Renewable Energy (EERE), Office of Vehicle Technologies (VTO) under 
Contract DE-AC02-06CH11357.  Additionally, the Authors Would like to 
Acknowledge Financial Support from the U.S. DOE Office of Electricity 
through Its Energy Storage Program at Pacific Northwest National 
Laboratory (PNNL) under Contract No.70234. PNNL Is a Multi-Program 
National Laboratory Operated by Battelle for DOE under Contract DE-
AC05-76RL01830. 

2. Wellala, N. P. N.; Hollas, A.; Duanmu, K.; Murugesan, V.; Zhang, X.; 
Feng, R.; Shao, Y.; Wang, W. Decomposition Pathways and Mitigation 
Strategies for Highly-Stable Hydroxyphenazine Flow Battery Anolytes. 
J. Mater. Chem. A 2021, 9 (38), 21918–21928. 
https://doi.org/10.1039/D1TA03655F. 

3. Ding, C.; Zhang, H.; Li, X.; Liu, T.; Xing, F. Vanadium Flow Battery for 
Energy Storage: Prospects and Challenges. J. Phys. Chem. Lett. 2013, 4 (8), 
1281–1294. https://doi.org/10.1021/jz4001032. 

4. Noack, J.; Roznyatovskaya, N.; Herr, T.; Fischer, P. The Chemistry of 
Redox-Flow Batteries. Angew. Chem. Int. Ed. 2015, 54 (34), 9776–9809. 
https://doi.org/10.1002/anie.201410823. 

5. Weber, A. Z.; Mench, M. M.; Meyers, J. P.; Ross, P. N.; Gostick, J. T.; Liu, 
Q. Redox Flow Batteries: A Review. J Appl Electrochem 2011, 41 (10), 1137–
1164. https://doi.org/10.1007/s10800-011-0348-2. 

6. Soloveichik, G. L. Flow Batteries: Current Status and Trends. Chem. Rev. 
2015, 115 (20), 11533–11558. https://doi.org/10.1021/cr500720t. 

7. Wei, X.; Pan, W.; Duan, W.; Hollas, A.; Yang, Z.; Li, B.; Nie, Z.; Liu, J.; 
Reed, D.; Wang, W.; Sprenkle, V. Materials and Systems for Organic 
Redox Flow Batteries: Status and Challenges. ACS Energy Lett. 2017, 2 (9), 
2187–2204. https://doi.org/10.1021/acsenergylett.7b00650. 

8. Winsberg, J.; Hagemann, T.; Janoschka, T.; Hager, M. D.; Schubert, U. S. 
Redox-Flow Batteries: From Metals to Organic Redox-Active Materials. 



 

 Org. Synth. 2025, 102, 45–63                         DOI: 10.15227/orgsyn.102.0045 
 

59 

Angew. Chem. Int. Ed. 2017, 56 (3), 686–711. 
https://doi.org/10.1002/anie.201604925. 

9. Leung, P.; Shah, A. A.; Sanz, L.; Flox, C.; Morante, J. R.; Xu, Q.; Mohamed, 
M. R.; Ponce de León, C.; Walsh, F. C. Recent Developments in Organic 
Redox Flow Batteries: A Critical Review. Journal of Power Sources 2017, 
360, 243–283. https://doi.org/10.1016/j.jpowsour.2017.05.057. 

10. Luo, J.; Hu, B.; Hu, M.; Zhao, Y.; Liu, T. L. Status and Prospects of Organic 
Redox Flow Batteries toward Sustainable Energy Storage. ACS Energy 
Lett. 2019, 4 (9), 2220–2240. 
https://doi.org/10.1021/acsenergylett.9b01332. 

11. Singh, V.; Kim, S.; Kang, J.; Byon, H. R. Aqueous Organic Redox Flow 
Batteries. Nano Res. 2019, 12 (9), 1988–2001. 
https://doi.org/10.1007/s12274-019-2355-2. 

12. Hollas, A.; Wei, X.; Murugesan, V.; Nie, Z.; Li, B.; Reed, D.; Liu, J.; 
Sprenkle, V.; Wang, W. A Biomimetic High-Capacity Phenazine-Based 
Anolyte for Aqueous Organic Redox Flow Batteries. Nat Energy 2018, 3 
(6), 508–514. https://doi.org/10.1038/s41560-018-0167-3. 

13. Yosioka, I.; Otomasu, H. Studies on Phenazines. VI. : Synthesis of Iodinin 
Isomers. (3) : Syntheses of 1, 3-, 1, 4-, and 2, 3-Dihydroxyphenazine Di-N-
Oxides. Pharmaceutical Bulletin 1954, 2 (1), 53–59. 
https://doi.org/10.1248/cpb1953.2.53. 

14. Clemo, G.R., G. R.; Daglish, A.F. The Synthesis of 1:3-
Dihydroxyphenazine. Journal of the Chemical Society (Resumed) 1948, 2318–
2322. 

15. El-Haj, M. J. A.; Dominy, B. W.; Johnston, J. D.; Haddadin M. J.; 
Issidorides, C. H. New Route to Phenazine 5,10-Dioxides and Related 
Compounds. J. Org. Chem. 1972, 37 (4), 589–593. 
https://doi.org/10.1021/jo00969a015. 

16. Albert, A.; Duewell, H. Improved Syntheses of Phenazines. Part I. 1-
Aminophenazine and 1:3 Diaminophenazine. J. Chem. Technol. Biotechnol. 
1947, 66 (1), 11–13. https://doi.org/10.1002/jctb.5000660105. 

17. S. H. Demirdji; M. J. Haddadin; C.H. Issidorides. Synthesis and Some 
Reactions of O-Nitrosoaniline. Heterocycles 1979, 12 (3), 323–327. 

18. Johnston, J. D.; Abuel-haj, Marwan J. Process for the Preparation of 
Phenazine Di-N-Oxides and Related Compounds. 3,567,728, March 2, 
1971. 

19. Seng, Florin; Ley, Kurt. Process For the Preparation of Hydroxy-
Phenazine-Di-N-Oxides. 3,594,382, July 20, 1971. 

 



 

 Org. Synth. 2025, 102, 45–63                         DOI: 10.15227/orgsyn.102.0045 
 

60 

 
Appendix 

Chemical Abstracts Nomenclature (Registry Number) 
 

Benzofuroxan: 2,1,3-benzoxadiazol-1-ium-1-olate; (480-96-6) 
Phloroglucinol: benzene-1,3,5-triol ; (108-73-6) 

N,N-Diisopropylethylamine: ethylbis(propan-2-yl)amine; (7087-68-5) 
Concentrated hydrochloric acid: hydrogen chloride; (7647-01-0) 

Ethanol; (64-17-5) 
Potassium dihydrogen phosphate; (7778-77-0) 

Potassium Hydroxide; (1310-58-3) 
1,3-dihydroxyphenazine dioxide: 1,3-phenazinediol, 5, 10-dioxide (25629-

70-3) 
Sodium Dithionite; (7775-14-6) 

1,3-dihydroxyphenazine:1,3-phenazinediol; (4217-35-0) 
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1H NMR of 1,3-dihydroxyphenazine dioxide in d6-DMSO following recrystallization from DMF/water. Please note the resonance assigned to the 

hydroxyl group on the 1 position of 1,3-dihydroxyphenazine dioxide is sharper and more easily identified after recrystallization. 



 

13C NMR of 1,3-dihydroxyphenazine dioxide in d6-DMSO following recrystallization from DMF/water.  

 



 

1H NMR of 1,3-dihydroxyphenazine in d6-DMSO. 

 



 

13C NMR of 1,3-dihydroxyphenazine in d6-DMSO. 

 



 

qNMR purity test for 1,3-dihydroxyphenazine relative to an internal standard of 1,1-dibromomethane. 

 


