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spectra was speculated. 

Chapter 5: Based on some performances of the phenazine derivatives containing 

carbazoles, it showed that they had the potential as hole-transporting materials. 

Each chapter could provide a summary of the conclusions arrived through the 

experimental research and analysis. 
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Chapter 1 

 Introduction 

Phenazines have been known since the nineteenth century, many of which initially 

isolated from natural sources and afterward obtained synthetically. These phenazine 

natural products have been implicated in the virulence and competitive fitness of 

producing organisms. For example, the pyocyanin produced by Pseudomonas 

aeruginosa contributes to its ability to colonise the lungs of cystic fibrosis patients. 

Similarly, phenazine-1-carboxylic acid, produced by a number of Pseudomonas, 

increases survival in soil environments and has been shown to be essential for the 

biological control activity of certain strains.1-3 Pseudomonas aeruginosa produces 

variety of extracellular pigments, of which phenazines comprise a significant portion. 

The phenazine pigments have the potential to use as food colourants.4 Small 

modifications of the phenazine structure give rise to a full spectrum of colors, ranging 

from the deep red of 5-methyl-7-amino-1-carboxy phenazinium betaine (aeruginosin 

A) to the lemon yellow of phenazine-1-carboxylic acid (PCA), to the deep blue of 

1-hydroxy-5-methylphenazine (pyocyanin).5 

 
The aromatic phenazine nucleus (I) occurs in nature in a number of brightly colored 

compounds produced by bacteria of genus Pseudomonas. The deep blue pigment 

pyocyanin (II) is found in cultures of Ps.aeruginosa and represents the first reported 

occurrence of the phenazine nucleus in a natural product.6 Chlororaphin (3:1 

molecular compound of phenazine-1-carboxamide (III) and its 

5,10-dihydroderivative7), iodinin (IV) (the purple pigment of Ps.Iodinum8), 

phenazine-1-carboxylic acid9 (a bright yellow compound produced by 
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Nitrosoaniline Conditions  phenazine  Yields (%) 

1f 

 

K2CO3/MeOH, rt, 
2.5h 

 

2f 56 

 

2i 22 

1g 

 

BSA/DMF, rt, 32h 
 

2g 43 

 

2h 21 

1h 

 

BSA/DMF, rt, 45h 

 

2j 88 

1i 

 

AcOH, reflux, 2 h  

2j 21 

 
2k 68 
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extract was washed with water, brine and dried with anhydrous Mg2SO4. The solvent 

was evaporated in vacuo and the residue was purified by column chromatography 

(SiO2, hexane/ethyl acetate). 

Reaction conditions and yields for the synthesis of particular phenazines are 

collected in Table 2.2. 
3-Chloro-1-methoxyphenazine (2a): Pale yellow solid; m.p: 163-165 °C; 1H NMR 

(400 MHz, DMSO-d6) δ 8.27-8.29 (dd, J = 8.3, 1.8 Hz, 1H), 8.20-8.22 (dd, J = 8.3, 

1.8 Hz, 1H), 7.95-8.03 (m, 2H), 7.83 (d, J = 2.1 Hz, 1H), 7.29 (d, J = 2.1 Hz, 1H), 

4.12 (s, 3H); MS (EI, 70 eV): m/z (%) 244 [M+] (90), 215 (100), 209 (63), 179 (54), 

152 (9). 

1, 8-Dichlorophenazine (2b): Pale brown solid; m.p: 220-224 °C; 1H NMR (400 

MHz, DMSO-d6) δ 8.46 (d, J = 2.1 Hz, 1H), 8.34-8.36 (d, J = 9.2 Hz, 1H), 8.26-8.28 

(dd, J = 8.6, 1.36 Hz, 1H), 8.21-8.23 (dd, J = 7.2, 1.36 Hz, 1H), 8.04-8.06 (dd, J = 

9.2, 2.4 Hz, 1H), 7.95-7.99 (dd, J = 8.9, 7.2 Hz, 1H); MS (EI, 70 eV): m/z (%) 250 

[M++2] (82), 248 [M+] (100), 213 (33), 178 (6), 124 (9). 

1, 3-Dichloro-8-ethoxyphenazine (2c): Pale gray solid; m.p: 200-202 °C; 1H NMR 

(400 MHz, CDCl3) δ 8.09-8.10 (d, J = 2.1 Hz, 1H), 8.01-8.04 (d, J = 9.4 Hz, 1H), 

7.86 (d, J = 2.1 Hz, 1H), 7.50-7.54 (dd, J = 9.4, 2.7 Hz, 1H), 7.45 (d, J = 2.7 Hz, 1H), 

4.21-4.27 (q, J = 7.2 Hz, 2H), 1.51-1.54 (t, J = 7.2 Hz, 3H); MS (EI, 70 eV) m/z (%) 

292 [M+] (50), 264 (100). 

3-chloro-7-ethoxy-1-methoxyphenazine (2d): Yellow crystals; m.p: 186-188 °C; 1H 

NMR (400 MHz, CDCl3) δ 8.12-8.14 (d, J = 9.2 Hz, 1H), 7.67-7.68 (d, J = 2.0 Hz, 

1H), 7.40-7.43 (dd, J = 9.6, 2.0 Hz, 1H), 7.26 (d, J = 2.4 Hz, 1H), 6.89 (d, J = 2.0 Hz, 

1H), 4.16-4.21 (q, J = 6.8 Hz, 2H), 4.09 (s, 3H), 1.45-1.49 (t, J = 6.8 Hz, 3H); MS 

(EI, 70 eV) m/z (%): 288 (100) [M+], 287 (44), 261 (31), 260 (19), 259 (89), 258 (17), 

253 (44), 233 (17), 232 (20), 231 (50), 230 (31), 196 (17), 195 (16), 168 (10). 

2-chloro-8-methoxyphenazine (2e): Apple green solid; m.p: 189-191 °C; 1H NMR 

(400 MHz, CDCl3) δ 8.05 (s, 1H), 8.02-8.04 (d, J = 7.5 Hz, 1H), 7.95-7.98 (d, J = 9.5 

Hz, 1H), 7.57-7.60 (d, J = 9.2 Hz, 1H), 7.40-7.42 (d, J =9.2 Hz, 1H), 7.26 (s, 1H), 

3.94 (s, 3H); MS (EI, 70 eV) m/z (%) 244 [M+] (100), 214 (22), 210 (55). 

3, 7-dichloro-1-methoxyphenazine (2f): Pale yellow solid; m.p: 198-200 °C; 1H 

NMR (400 MHz, CDCl3) δ 8.11-8.14 (dd, J = 8.9, 1.4 Hz, 1H), 7.93-7.95 (dd, J = 7.5, 

1.4 Hz, 1H), 7.82 (d, J = 2.0 Hz, 1H), 7.74-7.78 (dd, J = 8.6, 7.2 Hz, 1H), 7.02 (d, J = 
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1.7 Hz, 1H), 4.16 (s, 3H); MS (EI, 70 eV) m/z (%): 278 (25) [M+], 249 (92), 243 (68), 

213 (90), 207 (70), 100 (23), 73 (100). 

7-chloro-1-methoxyphenazine (2g): Pale gray solid; m.p: 156-158 °C; 1H NMR 

(400 MHz, CDCl3) δ 8.17-8.21 (m, 2H), 8.07-8.09 (dd, J = 8.3, 1.8 Hz, 1H), 7.95-8.03 

(s, 1H), 7.83 (d, J = 2.1 Hz, 1H), 7.29 (d, J = 2.1 Hz, 1H), 4.10 (s, 3H); MS (EI, 70 

eV) m/z (%): 244 (35) [M+], 215 (100), 207 (20), 179 (55), 207 (70), 152 (13), 75 

(25). 

1-chloro-9-methoxyphenazine (2h): Pale yellow solid; m.p: 177-179 °C; 1H NMR 

(400 MHz, CDCl3) δ 8.17-8.20 (d, J = 7.7 Hz, 1H), 7.79-7.81 (dd, J = 8.3, 1.8 Hz, 

2H), 7.50-8.53 (t, J = 7.3 Hz, 1H), 7.45 (d, J = 2.1 Hz, 1H), 7.19 (d, J = 2.1 Hz, 1H), 

4.18 (s, 3H); MS (EI, 70 eV) m/z (%): 244 (45) [M+], 215 (100), 179 (35), 152 (10), 

100 (8), 75 (12). 

3, 9-dichloro-1-methoxyphenazine (2i): Pale brown solid; m.p: 205-207°C; 1H 

NMR (400 MHz, CDCl3) δ 8.26-8.28 (d, J = 9.2 Hz, 1H), 8.16 (d, J = 2.0 Hz, 1H), 

7.77 (d, J = 1.8 Hz, 1H), 7.72-7.74 (dd, J = 9.2, 2.0 Hz, 1H), 6.99 (d, J = 1.7 Hz, 1H), 

4.16 (s, 3H); MS (EI, 70 eV) m/z (%): 278 (25) [M+], 249 (93), 243 (65), 213 (90), 

207 (70), 100 (24), 73 (100). 

1-methoxyphenazine (2j): Yellow-green solid; m.p: 168-170°C; 1H NMR (400 

MHz, CDCl3) δ 8.48-8.39 (d, J = 7.9 Hz, 1H), 8.19-8.22 (d, J = 10.3 Hz, 1H), 

7.80-7.83 (t, J = 10.3 Hz, 3H), 7.71-7.73 (t, J = 8.9 Hz, 1H), 7.04-7.06 (d, J = 7.2 Hz, 

1H), 4.16 (s, 3H); MS (EI, 70 eV): m/z (%) 210 [M+] (40), 181 (100), 179 (32), 167 

(6), 153 (8), 90 (13), 76 (18). 

2-methoxyphenazine (2k): Yellow-green solid; m.p: 124-125°C; 1H NMR (400 

MHz, CDCl3) δ 8.15-8.21 (q, J = 8.6 Hz, 2H), 8.08-8.10 (d, J = 9.6 Hz, 1H), 

7.75-7.81 (m, 2H), 7.49-7.52 (dd, J = 9.6, 2.7 Hz, 1H), 7.41(s, 1H), 4.01 (s, 3H); MS 

(EI, 70 eV): m/z (%) 210 [M+] (100), 180 (19), 167 (100), 140 (20), 76 (15), 63 (18). 
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Chapter 3 

Synthesis and spectral properties of novel phenazine derivatives 

 

A series of novel phenazine derivatives were synthesized by Suzuki cross-coupling 

reaction from various chloro substituted phenazines and aryl boric acid under mild 

condition. This work presented a simple and efficient method to prepare phenazine 

derivatives with a specific substitution pattern. The absorption and fluorescence 

spectra of phenazine derivatives were studied in dichloromethane and toluene. 

Solvent polarity has less influence on the UV-Vis maximum absorption of phenazine 

derivatives. The maximum emission wavelengths change from 465 nm to 570 nm in 

dichloromethane, from 430 nm to 530 nm in toluene, respectively. The emission 

profile of the phenazine derivatives exhibited a positive solvatochromism with the 

bathochromically shifted emission maxima in DCM which led to a slight increase in 

the Stokes shifts. 

3.1. Introduction 

Small modifications of the phenazine structure give rise to a full spectrum of 

colors, ranging from the deep red of 5-methyl-7-amino-1-carboxy phenazinium 

betaine (aeruginosin A) to the lemon yellow of phenazine-1-carboxylic acid (PCA), 

to the bright blue of 1-hydroxy-5-methylphenazine (pyocyanin).1 The combination 

and variety of functional groups added also determine the redox potential and 

solubility of phenazine derivatives.2,3 Recently, the redox properties of phenazines 

and its derivatives have garnered some interest, finding use in biofuel cells,4 solar 

cells,5,6 and OLEDs,7-10 fluorescent sensors.11 Sensing schemes involving 

water-soluble phenazine-based dyes include electrochemical detection of 

biological molecules12,13 and colorimetric pH sensing.14 

In this chapter, a simple and efficient route was provided for the synthesis of 

phenazine derivatives. Substituted phenazines were furnished by cyclization of 

various N-aryl-2-nitrosoanilines which were obtained from the reaction of 

nitroarenes with anilide anions in good yields (Chapter 2). The UV/vis absorption 
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λmax,uv of phenazine derivatives without phenyl substituent was 357 nm (2k) and 362 

nm (2j), and 1-methoxy phenazine (2j) showed slight bathochromic shift compared 

with 2-methoxyphenazine (2k). Diphenyl phenazine derivatives (3c, 3g, 3i, 3j) 

showed bathochromic shift compared with monophenyl phenazine derivatives (3a, 3d, 

3k) due to the connection of phenyl moiety increasing π-conjugation. The λmax,uv of 

compound 3b (394 nm, R7=OC2H5) and 3c (396 nm, R7=phenyl) showed that ethoxy 

group and phenyl group had almost same contribution for bathochromic shift 

comparing with compound 3a (375 nm, R7=H). For phenazine derivatives with mono 

phenyl substituent, the λmax,uv of 3d (364 nm, R6=phenyl) and 3e (364 nm, R4=phenyl) 

was identical, and hypsochromic shift occurred comparing with that of 3a (375 nm, 

R3=phenyl) and 3f (382 nm, R8=phenyl). For phenazine derivatives with diphenyl 

substituent, compound 3c (396 nm, R3=R6=phenyl) with symmetrical structure 

showed bathochromic shift comparing with 3g (378 nm, R3=R8=phenyl) due to larger 

conjugated system in symmetrical structure. As can be obtained from 3g (378 nm) and 

3j (380 nm), presence or absence of methoxy group did not have remarkable effects 

on the maximum absorption. When phenyl group was replaced by naphthalen-1-yl 

group, the λmax,uv of 3m (393 nm) and 3h (393 nm) did not change, even the 

maximum absorption wavelength of 3l (370 nm) inversely decreased 5 nm comparing 

with 3a (375 nm). When two phenyl substituents existed on the same side benzene of 

phenazine core, relatively remarkable bathochromic shift occurred, such as 3i (414 

nm) and 3g (378 nm). 

The shape of absorption spectra of all the compounds is very similar in DCM and 

toluene (Figure 3.1 and 3.2). All of the compounds studied in this work exhibited a 

slight blue-shift for absorption peak when recorded in toluene. This suggests a more 

polar ground state which will be less effectively solvated by the polar solvents, which 

resulted in the energy of π-π* transitions decreased in DCM. 
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the impact of the polarity of the solvent on the excited state of the compounds 3. The 

emission profile of the compounds 3 exhibited a positive solvatochromism with the 

bathochromically shifted emission maxima in the polar solvent such as DCM which 

led to increase in the Stokes shift (Table 3.3). This suggested that the more vibrational 

relaxation occurred in DCM. 

3.3. Conclusion 

This work presented a simple and efficient method to prepare phenazine derivatives 

with a specific substitution pattern. We have developed a mild condition for the 

Suzuki cross-coupling of phenazine chlorides and aryl boric acids. Our catalyst 

system, which employs readily available components (2% [Pd(PPh3)4], 2% PPh3, 2.0 

equiv K2CO3) in toluene/ethanol/water (volume ratio: 3/2/1), couples effectively a 

broad spectrum of chloric phenazine substrates in excellent yields. The chlorine atom 

away from nitrogen atom on phenazine core is easier to be replaced in Suzuki 

cross-coupling reaction. When two phenyl substituents existed on the same side 

benzene of phenazine core, relatively remarkable bathochromic shift occurred on the 

UV/vis absorption spectra. The maximum emission wavelengths changed from 465 

nm to 570 nm in dichloromethane, from 430 nm to 530 nm in toluene, respectively. 

The λmax,fl of phenazine derivatives with R2 = OCH3 show hypsochromic shifts and 

smaller Stokes’ shifts compared with phenazine derivatives with R1 = OCH3 in 

dichloromethane. The λmax,fl of phenazine derivatives have no obvious effect with 

additional phenyl added to the phenazine ring. All of the compounds studied in this 

work exhibited a slight blue-shift for absorption peak when recorded in toluene. This 

suggested that a polar ground state would be less effectively solvated by the polar 

solvents, which resulted in the energy of π-π* transitions decreased in DCM. The 

emission profile of the phenazine derivatives exhibited a positive solvatochromism 

with the bathochromically shifted emission maxima in DCM which led to a slight 

increase in the Stokes shifts compared with those in toluene. This suggested that the 

more vibrational relaxation occurred in DCM. Experiments on further applications are 

currently underway in our laboratory. 
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Chapter 4 

Synthesis and optical properties of acidichromic 

amine-substituted phenazine derivatives 

 

A series of novel amine-substituted phenazine derivatives were synthesized by 

Buchwald-Hartwig cross coupling reaction from chloro phenazines and the 

diarylamines under mild condition. They exhibited absorption peaks originating from 

the charge transfer transition between the amine and phenazine segments localized 

π-π* transitions. Although the absorption spectra of the derivatives were not 

significantly influenced by the nature of the solvents, addition of TFA led to a 

prominent red-shift in the absorption spectra owing to the protonation at the 

quinoxaline segment which enhanced the electron accepting ability. The emission 

spectra of the derivatives showed positive solvatochromism suggestive of a more 

polarized excited state stabilized by polar solvents. The derivatives were also 

characterized by a quasi-reversible reduction couple originating from the pyrazine 

segment which underwent shifts corresponding to electron-donating strength of the 

amine segment. 

4.1. Introduction 

Organic materials featuring donor-π-bridge-acceptor architecture have continued to 

attract wide attention owing to their potential applications as red emitting charge 

transporters in organic light emitting devices (OLED),1 as semiconductors in thin film 

transistors (TFT),2 and as sensitizers in excitonic solar cells (DSSC).3 These dipolar 

compounds are also attractive due to their application in the sensor industry.4 

Especially optical pH sensors have found great interest in recent years as they have 

many uses in chemistry, biology and environmental monitoring. In a suitably 

designed donor-acceptor compound, modulation of the donor or acceptor property by 

the interaction of analytes leads to the signal amplification. These dipolar compounds 

are typically constructed using an aromatic π-linker which facilitates the interaction 

between the donor and acceptor moieties.5 Frequently, triarylamines6 or heterocyclic 
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The absorption spectra of the derivatives were red shifted on addition of 

trifluoroacetic acid (TFA) (Figure 4.1). Initially, on addition of TFA, the main peaks 

at <500 nm were gradually replaced by a red-shifted peaks at >500 nm. A 

representative illustration of changes for 3a and 3b in the absorption profile on 

incremental addition of TFA are shown in Figure 4.3. The red-shifted absorption peak 

realized for all the compounds in the presence of TFA is attributed to the protonated 

species. It is possible that the protonation of pyrazine segment occurs in the presence 

of TFA and generates a strongly electron-withdrawing pyrazinium segment. 

Formation of pyrazinium ion will trigger a facile intramolecular charge transfer 

between the amine donor and the pyrazinium acceptor segment (Scheme 4.2). 

Protonation of nitrogen based heterocyclic components such as pyridine attached to 

amine donors via an aromatic conjugation, have been demonstrated to stabilize the 

LUMO and cause a dramatic red-shift in absorption.29 
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working electrode, a Pt wire as the auxiliary electrode, and a Ag/Ag+ electrode as the 

reference electrode, in a 0.1 mol/L tetrabutylammonium hexafluorophosphate 

(Bu4NPF6) acetonitrile electrolyte solution. All yields refer to isolated compounds. 

Unless otherwise stated, chemicals and solvents were of reagent grade and used as 

obtained from commercial sources without further purification. The purities of all the 

tested compounds were > 98% as determined by HPLC. 

General procedure for the preparation of amine-substituted phenazine 

derivatives: 2-chloro-8-methoxyphenazine (0.60 g, 2.45 mmol, 1.0 eq), diarylamine 

(2.94 mmol, 1.2 eq) were dissolved in toluene (30 mL) under nitrogen. Pd(OAc)2 (5.5 

mg, 0.0245 mmol, 1.0 mol%), PCy3(11 mg, 0.037 mmol, 1.5 mol%) were added into 

the solution successively at room temperature. After the reaction mixture was stirred 

for 20 min, sodium tert-butoxide (0.47 g, 4.90 mmol, 2.0 eq) was added. The reaction 

mixture was heated at 110 oC for 12-24 h. The conversion of the reactions was 

monitored by TLC and HPLC. The reaction mixture was cooled to room temperature. 

The mixture was poured into water (100 mL), extracted with ethyl acetate (100 mL × 

2). The organic phase was washed with aqueous solution of sodium chloride (100 

mL), and dried with anhydrous MgSO4. The solvent was evaporated in vacuum and 

the residue was purified by column chromatography (SiO2, hexane/ethyl acetate). 

2-(9H-carbazol-9-yl)-8-methoxyphenazine (3a): Yellow solid, 95% yield; m.p: 

253-254 oC; 1H NMR (400 MHz, CDCl3) δ 8.39 (s, 2H), 8.15-8.16 (d, J = 7.8 Hz, 2H), 

8.11-8.13 (d, J = 9.0 Hz, 1H), 8.02-8.04 (d, J = 9.0 Hz, 1H), 7.65-7.66 (d, J = 8.4 Hz, 

2H), 7.51-7.53 (d, J = 9.6 Hz, 1H), 7.40-7.45 (m, 3H), 7.32-7.34 (t, J = 7.8 Hz, 2H), 

4.04 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 55.9, 104.3, 109.9, 120.4, 120.8, 124.0, 

126.2, 126.5, 128.2, 130.8, 131.3, 139.4, 140.2, 140.6, 140.8, 143.7, 145.5, 161.8; MS 

(EI, 70 eV): m/z (%) 375 [M+] (32), 253 (17), 207 (100), 96 (13). 

8-methoxy-N,N-diphenylphenazin-2-amine (3b): Red orange solid, 93% yield; m.p: 

197-198 oC; 1H NMR (400 MHz, CDCl3) δ 8.00-8.02 (d, J = 9.0 Hz, 1H), 7.96-7.98 

(d, J = 9.0 Hz, 1H), 7.57-7.59 (dd, J = 9.6, 2.4 Hz, 1H), 7.42-7.43 (d, J = 2.4 Hz, 1H), 

7.37-7.39 (m, 2H), 7.35-7.37 (d, J = 7.8 Hz, 3H), 7.26-7.27 (d, J = 3.0 Hz, 2H), 

7.25-7.26 (d, J = 7.8 Hz, 3H), 7.17-7.20 (t, J = 7.8 Hz, 2H), 3.97 (s, 3H); 13C NMR 

(125 MHz, CDCl3) δ 55.7, 104.1, 113.6, 124.0, 124.9, 126.1, 126.6, 129.7, 130.6, 

138.9, 139.3, 146.3, 149.7, 161.3; MS (EI, 70 eV): m/z (%) 377 [M+] (10), 281 (13), 

253 (12), 207 (100), 191 (11), 96 (12), 73 (9). 

8-methoxy-N-(naphthalen-2-yl)-N-phenylphenazin-2-amine (3c): Brick red solid, 
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Supporting Information of Chapter 4 

 
Figure S4-1. Absorption spectra of 3b measured for toluene solutions with 

different amounts of TFA. 
 

 

Figure S4-2. Absorption spectra of 3c measured for toluene solutions with different 
amounts of TFA. 
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Figure S4-3. Absorption spectra of 3d measured for toluene solutions with 

different amounts of TFA. 
 

 
Figure S4-4. Absorption spectra of 3e measured for toluene solutions with different 

amounts of TFA. 
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Figure S4-5. Absorption spectra of 3f measured for toluene solutions with different 

amounts of TFA. 
 

 
Figure S4-6. Absorption spectra of 3g measured for toluene solutions with different 

amounts of TFA. 
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Figure S4-7. Absorption spectra of 3h measured for toluene solutions with 

different amounts of TFA. 
  

 

 
Figure S4-8. Cyclic voltammetry curves of 3a-h in 0.1M Bu4NBF4 acetonitrile 

solution at a scan rate of 100 mV/s at room temperature (vs an Ag quasi-reference 
electrode) 
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Figure S4-9. Variation of Stokes shift with the solvent polarity parameter (ET(30)) 

for the compounds 3c. 
 

 
Figure S4-10. Variation of Stokes shift with the solvent polarity parameter (ET(30)) 

for the compounds 3d. 
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Figure S4-11. Variation of Stokes shift with the solvent polarity parameter (ET(30)) 

for the compounds 3f. 
 

 
Figure S4-12. Variation of Stokes shift with the solvent polarity parameter (ET(30)) 

for the compounds 3g. 
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Summary 

The nucleophilic substitution of ortho hydrogen in nitroarenes with anions of 

aniline derivatives carried out at low temperature in N,N-dimethylformamide leads to 

N-aryl-substituted ortho-nitrosoanilines in acceptable yields. This simple, one-step 

procedure, starting with easily available materials, seems to be, so far, a very 

convenient method of practical synthesis of such bifunctional compounds, which are 

potentially useful building blocks, suitable for synthesis of many types of nitrogen 

heterocyclic structures. 

N-aryl-2-nitrosoanilines, obtained in the reaction of substituted nitroarenes and 

anilides, are useful intermediates for the synthesis of phenazine derivatives. Their 

cyclization can be performed under both acidic and basic conditions in a simple 

manner and in good to excellent yields. This approach can be successfully applied to 

the synthesis of important phenazine derivatives. In general, the substituents on the 

phenazine core are introduced on the building blocks prior to the formation of 

phenazine. However, this approach provides a convenient manner to construct various 

substituted phenazine derivatives by replacing the halogens after formation of 

phenazine. 

We have developed a mild condition for the Suzuki cross-coupling of phenazine 

chlorides and aryl boric acids. Our catalyst system, which employs readily available 

components (2% [Pd(PPh3)4], 2% PPh3, 2.0 equiv K2CO3) in toluene/ethanol/water 

(volume ratio: 3/2/1), couples effectively a broad spectrum of chloric phenazines in 

excellent yields. The chlorine atom away from nitrogen atom on phenazine ring is 

easier to be replaced under this catalyst system. The spectral properties of phenazine 

derivative were investigated. When two substituents existed on the same side benzene 

of phenazine core, relatively remarkable bathochromic shift occurred on the UV/vis 

absorption spectra. Their maximum emission wavelengths change from 465 nm to 

570 nm in dichloromethane, from 430 nm to 530 nm in toluene, respectively. The 

λmax,fl of phenazine derivatives with R2 = OCH3 show hypsochromic shifts and smaller 

Stokes’ shifts compared with phenazine derivatives with R1 = OCH3 in 

dichloromethane. The λmax,fl of phenazine derivatives have no obvious effect with 

additional phenyl added to the phenazine ring. All of the compounds studied in this 
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