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CHAPTER I 

INTRODUCTION 

Purpose of this Study 

Phenoxazine cation radicals had been made as early as 1902, when 

la 
Kehrmann oxidized phenoxazine with bromine in benzene and with ferric 

chloride in glacial acetic acid, but Kehrmann had no way of knowing 

that the phenoxazine cation radical was formed. It was not until the 

advent of esr spectroscopy that chemists rediscovered these reactive 

intermediates and characterized them spectroscopically by esr and 

electronic absorption spectroscopy. In the last decade, cation-radical 

chemistry has been studied rather extensively as cited in the most 

2 
recent review. 

In the case of 10-phenylphenoxazine cation radical, only a few 

spectroscopic characterizations have been published, and the nature of 

the cation-radical chemistry is fully unexplored. It is the main goal 

of this investigation to study the nucleophilic substitution reactions 

of 10-phenyJ phenoxazine cation radical perchlorate with a variety of 

nucleophiles, and to recognize the competition between nucleophilicity 

and oxidizability of a nucleophile in reaction with cation radical 

species. 

Throughout the course of this study, there was an attempt to com

pare the chemical reactivity of 10-phenylphenoxazine cation radical with 

other well-studied heteroaromatic cation radicals, especially its 

structural analogue: 10-phenyphenothiazine cation radical. 



Survey of Literature 
' • • ' • • • - • • • • - . *. •, T W--r — 

a. Synthesis of Phenoxazines 

3 
The first synthesis of phenoxazine was reported by Bernthsen 

through a thermal condensation of o-aminophenol with catechol. By 

using the same principle, two general approaches have been applied to 

prepare the phenoxazines. In these approaches either 2,2 -disubstituted 

» 

diphenylamines or 2,2 -disubstituted diphenyl ethers serve as reaction 

intermediates, which then cyclize to the final phenoxazines, 

4 

The Turpin reaction represents the first approach to prepare sub

stituted phenoxazines as shown in eq 1. 

OH 

NH^ 

+ 
CI 

O^N 

2 NaOH 

H NO, 

The question arises whether the diarylamine or the diaryl ether is 

the reaction intermediate prior to ring closure. Of course, different 

isomeric products would be obtained from each intermediate. The issue 

was clarified by isolation of 2-hydroxy-2 ,4 -dinitrodiphenylamine 

from the reaction of o-aminophenol and 2,4-dinitrochlorobenzene, ' 

which was then cyclized with sodium acetate in dimethyl sulfoxide or 

dimethylformamide to give 3-nitrophenoxazine. In fact, this cyclization 

was observed as early as 1920 by Kehrmann and Ramm, The condensation 

of o-benzylaminophenol with 2,4-dinitrochlorobenzene to give N-benzyl-

Q 

3-nitrophenoxazine is reported also. 



It has also been demonstrated that aminodiaryl ethers follow the 

Smiles rearrangement to hydroxydiarylamines under the influence of 

9 ' 
alkali. For example, 2-amino-2 -broraodiphenyl ether may rearrange to 

I 

the isomeric 2-hydroxy--2 -bromodiphenylamine in the presence of more 

than one quivalent of base, and still give the corresponding 2-substi-

tuted phenoxazine as shown in scheme 1, 

Scheme 1 

Br HO 

N 

I 
H 

X 

i 
X 

The second approach for preparing 2-substituted phenoxazines 

involves condensation of o-bromophenol with o-chloronitrobenzene 

10,11 
derivatives. followed by reduction and cyclization as shown in 

scheme 2. 

or: ̂  :M 
0 

Br H^N 

X 

X 

Scheme 2 

^'^ . ifV"°> 
' y^Br03>r^ 

• ^ 2 ^ 3 - ' " - ^ 

DMF ^ ^ 

f^ y 
fr° 

Fe/HOAc 

X 

X 

It is known that the 2-substituted phenoxazines have some important 

biological properties. 



b. Chemistry of Phenoxazines 

12-15 
Several reviews have been published in this area, and the 

review by lonescu and Mantsch summarizes the scope of phenoxazine 

chemistry up to 1966. Thus, oxidation reactions, electrophilic aromatic 

substitution, nucleophilic substitution, N-substitution, and biological 

activities are among the better known aspects of the chemistry of 

phenoxazines. 

Phenoxazine consists of two benzene rings linked by two heteroatoms 

N and 0, at ortho bridges. Both heteroatoms have a lone pair of elec

trons which can be conjugated with the TT-system within the two benzene 

rings, and influence the reactivity of molecule as shown below-

^1 "IX)""" 
S*,^^ H H 

^ > - N 
I 
H 

Since the oxygen atom is more electronegative than nitrogen atom, the 

chemical reactivity is most likely controlled by the nitrogen atom. 

Based on theoretical calculations, the reactivity of carbon atoms in 

electrophilc substitution decreases in the order of 3 >̂  1 >> 2 >̂  4. 

Indeed, experimental observations have been reported that electrophilic 
15 

substitution yields 3 or 7-mono, or 3,7-disubstituted products. 

Phenoxazine has a total of 16Tr-electrons distributed over 14 

centers, and thus is very electron-rich. This should, of course, make 

nucleophilic substitution reactions very difficult. 



c. Cation Radicals of Phenoxazines 

Cation radicals are generated by removing one electron from the 

neutral molecule, and have been prepared by chemical reactions, physical 

methods, and anodic oxidation. Because the cation radical is an electron-

deficient species, it behaves as an electrophilic reagent (to undergo 

nucleophilic substitution). However, there is another competing path

way; electron transfer from the attacking nucleophile. Thus, cation-

radical chemistry presents some puzzling features in nucleophilic 

substitution, the reaction of cation radicals and nucleophiles being 

influenced by both nucleophilicity and oxidizability of the nucleo-

phile. 

Anodic substitution reactions are well documented in the litera-

19-24 
ture. Thus, halogenation, nitration, cyanation, thiocyanation, 

hydroxylation, alkoxylation, pyridination, amination, and carboxylation 

have been carried out by electrolyzing an organic substrate in the 

presence of appropriate nucleophile in a suitable solvent. 

While chemical oxidation with a variety of oxidants generates 

cation radicals, the scope of their properties and reactions has been 

2 
summarized in a recent review. In this study attention is limited to 

cation radicals of phenoxazines, 

Phenoxazine cation radical has been generated from phenoxazine by 

la 
the following methods: with equimolar amounts of bromine in benzene, 

-11 9 '̂  9 7 

with ferric chloride in glacial acetic acid, with sulfuric acid, ' 

26 
with lead tetraacetate in glacial acetic acid, with potassium 

27 
permanganate in acetone, with potassium nitrosodisulfonate, 



27 
^2^^'^3^2^^' ^^ aqueous acetone, with hydrogen peroxide in glacial 

27 27 
acetic acid, with hydrogen peroxide in glacial acetic acid, with 

90 <J Q 

hydrogen peroxide alone, with aluminum chloride in nitromethane, with 

30 31 
iodine in dimethyl sulfoxide, and by photo-oxidation, 

Phenoxazine nitroxide radical has been prepared by treatment of 

32 
phenoxazine with t-butyl hydroperoxide in benzene, and with 4-nitro-

33 
perbenzoic acid in ethanol and aqueous ethanol. Also phenoxazine free 

radical can be formed by treatment of phenoxazine with dimethyl sulfoxide-

34 35 
acetic anhydride, and with lead oxide. 

The formation of 10-phenylphenoxazine cation radical was first 

27 
reported by Musso. He generated the cation radical in sulfuric acid, 

Of. 

and with ferric chloride in glacial acetic acid. More recently, other 

methods were applied to generating the cation radical with aluminum 

37 37 
chloride in nitromethane, thallium triacetate in nitromethane, 

38 39 

sulfuric acid-nitromethane, and nitrosonium tetrafluoroborate. 

However, all these phenoxazine cation radical studies are limited 

to esr characterization and some spectroscopic work. The chemistry of 

phenoxazine cation radicals is virtually an unexplored area, except that 

some phenoxazine dimers were formed during the chemical oxidation. 

Musso reported that a 10-phenylphenoxazine dimer (mp 262-265 ) 

was formed in the chemical oxidation of 10-phenylphenoxazine with ferric 

chloride in acetic acid; no structure was assigned, In the same report 
t 

1,10 -biphenoxazine was formed in the refluxing mixture of phenoxazine 
and potassium in xylene; 1,10 - and 3,10 -biphenoxazines were formed 

along with 3-bromophenoxazine when phenoxazine was treated with 



potassium in xylene, and then with bromine in benzene. Later Tsujino 

reported that both 1,10 - and 3,10 -biphenoxazines were formed from 

the neutral phenoxazine free radical upon work-up. However, 3,10' -

biphenoxazine is the only product reported from the oxidation of 

30 
phenoxazine with iodine in dimethyl sulfoxide. 

d. Geometrical Structure of Phenoxazines 

40 
At one time the structure of phenothiazine was in doubt. The 

41 
most recent crystallographic study has shown that the dihedral angle 

between two planes of benzene rings is 158,5 , and the angle of C-S-C 

is 100,0 ±0,3 , which indicates that the phenothiazine molecule is 

folded along the axis passing through N and S, 

However, the structure of its analogue, phenoxazine, still remains 

in question. Early reports had suggested that the structure of phenox-

42-44 43 

azine is planar. According to Hosoya "if anthracene meso CH 

groups are replaced by atoms A and B (which may or may not be accompanied 

by other atoms), the geometries of the structures are found to be either 

planar or nonplanar." Furthermore, he concluded that the compounds are 

planar if the A and B atoms are any of C, N, or 0; and are folded if 

either or both the atoms A and B are S, Se, or Te, 

But it can be argued that phenoxazine itself is a secondary amine, 

although the N atomic size is slightly larger than C, the lone pair 
3 

of electrons on the N atom with an sp hybridization should make the 
molecule have the pyramidal shape at N. It is hard to imagine a planar 

2 
structure for phenoxazine, which means the N atoms will be in an sp 

environment. The molecular model shows that the phenoxazine nucleus is 



8 

slightly folded along the axis of the heteroatoms; also, the dipole 

moment of phenoxazine was found to be 1,93 D in benzene, which fits 

better a non-planar structure of the molecule, rather than planar. 

More support of this view is found in a high resolution proton nmr 

45 1 

study, Angerman and Danyluk reported a study of 220 MHz Hnmr spectra 

of acridine, phenazine, phenoxazine, and phenothiazine in various solvents 

and at several temperatures. The results showed that phenoxazine and 

phenothiazine exhibit large upfield shifts for all the ring protons as 

compared to acridine and phenazine. For example, the protons ortho to 

the N atom (H and H ) show 1,3 to 1,6 ppm shift changes. The most 

reasonable explanations for these large upfield shifts are that they are 

attributable to three factors: a) the neighboring-ring current, b) the 

magnetic anisotropy of the 0(S) atom, and c) the corresponding extent 

of resonance interaction between the adjacent benzene TT-system and 0(S) 

atom. However, both b) and c) have only a minor influence, on the order 

of 0.1 to 0.2 ppm upon the shift of H and H , So the major influence 
1 9 

is a lack of the ring current effect from the neighboring-ring, and 
according to calculations could cause upfield shifts of 0,9 to 1,2 ppm 

for H and H , This possibility would arise if the central heterocyclic 
1 9 

, 45 
ring is nonplanar. 

It is believed that phenoxazine is a slightly folded molecule, but 

it is less folded than phenothiazine, A crystallographic study on 

phenoxazine would be a more convincing way to solve this problem, 

Interestingly, the phenoxazine cation radical was found to be planar 

based on the esr spectrum, Through the remarkable esr work of Gilbert 



37 
et al. it has been demonstrated that the 10-phenyl ring in both 10-

phenylphenoxazine and 10-phenylphenothiazine cation radicals is twisted 

ca. 70 from the heterocyclic part of the radical, which itself is 

assumed to be planar. Also based in their esr studies of more than 

38 
fifty 10-arylphenoxazine and 10-arylphenothiazine cation radicals, 

it was found that the spin distribution is influenced inductively by 

the aryl substituents (other than p-alkylamino groups); and it was con

cluded that the geometry of these derivatives does not deviate signifi

cantly from that of 10-phenylphenoxazine and 10-phenylphenothiazine 

-̂ 1 38 
cation radicals. 
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Structures of Some Compounds Encountered in this Work 

:er:± 
8\3^/^ N 

9 I 
Ph 

i ^ : J O 
•Nu 

10-Phenylphenoxazine 

Ph 

3-Substituted-lO-phenylphenoxazine 

t I 

10,10 -Diphenyl-3,3 -biphenoxazine o 
o 0 

N 

Br 

10-(p-Bromophenyl)phenoxazine 

Ph 

i ^ : : ^ 
o 0 

N 

QtlyQ) 
lO-Phenyl-1,10 -biphenoxazine 

oi:^ 
Ph 

lO-Phenyl-3,10 -biphenoxazine 

0 ^1]^ 
^ 

Ph 
or "76 

0 

p-Bis(lO-phenoxazinyl)benzene 

l t d 

lO-Phenyl-3,10 : 3 , 10 - terphenoxazine 



CHAPTER II 

EXPERIMENTAL 

Part 1 

Spectroscopic Techniques 

All ultraviolet and visible spectra were taken with a Beckman DK-2A 

spectrophotometer. The Hnmr spectra were taken with a Varian XL-100 

spectrometer. The ir spectra were recorded on a Perkin-Elmer 457 

grating spectrophotometer. The mass spectra were taken on a Varian 

MAT-311 mass spectrometer, Cyclic voltammograms were measured on a 

PAR Model 170 electrochemistry system. 

Chromatographic Material 

Either E. Merck 70-230 mesh (cat. 7734) or ICN 70-230 mesh (no. 04657) 

silica gel was used for column chromatography. E, Merck (cat. 7730) 

silica gel was used for thick layer chromatography (TLC). Eastman 

6060 silica gel chromagram sheet was used for thin layer chromatography 

(tic). 

Chemical Analyses 

Analyses were performed by the Schwarzkopf Microanalytical Laboratory, 

Woodside, New York, 

Solvents and Reagents 

Acetonitrile, Eastman white label (<0.01 or <0.05% water) was stored 

over Linde 4A molecular sieves in a septum-capped brown bottle, and was 

11 



12 

used in all reactions without further purification. 

Solvents used as column chromatographic eluents were distilled accor

ding to standard methods; solvent mixtures were prepared by volume. 

All chemicals were reagent grade unless otherwise specified, and were 

used without purification. 

Phenoxazine - Phenoxazine was prepared by the method of Granick, 

Michaelis, and Schubert by heating o-aminophenol in half an equivalent 

of hydrochloric acid, mp 152-153° (lit. mp 151-152°).^^ 

10-PhenyIphenoxazine - 10-Phenylphenoxazine was prepared according to 

Oilman and Moore from phenoxazine and iodobenzene, mp 138-139 (lit. mp 

138-139°).^^ 

Preparation of 10::̂ Pheny Iphenoxaz ine Cation Radical Perchlorate 

10-Phenylphenoxazine (648 mg, 2,45 mmol) was dissolved in 5 ml of 

dichloromethane, to which a freshly mixed solution of iodine (316 mg, 

1.24 mmol) in 15 ml of dichloromethane and silver perchlorate (513 mg, 

2.48 mmol) in 5 ml of acetonitrile was added in one portion. The 

resulting red-pink solution was stirred for 30 min, then filtered and 

the solid was washed with a minimum amount of dichloromethane. The 

filtrate to which a two-fold excess of anhydrous petroleum ether had 

been added was flushed with nitrogen, the flask was capped, and cooled 

in the refrigerator for ca.,4 hr to crystalize the cation radical 

perchlorate. The salt was filtered, washed with anhydrous petroleum 

ether, and dried under vacuum for 1 hr. The cation radical content was 

determined by iodometry to be 96%, In routine preparations by this 



13 

method close to 100% purity of cation radical content was found. 

General Reaction Procedure 

All the reactions were carried out in anhydrous acetonitrile under 

a gentle flow of dry nitrogen to maintain anhydrous conditions, and to 

minimize side reactions. The completion of these reactions was deter-

minded by the one of the following methods: either a reaction aliquot 

was taken to observe the disappearance of the absorption maximum at 

535 nm; or a test for the presence of cation radical was made with 

potassium iodide-starch paper. After each reaction was completed, the 

reaction mixture was filtered, and the residue, if any, washed with 

benzene or dichloromethane, then the filtrate and the washing were 

evaporated to dryness at reduced pressure. The resulting product was 

then redissolved in dichloromethane and washed with water, and dried 

over an appropriate drying agent. The solvent was removed again and 

the residue was chromatographed on a silica gel column. 

Part 2 

Reaction of 10-Phenylphenoxazine Cation 
Perchlorate with Nucleophiles 

A. Reaction of the Cation Radical with Weak Nucleophilic Solvents 

Reaction with Methanol 

10-Phenylphenoxazine cation radical perchlorate (575 mg, 1.6 mmol) 

was dissolved in 10 ml of acetonitrile, to which a total of 31 ml of 

absolute methanol (distilled over magnesium and iodine) was added over 

a period of 7 hr. The solution was stirred for 6 days before work-up. 
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The reaction mixture was evaporated, redissolved in dichloromethane, 

washed with water, dried over sodium carbonate, evaporated again and 

then chromatographed on a silica gel column (2.5 x 31 cm), 

Elution with 350 ml of 90/10 petroleum ether : benzene (PE : PhH) 

gave 115 mg (0.443 mmol, 27,7%) of 10-phenylphenoxazine, mp 138-139°. 

Mass spectrum (MS) found m/e 259,0998, calcd, for C,„H,.NO 259.0994, 260 
l o 13 

(M"*" + 1 , 2 0 . 3 % ) , 259 (M"^, 100%), 182 (M"^ - Ph , 75%). N!>IR (CDCl ) 6: 7 ,68-

7 . 2 6 (m, 5H, P h ) , 6 , 7 4 - 6 . 4 6 (m, 6H, H. _ ) , 6 . 0 0 - 5 . 8 4 (ra, 2H, Ĥ  and H . ) , 
2—o 1 9 

The next 500 mi of colorless eluent exhibited a strong blue fluorescence, 

Evaporation gave 60.7 mg (0,118 mmol, 14.8%) of yellow solid, mp 249-

250 , after three recrystallizations from benzene/methanol to give 

mp 264-265°(lit. mp 262-265°).'^^ MS: found m/e 516,1876, calcd. for 

C H^^N^O^ 516.1838, 517 (M"̂  + 1, 23.6%), 516 (M"^, 49.4%), 439 (M"*" - Ph, 

100%), 362 (M"^ - 2Ph, 2 5 , 8 % ) , 258 (M"^/2e, 4 2 , 7 % ) , ^limR (CDCl ) 6 : 

7 . 7 0 - 7 . 2 6 (m, lOH, 2 P h ) , 6 , 8 4 ( d , 2H, H, and H , , J = 2 , 0 H z ) , 6 . 7 8 -

4 4 

6.50 (m, 8K, H^, H^_g and H'^, ^ V S ^ ' ^'^^ ^^' ^^' ^̂ 1 9 ̂ ""̂  " 1 9' "̂  " 

8.5 Hz). This compound is assigned to be 10,10 -diphenyl-3.3 -

biphenpxazine. 

Elution with dichloromethane gave a pale yellow eluent with strong 

blue fluorescence, which yielded 128 mg (0.249 mmol, 31.1%) of yellow 

solid, mp 252-253 , after three recrystallizations to give mp 264-265 . 

MS: found 516.1876, calcd. for C,̂ H,,,N,,0,, 516.1838, which confirmed 
36 24 z z 

that this compound is 10,10 -diphenyl-3,3 -biphenoxazine. The total 
T 

yield of the 3,3 -dimer is 45.9%. 
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Reaction with Water 

To a solution of the cation radical (675 mg, 1.88 mmol) in 20 ml of 

acetonitrile was added 5 ml of distilled water. The solution was stirred 

for 7 days then worked up in the previous manner. Chromatography on 

silica gel (2,5 x 33 cm), and elution with 300 ml of 90/10 PE : PhH 

gave 161 mg (0.62 mmol, 33%) of 10-phenylphenoxazine, mp 138-139°. 

Elution with 350 ml of 70/30 PE : PhH resulted in 64,5 mg (0.125 mmol, 

' ' o 
13.3%) of 10,10 -diphenyl-3,3 -biphenoxazine, mp 250-251 ; after 

crystallization from PhH/MeOH the mp was 257.5-258°, mixture melting 

point with the previous product (mp 264-265 ) was 263-265 , MS: found 

516.1825, calcd. for C^,H^,N^O^ 516.1838. 
36 24 2 2 

Elution with 350 ml of PhH : CH CI gave a pale yellow solution 

with strong blue fluorescence, yielding 84 mg (0.163 mmol, 17.4%) of 

' ' o 
10,10 -diphenyl-3,3 -biphenoxazine, mp 253-254 ; after crystallization 

from PhH/MeOH, the mp was 257-258°. MS: found 516.1825, calcd, for 

C_H_,N_0_ 516.1838, 
36 24 2 2 

Elution with dichloromethane gave 62.5 mg (0.121 mmol, 12.9%) of 

10,10 -diphenyl-3,3 -biphenoxazine', mp 257-258° (PhH/MeOH). Total 

yield of the 3,3 -dimer is 43.6%, 

B, Reaction of the Cation Radical with Anions 

Reaction with Potassium Fluoride 

a. In acetonitrile 

Potassium fluoride (175 mg, 3 mmol) was stirred in 40 ml of 

acetonitrile for 2 hr before the cation radical (596 mg, 1.66 mmol) 

was added in one portion. After 12 days reaction time the grey brown 
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mixture was worked up in the usual manner. Chromatography on silica 

gel (2.5 x 25 cm) and elution with 500 ml of PE followed with 1.2 1 of 

90/10 PE : PhH gave 228 mg (0.88 mmol, 53%) of 10-phenylphenoxazine, 

mp 138-139°. 

Elution with 600 ml of 70/30 PE : PhH gave 23,5 mg of yellow solid, 

rap 255-257 . The ms indicated that it was a mixture of monofluoro-3 ,7-

dimer and 3,3 -dimer, found m/e 534.1682 calcd. for C H N 0 F 534.1738, 

535 (M"̂  + 1, 5.4%), 534 (M"^, 10,7%), 457 (M"*" - Ph, 3,2%), 380 (M"̂  -

2Ph, 2.2%), 267 (M'̂ /2e, 2,2%); found m/e 516.1871, calcd. for 

^36^24^2^2 516.1838, 517 (M"̂  + 1, 58.1%), 516 (M"^, 100%), 439 (M"̂  - Ph, 

33.3%), 362 (M"*" - 2Ph, 25.8%), 268 (M'̂ /2e, 23.6%). Separations by both 

TLC and column were unsuccessful. The reaction was repeated under the 

same conditions, and a similar result was found. 

b. In acetonitrile with the presence of dibenzo-18-crown-6 

Both potassium fluoride (175 mg, 3 mmol) and dibenzo-18-crown-6 

(1.08 g, 3 mmol) were stirred in 35 ml of acetonitrile for 2 hr before 

the cation radical (544 rag, 1.5 mmol) was added. After 18 hr reaction 

time, the mixture was worked up and chromatographed on silica gel 

(2.5 x 35 cm), Elution with 700 ml of 90/10 PE : PhH gave 300 mg 

(1.16 mmol, 77.3%) of 10-phenylphenoxazine, mp 138-139 . 

Elution with 600 ml of 80/20 PE : PhH gave a further 17.6 mg (0,068 

mmol, 4,5%) of 10-phenylphenoxazine, which was confirmed by Hnmr 

spectrum. There were several small fractions which contained yellow 

oily residues, but only very weak ir and nmr spectra were obtained, so 

no structural information could be concluded. 
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Reaction with Potassium Chloride 

Potassium chloride (598 mg, 8 mmol) was stirred in 30 ml of 

acetonitrile for 1 hr before the cation radical (539 mg, 1.5 mmol) was 

added. The red pink color of the cation radical remained over 10 days. 

After 19 days reaction time the reaction mixture was worked up and 

chromatographed on silica gel (2.5 x 30 cm). The column was eluted 

with 350 ml of 95/5 PE : PhH and gave 8.5 mg of a pale yellow oil, with 

which no nmr signal could be detected. The next 210 ml of eluent 

yielded 61.7 mg (0.21 mmol, 14%) of a pale brown oil, which solidified 

upon standing at room temperature, mp 83-84.5 . The compound gave a 

positive Beilstein halogen test. MS: found 293.0572, calcd. for 

C^_H^^N0C1 293.0604, 295 (M"̂  + 2, 43.6%), 293 (M"^, 100%), 258 (M"̂  - CI, 
lo IZ 

4.5%), 218 (295 - Ph, 20.4%), 216 (M"̂  - Ph, 61.7%). "̂ HNMR (CDCl^) 6 : 

7.70-7.26 (m, 5H, Ph), 6.76-6.46 (m, 5H, H^, H^ and H^_g), 6.00-5.86 

(m, IH, H ), 5.80 (d, IH, H , J = 8.5 Hz). The structure is designated 
9 1 

as 3-chloro-lO-phenylphenoxazine. The next 1.4 1 of the same solvent 

resulted in 287 rag (1.11 mmol, 74%) of 10-phenylphenoxazine, mp 138-

139°. 

Elution with 100 ml of 60/40 PE : PhH gave 44.6 mg (0.0764 mmol, 

10.2%) of yellow brown solid, mp 270-270.5°. This compound also gave a 

positive Beilstein halogen test. MS: found m/e 584.1046, calcd. for 

C,,H, N n Cl^ 584.1052, 588 (M"̂  + 4, 14.8%), 586 (M"̂  + 2, 70.4%), 584 
3D 2Z 2 z 2 

(M"*", 100%), 551 (586 - Cl-^^ 22%), 549 (M"̂  - Cl"̂ ,̂ 11.7%), 516 (dimmer , 

39.5%), 511 (588 - Ph, 2.5%), 509 (586 - Ph, 13.6%), 507 (M"̂  - Ph, 

19.8%), 430 (M"̂  - 2Ph, 7.4%), 292 (M'̂ /2e, 8.6%). ''"HNMR (CDCl^) 6 : 7.72-
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7.32 (m, 12H, 2Ph and H^, H ^), 6,83 (d, 2H, H and H J = 1.8 Hz), 

6.70 (d, 2K, H^ and H ^, J = 2.3 Hz), 6.55 (d of d, 2H, H and H 

J = 8.5 Hz, J = 2.3 Hz), 5.86 (2d as t, 4 H, H . and H' „, J = 8.5 Hz). 
1,9 1,9 

f » I 

The structure is assigned to be 3,3 -dichloro-10,10 -diphenyl-7,7 -

biphenoxazine. 

Reaction with Potassium Bromide 

Potassium bromide (1.11 g, 9.3 mmol) was stirred in 30 ml of 

acetonitrile for 0,5 hr before the cation radical (716 mg, 2 mmol) was 

added. The red pink solution graduately turned brown with liberation 

of hydrogen bromide gas. (White smoke was observed from the gas outlet, 

and the water trap gave silver bromide ppt upon treatment with silver 

nitrate.) After 8 hr reaction time the mixture was worked up and 

chromatographed on silica gel (2,5 x 32 cm), Elution with 500 ml of 

90/10 PE : PhH gave more than 96% (by weight) of material, the melting 

point of this white solid showed two stages at about 50 and 100 , 

but tic (silica gel/PE) showed only one large spot. The nmr spectrum 

of this solid was very similar to 10-phenylphenoxazine, except that 

the integration was incorrect. This solid was chromatographed again 

on silica gel (2.5 x 32 cm). Elution with 1 1 of PE (from a light 

blue band) gave 16 mg (0,0384 mmol, 1.9%) of white solid, mp 142.5-144 , 

which gave a positive Beilstein halogen test. MS: found m/e 416.9192, 

81 
calcd. for C,„H, N0Br_ 416.9184, 419 (with 2 Br , 50%), 417 (with 

lo 11 Z 

Br̂ -̂ Br''̂ , 100%), 415 (with 2Br^^, 50%), 342 (419 - Ph, 22,2%), 340 

(417 - Ph, 44.4%), 338 (415 - Ph, 22,2%). ^KNMR (CDCl ) 6 : 7.70-7.26 
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(m, 5H, Ph), 6.80 (d, 2H, H^ and H^, J = 2.0 Hz), 6.67 (d of d, 2H, 

H^ and Hg, J = 8.5 Hz, J = 2.0 Hz), 5.74 (d, 2H, H^ and H , J = 8.5 Hz). 

The structure is assigned to be 3,7-dibrorao-lO-phenylphenoxazine. 

The next 1.5 1 of PE eluent (from a light violet band) yielded 282 

mg (0.836 ramol, 41.8%) of thick pale yellow oil. This oil also gave a 

positive Beilstein halogen test. The oil solidified several days later, 

rap 90-92°. MS: found m/e 337.0057, calcd. for C,„H^.NOBr 337.0099, 
lo IZ 

339 (M"̂  + 2, 98.4%), 337 (M"^, 100%), 262 (339 - Ph, 73.1%), 260 (M"̂  - Ph, 

74.9%), 258 (M"̂  - Br, 13.1%). \lNMR (CDCl^) 6 : 7.70-7.28 (m, 5H, Ph), 

6.80 (d, 1 H, H,, J = 2.0 Hz), 6.74-6.50 (m, 4H, H„ and H, _ ) , 5.98-5.84 
^ Z D—o 

(ra, IH, H ), 5.76 (d, IH, H , J = 8.5 Hz). This compound is assigned to 

be 3-bromo-lO-phenylphenoxazine. 

Finally, elution with 2 1 of 95/5 PE : PhH and 1 1 of 90/10 PE : PhH 

gave 326 mg (1.26 ramol, 63%) of 10-phenylphenoxazine, mp 138-139 . 

Direct Bromination of 10-Phenylphenoxazine with Bromine 

a. In acetonitrile 

To a stirred solution of 10-phenylphenoxazine (782 rag, 3.02 mmol) 

in 20 ml of acetonitrile kept under a gentle nitrogen flow was added 

0.17 ml of bromine (3.1 mraol) using a microsyringe. Immediately the 

solution became reddish pink (coloration of the cation radical), soon 

it turned green, then deep purple. About 40 min later the solution 

turned black; hydrogen bromide gas was evolved during the reaction, and 

was carried off by the nitrogen into a water trap. After 1 hr reaction 

time the solution was poured into aqueous sodium bicarbonate solution. 

The solution was then extracted with benzene, washed with water, dried 

file:///lNMR


20 

over sodiura sulfate, evaporated, and chromatographed on silica gel 

(2.5 X 32 cm). 

Elution with 100 ml of PE gave 130 mg of white solid, mp 150-151° 

(PE). MS: found m/e 416.9249, calcd. for C,_H^ NOBr^ 416.9184, the 
lo 11 2 

compound was 3,7-dibromo-lO-phenylphenoxazine. The next 50 ml of 

eluent yielded 28 mg of white solid, mp 142.5-144°, mixture melting 

point with the previous sample (mp 150-151°) was 145-147°, a crude 

product (rap 142,5-144°) was dissolved in PE and treated with charcoal; 

crystallization gave well formed cubes, rap 150-151°, This also was 

identified as 3,7-dibromo-lO-phenylphenoxazine (0,378 mraol, 12.5%), 

and spectral data were consistent with the dibrorao product frora the 

reaction of cation radical with broraide ion. 

The next 300 ral of PE eluent gave 520 rag (1.54 mmol, 51%) of a 

thick pale yellow oil, which later solidified to have mp 89-91 . 

Spectral data obtained with this solid were consistent with 3-bromo-lO-

phenylphenoxazine. 

Elution with 350 ml of 90/10 PE : PhH resulted in 168 mg (0,65 mmol, 

21.5%) of 10-phenylphenoxazine, mp 138-139 . 

b. In acetic acid 

To a stirred solution of 10-phenylphenoxazine (474 mg, 1.83 ramol) 

in 30 ral of acetic acid was added 0,10 ral of bromine (1.83 mraol) using 

a raicrosyringe. The solution instantly turned reddish pink; after ca. 

5 sec it turned dark grey, and soon it becarae greenish grey. No acid 

was found in the water trap on the nitrogen outlet. After 1 hr 

reaction time the mixture was worked up in the previous manner, and 
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chromatographed on silica gel (2.5 x 33 cm), 

Elution with 150 ml of PE resulted in 189 mg (0.455 mmol, 24.9%) 

of 3,7-dibromo-lO-phenylphenoxazine, rap 150,5-151,5° (PE). MS: found 

m/e 416,9168, calcd, for C,_H_NOBr^ 416,9184. 
lo 11 Z 

The next 500 ml of PE eluent gave 288 mg (0,853 mmol, 46,6%) of 

3-bromo-lO-phenylphenoxazine; ms found ra/e 337.0047, calcd. for 

C,_H^-NOBr 337.0099. 
lo IZ 

Elution with 250 ml of 90/10 PE : PhH gave 98.1 mg (0.379 mmol, 

20.7%) of 10-phenylphenoxazine, rap 138-139 . 

Reaction with Potassiura Nitrite 

Potassium nitrite (864 rag, 10.2 ramol) was stirred in 30 ml of 

acetonitrile for 1 hr before the cation radical was added. The red 

pink solution which turned red brown after 4 hr, was worked up in the 

usual manner, and chromatographed on silica gel (2.5 x 30 cm). Elution 

with 500 ml of 90/10 PE : PhH gave 252 mg (0.97 mmol, 51%) of 10-

phenylphenoxazine, rap 138-139°. Elution with 900 ml of 80/20 PE : PhH 

gave 4.9 rag of a yellow oil. Tic (silica gel/PhH) indicated this to 

be a mixture of the 3,3 -dimer and 3-nitro-lO-phenylphenoxazine, 

Elution with 1 1 of 70/30 PE : PhH gave a greenish yellow solution 

with green fluorescence, which resulted in 302 mg (0.992 mraol, 52.2%) 

of red crystals, rap 174-175 , recrystallized frora benzene to give 

mp 175.5-176°, MS: found m/e 304.0865, calcd, for C gH^2^2°3 

304,0847, 305 (M"̂  + 1, 27.2%), 304 (M"^, 100%), 274 (M"̂  - NO, 28.3%), 

258 (M"̂  - NO , 79.3%). IR (nujol) showed -NO vibrational stretching 

at 1570 cm (asyram.) and 1360 cm - (s3nran.). HNMR (acetone-d,) 
D 
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5 : 7.82-7.53 (m, 5H, Ph), 7.51-7.36 (ra, 2H, H and H ), 6.86-6.64 (ra, 3H, 

H, - ) , 6.00 (d, IH, H,, J = 2.3 Hz), 5.96 (d of d, IH, H^, J = 9.0 Hz, 
D—o 1 y 

J =2.3 Hz). This compound is assigned to be 3-nitro-lO-phenyiphenoxazine. 

Reaction with Sodium Thiocyanate 

To a stirred solution of sodium thiocyanate (404 mg, 5 mraol) in 

40 ral of acetonitrile was added the cation radical (340 rag, 0.947 raraol), 

The solution turned greyish brown immediately. After 1 hr reaction 

time the mixture was worked up and chroraatographed on silica gel (2.5 x 

27 cm). 

The column was eluted with 700 ml of 90/10 PE : PhH gave 145 mg 

(0.56 mmol, 59.1%) of 10-phenylphenoxazine, mp 138.5-139.5 . 

Elution with 400 ml of benzene resulted in 130 mg (0,412 mmol, 

43.5%) of light yellow solid, mp 123-124 , recrystallized from benzene 

to give rap 122-123°. MS: found m/e 316.0695, calcd. for C^gH^2N20S 

316.0668 (M"̂  + 2, 7.6%), 317 (M"̂  + 1, 26.1%), 316 (M"^, 100%), 290 

(M"̂  - CN, 7.6%), 284 (M^ - S, 18.5%), 239 (M"̂  - Ph, 30.4%), 181 

(M"̂  - Ph - SCN, 5.4%). IR (nujol) showed -CN at 2157 cm" . HNMR 

(CDCl ) 6 : 7.47-7.37 (m, 5H, Ph), 6.86 (d, IH, H^, J = 2.3 Hz), 

6.81-6.56 (ra, 4H, H^ and H^_g), 6.02-5.85 (m, 2H, H^ and H^), The 

compound is designated to be 3-thiocyano-lO-phenylphenoxazine, 

Reaction with Potassium Cyanide 

Potassium cyanide (464 mg, 7.1 mmol) was stirred in 40 ml of 

acetonitrile for 2 hr before the cation radical (589 mg, 1.64 mmol) 

was added. The reaction mixture which turned red brown after 15 min. 
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was worked up in the usual manner and chromatographed on silica gel 

(2,5 X 30 cm), 

Elution with 800 ml of 90/10 PE : PhH gave 391 mg (1.51 mmol, 92%) 

of 10-phenylphenoxazine, rap 138-139°. Elution with 1 1 of 40/60 PE : 

PhH yielded 54.1 rag (0.105 ramol, 12.8%) of crude 10,10' diphenyl-3,3'-

biphenoxazine, mp 247-248 ; after crystallization frora PhH/MeOH, 

mp 257-258°. 

Reaction with Potassium Superoxide 

To a stirred solution of potassiura superoxide (215 rag, 3 mmol) 

in 15 ml of acetonitrile was added dropwise a solution of the cation 

radical (563 mg, 1.57 nmiol) in 15 ml of acetonitrile over a period 

of 20 rain. The original red pink color disappeared almost instantly 

and became brown then grey. After 30 min reaction time the mixture 

was worked up in the usual manner, and chroraatographed on silica gel 

(2.5 X 31 era). 

The coluran was eluted with 250 ml of 90/10 PE : PhH gave 316 mg 

(1.22 ramol, 77.7%) of 10-phenylphenoxazine, mp 138-139°. Elution with 

400 ml of 70/30 PE : PhH resulted in 10.2 mg (0.0198 mmol, 2.5%) of 

t t 

10,10 -diphenyl-3,3 -biphenoxazine, as indicated by tic. 

There were four more fractions, each of about 6-8 mg range 

obtained from 50/50, 30/70 of PE : PhH, benzene, and acetonitrile 

eluents, respectively. Tic indicated each one as a mixture, and no 

further separation was attempted in order to identify them. 
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Reaction with Sodium Acetate 

To a stirred solution of sodium acetate (827 mg, 10 mmol) in 30 ml 

of acetonitrile was added the cation radical (743 mg, 20.7 ramol). 

After 24 hr reaction time the mixture was worked up and chromatographed 

on silica gel (2.5 x 31 cm). Elution with 500 ml of 90/10 PE : PhH 

gave 416 mg (1.60 mmol, 77.3%) of 10-phenylphenoxazine, mp 138-139°. 

Elution with 500 ml of 70/30 PE : PhH gave a colorless solution with 

strong blue fluorescence, which yielded 8.7 rag (0.0169 raraol, 1.6%) of 

yellow residue. This gave very weak nmr signals, but tic indicated the 

compound to be raainly the 3,3 -dimer, 

Elution with 1 1 of 50/50 PE : PhH gave a colorless solution with 

blue fluorescence, which yielded 44.8 mg of thick grey oil which 

solidified upon standing, rap 109-111 . MS: found ra/e 317.1040, calcd, 

for C2QH^3NO^ 317.1048, 318 (M"̂  + 1, 14.3%), 317 (M"^, 62.9%), 275 (M"̂  -

CH2=C=0, 100%), 198 (275 - Ph, 21.4%). IR (nujol) showed C=0 at 1773 

era" . HNMR (CDCl ) 6 : 7.78-7.28 (ra, 5H, Ph), 6.76-6.52 (ra, 4H, H and 

H. _ ) , 6.35 (d of d, IK, H^, J = 8.5 Kz, J = 2.5 Hz), 6.00-5.84 (ra, IH, 
D-o 3 

H ), 5.64 (d, IH, H., J = 2.5 Hz), 2.13 (s, 3H, COCH ). Based on these 
9 1 J 

spectral data the compound is designated to be 2-acetoxy-lO-phenylphenox-

azine. 

Reaction with Sodiura Benzoate 

To a stirred solution of sodium benzoate (288 mg, 2 mmol) in 20 ml 

of acetonitrile was added the cation radical (594 mg, 1.66 mraol). 

After 92 hr reaction time the mixture was worked up and chromatographed 

on silica gel (2.5 x 30 era). Elution with 250 ral of 90/10 PE : PhH 

gave 252 mg (0.973 mmol, 58.7%) of 10-phenylphenoxazine, mp 138-139°. 
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Elution with 400 ml of 70/30 PE : PhH gave a pale yellow solution 

with blue fluorescence, from which 95.9 mg (0.252 mraol, 15.2%) of 

light yellow oil was obtained. A few drops of benzene caused the oil 

to solidify. The solid was ressolved in benzene, treated with charcoal, 

and evaporated to dryness. Upon standing at room temperature, a yellow 

solid formed, rap 200-201°; which was recrystallized frora methanol, 

rap 207-207.5 . MS: found ra/e 379.1174, calcd. for C H NO 379.1204, 

380 (M"̂  + 1, 29.4%), 379 (M"^, 100%), 274 (M"̂  - PhCO, 15.7%), 105 (PhCO^, 

54.9%). IR (nujol) showed C=0 at 1745 cm""''. "WiR (CDCl ) 6 : 8.08 

(d, 2H, o-benzoate, J = 7.5 Hz), 7.75-7.29 (m, 8H, Ph and m,p-benzoate), 

6.83-6.56 (m, 4H, H^ and H^_g), 6.47 (d of d, 1 H, H J = 8.5 Hz, 

J = 2.5 Hz), 6.02-5.84 (ra, IH, H ). 5.75 (d, IH, H J = 2.5 Hz). 

This corapound is assigned to be 2-benzoxy-lO-phenylphenoxazine. 

Elution with 400 ral of 50/50 PE : PhH gave a pale brownish solution, 

which yielded 17.5 mg of light brown oil, upon standing this solidified, 

mp 199-201 . Tic indicated that this solid was a mixture of 2-benzoxy 

and a dibenzoxy derivatives, no further separation was attempted. 

Elution with 400 ml of 20/80 PE : PhH gave a pale brownish solution, 

which resulted in 40.7 mg (0.0816 mmol, 4.9%) of grey brown solid, mp 

250-254 . This was crystallized frora benzene, mp 268.5-269.5 . IR 

(nujol) showed rather broad and strong C=0 absorptions at 1745 (shoulder) 

and 1737 cm""̂ . MS: found m/e 499.1441, calcd. for C^2^21^°5 ^^^'^^l^' 

500 (M"̂  + 1, 17.8%), 499 (M"^, 48.9%), 395 (M"̂  - PhCO + 1, 6.7%), 

105 (PhCO'*', 100%). HNMR (CDCl ) 6 : 8.30-7.90 (d of d, 3H, benzoate, 

J = 8.0 Hz, J = 2.0 Hz), 7.70-7.26 (m, IIH, Ph and benzoate), 6.84-6.40 
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(m, 5H, ring protons), 6.00-5.70 (m, 2H, H^and H^). This compound is 

a dibenzoxy-10-phenylphenoxazine, but there is a question as to the 

location of the benzoxy groups according to the Hnmr spectrum. 

Reaction with Sodium Methoxide 

Trial 1 

To a stirred solution of sodium methoxide (757 mg, 14 mmol) in 

30 ml of absolute methanol was added the cation radical (410 mg, 1.14 mmol) 

No reddish pink color was observed but a grey brown appearance developed. 

After 24 hr reaction time the resulting greyish solution was worked up 

in the usual manner, and chroraatographed on silica gel (2,5 x 32 era), 

Elution with 250 ral of 90/10 PE : PhH gave 169 mg (0.652 mmol, 

57.2%) of 10-phenylphenoxazine, mp 138-139 . 

Elution with 200 mi of 70/30 PE : PhH gave 30 mg (0.104 mraol, 9.12%) 

of white solid, mp 117-118 , recrystallized frora raethanol to give mp 

119.5-120°. MS: found m/e 289.1127, calcd. for C QH.,NO 289.1099, 

290 (M"̂  + 1, 20.8%), 289 (M"^, 100%), 274 (M"̂  - CH 6.9%), IR (nujol) 

showed Ar-O-CH at 1261 and 1036 cm" . HNMR (CDCl ) 6 : 7.68-7.28 

(ra, 5H, Ph), 6.76-6.48 (m, 4H, H, and H^ _ ) , 6.10 (d of d, IH, H., 

4 6—o 3 

J = 8.5 Hz, J = 2.7 Hz), 6.00-5.80 (m, IH, H ), 5.54 (d, IH, H , 

J = 2.7 Hz), 3.60 (s, 3H, 0CH„). This compound is designated to be 2-

raethoxy-10-phenylphenoxazine. 

Elution with 150 ral of 40/60 PE : PhH gave a colorless solution 

with blue fluorescence, which yielded 16.2 mg of grey yellow residue. 

Tic gave two spots and only very weak nmr signals could be detected, 

no further identification was attempted. 
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Elution with 200 ml of 20/80 PE : PhH gave a pale yellow eluent 

with blue fluorescence, which resulted in 68.7 mg (0.214 mraol, 19%) of 

a pale yellowish white solid, rap 142-144°; crystallization frora PhH/PE 

gave mp 151-152°. MS: found m/e 321.1340, calcd. for C H NO 

321.1360, 322 (M"̂  + 1, 23.9%), 321 (M"^, 100%), 306 (M"̂  - CH , 20.8%), 290 

(M - OCH^, 5.2%). IR (nujol) showed OH vibrational stretching at 

3490 cm" . NMR (CDCl ) 6 : 7.40-6.70 (ra, IIH, aromatic), 6.50 (d, 2H, 

J = 8.0 Hz), 3.78 (s, 3H, OCH ), 3.70 (s, 3H, OCH ). The structure of 

this corapound can not be unambiguously assigned due to the complicated 

nmr spectrum. It is believed that the compound is a ring-opened 

structure such as a trisubstituted triphenylamine. 

Trial 2 

To a stirred solution of sodiura methoxide (811 rag, 15 mmol) in 

30 ml of absolute methanol was added the cation radical (984 mg, 2.74 

ramol), and the reaction was continued as in trial 1. The resulting 

organic residue was chroraatographed on silica gel (2.5 x 35 cm). 

Elution with 250 ml of 90/10 PE : PhH gave 350 mg (1.35 mmol, 49-6%) 

of 10-phenylphenoxazine, mp 139-140 , Elution with 550 ral of 70/30 

PE : PhH yielded 86.5 mg (0.3 mraol, 11%) of 2-raethoxy-lO-phenylphenoxazine, 

rap 117-118 , after recrystallization from methanol, mp 119.5-120 . 

Elution with 200 ral of 40/60 PE : PhH gave a colorless solution 

with blue fluorescence, frora which 19,6 rag (0,036 raraol, 2.6%) of pale 

grey solid, mp 228,5-229° (PE/PhH) was obtained. MS: found m/e 546.1944, 

calcd. for C^^H_N_0„ 546,1937, 547 (M"̂  + 1, 39.1%), 546 (M"^, 100%), 
3 / Zo Z J 

531 (M - CH , 2.7%), and peaks of other fragments too weak to calculate. 
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NMR (CDCI3) 6 : 7.92-7.46 (m, lOH, 2Ph), 6.78-6.54 (m, 9H, H, , _ and 
I ^ 3,4,6,8 

^ 2,4,6-8^* 6.14-5.80 (m, 3H, H^ and H ' ^ ^ ^ ) , 5.50 (d, IH, H^, J = 2.5 Hz), 

3.28 (s, 3H, OCH3). Based on these spectral data, the compound was 

designated to be 2-raethoxy-10,10 -diphenyl-3',7-biphenoxazine. 

Elution with 300 ml of 20/80 PE : PhH resulted in 120 mg (0.376 

mmol, 13.7%) of the assumed triarylamine, mp 151.5-152.5° (PhH/PE). 

Reaction of 2-Methoxy-lO-phenylphenoxazine 
with Sodium Methoxide 

A solution of sodiura methoxide (51.4 mg, 0.95 mmol) in 5 ml of 

absolute raethanol was added to a stirred solution of 2-methoxy-lO-

phenylphenoxazine (85 mg, 0.294 mmol) in 5 ml of acetonitrile. After 

4 hr reaction time the solvents were removed in a rotary evaporator. 

The resulting residue v/as dissolved in dichloromethane and then washed 

with water, dried over sodium carbonate, and evaporated again, to give 

85.4 mg (100%) of 2-methoxy-lO-phenylphenoxazine, rap 116-117 ; which 

recrystallized frora methanol after treatment with charcoal gave 80.2 mg 

of white needles, mp 119.5-120 . 

C. Reaction of the Cation Radical with Amines 

Triethylamine 

To a stirred solution of the cation radical (609 mg, 1.7 mmol) in 

20 ml of acetonitrile was added dropwise 0.5 ml of triethylamine (3.59 

mmol), which caused the solution to turn greyish pink with the formation 

of a precipitate almost instantly. After 4 hr reaction time the mixture 

was filtered and washed with benzene, and the combined filtrate and 

washings were evaporated. The resulting residue was redissolved in 

benzene, and a minimum amount of dichloromethane was added to dissolve 
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the residue, then washed with water, dried, and evaporated again. The 

crude product was chromatographed on silica gel (2.5 x 31 cm), eluted with 

550 ml of 90/10 PE : PhH to give 405 mg (1.56 mmol, 91.8%) of 10-

phenylphenoxazine, mp 138.5-139°. 

Elution with 300 ml of PE : PhH gave 10.3 rag (0.02 mmol, 2.4%) of 
t 

the 3,3 -dimer, as indicated by tic. 

Di-isopropylamine 

Di-isopropylamine (0.3 ral, 2.1 mmol) was added to a stirred solution 

of the cation radical (390 rag, 1.09 mmol) in 20 ml of acetonitrile, 

which turned the solution grey brown immediately. After 30 min reaction 

time the mixture was worked up in the usual manner and chroraatographed 

on silica gel (2.5 x 31 cm). 

The products were 10-phenylphenoxazine (0.931 mmol, 85.4%), rap 

138.5-139-2°, and the 3,3 -diraer (0.0446 ramol, 8.2%) as indicated by 

tic. 

n-Butylaraine 

To a stirred solution of the cation radical (767 rag, 2.14 mraol) in 

20 ral of acetonitrile was added n-butylamine (0.3 ml, 3.0 mmol). Again 

the solution turned grey brown with precipitation. After 30 rain reaction 

time the mixture was worked up and chroraatographed on silica gel 

(2.5 X 30 era). 

10-Phenylphenoxazine (1.77 mmol, 82.7%), mp 139-139.6 , and the 

3,3-dimer (0.025 raraol, 2.4%) as indicated by tic, were the products from 

this reaction. 
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Pyridine 

Trial 1 

To a stirred solution of the cation radical (414 mg, 1.15 mmol) 

in 20 ml of acetonitrile was added pyridine (0.15 ml, 1.85 mmol). No 

color change could be observed, except that the solution turned more 

reddish. After 24 hr the reaction mixture was worked up in the usual 

manner and chromatographed on silica gel (2.5 x 35 cm). 

Elution with 400 ml of 90/10 PE : PhH gave 36.9 mg of 10-

phenylphenoxazine, mp 138.5-139° (EtOH). Elution with 550 ral of 

75/25 PE : PhH gave 78 rag of 10-phenylphenoxazine, mp 138.5-139° (EtOH). 

An additional 65.5 mg of 10-phenylphenoxazine, rap 137-138 , was recovered 

frora 200 ral of 40/60 PE : PhH solvent. The total yield of 10-

phenylphenoxazine was 180 mg (0.696 mmol, 60.6%). 

Elution with 100 ml of acetone yielded 134 mg of brown solid, 

mp 173-203 ; which was recrystallized twice frora dichloromethane, 

mp 275-276.5 (dec). The solid gave a positive Beilstein halogen test. 

IR (nujol) showed the presence of perchlorate at 1090 cm . MS showed 

the following m/e (%) fragments: 625 (18.7%), 610 (35.7%), 609 (59%), 

582 (7.1%), 581 (15.9%), 580 (8.3%), 579 (11.8%), 534 (diraer"̂  + H^O, 

100%), 532 (54.3%), 530 (41.4%), 517 (18.1%), 516 (diraer"*", 45.6%), 

found 516.1825, calcd. for C^,H^,N^0. 516.1838. ĤNl̂ IR (acetone-d,) 

36 24 2 2 D 

6 : 8.99 (d of d, ?H, J = 7 Hz, J = 1.5 Hz, pyridinium), 8.72 (t, ?H, 

J = 8.5 Hz, pyridinium), 8.18 (t, ?H, J = 7 Hz, Pyridinium), 7.78-

7.26 (m, ?H, Ph), 6.94-6.40 (m, ?H, ring protons), 6.32 (d of d, 

?H, H , J = 8.5 Hz, J = 1.5 Hz), 6.00-5.82 (m, ?H), 5.74 (d, ?H, H^ 
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J = 8.5 Hz). The compound has A 381 nm (CH.Cl ), and A 370 nm 
max z Z max 

(Me^CO), Elemental analysis: found C, 69,33; H, 5,35; N, 7,21; CI, 

4.75. The empirical formula was calculated to be C H N CIO . No 
43 40 4 6 

structure could be deduced from this information. 

Trial 2 

In repeating the previous experiment, pyridine (0.15 ml, 1.85 mmol) 

was added to a stirred solution of the cation radical (453 mg, 1.26 mmol) 

in 20 ml of acetonitrile. The reaction mixture was worked up and 

chromatographed on silica gel (2.5 x 33 era) as in the previous raanner. 

Again, a total of 167 mg (0.644 mraol, 51.1%) of 10-phenylphenoxazine, 

rap 138-139 , was recovered frora 500 ml of 90/10 and 400 ml of 60/40 PE : 

PhH mixed solvents. 

Elution with 150 ml of acetone gave 159 mg of red brown solid, 

rap 250-258°. This solid was crystallized from CH CI /PhH and had mp 

204 (dec), the mixture raelting point with the trial 1 product (mp 

275-276.5°) was 271.5-173.5° (dec); A 381 nm (CH^Cl,) and A 

max 2 2 max 

370 nm (Me CO). It also gave a same mass spectrum pattern as the 

trial 1 product. 

It was observed that if the trial 1 product was crystallized from 

CH CI /PhH again it decomposed at 204°. 

Part 3 

Preparation of Authentic Compounds 

4 
Synthesis of 3-Nitrophenoxazine - Turpin Reaction 

A solution of sodium hydroxide (4.15 g, 104 ramol) in 60 ml of 
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50% aqueous ethanol was added dropwise to a stirred solution of 

o-aminophenol (4.15 g, 41.4 mmol) and 2,4-dinitrochlorobenzene 

(8.50 g, 42 mmol) in 80 ml of 95% ethanol. The solution was refluxed 

for 100 min. Some greyish brown precipitation was formed, the mixture 

was filtered, the residue was washed with sodium hydroxide solution 

then ethanol. The grey brown residue was taken up with benzene to 

give a red brown solution; the benzene solution was concentrated and 

cooled to give 7.56 g (27.5 mmol, 66.4%) of reddish brown solid, mp 

200.5-202° (lit. mp 200.5-202°).^ IR (nujol) showed two distinguishable 

OH and NH vibrational stretchings at 3360 and 3282 cm , respectively. 

MS: found ra/e 275.0520, calcd. for C,_H^N„0^ 275.0540, 276 (M"*" + 1, 
IZ 9 3 3 

13.5%), 275 (M"*", 100%), 257 (M"̂  - H^O, 2.5%), 229 (M"̂  - NO^, 2.2%), 

183 (M"̂  - 2N0^, 22%). ^HNMR (acetone-d,) 6 : 9.94 (broad, NH), 9.04 
Z b 

Dd, IH, H , J = 2.7 Hz), 8.26 (d of d, IH, H 3, J = 9.5 Hz, J = 2.7 Hz), 

7.50-6.88 (m, 6H, OH, H , and H^ , ) . This compound is consistent with 
D J-D 

t » 

2-hydroxy-2 4 -dinitrodiphenylamine. 

The compound was cyclized by two methods as following: 

a. Cyclization of 2-hydroxy-2 ,4 -
dinitrodiphenylamine to 3-

nitrophenoxazine 

To a stirred solution of 2-hydroxy-2',4'-dinitrodiphenylamine 

(550 mg, 2mmol) in 30 ml of dimethyl sulfoxide was added a solution of 

sodium acetate (251 rag, 3mmol) in 10 ml of dimethyl sulfoxide. The 

mixture was heated to 95° for 16 hr, cooled to room temperature, and 

then poured into 500 ml of ice-cold water. The red brown solid was 

filtered from the aqueous solution, washed with water, and redissolved 
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in acetone; the filtrate was extracted with dichloromethane until the 

aqueous phase was almost colorless. All the organic solutions were 

combined, concentrated, and cooled in the refrigerator. No crystallization 

was observed in this solution, so the solution was evaporated to dryness, 

a few drops of benzene was added, and the residue was triturated with 

several drops of 95% ethanol. The resulting red brown solid was filtered 

and washed with ethanol to give 284 mg (1.25 mmol, 62.3%) of 3-

nitrophenoxazine, mp 190-192° (lit. rap 195-197°; lit. rap 200-201° ;. 

Recrystallization frora benzene gave copper bronze lustrous crystals, 

mp>360 (see experiraental section on deacetylation of 3-nitro-lO-

acetylphenoxazine). 

t t 

b. Cyclization and phenylation of 2-hydroxy-
2 ,4 -dinitrodiphenylamine to 
3-nitro-lO-phenylphenoxazine 

In a 100 ral flask were raixed 1.37 g (4.98 ramol) of 2-hydroxy-

2 ,4 -dinitrodiphenylaraine, 1.43 g (7 raraol) of iodobenzene, 0.834 g 

(6 mmol) of potassiura carbonate, and 0.309 g of activated copper powder 

in 20 ral of diraethylforraamide. The mixture was heated to reflux and a 

brown gas, NO , was generated. The mixture was refluxed for 48 hr, 

then filtered, and the residue was washed with hot benzene. Evaporation 

of the filtrate and washings gave a red brown solid, which was 

crystallized from ethanol to give 1.09 g (3.58 ramol, 72%) of crude 

3-nitro-lO-phenylphenoxazine, mp 163-164.5°. This solid was dissolved 

in benzene, treated with charcoal, concentrated, and a reddish brown 

solid, mp 172.5-173°, was obtained. The mixture melting point with 

the nitro product (rap 175.5-176 ) obtained from the cation radical-
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nitrite ion reaction was 173-175°. 

The mass spectrum of this compound was: found m/e 304.0894, calcd. 

^°^ S 8 \ 2 V 3 304,0847, 305 (M̂ " + 1, 32,5%). 304 (M̂ ", 100%), 274 

(M^ - NO, 6.8%), 258 (M"̂  - NO^, 72.9%). ^HNMR (acetone-d^) 6 : 7,82-7,52 

(ra, 5H, Ph), 7,50-7,36 (m, 2H, H_ and H, ) , 6,86-6,64 (ra, 3H, H, J, 
Z H 6-0 

6.00 (d, IH, H^, J = 9.0 Hz), 5,96 (d of d, 1 H, H^, J = 9.0 Hz, 

J = 2.3 Hz). 

The 3-nitro-lO-phenylphenoxazine prepared by this method had 

^max ^^^ '̂"̂' ̂  = 137 ± 0.047 x lo'̂  (M""̂ cra~"'') in acetonitrile; the nitro 

product obtained frora the cation radical-nitrite ion reaction had A 
raax 

446 nm, e = 1.38 ± 0.026 x 10 (M" cm"'''). Based on these data, it 

was concluded that the two corapounds are identical. 

Synthesis of 3-Nitrophenoxazine - Musso's Preparation 

a. Acetylation of phenoxazine 

To a stirred solution of phenoxazine (1.01 g, 5.5 mmol) in 10 ml 

of acetic acid was added 15 ml of acetic anhydride. The solution was 

heated to reflux for 40 min then poured into 150 ml of ice-cold water, 

and stirred for 10 min to hydrolyze the excess acetic anhydride. 

10-Acetylphenoxazine, which crystallized frora the aqueous solution was 

filtered, washed with water, and dried, gaving 1.21 g (5.36 mmol, 97.4%) 

o o 49 1 
of light grey crystals, mp 145.5-146 (lit. rap 142 ) . HNMR (CDCl ) 

6 : 7.56-7.40 (m, 2H, H, and H^), 7.22-7.00 (ra, 6H, H. , and H^ . ) , 
1 9 Z-4 0-0 

2.34 (s, 3H, COCH^). 
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b. Nitration of 10-acetylphenoxazine 

To a stirred solution of 10-acetylphenoxazine (1.18 g, 5.2 mmol) in 

20 ral of glacial acetic acid was added dropwise 6 ml of IN nitric acid 

in acetic acid. The light grey solution turned yellowish grey when 

ca. 2 ml of the nitric acid solution was added, then it becarae brown. 

After stirring for 24 hr the mixture was poured into 175 ml of water, 

which resulted in a yellow brown precipitate. 

The solid was filtered, washed with water, and gave 1.30 g (4.8 mmol, 

98%) of 3-nitro-lO-acetylphenoxazine, mp 134-135° (lit. mp 136-137°),^ 

which was crystallized from benzene to give mp 135.5-136°. HNMR 

(CDCl^) 6 : 8.12-7.94 (m, 2H, H^ and H ), 7.78 (d, IH, H J = 9.0 Hz), 

7.44-7.08 (m, 4H, H, _ ) , 2.38 (s, 3H, COCH.). 
D—9 3 

c Deacetylation of 3-nitro-lO-acetylphenoxazine 

To a stirred solution of 3-nitro-lO-acetylphenoxazine (955 mg, 3.54 

mraol) in 30 ml of ethanol was added slowly a solution of potassium 

hydroxide (1.34 g, 23.9 mmol) in 20 ml of water. The solution turned 

bluish purple. Warming the solution to 50 for 20 min, and pouring into 

500 ml of ice-cold water, caused a grey red brown precipitation. The 

aqueous solution was neutralized with aqueous hydrochloric acid, 

filtered, and the solid was washed with water to give 775 rag (3.40 mraol, 

96%) of grey brown 3-nitrophenoxazine, mp 198-198.5 . MS: found m/e 

228.0484, calcd. for C.^H^N^O^ 228.0533, 229 (M"*" + 1, 13.3%), 228 
IZ o Z Z 

(M"^, 100%), 198 (M"̂  - NO, 11.4%), 182 (M"̂  - NO^, 86.9%). 

A strange behavior was observed when this solid was crystallized 

from benzene. Copper bronze lustrous crystals were obtained with 
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rap>360 . However, tic with three different solvents (benzene, ethanol, 

acetone) indicated that the samples before and after crystallization 

are identical. 

Elemental analysis calcd. for C^2^8^2S' ^' ^3.14; H, 3.54; N, 12.28. 

Found for the crystallized sample: C, 63.29; H, 3.54; N, 12.09. 

Furthermore, the mass spectrum of this recrystallized corapound 

gave the same pattern as the one before crystallization: found m/e 

228.0554, calcd. for C^2^8^2^3 228.0553, 229 (M"̂  + 1, 18.5%), 228 (M"^, 

100%), 198 (M"̂  - NO, 13.1%), 182 (M"̂  - NO^, 77.4%). W i R (acetone-dj 
Z D 

6 : 8.30 (broad, NH), 7.67 (d of d, IH, H^, J = 9.0 Hz, J = 2.3 Hz), 

7.39 (d, IH, H,, J = 2.3 Hz), 6.90-6.66 (m, 4H, H^ ^ ) , 6.58 (d, IH, H, , 
4 D-9 1 

J = 9.0 Hz), which is in good agreeraent with the literature data. 

However, the literature does not specify either the melting point 

or the nature of the solid. 

Phenylation of 3-Nitrophenoxazine 
with Iodobenzene'^8 

In a 100 ml flask were mixed 916 mg (4.02 mmol) of 3-nitro

phenoxazine, 693 rag (5.0 mmol) of potassium carbonate, 2,41 g (11.8 

mraol) of iodobenzene, and 250 mg of activated copper powder in 20 ml of 

diraethylformaraide. The mixture was refluxed for 36 hr. The reaction 

mixture was filtered, the residue was washed with hot benzene, and 

the filtrate was evaporated to dryness. The residue thus obtained was 

redissolved in dichloromethane. The solution was washed with water, 

dried, concentrated, and cooled in the refrigerator. No crystals were 

formed from this solution, so the solvent was evaporated again, and 
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the residue was triturated with ethanol, still no solid was formed. The 

residue was then chromatographed on silica gel (2.5 x 32 cm). 

Elution with 250 ml of 70/30 PE : PhH gave a colorless solution 

which yielded 20 mg of grey oily residue. Tic indicated three spots, but 

no 3-nitro-lO-phenylphenoxazine was found in this residue. The next 

700 ml of yellow eluent with green fluorescence gave 278 mg (0.914 mmol, 

22.7%) of red crystals of 3-nitro-lO-phenylphenoxazine, rap 173-174 ; the 

raixture raelting point with the nitro product (mp 175.5-176 ) which was 

obtained from the cation radical-nitrite ion reaction was 174-175 . 

MS: found m/e 304.0850, calcd. for C,_H,_N-0- 304.0847, 305 (M + 1 , 
lo IZ Z J 

22.1%), 304 (M"^, 100%), 274 (M"̂  - NO, 7.7%), 258 (M"̂  - NO^, 40.3%). 

NMR (acetone-dj 6 : 7.82-7.52 (m, 5H, Ph), 7.50-7.40 (m, 2H, H. and 
6 ^ 

H,), 6.86-6.64 (ra, 3H, H, _ ) , 5.99 (d, IH, H. J = 9.0 Hz), 5.95 (d of d, 
4 o—o 1, 

IH, H , J = 9.0 Hz, J = 2.3 Hz). Again all the spectral data indicated 

that the compound is identical with the product from the cation 

radical-nitrite ion reaction. 

Elution with 250 ral of 40/60 PE : PhH gave further 8 rag (0,026 raraol, 

0.65%) of 3-nitro-lO-phenylphenoxazine, The next 850 ral of yellow eluent 

with green fluorescence yielded 231 rag (0,436 ramol, 21.7%) of a red 

brown solid, mp 282-283°; which was crystallized from benzene to give 

an orange solid, mp 290.5-291°. MS: found m/e 530,1292, calcd. for 

C H N 0. 530.1222, 531 (M"̂  + 1, 36.7%), 530 (M"^, 100%), 500 (M"̂  - NO, 
30 18 4 6 

3.1%), 484 (M"*" - NO , 11.2%). IR (nujol) showed no NH stretching which 

indicates that this is an N,C-biphenoxazine type dimer. This compound is 

insoluble in CDCl^ and acetone-d^, and is only slightly soluble in 
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DMSO-d^; rather poor resolution was found in the nmr spectrum, HNMR 

(DMSO-d^) 6 : 7,82-7.56 (m, 5H, Ph), 7.56-7.36 (m, 3H, H^, H and H ' ^ ) , 

7.01 (d, IH, H , J = 2,3 Hz), 6.88-6.54 (m, 5H, H^, H„ and H ^ „), 

^ b o b—o 

6.22-5.94 (m, 4H, H^ and H ). Based on these data, it was concluded 

that this compound is consistent with the structure of 3,3 -dinitro-

lO-phenyl-7,10 -biphenoxazine. 

Elution with 500 ml of benzene resulted in a yellow brown solution 

with green fluorescence, which gave 215 mg of dark red brown solid, 

mp 170 (dec). Recrystallization frora benzene/cyclohexane with the 

treatraent of charcoal gave 117 mg of light grey brown solid, mp 228 

(dec), liquified at 268 ; while the mother liquor gave 83 mg of grey 

brown solid upon evaporation, which had mp 250-253 . Tic indicated that 

both were mixtures and contained the dimeric dinitro product, so they 

were chroraatographed on preparative TLC plates and developed with 40/ 

60 PE : PhH. A total of 5 bands were observed, the top band (red brown) 

gave 162 rag (0.306 ramol, 15.2%) of red brown solid, mp 290-291 (after 

extraction with dichloromethane), which confirmed that this compound is 

3.3 -dinitro-lO-phenyl-7,10 -biphenoxazine. The total yield of this 

dimeric dinitro product is 36.9%. No further identification was attempted 

on the remaining four bands. 

Phenylation of Phenoxazine with Bromobenzene -
A Trial for the Preparation of 

10-Pheny1-d -phenoxazine 

A mixture of phenoxazine (545 rag, 3 raraol), broraobenzene (1.52 g, 

9.7 ramol), potassium carbonate (694 rag, 5 ramol), and activated copper 

powder (159 mg) was heated to reflux for 4 days. The mixture was then 
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filtered, and the residue was washed with benzene. The combined filtrate 

and washing were concentrated and cooled to yield some pale white 

crystals. Filtration gave 150 mg (0.41 mmol, 22.7%) of pale white solid, 

mp 182-183 , recrystallized from benzene to give rap 195-196 . MS: found 

ra/e 440.1461, calcd. for C H 0 440.1520, 441 (M"̂  + 1, 3.6%), 440 (M"*", 

11.8%), 259 (10-phenylphenoxazine ', 32.3%), 183 (phenoxazine ', 1.4%), 

182 (183 - 1, 7.3%), 78 (benzene"̂ * , 100%), 77 (Ph"̂ , 7.2%). IR (nujol) 

showed no NH stretching which iraplies that this compound is an N,C-

biphenoxazine type dimer. HNMR (CDCl ) 6 : 7.37 (s, 3H, ?), 7.05 

(s, 4H, ?), 6.92-6.32 (ra, lOH, other ring protons), 6.19 (d of d, 1 H, 

f » 

H J = 7.0 Hz, J = 2.0 Hz), 6.04-5.84 (ra, 2H, H ^̂  and H ). This 

corapound is believed to be 10-phenyl-l,10 -biphenoxazine. 

The filtrate was evaporated and chroraatographed on silica gel 

(2.5 X 35 era). Elution of 500 ral of 90/10 PE : PhH gave 55.5 rag (0.214 

ramol, 7.1%) of 10-phenylphenoxazine, rap 138-139 . 

Elution with 200 ral of 70/30 PE : PhH resulted 146 rag (0.331 mmol, 

22.1%) of white solid, mp 162-164°. MS: found m/e 440.1461, calcd. 

for C H^ N^O^ 440.1520, 441 (M"*" + 1, 33.4%), 440 (M"^, 100%), 363 (M"̂  -

Ph, 10.9%), 259 (10-phenylphenoxazine *, 3.3%), 183 (phenoxazine *, 3.9%), 

182 (183 - 1, 18.1%). Again, IR (nujol) showed no NH stretching for 

this compound. "̂ HNMR (CDCl ) 6 : 7.66-7.34 (m, 2H, o-Ph), 7.06 (s, 3H, 

m,p-Ph), 6.92-6,32 (ra, IIH, other ring protons), 6.26-6.07 (ra, 2H, H^ 
t f 

and H-), 6.02-5.88 (ra, 2H, H , and H ). This corapound is assigned to 
9 1 9 

T 

be lO-phenyl-3,10 -biphenoxazine. 
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The next 100 ml of colorless eluent with blue fluorescence gave 

52.2 rag of white solid. Tic indicated two spots. The mass spectrum 

had the peak ratio m/e 621 : 440 of 1 ; 2,95, which indicated that this 

solid was a mixture of lO-phenyl-3,10 -biphenoxazine, and a raixed trimer 

(see following section). 

Elution with 250 ml of 50/50 PE : PhH gave a colorless eluent with 

blue fluorescence, which gave 139 mg (0.224 raraol, 22,4%) of white solid, 

rap 181-183°. MS: found ra/e 621.1926, calcd. for C^^H^^N^O, 621,2046, 
42 27 3 3 

622 (M"̂  + 1, 3.5%), 621 (M"^, 7.5%), 440 (M"*" - phenoxazinyl + 1, 13,3%), 

363 (M - 10-phenylphenoxazinyl, 1,2%), 78 (benzene"^*, 100%), 77 (Ph"̂ , 

7,6%). IR (nujol) showed no NH stretching for this corapound. HNMR 

(CDCl^) 6 : 7.80-7.40 (m, 2H, o-Ph), 7.38 (s, 3H, ra,p-Ph), 7.22-7.04 

(m, 2H, H and H ), 6.98-6.46 (m, 14H, other ring protons), 6.46-5.90 T 11 

(ra, 6H, H and H and H ) . T h i s corapound i s b e l i e v e d t o be 
1,9 1,9 1,9 I f 

lO-phenyl-3,10 :3 ,10 -terphenoxazine (the lUPAC narae was suggested by 

Dr. K. L. Loening, director of nomenclature. Chemical Abstract Service.). 

Reduction of 3-Nitro-lO-phenylphenoxazine 

Grease free zinc dust (2.08 g, 31,8 raraol) was stirred in 10 ral of 

50% aqueous ethanol, to which a warm solution of 3-nitro-lO-phenyl-

phenoxazine (416 mg, 1.37 mmol) in 20 ml of ethyl acetate was added 

dropwise, the solution turned clear red, then slowly became clear blue 

and finally clear yellow. The reaction mixture was stirred for 8 hr 

at 42 in a water-bath, then cooled to room temperature, and neutralized 

with sodium hydroxide solution. The mixture solution was filtered, and 

filtrate was extracted with dichloromethane. The extract was dried, 

evaporated, and chromatographed on silica gel (2.5 x 32 cm). 
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Elution with 700 ml of 70/30 PE : PhH gave 7.5 mg of unidentified 

residue. Elution with 200 ml of benzene gave a greyish yellow solution 

with blue fluorence, which yielded 6.0 mg of dark grey residue. No 

identification was atterapted. The next 500 ral of greyish elutent 

yielded 322 mg (1.18 ramol, 86%) of light tan solid, rap 154-155° (benzene/ 

methanol). MS: found m/e 274.1079, calcd. for C.„H^.N.O 274.1103, 275 
lo 14 2 

(M"̂  + 1, 21.9%), 274 (M^, 100%), 197 (M"̂  -Ph, 41.4%). "̂ HNMR (CDCl ) 

6 : 7.68-7.28 (m, 5H, Ph), 6.76-6.50 (m, 3H, H^ J , 6.17 (d, IH, H, , 
b-o 4 

J = 2.5 Hz), 6.06-5.86 (ra, 2H, H_ and H_), 5.75 (d, IH, H,, J = 8.5 Hz), 
Z 9 1 

3,27 (broad, 2H, NH ). The spectral data are consistent with 3-araino-lO-

phenyIphenoxaz ine. 

Diazotization of 3-Amino-lO-phenylphenoxazine 

3-Amino-lO-phenylphenoxazine (309 mg, 1.13 mmol) was added to 

aqueous sulfuric acid (2 ral sulfuric acid + 10 ml water), the compound 

was not dissolved even in hot acid solution. The solution was cooled to 

0 by the addition of ice and with an ice-bath, and an ice-cold solution 

of sodium nitrite (83 mg, 1.2 mmol) in 5 ml of water was added through 

a dropping funnel over a period of 10 min. A grey precipitate formed 

during the addition of sodium nitrite solution. Then 3 ral of sulfuric 

acid in 40 ml of water was poured into the stirred mixture, and the 

solution was heated to boiling (the greyish solution turned bluish). The 

solution was cooled to room temperature (the solution became greyish 

again), filtered and the grey precipitate was washed with water. The 

filtrate was extracted with dichloromethane, the organic solution then 

washed with sodium bicarbonate, water, dried, and evaporated, which 
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resulted in a greenish blue solid. Tic indicated that both of the grey 

precipitate and greenish blue solid was identical, thus these two solids 

were combined and chromatographed on silica gel (4.5 x 11 cm). 

Elution with 150 ml of dichloromethane gave 8 mg of brownish residue, 

no identification was attempted. The next 950 ml of dichloromethane 

eluent (frora brown band) gave 266 rag (0.714 mmol, 63.2%) of light 

greenish solid, mp 162-162.5°. MS: found m/e 275.1112, calcd. for 

(Cĵ gH N 0) 275,1181; this indicates that the product is not 3-hydroxy-

10-phenyl-phenoxazine, calcd. for C, ̂ H^^N0„ 275.0943. The fragments 
lo 13 Z 

were: 276 (M"̂  + 1, 2.4%), 275 (M"^, 20.4%), 274 (M"̂  - 1, 100%), 198 (M"̂  

- Ph, 7.4%), 197 (274 - Ph, 40.2%). IR (nujol) exhibited a resonance 

overtone which showed two sets syrametrical stretchings at 3480, 3343 

cm" and 3385, 3360 cm""'' (NH stretching), """HNMR (CDCl ) 6 : 7.70-7.28 

(m, 5H, Ph), 6.76-6.50 (ra, 3H, H^ _ ) , 6.18 (d, IH, H,, J = 2,5 Hz), 6.04-
b—o 4 

5.86 (ra, 2H, H and H ), 5.77 (d, IH, H., J = 8.5 Hz), 2.80 (broad, 3H, 
Z 9 1 

-NH ) . This corapound i s i d e n t i f i e d to be lO-phenylphenoxazine-3-

amraonium b i s u l f a t e , and the raass-raatched p o s i t i v e ion i s the 10-

phenylphenoxazine-3-aramoniura ion, ca lcd . for C H N 0 275.1181, 
lo 15 Z 

found m/e 275.1112. 
Reactions of 3-Amino-lO-phenylphenoxazine 

a. Acetylation 

lO-Phenylphenoxazine-3-ammonium bisulfate (58.2 mg, 0.212 mmol) was 

suspended in a solution of potassiura hydroxide (553 mg, 9.86 mmol) in 

10 ml of water, to which 3 ral of acetic anhydride was added. After 
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stirring for 10 rain the mixture was acidified with hydrochloric acid, 

which caused a white precipitate, 15 ml of water was added to the 

solution, and this was stirred for 15 min. The mixture was filtered, 

the white solid was washed with water and dried to give 63 mg (0,199 

mraol, 94%) of light grey solid, mp 188-189°, after recrystallization 

from aqueous raethanol to give mp 194,5-195°. .MS: found m/e 316.1219, 

calcd. for C^QH^^N^O^ 316.1209, 317 (M"̂  + 1, 23.2%), 316 (M"^, 100%), 

274 (M - CH2=C=0, 16.8%), 197 (M"̂  - CH2=C=0 - Ph, 6.5%). IR (nujol) 

-1 -1 1 
showed NH stretching at 3315 cm and C=0 at 1652 cm . HNMR (CDCl ) 

6 : 7.68-7.28 (m, 5H, Ph), 7.00 (broad, IH, NHCO), 6.91 (d, IH, H,, 
4 

J = 2.5 Hz), 6.74-6.52 (m, 4H, H_ and H^ „), 6.00-5.78 (ra, 2H, H, and 
Z b-o 1 

H ), 2.10 (s, 3H, COCH ). This is consistent with 3-acetylamino-lO-

phenyIphenoxaz ine. 

b. Benzoylation 

lO-Phenylphenoxazine-3-amraoniura bisulfate (58 rag, 0.21 mraol) was 

stirred in 20 ml of potassium hydroxide (966 mg, 17.2 mmol) solution, 

to which 1 ml of benzoyl chloride was added dropwise. Some greenish 

predipitate formed. After stirring for 1 hr the mixture was acidified 

with hydrochloric acid, and further stirred for 3 hr. Then 50 ml of 

dichlororaethane was poured into the solution, the solution was washed 

with 5% sodium bicarbonate, then water. The resulting organic solution 

was concentrated and cooled, but did not crystallize so the solution 

was evaporated to near dryness, a small araount of benzene was added 

to dissolve the residue, and then petroleum ether was added to precipitate 

42.5 rag (0.112 mmol, 53.5%) of greenish solid, mp 197-199°. This solid 
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was recrystallized from aqueous methanol to give mp 200-200.5°. MS: 

=25^8^2 
found m/e 378.1322, calcd. for C H N 0 378.1364, 379 (M"̂  + 1, 27.9%), 

378 (M"*", 100%), 273 (M"*" ̂  PhCO, 43.1%), 105 (PhCO"*", 7.7%). IR (nujol) 

showed NH stretching at 3348 cm" and C=0 at 1655 cm" . ''"HNMR (CDCl 

+ D^O) 6 : 7.84 (d of d, 2H, o-benzoyl, J = 7.5 Hz, J = 2.0 Hz), 

7.66-7.30 (m, 8H, m,p-benzoyl and Ph), 7.10 (d, IH, H , J = 2.5 Hz), 

6.84 (d of d, IH, H_, J = 9.0 Hz, J = 2.5 Hz), 6.76-6.54 (m, 3H, K̂  _ ) , 

Z b-o 

6.02-5.84 (m, 2H, H and H ). The compound is assigned to be 3-

benzoylaraino-10-phenylphenoxazine. 

c Methylation 

10-Phenylphenoxazine-3-ammoniura bisulfate (65 rag, 0.236 raraol) was 

stirred in 20 ml potassium hydroxide (816 mg, 14.6 mmol) solution, to 

which 1 ml of dimethyl sulfate was added. Some light greenish precipi

tate formed. After stirring for 2.5 hr the solid was filtered, and 

washed with water. The green solid dissolved upon washing; and 

addition of potassium hydroxide solution to the filtrate caused repre-

cipitation. Again the solid was filtered and dried. This gave 52 rag 

(0.122 mmol, 51%) of grey solid, mp 243-245° (dec). MS: found m/e 

302.1426, calcd. for C^^H, ̂ N^O 302.1415, 317 (M"^, 18.9%), 316 (M"̂  - 1, 
20 lo Z 

95.7%), 303 (M"̂  - CH^, 29,2%), 302 (M"̂  - Me, 100%), 287 (M"̂  - 2Me, 29.3%), 

225 (M"̂  - Me - Ph, 27.5%), The Hnmr (CDCl ) spectrum of this compound 

had a very poor resolution, only weak signals were appeared in the 

aroraatic region, but exhibited two sharp singlets at 6 3,71 and 3.66 

in 1 : 2 ratio. In viewing the strange solubility of this compound. 
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and mass peak at 317, it is proposed that the compound was a salt of 

3-trimethylamraonium-lO-phenylphenoxazine. 

The filtrate was extracted with dichloromethane, the dichloromethane 

was dried over sodium carbonate, then treated with charcoal. The result

ing solution was concentrated, and treated with petroleum ether to 

precipitate 24 rag (0.0795 mmol, 33.7%) of dirty white solid, mp 237-

238° (dec). MS: found m/e 302.1426, calcd. for C„„H, „N_0 302,1415, 
ZU lo z 

303 (M"̂  + 1, 22,2%), 302 (M"^, 100%), 287 (M"̂  - Me, 4.7%), 225 (M"̂  - Ph, 

26.4%). 

Similarly, the very poor resolution of Hnrar (CDCl ) spectrura was 

experienced, but only one singlet was observed at 6 3.70. It was 

concluded that this compound is 3-(N,N-dimethyJami no )-10-phenylphenox

azine. 

Attempts to Prepare 3-Chloro-lO-
phenylphenoxazine by the 

Sandmeyer Reaction 

3-Amino-lO-phenylphenoxazine (84 mg, 0.3 mraol) was stirred in 

aqueous sulfuric acid. The suspending solution was heated to 60 

then cooled to 0 in an ice-bath, and an ice-cold solution of sodiura 

nitrite (27.6 rag, 0,4 raraol) in 5 ml of water was added dropwise over a 

period of 10 rain. A white precipitate was forraed. An excess of 

52 
cuprous chloride in cone hydrochloric acid was added slowly to the 

raixture, and after stirring for 30 min the solution was removed from 

the ice-bath. Then the mixture was allowed to come to room temperature 

without heating, and was then heated to 60 for 30 min in water-bath, 

which gave a clear blue solution with sorae grey precipitate. 
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The solution was cooled to room teraperature again, neutralized 

with sodiura hydroxide solution, and then extracted with dichloromethane. 

The dichloromethane solution was dried and concentrated. Tic showed that 

no 3-chloro derivative was present; only the starting material was 

recovered. 

The same result was obtained when the reaction was carried out in 

aqueous hydrochloric acid mediura. 

It was observed that 3-amino-lO-phenylphenoxazine will not completely 

dissolve in aqueous mineral acids. To avoid this difficulty, the 

diazotization was repeated again; ethanol was used to dissolve the 

corapound, and the reaction was carried out in a hydrochloric acid medium, 

but again, no 3-chloro derivative was formed by this method. 

Attempt to Prepare 3-Brorao-lO-phenylphenoxazine 
by the Sandmeyer Reaction 

3-Araino-lO-phenylphenoxazine (38,3 rag, 0.14 mmol) was dissolved in 

5 ml of hot ethanol, to which 3 ml of 48% hydrobromic acid was added 

dropwise. The solution turned grey purple. The mixture was cooled in 

an ice-bath, a solution of sodium nitrite (17 rag, 0.246 raraol) in 2 ml of 

water was added, and the resulting mixture was then added slowly to a 

53 
stirred solution of cuprous broraide in 48% hydrobroraic acid. The 

reaction was worked up in the previous manner, however, no 3-bromo 

derivative could be detected by tic; only the starting material and a 

grey blue spot at the origin were found. 



47 

Attempt to Prepare 3-Hydroxy-lO-
phenyIphenoxazine 

3-Amino-lO-phenylphenoxazine (83.8 mg, 0.305 raraol) was dissolved in 

5 ml of hot ethanol, to which 3 ml of cone hydrochloric acid was added, 

and the solution was then cooled to 0° in an ice-bath. Then an ice-

cold solution of sodium nitrite (27.6 mg, 0.4 mraol) in 5 ral of water 

was added dropwise to the mixture. A grey white precipitate was formed. 

The reaction mixture was removed from the ice-bath, and 20 ml of water 

was added to the mixture, after which the raixture was heated to boiling 

for 30 rain. The raixture was then extracted with dichloromethane, the 

organic solution was dried and concentrated, but only 3-amino-lO-

phenyIphenoxazine was found by tic 

It was believed that the diazonium salt could not be prepared by 

the ordinary method of using sodium nitrite with mineral acids. 

Preparation of 3-Chloro-lO-phenylphenoxazine by 
the Sandmeyer Reaction using isoAmyl Nitrite 

3-Amino-lO-phenyIphenoxazine (45 mg, 0.164 raraol) was dissolved in 

5 ml of hot ethanol, to which 1 ml of cone sulfuric acid was added 

slowly, then 0.03 ml (0.217 mmol) of isoamyl nitrite (Aldrich, 97%, 

d. 0.872 g/ml) was added dropwise. The first drop of isoamyl nitrite 

turned the solution bluish purple and then brown. The solution was 

stirred at room temperature for 20 min, cooled to 0 in an ice-bath, 

and an excess amount of ice-cold cuprous chloride in hydrochloric 

acid solution was added dropwise. The reaction mixture was then removed 

from the ice-bath. At this stage, nitrogen gas was evolved from the 

reaction flask into a water trap. The solution was warmed to 50 in a 
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water-bath until all the nitrogen gas was evolved, and stirred at room 

temperature overnight. 

The resulting red brown solution in which there was some deep 

grey precipitate, was poured into water, and extracted with 

dichloromethane. The dichlororaethane extract was washed with water, 

dried over potassium carbonate, and evaporated to dryness. The dark 

grey brown residue was taken up in petroleum ether, and the petroleum 

ether solution was concentrated and chroraatographed on preparative TLC 

plates. Development with petroleum ether gave 3 bands in addition to 

a band at origin. The top band was removed and extracted with benzene 

to give 16.4 mg (0.056 raraol, 34.1%) of thick oil, which solidified 

several days later, mp 82-83.5 . MS: found m/e 293.0633, calcd. for 

C,„H, ̂ NOCl 293.0604, 295 (M"*" + 2, 32.6%), 293 (M"^, 100%), 258 (M"̂  - CI, 
lo IZ 

4.4%), 218 (295 - Ph, 10.1%), 216 (M"*" - Ph, 28.6%). "̂ HNMR (CDCl^) 

6 : 7.70-7.26 (m, 5H, Ph), 6.76-6.46 (ra, 5H, H^, H^ and H^_g), 6.00-

5.88 (m, IH, H_), 5.81 (d, IH, H , J = 8.5 Hz). Based on this infor-
9 1 

raation, the compound is designated to be authentic 3-chloro-lO-

phenylphenoxazine. 

Preparation of 3-Brorao-lO-phenylphenoxazine by 
the Sandraeyer Reaction using isoAmyl Nitrite 

Trial 1 

3-Amino-lO-phenyIphenoxazine (43 rag, 0.157 raraol) was dissolved in 

5 ml of hot ethanol, to which 1 ml of cone sulfuric acid was added, 

and 0.025 ml of isoamyl nitrite (0.18 mmol) was then added dropwise. 
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The solution was next cooled to 0 in an ice-bath, and an excess amount 

of cuprous bromide in 48% hydrobromic acid was added slowly. The 

resulting mixture was stirred for 30 min. The flask was then removed 

from the ice-bath, allowed to warm to room temperature and then warmed 

to 50 in a water bath. When no more nitrogen gas was evolved from the 

flask, the mixture was cooled to room temperature, and stirred for 6 hr. 

The resulting mixture was poured into water, extracted with dichlororae

thane, and the dichloromethane extract was washed with water, dried, 

and evaporated. The residue was taken up in petroleum ether, the 

petroleum ether solution was concentrated, and chromatographed on 

preparative TLC plates with petroleum ether. 

More than 7 bands were found on the TLC plates. The upmost 

band yielded 19 mg (0.0456 mmol, 29%) of white solid, mp 142-144°, 

which indicated that the compound was crude 3,7-dibromo-lO-phenylphenox-

azine. The mass spectrum confirmed this finding: found m/e 416.9127, 

calcd. for C,^H. NOBr_ 416.9184-
lo 11 Z 

The next band gave 9.1 mg of thick oil, which solidified upon 

standing to give mp 85-90 . Mass spectrum showed that this to be a 

mixture of monobrorao (M ), dibrorao (M ), and tribromo(M ) derivatives: 

499 (M'*'̂  + 6, 6.1%), 497 (M'^^ + 4, 14.3%), 495 (M'^^ + 2, 18.4%), 

493 (M"*"̂  + 5.1%), 420 (497 - Ph, 5.1%), 418 (495 - Ph, 6.1%); 419 (M'^^ + 

4, 53.3%), 417 (M^2 "̂  2, 100%), 415 (M'*'̂  , 48.3%), 342 (419 - Ph, 4.1%), 

340 (417 - Ph, 12.2%), 338 (M"^^ " P^' 9.2%); 339 (n^^ + 2, 43.3%), 337 

(M , 48.3%). Here M , for example, refers to the 3 Br derivative's 

molecular ion peak, and M + 6 means the 3 Br derivative's molecular 
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ion peak, and so on. 

No further identification on the rest of bands was atterapted. 

Trial 2 

The reaction was repeated with the following amounts of reactants: 

3-araino-lO-phenylphenoxazine (40 mg, 0.146 mraol), sulfuric acid (1 ml), 

isoamyl nitrite (0.02 ml, 0.144 raraol), and excess cuprous broraide in 

48% hydrobromic acid. 

The same reaction procedure was followed, and the raixture was worked 

up immediately when no more nitrogen gas was evolved. 

The upmost band on the TLC plate gave 17.3 mg (0.0513 mmol, 35.2%) 

of thick oil, rap 89-92 after solidification. The mass spectrum showed 

that there was a trace amount of 3,7-dibrorao-lO-phenylphenoxazine in 

sample. However, the major component was 3-bromo-lO-phenylphenoxazine 

as confirraed by mass matching; found m/e 337.0047, calcd. for C „H NOBr 

337.0099. "'"HNMR (CDCl ) 6 : 7.70-7.28 (m, 5H, Ph) , 6.80 (d, IH, H^, 

J = 2.0 Hz), 6.74-6.51 (m, 4H, H_ and H, „)> 6.00-5.84 (m, IH, H_), 

Z b-o 9 
5.76 (d, IH, H , J = 8.5 Hz). 

Base Hydrolysis of 2-Benzoxy-lO-
phenylphenoxazine to 2-Hydroxy-

10-phenyIphenoxazine 

Trial 1 

The cation radical reaction product of 2-benzoxy-lO-phenylphenox-

azine (23 mg, 0.0607 mmol) was stirred and heated to reflux in 20 ml 

of 10% sodium hydroxide solution, but it was found that the benzoate is 
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insoluble in this solvent. Therefore 15 ml of reagent grade aceto

nitrile was added, and the mixture was refluxed for 3 hr. The result

ing mixture showed two layers with the most of the benzoate remaining 

as solid. The solid was filtered, washed with water, and 17.6 mg 

(0.0464 mmol, 76.4%) of starting material was recovered. 

The filtrate was acidified with hydrochloric acid and extracted 

with dichloromethane, the aqueous solution was then discarded. The 

dichloromethane solution was washed with 5% sodium bicarbonate solution, 

the bicarbonate extract was then acidified with hydrochloric acid, but 

benzoic acid was undetectable by tic; the reraaining dichloromethane 

solution was washed with water and dried, then evaporated, which gave a 

strong acetic acid odor (base hydrolysis product of acetonitrile). 

Trial 2 

2-Benzoxy-lO-phenylphenoxazine (17.6 rag, 0.0464 mmol) was dis

solved in 10 ml of warm dioxane to which 10 ml of 20% sodium hydroxide 

solution was added, the mixture was refluxed for 2 hr, and then cooled 

to roora teraperature. The resulting raixture was acidified with hydro

chloric acid, and extracted with dichloromethane, and the aqueous layer 

was discarded. 

The dichloromethane solution was washed with 5% sodium bicarbonate 

solution, the bicarbonate solution was then acidified with hydrochloric 

acid, benzoic acid was undetectable by tic The remaining dichloromethane 

was washed with water, and dried, giving a grey green gummy residue. 

The residue was then chromatographed on a preparative TLC plate, developed 
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with benzene, which gave a total 8 bands. 

The grey yellow origin gave 4.7 mg of an unidentified dirty yellow 

residue, whose mass spectrura showed the following fragraents: ra/e (%); 

309 (6%), 308 (7.7%), 307 (22.6%), 294 (18,4%), 293 (54.8%), 292 (27.6%), 

291 (100%), 275 (8%), etc 

The most concentrated band (grey blue) which was next to the lowest 

band, yielded 3.1 mg (0.0057 ramol, 24.4%) of greyish green residue. 

This is believed to be 2,2 -dihydroxy-10,10 -diphenyl-7,7 -biphenoxazine, 

as indicated by raass spectrum: found m/e 548.1654, calcd. for 

^36^24^2^4 548.1630. No further identification was attempted on the 

other bands. 

Reaction of Phenoxazine with 1-
Bromo-4-iodobenzene to Prepare 

10-(p-Bromophenyl)phenoxazine 

A raixture of 391 rag (2.14 mmol) of phenoxazine, 628 mg (2.22 mmol) 

of l-bromo-4-iodobenzene, 304 mg (2.2 mmol) of potassium carbonate, 

and 424 mg of activated copper powder was refluxed in 10 ml of 

diraethylforraaraide for 60 hr, The raixture was then filtered, washed 

with benzene. The combined filtrate and washings were evaporated, 

and chromatographed on silica gel (2.5 x 30 cm). Elution with 200 ral 

of 90/10 PE : PhH gave 55.5 rag of oily residue; no identification was 

atterapted. 

The next 150 ral of colorless eluent gave 166 rag (0.494 ramol, 23.1%) 

of white solid, mp 193.5-194.5 ; which was recrystallized from hexane 

to give a mp 199-200.5° (lit. mp 200-202°)^^. MS: found m/e 337.0114, 
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calcd. for C^gH^2^0Br 337.0099, 339 (M"̂  + 2, 98.6%), 337 (M"*", 100%), 

258 (M - Br, 16.4%), 182 (M - C^H^Br, 51.7%). "̂ HNMR (CDCl ) 6 : 

7.57 (d, 2H, m-Ph, J = 8.5 Hz), 7.07 (d, 2H, o-Ph, J = 8.5 Hz), 6.64-

6.32 (m, 6H, E^_^ and H^_g), 5.84-5.70 (m, 2H, H^ and H ). The compound 

is consistent with 10-(p-broraophenyl)phenoxazine. 

Elution with 250 ral of 70/30 PE : PhH gave a colorless solution, 

which yielded 101 mg (0.23 mraol, 21.5%) of white solid, mp 240-241° 

(lit. mp 249-250.5°). MS: found ra/e 440.1548, calcd. for C QH N 0 

440.1520, 441 (M"̂  + 1, 35.5%), 440 (M"^, 100%), 258 (M"̂  - 10-phenoxazinyl, 

7.9%), 182 (M - 10-phenylphenoxazine, 7.9%). "̂HNIvIR (CDCl ) 6 : 7.42 

(s, 4H, C H ), 6.78-6.40 (m, 12H, other ring protons), 6.00-5.80 

» 

(m, 4H, H and H ). The compound is consistent with p-bis(10-
1,9 1,9 

phenoxazinyl)-benzene. 

Dimerization of Phenoxazine with Potassium 
Carbonate and Copper Powder 
in N,N-Diraethylforraaraide 

A raixture of 549 rag (3 mmol) of phenoxazine, 420 rag (3 mraol) of 

potassiura carbonate, and 294 mg of activated copper power in 10 ral of 

diraethylformamide was refluxed for 4 days, filtered and the residue 

was washed with dichloromethane. The filtrate and washings were then 

poured into water, extracted with dichloromethane, and the dichloro

methane solution was dried and evaporated to dryness. The resulting 

dark grey residue was chromatographed on silica gel (2.5 x 32 cm). 

Elution with 600 ml of 90/10 PE : PhH to develop the column, which 

was then eluted with 80/20 PE : PhH raixed solvent, the first 300 ml of 

colorless eluent gave 1.4 mg of light yellow oily residue, the next 
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150 ml of colorless eluent with blue fluorescence yielded 65.4 mg 

(0.18 mraol, 12%) of pale pink solid, rap 238-239 , recrystallized frora 

ethanol with treatment of charcoal, mp 249-250 . MS: found m/e 

364.1182, calcd. for C^^H^^N^O^ 364.1208, 365 (M"̂  + 1, 19,4%), 364 

(M"^, 64.3%), 183 (M"̂  - phenoxazinyl + 1, 100%), 182 (M"̂ /2e, 44.9%). 

IR (nujol) showed two NH stretchings at 3410 and 3380 cm . The Hnmr 

spectrum of this corapound was in very poor resolution, and no structural 

information could be obtained from it. It is believed that this diraer 

is 3,3 -biphenoxazine. 

The following 300 ml of colorless eluent with blue fluorescence 

gave 151 mg (0.825 mmol, 27.5%) of pale pink solid, mp 153-154 , which 

was recovered phenoxazine. 

Elution with 100 ml of 50/50 PE : PhH gave 6.8 rag of pale pink 

residue. Tic indicated that it was a raixture, contained phenoxazine 

and other coraponents, no further separation was atterapted. 

The next 365 ral of colorless eluent with blue fluorescence gave 

146'mg (0.4 mraol, 26,7%) of greyish solid, rap 194-196° (lit. rap for 

1,10 -diraer 264-265°; 3,10 -diraer 204-206°), MS: found m/e 364.1182, 

calcd. for C,,H,,N 0^ 364.1208, 365 (M"̂  + 1, 27.9%), 364 (M"^, 100%), 
24 16 Z 2 

183 (M"̂  - phenoxazinyl + 1, 46.5%), 182 (M'̂ /2e, 15.1%). IR (nujol) 

showed NH stretching at 3405 cm" . Again, it gave a very poor resolution 

in Hnmr spectrum. It is believed that this dimer is likely to be 
T 

3,10 -biphenoxazine. 
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Part 4 

Reaction of Phenoxazine Cation Radical Perchlorate 

with Potassiura Cyanide 

Potassium cyanide (453 mg, 7 mmol) was stirred in 40 ml of aceto

nitrile for 30 min before 732 rag (2.59 mmol) of phenoxazine cation 

radical perchlorate (prepared from I + AgClO method) was added. The 

solution turned from red pink to blue then green. After 2.5 hr reaction 

time the mixture was filtered and washed with warm benzene, the combined 

filtrate and washings were then evaporated, and the residue was 

chromatographed on silica gel (2.5 x 30 cm). 

Elution with 1 1 of 80/20 PE : PhH gave 130 mg of light pink solid, 

mp 152-227 . The solid was triturated with ethanol, filtered, and 

washed with ethanol, which yielded 43.9 mg (0.121 mmol, 9.3%) of pink 

solid, mp 238-239 , recrystallized from ethanol to give mp 249-250 . 

MS: found ra/e 364.1218, calcd. for C_,H,,N_0- 364.1208, 365 (M + 1, 
Z4 lb Z Z 

83.6%), 364 (M"^, 100%), 183 (M"̂  - phenoxazinyl + 1, 86.1%), 182 (M'̂ /2e, 

96.3%). IR (nujol) again showed two NH stretchings at 3410 and 3379 

era . Tic indicated that this is sarae as 3,3 -biphenoxazine obtained 

in the preceding reaction. The filtrate was evaporated to dryness, which 

yielded 76.6 rag (0.42 mmol, 16.2%) of phenoxazine, mp 152-153 , 

Elution with 1 1 of 60/40 PE : PhH yielded 229 mg of white solid, 

rap 180-184°. The crude product was crystallized from aqueous ethanol 

to give 203 rag (0.557 mmol, 43%) of light grey solid, mp 192-193 . 

MS: found m/e 364.1218, calcd. for C^,H,,N_0^ 364,1208, 365 (M + 1, 
Z4 lb Z Z 

68.9%), 364 (M"^, 100%), 183 (M"*" - phenoxazinyl + 1, 24.5%), 182 
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(M /2e, 96.3%). IR (nujol) showed NH stretching at 3396 cm'"''. Tic 

showed same as 3,10 -biphenoxazine obtained previously. 

Oxidation Potentials of Phenoxazines 

-3 
A solution consisting of 10 ml of phenoxazines (10 M) in 

acetonitrile and 10 ml of lithium perchlorate (10 M) in acetonitrile 

was electrolyzed in a PAR Model 170 electrochemistry system. A platinum 

working electrode was placed into solution, and an Ag/0.1 M AgNO in 

acetonitrile reference electrode and a tungsten auxiliary electrode 

were positioned on nearby. Nitrogen gas was bubbled through the 

solution during the electrolyzing process. 

The initial scan was 0.00 V-»+0.60 V -̂  O.OOV vs Ag/O.l M AgNO^ 

and yielded a reversible cyclic voltammogram. A second scan of increased 

potential (0.00 V^1.40 V -> 0.00 V) gave a first reversible wave and 

a second non-reversible wave. 

The oxidation potential (Ê  ) of sorae representative phenoxazines 

were determined. The results are tabulated in Table 3 (page 107). 



CHi\PTER III 

RESULTS AND DISCUSSION 

Part 1 

10-Phenylphenoxazine Cation Radical Perchlorate 

There is a number of methods in the literature^^'^^"39 ^^ generate 

the 10-phenylphenoxazine cation radical as mentioned earlier. In 

this study, iodine-silver perchlorate was used as an oxidant. It was 

learned that the cation radical perchlorate is a remarkably stable 

species. It remained without decomposition in the vacuum desiccator 

for three years. Even after being stored in a capped vial for nearly 

two years its visible spectrum showed no peaks other than its own 

characteristic ones. 

The cation radical perchlorate gives a red pink color in 

3 
acetonitrile, with A 535 nm (e 8.31 x 10 ) and 238.5 nm (e 6.83 x 

max 
4 

10 ). 

Even though the cation radical is a very stable species, as a 

perchlorate salt, it is a potentially explosive material, and precautions 

are needed in handling this compound. For example, the perchlorate 

salt should not be pressed, should be dried under vacuum without heat

ing. It is not recomraended that a large amount of a cation radical 

perchlorate be used in a single reaction. 

57 
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Part 2 

Reaction of 10-Phenylphenoxazine Cation Radical 
Perchlorate with Nucleophiles 

This cation radical is an electron-deficient species, which can be 

expected to react with nucleophiles to give the corresponding sub

stituted product as well as the parent compound. The stoichiometry 

of the reaction is illustrated in eq 2. 

0 > ^ ^ r^^^ °"T^^^^ Nu 

+ ^^ I ^ + 
Ph Ph 

HCIO^ + MClO (2) 

In each case, equiraolar araounts of parent compound and substituted 

product are expected to form. However, due to other competitive 

reactions such as electron transfer and dimerization, raore complicated 

results than simple nucleophilic substitution were often found. 

Reaction with Methanol 

There are numerous examples that organic substrates are methoxylated 

54 
during anodic oxidation in raethanol solution. It was known that 

thianthrene cation radical reacted with particular alcohols to give 

55 
the corresponding alkoxy-sulfoniura salts, and zinc tetraphenylporphyrin 

cation radical reacted with methanol to give zinc methoxy-isoporphyrin. 

In this study, 10-phenylphenoxazine cation radical and raethanol 

reaction gave only 10-phenylphenoxazine (27.7%) and 10,10 -diphenyl-

3,3 -biphenoxazine (45-9%) as shown in eq 3. No methoxylation product 

was found in this reaction. Spectral data of these compounds are 



given in chapter IV (Fig. 3 and 12). 
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Me OH 
• ^ 

0 

N 
I 
Ph 

+ (3) 

The result can be rationalized in that methanol is a very poor 

nucleophile and serves here only as a base, so that the cation radical 

follows the dimerization route instead of substitution. A similar case 

has been reported in which phenoxazine cation radical gave 65% of 

' 30 

3,10 -biphenoxazine, when phenoxazine was oxidized with iodine in 

dimethyl sulfoxide, where the solvent, dimethyl sulfoxide, raay act as 

a base. The forraation of the 3,3 -dimer is possibly either by a) direct 

dimerization or by b) a free radical pathway as shown in scheme 3. 

Scheme 3 

^v-^ 
+ 
N •KJ <-> - r Y ^ ^ Y ^ ' _^3,3'-dimer 

N' 
I 
Ph 

3,3-dihydrodimer 
-2H + 

Reaction with Water 

Because it is very difficult to achieve absolutely anhydrous 

reaction conditions, cation radicals often react with residual water 

in the solvent used, the water reaction has been studied rather 

extensively in cation-radical cheraistry. Most results are obtained 

from hydroxylation of the organic substrates during anodic oxidation. 
57 
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The sulfur-containing heteroaromatic cation radicals, e.g., thianthrene,^® 

phenoxathiin, ' and phenothiazines reacted with water to give the 

corresponding sulfoxides. Zinc tetraphenylporphyrin cation radical 

(ZeTPP •) reacted with water to give tetraphenylporphyrin (TPP), zinc 

tetraphenylporphyrin (ZnTPP), and the ring-opened bilitriene,^^ 

In this study, the reaction products were 10-phenylphenoxazine 

(33%) and the 3,3 -dimer (43.6%), which is very similar to the raethanol 

reaction results. 

In view of these results it was concluded that, in the presence of 

weak nucleophiles, the 10-phenylphenoxazine cation radical will diraerize, 

but the weak nucleophiles raust be bases, or there raust be some other 

base present. 

Reaction with Fluoride Ion 

Numerous anodic fluorination reactions are known. For exaraple, the 

anodic oxidation of naphthalene, halobenzenes, and 9,10-diphenyl-

anthracene in solvents containing fluoride ion gave the corresponding 

organofluoro products. 

However, nucleophilic substitution by fluoride ion did not occur 

with isolated cation radicals of phenothiazine or phenoxathiin 

in acetonitrile. In each case, the parent corapound was obtained plus 

3,10 -biphenothiazine, and a diraeric phenoxathiin perchlorate, res

pectively. It was concluded that fluoride ion is too weak as a 

nucleophile. 

In the present study, it was found that 10-phenylphenoxazine 

cation radical reacted with fluoride ion in acetonitrile to give 
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10-phenylphenoxazine (53%) plus a mixture of the 3,3 -dimer (5%) and 

(presumably) 3-fluro-3 ,7-dimer (0.5% based on raass spectral data). 

The separation of the mixed dimer by TLC and column chromatography 

was unsuccessful, but it was shown by mass matching and by fragmentation 

t 

that the 3-fluoro-3 ,7-diraer was present in about 10.7% in the raixture 
T 

with the 3,3 -dimer. 

It was expected that if nucleophilic substitution would occur 

then 3-fluoro-lO-phenylphenoxazine would be the product, but instead, 

the raonofluoro-diraer was found in very low yield. In a repetition of 

the reaction, sirailar results were observed. 

It was thought if the reaction was perforraed in the presence of 

dibenzo-18-crown-6, nucleophilic substitution might be enchanced. In 

fact, this was not the case, for not even the monofluoro-diraer could be 

detected. 

The lack of nucleophilicity of fluoride ion towards cation radicals 

is still not understood. Electron transfer frora fluoride ion to cation 

radicals is unlikely to happen, based on the very high oxidation potential 

/: o 

of fluoride ion (Ej = 2.65 V). An interesting observation is that 

in the anodic oxidation of thianthrene with tetraraethylararaoniura 

tetrafluoroborate as the supporting electrolyte, both the thianthrene 

cation radical and the dication, remain without attack by tetrafluoroborate 
69 

anion, no explanation was given for this observation. 

Reaction with Chloride Ion 

There are two competitive pathways in the reaction of cation radicals 

with chloride ion, namely, electron transfer and nucleophilic substituion. 



62 

Both have been reported in the literature. Examples are fully dis

cussed in a recent review. 

Heteroaromatic cation radicals reacted with chloride ion to give 

the corresponding chloro-substituted corapounds. Thus, the reaction of 

chloride ion with thianthrene cation radical gave a very small amount 

of 2-chlorothianthrene; phenoxathiin cation radical gave mono-

chlorophenoxathiin and a monochlorophenoxathiin 5-oxide; phenothiazine 

cation radical gave both 3-chloro- and 3,7-dichlorophenothiazine; 

10-raethyl- and 10-phenylphenoxazine cation radicals both gave the 

corresponding 3-chloro derivatives, but no dichloro-substituted product 

was found, 

10-Phenylphenoxazine cation radical reacted with potassium chloride 

to give 10-phenylphenoxazine (74%), 3-chloro-lO-phenylphenoxazine (14%), 

I I ! 

and 3 ,3 - d i c h l o r o - 1 0 , 1 0 - d i p h e n y l - 7 , 7 -b iphenoxaz ine (10.2%), as shown 

in eq 4 . 

130 
J. 

+ CI ^ 

0 

N 
I 

P h 

+ 
0 

N 

I 
Ph 

0 

+ 

(4) 

The monochloro derivative was confirmed by its mass spectrum, 

which showed the characteristic one chlorine isotope pattern, found 

m/e 293.0572, calcd. for C H^^^O^l 293.0604. The position of sub

stitution was determined by the Hnmr spectrum, which showed a doublet 
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at 6 5.80 (for H^) with a coupling constant 8.5 Hz (J ortho coupling); 
1 5 ^ 

this indicated that the compound was 3-chloro-lO-phenylphenoxazine 

(see chapter IV, Fig. 7), a compound previously unknown. 

The identity of the dichloro dimeric product was confirmed by its 

mass spectrura, which showed the characteristic two chlorines isotopic 

pattern, found ra/e 584.1046 calcd. for C^^H^^N^O^Cl^ 584.1052. The 
36 22 2 2 2 

positions of substitution were designated by the Hnrar spectrum and 

' ' ' 

showed the compound to be 3,3 -dichloro-iO,10 -diphenyl-7,7 -biphenoxazine 

(see the spectrum and further discussion in chapter IV, Fig 13). This 

is also a new compound. 

The reaction took about 19 days to reach completion. The high 

yield of 10-phenylphenoxazine indicates that electron transfer competes 

with the nucleophilic substitution pathway. The formation of 3-chloro-

10-phenylphenoxazine thus may be either due to direct nucleophilic 

substitution on the cation radical as in route â  or to electrophilic 

substitution on 10-phenylphenoxazine by chlorine as in route b̂ . But 

it must be recognized that the oxidation potential of chloride ion is 

18 
rather high, 0.8 V, vs 0.331 V for 10-phenylphenoxazine. The 

possibility that the 3-chloro derivative was further oxidized to its 

cation radical by the parent cation radical is rather unlikely, since 

it would appear that 3-chloro-lO-phenylphenoxazine has a higher 

oxidation potential than the parent corapound. Therefore, the formation 

of 3,3 -dichloro-7,7 -diraer may come from either the dimerization of 

the resulting radical intermediate (the adduct of the cation radical 

and chloride ion) as in route ̂ ; or it may be forraed by the dimerization 
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of the cation radical, followed by chlorination as in route d. Path

ways which involve a common radical intermediate to account for all 

products are proposed (scheme 4). 

2C1, 
ClP-PCl <r 

+ 

2 HCl 

Scheme 4 

P-P 
H^ /H 

P-P 
Cl^ . ̂ Cl 

+ -2H 

PH"^* + Cl" 

f 

N^ 

4 PH + . 

:T ' 
H 

Cl 

PH + Cl- (î Cl ) 

Cl, 

-> CIP-PCl + 4 PH + 

+ 

PH + . 

4 H 

-» PH + * 
\ 

H 

Cl 

P-Cl + H + 

P-Cl + HCl 

Where PH + . and P-Cl = a: 
Ph 

Cl 

It was reported that chlorination of phenoxazine gave 1,3,7,9-

73 
tetrachlorophenoxazine. It appears that the cation radical-chloride 

ion reaction represents a method of preparing the 3-chloro derivative. 

Reaction with Bromide Ion 

Similarly, both electron transfer and nucleophilic substitution 

are known in cation radical-bromide ion reactions. The 9,10-diphenyl-

74 
anthracene cation radical was reduced by bromide ion. The reaction 

of bromide ion with phenothiazine cation radical gave both 3-bromo-

and 3,7-dibromophenothiazines; phenoxathiin cation radical gave 
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fi 7 

3-bromophenoxathiin. These reactions suggest that the bromide ion 

reactions with cation radicals may not be just simple nucleophilic 

substitution. These reactions may involve electron transfer followed 

by molecular halogenation, since halogenation of thianthrene, pheno

thiazine, phenoxathiin, and phenoxazine by molecular halogen is 

known. 

Zinc tetraphenylporphyrin cation radical reacted with bromide ion 

to give both monobrorao and dibrorao derivatives. 

In the present study, 10-phenylphenoxazine cation radical reacted 

with bromide ion to give 10-phenylphenoxazine (63%), 3-bromo-lO-phenyl-

phenoxazine (41.6%), and 3,7-dibrorao-lO-phenylphenoxazine (1.9%). Both 

3-bromo- and 3,7-dibromo-lO-phenylphenoxazines were identified by ms 

and Hnmr spectral data. Further structural illustration of these two 

compounds are given in chapter IV (Fig. 4 and 5). 

The reaction occurred much faster than the chloride ion reaction, 

requiring 8 hr for the bromide ion but 19 days for the chloride ion to 

complete the reaction. Possibly this indicates that the broraide ion 

reaction involved electron transfer, whereas the chloride ion reaction 

involved nucleophile substitution. 

The forraation of the 3,7-dibromo derivative in the reaction suggests 

that the reaction with broraide ion, which has a lower oxidation potential 

, 18 
than chloride ion (0.4 V for broraide ion; 0.8 V for chloride ion), 

involves electron transfer, and this electron transfer pathway b̂  competes 

with the simple nucleophilic substitution pathway a (scheme 5). 
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PH"^* + Br' 

Br, 

H 
. / 
P 
. ^ B r 

PH + Br- (iiBr ) 

•> P-Br + HBr 

PH + . 
-> PH + * 

/ 
H 

\ 
Br 

\ 

P-Br + H 
.+ 

P-Br + Br > P-Br + HBr 

Because bromide ion has a low oxidation potential, the parent 

cation radical may have a fair chance to be reduced to the parent com

pound, which was then brorainated by molecular bromine to give 3-bromo-

and 3,7-dibromo-lO-phenylphenoxazine. If this is the case, it would 

be expected that position 3 and 7 would be preferentially attacked by 

1 /: 

the electrophilic reagent. In order to test this hypothesis, the 

following experiments were designed. 

Bromination of 10-Phenylphenoxazine with Bromine 

Since bromine is a fairly good oxidant, it may oxidize an organic 

la 
substrate through a cation radical pathway. In fact, Kehrmann treated 

phenoxazine with an equiraolar amount of bromine to prepare bromo-

phenoxazines, though he did not identify all the products. Later, 

27 
Musso reinvestigated the reaction and he was able to isolate 3-bromo-

78 
and 3,7-dibroraophenoxazines. More recently, Biehl and co-workers 

reported the broraination of 10-substituted phenothiazines in acetic 
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acid, and found that the dealkylation of various 10-alkylphenothiazines 

also occurred along with broraination. Based on these experiraental 

findings, they concluded that the elctrophilic aroraatic substitution 

mechanism for bromination was indicated. 

When 10-phenylphenoxazine was treated with an equimolar amount of 

bromine in acetonitrile or acetic acid at room temperature, a reddish 

pink coloration (characteristic color of the cation radical) was 

immediately formed. This then became greenish, purple, and finally 

black. Hydrogen broraide was evolved frora acetonitrile but not from 

acetic acid (it probably remained in acetic acid). These observations 

seem to indicate that 10-phenylphenoxazine was initially oxidized to 

its cation radical, and then gave the brorainated products. The pro

ducts isolated from both bromine reactions were the same as those frora 

the cation radical-bromide ion reaction. 

Direct bromination in acetonitrile gave 10-phenylphenoxazine (21.5%), 

3-bromo-lO-phenylphenoxazine (51%), and 3,7-dibrorao-lO-phenylphenoxazine 

(12.5%); while in acetic acid gave 20.7%, 46.6%, and 24.9%, respectively. 

The proportion of the products was not identical. In the cation radical-

broraide ion reaction, 63% of 10-phenylphenoxazine was recovered, as 

compared to only low 20% of recovery in the direct bromination, and 

the yields of 3,7-dibrorao-lO-phenylphenoxazine differed. This may 

indicate that in the cation radical-bromide ion reaction, the nucleophilic 

substitution pathway a. (scheme 5) can not be ruled out, 

At this point, the experimental observations suggested that there 

is an equilibrium between the cation radical-bromide ion and the parent 
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compound-bromine, that is. 

+ . 
PH + Br ,̂  PH + î  Br^ where PH = 10-phenylphenoxazine. 

It seems likely that the brorainated products are being formed com

petitively by both pathways. 

Reaction with Nitrite Ion 

Nitration of organic substrates by the reaction of their cation 

radicals with nitrite ion may be classified as one of the most successful 

reactions in cation-radical chemistry. For example, the cation radicals 

of perylene, dibenzodioxin, phenothiazine, N-ethylcarbazole, 

82 
and 5,10-dihydro-5,10-dimethylphenazine led to mononitro aromatics. 

It is interesting that the last case gave almost complete conversion 

into the 2-nitro derivative, with no parent compound recovery. But the 

cation radicals of thianthrene and phenoxathiin led to the corres

ponding sulfoxides quantitatively, and it has been shown with the used 

r 18 of 0-labelled nitrite ion that the sulfoxide oxygen came from the 

nitrite ion. Most recently, the nitration of 10-phenylphenothiazine 

83 
cation radical with nitrite ion was reported, and among the products, 

10-phenylphenothiazine 5-oxide, 3-nitro-lO-phenylphenothiazine 5,5-

dioxide, and two dinitro-10-phenylphenothiazine 5-oxides were found. 

+ . 84 
Metallo octaethylporphyrin cation radicals (MOEP ') and zinc 

tetraphenylporphrin cation radical (ZnTPP ') both led to nitro-

porphrins in the nitrite ion reactions, and the last case also gave 

fi 9 8 S 
a bilitriene. It has been argued by Dolphin that the formation of 

nitroporphyrin arises from the reaction of MOEP ' or MOEP and nitrogen 
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dioxide. The reason being that when the MgOEP ' reacted with nitrite 

85 
ion, it was reduced, and only OEP was obtained after demetalation. 

It is understandable that nitrogen dioxide, a good oxidant, is capable 

of oxidizing a metalloporphyrin to its cation radical, but why there 

Q C 

was no nitraction afterward was not explained. 

10-Phenylphenoxazine cation radical reacted with nitrite ion to 

give 10-phenylphenoxazine (51%) and 3-nitro-lO-phenylphenoxazine (52%). 

The structure of the 3-nitro derivative is assigned by ir, ms, and 

Hnmr spectral data (see chapter IV, Fig. 6), and direct synthesis. 

The cation-radical reaction is by far the best method to prepare 3-

nitro-10-phenylphenoxazine, which is a very useful intermediate. It 

can be easily reduced to 3-amino-lO-phenylphenoxazine, frora which a 

variety of 3-substituted derivatives can be prepared. 

Based on the product distribution of 10-phenylphenoxazine cation 

radical-nitrite ion reaction, this represents a siraple nucleophilic 

substituion. This raay be explained that the oxidation potential of 
1 o 

nitrite ion (0.7 V) is too high for electron transfer to the cation 

radical; therefore, only nucleophilic substitution occurs. 

Reaction with Thiocyanate Ion 

There are only few reports about the reaction of cation radicals 

with thiocyanate ion. 9,10-Diphenylanthracene cation radical was 

74 
reduced to the parent compound. Phenoxathiin cation radical gave 

mainly the parent compound, phenoxathiin 5-oxide, and an unidentified 

compound. ZnTPP'*'' is known to give ZnTPP-SCN, Also electrochemical 

oxidations of aroraatic compounds have been used to prepare thiocyano 
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19 23 
derivatives, ' 

The reaction of 10-phenylphenoxazine cation radical with thiocyanate 

ion gave a high yield of 3'-thiocyano-10-phenylphenoxazine (43,5%) along 

with 10-phenylphenoxazine (59%). The formation of the monothiocyano 

derivative was confirmed by mass spectrum, which gave ra/e 316.0695, 

calcd, for C,QH N OS 316.0668; and the fragments gave 290 (M"*" - CN) , 

284 (M"̂  - S), 239 (M"*" - Ph), 181 (M^ - Ph - SCN). The position of 

substitution was assigned by its Hnrar spectrura, which showed a doublet 

at 6 6,84 (for H.) with a coupling constant 2.3 Hz (J^ , "̂ t̂a coupling), 
4 t o 2,4 

this was consistent with 3-thiocyano-lO-phenylphenoxazine. 

Although thiocyanate ion is an arabident nucleophile, the site of 

attachment was determined by ir spectrura, which showed a sharp -S-C=N 

stretching at 2157 era , Isothiocyanate (-N=C=S) absorbs in the region 

of 2174-2004 era (assyrara,), and also occurs near 945-925 era (syrara.). 

This corapound did not show absorption in the latter region, which 

indicates that the nucleophilic substitution occurred at the sulfur atom. 

Reaction with Cyanide Ion 

Anodic oxidation of organic substrates in cyanide ion solution is 

frequently used to prepare organic nitriles. Reaction was initially 

86 
thought to occur by a free radical mechanism. It was believed that 

the cyanide ion was oxidized to the cyano radical, which then initiated 

87 
the cyanation. This proposal was ruled out by Parker and Burgert, 

18 
They found that although cyanide ion (Ê  = 0.7 V) is more easily 

-1 
87 

oxidized than anisole (Ê  = 1.37 V), when a constant potential at 

1.2 V was applied, cyanide ion was oxidized but no cyanation occurred. 
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Only when the reaction was electrolyzed at 2.0V, a potential which is 

high enough to oxidize anisole to its cation radical, were cyanoanisoles 

87 
obtained. The most detailed comparisons have been made by Eberson 

and Nilsson. Aromatic nitriles were made anodically, and by the 

photolysis of iodine cyanide (cyano radical was gernated photolytically), 

and the product distribution of isomers further demonstrated the funda-

raental difference between these two reactions (see Table 1). The cyano 

radical process is much less selective than anodic cyanation. 

Table 1 

Forraation of isomeric aroraatic nitriles 
from anodic cyanation of C H X and 
photolysis of ICN in C H X 

% isomer distribution 

X in C^H^X o m p 
6 5 

OMe 53 (58) 0.1 (14) 47 (28) 

C,H, 24 (44) 0.4 (28) 76 (28) 
6 5 

Me 40 (48) 8 (32) 52 (20) 

Nurabers in parentheses are frora ICN photolysis 

80 
Dibenzodioxin cation radical was reduced by cyanide ion. In this 

laboratory, it has been learned that cation radicals of thianthrene, 

phenoxathiin, and phenothiazines were reduced by cyanide ion. Only 

perylene cation radical reacted with cyanide ion to give 1- and 3-

cyanoperylenes in low yields. 
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In the present study, it was found that the reaction of cyanide ion 

with 10-phenylphenoxazine cation radical is fast reaching completion 

in less than 15 min, but gave only 10-phenylphenoxazine (92%) and the 

» 

3,3 -dimer (12,8%). No 3-cyano derivative was isolated from the re

action mixture. 

This is a question about the relative nucleophilicity and oxi

dizability of the cyanide ion. If the oxidation potential is a 

90 
controlling factor, both perylene (Ê  = 0.55 V) and 10-phenyl-

phenoxazine (Ej = 0.331 V, see Table 3) have a lower oxidation potential 

1 Q 

than cyanide ion (Ej = 0.7 V), but only perylene cation radical gave 
'I 

nucleophilic substituion products, while 10-phenylphenoxazine cation 

radical was mostly reduced to 10-phenylphenoxazine (92%). The complexity 

of different nucleophilicity of cyanide ion towards these two cation 

radicals is not yet known. It also appears that electron transfer 

between cyanide ion and 10-phenylphenoxazine cation radical would be 

rather hard to explain. 

Reaction with Superoxide Ion 

The chemistry of the superoxide anion radical has been studied only 

recently. The main interest is due to toxic effects in biological 

91 systems, but little work has appeared on reactions with organic 

92 
substrates, 

It seems quite reasonable to think that the reaction of a cation 

radical and the superoxide anion radical would occur by an electron 

transfer pathway, to give the parent compound and oxygen. This should 

be a clean and straight forward reaction. 
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When 10-phenylphenoxazine cation radical in acetonitrile was slowly 

added to a stirred solution of potassium superoxide in acetonitrile, 

the red pink color immediately disappeared, and the solution became 

brown then grey. The products isolated from reaction were 10-phenyl-

phenoxazine (77,7%) and 3,3 -dimer (2.5%), It was surprising that 

10-phenylphenoxazine was not forraed quantitatively. Later, it was 

reported that superoxide anion radical decomposes rapidly in acetonitrile, 

93 
but no products were given. 

It was thought that there are two possible reactions raay occur 

to account for the cation radical-superoxide anion radical reaction, 

e.g., electron transfer (eq 5) and deprotonation to give the diraerization 

product (eq 6), 

PH"^* + 0 "• ^» PH + O2 (5) 

2 PH"^* + 2 02~' ^ 2 P- + H2O2 + O2 (6) 

P-P (3,3 -dimer) 

Reaction with Acetate Ion 

Anodic oxidation of organic substrates in acetic acid containing 

acetate ion leads predominantly to ring and sidechain acetoxylation 

products. It was thought that the acetate ion was oxidized at the anode 

94,95 
to form acetoxy radical, which then initiated the reaction. ' Later, 

96 
Eberson recognized the possibility that these acetoxylations might 

involve direct oxidation of the organic substrates to give a cationic 

intermediate, which could then be attacked by acetate ion. Because 
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of the known instability of the acetoxy radical to give the methyl 

radical and carbon dioxide (an exothermic reaction, 17 Kacal/mol,^® 

with a half-life of 10 see ), the radical mechanism was in doubt. 

Only a few reports of reactions of acetate ion with cation radicals 

are found in the literature, 9,10-Diphenylanthracene cation radical 

74 99 
gave 9,10-diacetoxy-9,10-diphenylanthracene; ' perylene cation 

radical gave 3-acetoxyperylene; and phenoxathiin cation radical gave 

1 : 2 ratio of phenoxathiin and its 5-oxide only, 

10-Phenylphenoxazine cation radical reacted with acetate ion to 

give 10-phenylphenoxazine (77,3%), what is believed to be 2-acetoxy-lO-

phenyIphenoxazine (6.8%), and a small amount of the 3,3 -diraer (1,6%), 

The raonoacetoxy derivative was identified by its ir spectrum which 

showed C=0 stretching at 1773 cm ; and ms which gave m/e 317.1040, 

calcd. for C H NO 317.1048, and the fragment gave 275 (M*̂  - CH =C=0). 

The position of substitution was assigned by Hnmr spectrum, which 

showed a doublet of doublets at 6 6.34 (for H ) with coupling constants 

8.5 Hz (J ortho coupling) and 2.5 Hz (J meta coupling), a doublet 
J , 4 1 > -J 

at 6 5.64 (for H ) with a coupling constant 2.5 Hz (J raeta coupling), 

and a singlet at 6 2.13 (COCH ). These spectral data fit better for 

2-substituted derivative than the usual 3-substituted product, because 

in the parent corapound, 10-phenylphenoxazine, there are two upfield 

protons, namely, H and H appearing in the region of 6 6.00-5.80, 
1 9 

which are shielded by the ring current of the N-phenyl group. So 

once the acetoxy group occupied the 2 position. The ortho proton, H , 

is shifted even further upfield than the H signal in the unsubstituted 
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corapound. The same is true for the other ortho proton, H , which 

is shifted further upfield from the rest of phenoxazine ring protons 

(see chapter IV, Fig. 9). 

Although 2-acetoxy-lO-phenylphenoxazine was obtained in low yield, 

like thiocyanation, it is the first exaraple of ring acetoxylation in 

the phenoxazine systera. 

In view of the product distribution 77.3% of 10-phenylphenoxazine, 

6.8% of 2-acetoxy-lO-phenylphenoxazine, and 1.6% of 10,10 -diphenyl-

! 

3,3 -biphenoxazineJ it appears that electron transfer of acetate ion 
1 o 

(Ej = 1.4 V) to the cation radical cannot be ruled out, though this 

pathway seeras energetically unfavorable. The consequent product acetoxy 

radical will decompose to give methyl radical and carbon dioxide, but 

detection of methane, ethane, and carbon dioxide was not attempted. A 

possible mechanism is proposed in scheme 6. 

Scheme 6 

PH"*"* + OAc — > P-̂  
H 

OAc 
PH 
+ . 

PH + P-OAc + H 
+ 

PH + OAc- •> CO2 + CH^- -> CH, 

^ Ve 

There is one fact which is difficult to explain. The cyanide ion 

100,101 ^ . , . 
is about twice as nucleophilic as acetate ion, but cyanide ion 

does not give a nucleophilic substitution product. It may be that the 
1 o 

difference in the oxidation potentials of cyanide ion (E, = 0.17 V) 
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and acetate ion (E, =1.4 V • 1 6 v'^^^\ -to ̂ >,o foot- ^•u^ c 
^ l^ '^ ^ , ±.D V ; IS the factor responsible for 

the differences in reactions in cation-radical cheraistry. 

Reaction with Benzoate Ion 

The only exaraple of benzoate ion reacting with an isolated cation 

radical is that with perylene cation radical, which gave 3-benzoxy-

17 perylene. 

10-Phenylphenoxazine cation radical reacted with sodiura benzoate to 

give 10-phenylphenoxazine (58.7%) plus two benzoate products: what is 

believed to be 2-benzoxy- and a dibenzoxy-10-phenylphenoxazine in 15.2% 

and 4.9 % yield, respectively. No biphenyl was observed in the reaction 

raixture. The 2-benzoxy derivative was identified by its ir spectrura, 

which showed C=0 stretching at 1745 cm" ; arad ras which gave ra/e 379.1174, 

calcd. for C2^H^^N0 379.1204, and the fragments 274 (M"̂  - PhCO), 105 

(PhCO ). The position of substitution was designated by Hnmr spectrum, 

which showed a multiplet at 6 : 8.08 (2H, o-benzoate, J = 7.5 Hz), a 

raultiplet at 7.75-7.29 (8H, ph and ra,p-benzoate), a raultiplet at 6.83-

6.56 (4H, H, and H, „), a doublet of doublets at 6.47 (for H^) with a 
4 b-o o 

ortho coupling constant 8.5 Hz (J , ) , and a raeta coupling constant 
J , 4 

2.5 Hz (J ), a raultiplet at 6.02-5.84 (for H ), and a doublet at 

5.75 Hz (for H ) with a raeta coupling constant 2.5 Hz (J ). Again, 

this is a 2-benzoxy derivative rather than 3-benzoxy derivative (see 

chapter IV, Fig. 10). The dibenzoxy structure was designated frora its 

ir spectrura, which showed C=0 stretching at 1745 (shoulder) and 1737 

cm""*"; the ms which gave m/e 499,1441, calcd. for C 2̂ l21̂ °5 ^^^-l^l^' 

+ + 
and the fragments gave 395 (M - PhCO + 1)', 105 (PhCO ); and its 
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Hnmr spectrum. Although the spectrum itself was not well resolved it 

showed peaks at 5 : 8,20 (d of d, 3H, benzoate, J = 9.0 Hz, J = 2.0 Hz), 

7.70-7.26 (m, IIH, Ph and benzoate), 6.84-6.40 (ra, 5H, other ring 

protons), 6.00-5.70 (ra, 2H, H^ and H^) . The """Hnmr spectrum seemed 

impossible to allow its assignment of a proper structure of this compound 

ambiguously. Because the most downfield protons are supposed to be 

the four ortho protons of the two benzoxy groups, however the integration 

gave only three protons, also that the most upfield protons appeared 

a multiplet, which did not fit either 2,8-dibenzoxy or 3,7-dibenzoxy 

spectrura, in each cases, the 2,8-dibenzoxy derivative expected to have 

a doublet with meta coupling for H and H ; the 3,7-dibenzoxy derivative 

expected to have a doublet with ortho coupling for H and H . 
1 9 

The forraation of the dibenzoxy-10-phenylphenoxazine is rather hard 

to explain. It was thought raost likely that the 2-benzoxy derivative 

was further oxidized by the parent cation radical to its cation radical, 

which was then attacked by the second benzoate ion to give the di

benzoxy product. 

Because of the low yield of the dibenzoxy product, it would seem 

that there is an equilibrium in the oxidation.step to form 2-benzoxy-lO-

phenyiphenoxazine cation radical, and that only part of the 2-benzoxy 

compound in the form of its cation radical is attacked by a second 

benzoate ion. The proposed mechanism is shown in scheme 7. 
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PH * + OBz' 

+ . P-OBz + PH 

P-OBz ' + OB2 

Scheme 7 

• > 

PH 
+ . 

• > 

K 

./H ^ 

OBz 

-f 
POBz * + PH 

H ^ PH"^' 
/ 

(OBz) 
^ 

PH + P-OBz + H + 

"> -> PH + P(0Bz)2 + H 
+ 

Experiraental observations seera to support this proposal. The 

oxidation potential of 10-phenylphenoxazine and the 2-benzoxy derivative 

are 0.331 V and 0.375 V (see Table 3), respectively. That is the 2-

benzoxy derivative is a little harder to oxidize than the parent 

corapound, but the difference is only 44 mV - 1 Kcal/mole. 

AG° = - RT In K = NEF 

In K = - NEF/RT 

log K = - NEF/2.303 RT 

K = 1.8 X 10""̂  

= -44/59 = -0.746 

By calculations, it is found that the equilibrium constant is 

1.8 X 10 for the forraation of 2-benzoxy-lO-phenylphenoxazine cation 

radical. If the consequent nucleophilic attack by a benzoate ion is 

a relatively fast step, this will enchance the forraation of 2-benzoxy-

10-phenylphenoxazine cation radical and give the dibenzoxy product. 

Again, this reaction makes the first example of benzoxylation 

in the phenoxazine chemistry. 
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Reaction with Methoxide Ion 

Anodic methoxylation has been discussed in earlier review 

^. , 20,54,103 „ 
articles. Reaction of raethoxide ion with isolated cation 

radicals has not been reported, 10-Phenylphenoxazine cation radical 

reacted with sodium methoxide to give 10-phenylphenoxazine (57.2%), 

which is believed to be 2-methoxy-lO-phenylphenoxazine (9.12%) and what 

is assuraed to be triarylamine (19%), 

The monoraethoxy derivative was characterized by its ms and Hnmr 

spectral data. The mass spectrura gave ra/e 289.1127, calcd. for 

^19^15^°2 289.1099, and the fragraent 274 (M"̂  - CH ). Its '''Hnmr 

spectrum showed a doublet of doublets at 6 6,10 (for H ) with coupling 

constants 8,5 Hz (J ortho coupling) and 2,7 Hz( J _ meta coupling), 

a doublet at 5.54 (for H ) with a coupling constant 2,7 Hz (J raeta 

coupling), and a singlet at 6 3.60 (for OCH ). The product is designated 

as the 2-raethoxy-lO-phenylphenoxazine (see details in chapter IV, Fig. 

11). The unidentified triarylaraine was characterized by ir, ras, and 

Hnmr spectral data. It ir spectrum showed OH stretching at 3490 cm ; 

ras found m/e 321.1340, calcd. for C-_H NO 3 321.1360, and the fragments 
ZU 19 

gave 306 (M"̂  - CH ), 290 (M"*" - OCH ) , 289 (M"̂  - CH OH) . Its Hnmr 

spectrum showed a very complicated but well resolved pattern in the 

aromatic region, 6 : 7.40-6.70 (m, IIH, aromatic), a doublet at 6 

6.50 (2H) with a coupling constant 8.0 Hz (ortho coupling), and two 

sharp singlets at 6 3.78 and 3.74 for two methoxy groups, This unknown 

compound is believed to be a trisubstituted triphenylamine, the 

substituents being one hydroxy and two methoxy groups. 
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When the reaction was repeated under the sarae raanner, the products 

were 10-phenylphenoxazine (49.6%), 2-methoxy-lO-phenylphenoxazine (11 %) 
T I 

2-methoxy-10,10 -diphenyl-3 ,7-biphenoxazine (2.6%), and the tri

arylamine (13.7%) as shown in eq 7. 

0 

N 
I 
Ph 

+ 
0 

N 
I 
Ph 

+ 
OMe 

(7) 

+ OMe 

MeO 
OMe 

The 2-methoxy-3 ,7-dimer was designated from both ms and Hnmr 

spectral data. The compound's raass spectrura had ra/e 546.1944, calcd. 

for C^^H2^N20^ 546.1937, and the fragraent 531 (M"̂  - CH ). A poor 

resolution Hnmr spectrum was obtained for this compound as follows: 

6 : 7.92-7.46 (m, lOH, 2 Ph), 6.78-6.54 (ra, 9H, H„ . , _ and H'. , , ̂  ) , 
j,4,b,o Z,4,b,/,o 

6.14-5.80 (ra, 3H, H and H . . ) , 5.50 (d, IH, H.) with a coupling 
9 1 > 9 1 

constant 2.5 Hz (J raeta coupling), and a singlet at 3.28 (3H) for 
1, J 

the raethoxy group. 

Methoxylation is observed in this reaction but not in the reaction 

of the cation radical with raethanol. This can be explained by the 

fact that methoxide ion is a much stronger nucleophile than methanol. 

The formation of the 2-raethoxy-3 ,7-diraer raay be represented as a cross-

dimerization of the parent cation radical and the 2-methoxy-lO-phenyl-

phenoxazine cation radical. It seems logical to propose that the 

2-raethoxy-lO-phenylphenoxazine cation radical could be formed by 
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oxidation of the 2-methoxy-lO-phenylphenoxazine (Ej = 0,256 V, Table 3) 

by the parent cation radical. 

The most unexpected result is the formation of ring-opened tri

arylaraine. It was thought that this product resulted frora the reaction 

of raethoxide ion with 2-raethoxy-lO-phenylphenoxazine. However, when 

this reaction itself was carried out only 2-methoxy-lO-phenylphenoxazine 

was recovered, which shows that nucleophilic substitution on the 

phenoxazine system does not occur. 

Since the formation of the cation radical of the 2-methoxy deriva-

tive was proposed to explain the forraation of the 2-raethoxy-3 ,7-diraer, 

it raay be that the raethoxide ion does attack the 2-raethoxy cation 

radical at a bridge carbon which is bonded to oxygen, that is, an ipso 

attack, followed by cleavage of the C-0 bond, and forraation of the ring-

opened triarylaraine. 

2-Methoxy-lO-phenylphenoxazine was found to have a ranch lower 

oxidation potential than 10-phenylphenoxazine, 0.256 V and 0.331 V (see 

Table 3), respectively. Therefore once 2-methoxy-lO-phenylphenoxazine 

had been forraed, it could be oxidized by the parent cation radical to 

its cation radical, and then cross-diraerization could give the 2-

t 

methoxy-3 ,7-dimer. The 2-methoxy-lO-phenylphenoxazine cation radical 

could also be attacked by a second raethoxide ion in an unusual manner to 

give the triarylaraine. 

The last proposal needs more experimental work, such as the reaction 

of 2-methoxy-lO-phenylphenoxazine cation radical with raethoxide ion, 

to support the speculation. The over-all raechanism of the methoxylation 
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Scheme 8 
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PH"^* + OMe" 
. H 
P -

OMe 

PH"^* 
PH + P-OMe + H + 

P-OMe + PH + . P-OMe * + PH 

P-OMe • + PH"^ P-P-OMe + 2H + 

P-OMe * + OMe" 

MeO 

OH 

N 

Ph 
Me 

Structure of Monosubstituted Products of Oxy-nucleophiles 
(Acetate, Benzoate, and Methoxide Ion) 

At this stage, in the reactions of 10-phenylphenoxazine cation 

radical with oxy-nucleophiles such as acetate, benzoate, and raethoxide 

ion, it is necessary to point out that the products appear to be 2-

substituted rather than 3-substituted products. This decision is 

based on the Hnmr data discussed in the chapter IV. These anomalies 

are believed to be the first examples in the cation-radical chemistry in 

which a cation radical has two electrophilic centers toward different 

type of reacting nucleophile. 

The reactions of 10-phenylphenoxazine cation radical with different 

nucleophiles gave either the 3-substituted or the 2-substituted products 

according to the present study. The difference in electrophilic 

character of the 2- and 3-carbon atoms in the 10-phenylphenoxazine 

cation radical is not fully understood. It appears that these oxy-

nucleophiles are hard bases, and according to the theory of hard and 
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121 
soft acids and bases (HSAB), the hard bases should react readily in 

substitutions at hard electrophilic centers, and vice versa, that 

means, the C-2 must be classified as a harder electrophilic center than 

the C-3 in the 10-phenylphenoxazine cation radical. Water and methanol 

are hard bases, but also are poor nucleophiles, so they act as bases 

to give the dimer. However, nucleophiles such as fluoride, chloride, 

and primary amines are also hard bases. In the reactions of fluoride 

ion or n-butylamine with 10-phenylphenoxazine cation radical, a low 

yield of the 3,3 -dimer was obtained in both reactions, but no sub

stitution product. One raay explain these facts in that these two 

nucleophiles act as base, yet, in the chloride ion reaction, the 3-

chloro derivate rather than 2-chloro derivative was the substitution 

product. Thus, the indications are that HSAB theory is not sufficient 

to provide a satisfactory rationalization for the rather draraatic 

variations in the nucleophilic substitution of 10-phenylphenoxazine 

cation radical. 

Reaction with Amines 

The reaction of cation radicals with amines have been studied 

104 
rather extensively, as cited in a recent review. In general, the 

reaction of alkylamines with the sulfur-containing heterocyclic cation 

radicals (e.g., of thianthrene, phenoxathiin, and N-substituted 

phenothiazines) gave the corresponding N-alkylsulfiliraine salts, or 

N,N-dialkylaminosulfilimine salts if dialkylaraines were used in the 

reaction. A dimeric product with an imine group to link two sulfur atoms 
+ 

( "]!̂ S-N=S >, ) was formed with these cation radicals reacted with ammonia. 
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An interesting observation was that the reaction of phenoxathiin cation 

radical with araraonia; if araraonia was streamed very fast into the cation 

radical solution, the reaction product yielded phnoxathiin sulfilimine 

salt. If araraonia was bubbled through the cation radical solution gently, 

the reaction gave the dimeric product (^S-N=S^). 

Thianthrene cation radical reacted with acetanilide to give 100% 

106 
yield of 5-(p-acetamidophenyl)thianthrenium perchlorate monohydrate. 

While thianthrene cation radical reacted with N,n-dimethylaniline to 

give 5-(p-N,N-dimethylaminophenyl)thianthreniura perchlorate dihydrate 

in low yield, because the N,N-diraethylaniline was oxidized to its 

106 
cation radical, which then was diraerized to give tetraraethylbenzidine. 

, 104,107 
Anodic amination also has been reviewed recently. 

In the present work, it was learned that 10-phenylphenoxazine 

cation radical was mainly reduced by alkylamines. Thus, in the re

actions with triethylamine, di-isopropylamine, and n-butylaraine, 10-

phenylphenoxazine was recovered in 92%, 85%, and 83% yield and along with 

2.4%, 8.2%, and 2.4% of the 3,3 -dimer respectively. Most likely, 

the residue amine was evaporated during the work-up, and the corresponding 

amine perchlorates were washed out by water extract from the reaction 

mixture. 

It is a puzzle to explain why the cation radical was reduced by 

these amines, knowing the fact that these amines have rather high 

oxidation potentials (Ê  = 1.2 V). Whereas the formation of the 3,3 -

dimer is understandable in that these amines are also bases. 
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Reaction with Pyridine 

The reaction of pyridine with organic substrated either anodically 

or chemically has been reviewed for a variety of aromatic and hetero-

j 10^ .,. , . aroraatic corapounds. Zinc tetraphenylporphyrin cation radical 

perchlorate (ZnTPP *C10 ~) reacted with pyridine to give ZnTPP-Py"''ciO ~ 

as a substitution product. Most recently, kinetic and raechanistic 

108 
studies of the pyridination of thianthrene cation radical and 10-

109 
phenylphenothiazine cation radical were reported. Pyridination is 

one of the raore successful reactions in cation-radical chemistry. 

The reaction of 10-phenylphenoxazine cation radical with pyridine 

gave a unexplanable result. The reaction was perforraed in the usual 

raanner, but in the coluran separation, an abnormal phenomenon was 

observed in that 10-phenylphenoxazine was eluted with a wide range of 

solvents (normally, this corapound can be eluted from the column by one 

solvent combination). Finally, the substitution product was isolated 

from the column by elution with acetone. The red brown product had 

rap 275-276.5 (dee). It gave a positive Beilstein halogen test and 

ir spectrura showed a perchlorate band at 1090 cm . A good resolution 

nmr spectrum was obtained in acetone-d, solvent, the downfield peaks at 

5 9-8 indicated a pyridinium perchlorate. The mass spectrum was not 

very helpful in this compound, but showed in the fragmentation pattern 

that the diraer was present (found ra/e 516.1825, calcd. for ^35^94^2^2 

516.1838). The empirical formula calculated frora the eleraental 

analysis is C,^H,^N,CIO,. No reasonable structure can be deduced. 
43 40 4 6 

In the second trial, the result was the same, Wlien the crude 
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unknown product was crystallized from dichloromethane/benzene, it 

decomposed at 204 , and the mixture melting point with the previous 

product (mp 275-276.5°) was 271.5-273.5° (dec). The sarae spectral 

data were found for both the solids which had mp 204° (dec.) and 275-

276.5°. 

It was also observed that when the corapound (rap 275-276.5°) was 

recrystallized from dichloromethane/benzene, again, it also decomposed 

at 204 . Possibly, this unknown was able to form a complex with benzene 

No further study has been made with this compound. 

Part 3 

Preparation of Authentic Corapounds 

During the course of this study, nucleophilic substitution on 

10-phenylphenoxazine cation radical, a nuraber of new compounds were 

prepared. The structural identification of each compound was based on 

the spectral data, and most of these compounds are consistent with 

assignment as 3-substituted derivatives. This is also the expected 

result according to HMO calculations for 10-phenylphenoxazine cation 

radical, that the 3 (7) position is the best position to undergo 

nucleophilic substitution. However, exceptions are also observed in 

the oxy-nucleophiles, e.g., acetate ion, benzoate ion, and methoxide 

ion, in which the 2-substituted derivatives are fitted better for the 

Hnmr analysis. Why the oxy-nucleophiles behave differently from other 

nucleophiles present a puzzle in the chemistry of 10-phenylphenoxazine 

cation radical. 
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To prove the structure assignments, an unequivocal synthesis of 

some representative derivatives was required, and among these the 

3-nitro, 3-chloro, and 3-bromo derivatives were prepared by the 

following methods. 

Synthesis of 3-Nitro-lO-phenylphenoxazine 

3-Nitro-lO-phenylphenoxazine is a very useful intermediate, since 

it can be reduced to the 3-amino derivative, which in principle could 

be diazotized to prepare a variety of 3-substituted 10-phenylphenoxazines 

as shown in scheme 9, 

Scheme 9 

P-NO, ->. P-NH. -^ P-N, + Nu 
-> P-Nu 

Nu = X , SCN 

R = Me, COMe, COPh 

I 

I H„0 

P-OH -> P-OH 

Two independent synthetic routes were used to prepare 3-nitro-lO-

phenylphenoxazine. 

a. Turpin reaction 

A condensation reaction was performed between o-aminophenol and 

2,4-dinitrochlorobenzene in the presence of sodium hydroxide to give 

2-hydroxy-2 ,4 -dinitrodiphenylamine, mp 200,5-202° (lit. mp 200.5-202°), 

which was either cyclized and phenylated in one sequence; or cyclized 

and later phenylated to give the final product of 3-nitro-lO-phenyl-
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phenoxazine. It was learned that the first approach is the better 

method. The over-all process is shown in scheme 10. 

Scheme 10 

OH O2N 

N 
\ Cl 

0„ NaOH 

aq. EtOH, 
reflux 

H 0 NO, 

H 0 NO2 Phi, K2C0^, Cu 

DMF, reflux (72%) 

H (66.4%) 

I 
Ph 

4v 
NaOAc 

^ 

DMSO 

0 

N 

NO, 

Phi, K2CO , Cu 

H DMF, reflux (23.4%) 

(62.3%) 

3-Nitro-lO-phenylphenoxazine prepared by this synthesis had the 

same uv, ir, ms, and Hnmr spectral data as compared with the product 

of the cation radical-nitrite ion reaction (see experiraental section; 

spectral inforraation is provided in chapter IV, Fig. 6), 

b, Musso's preparation 

It has been known that phenoxazine reacts very easily with dilute 

nitric acid to give 1,3,7,9-tetranitrophenoxazine but no mono- or dinitro-

111 
Musso reported that 10-acetylphenoxazine is nitrated 

5 

phenoxazine. 

in acetic acid to give 3-nitro-lO-acetylphenoxazine only. 

In this preparation, Musso's method was used to prepare 3-nitro-lO-

phenylphenoxazine. The reactions proceeded as follows: phenoxazine 
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was first acetylated with acetic anhydride to give 10-acetylphenoxazine 

(97,4%), mp 145.5-146° (lit. mp 142°)."^^ This compound was nitrated 

in IN nitric acid/acetic acid to give 3-nitro-lO-acetylphenoxazine 

(98%), mp 135,5-136° (lit. mp 136-137°).^ This was followed by 

deacetylation with potassiura hydroxide to yield 3-nitrophenoxazine 

(96%), rap 198-198.5° (lit. mp 195-197°;^ 200-201° ^). The 3-nitro compound 

was finally phenylated with iodobenzene to give 3-nitro-lO-phenyl-

phenoxazine (23.4%) and 3,3 -dinitro-lO-phenyl-7,10 -biphenoxazine 

(36.9%), rap 290.5-291 . The over-all sequence is shown in scherae 11. 

Again, the resulting 3-nitro-lO-phenylphenoxazine was identical with 

that frora the other two preparations. 

Scheme 11 

AC2O IN HNO 

• ^ 

HOAc 

(98%) 
(97.4%) 

0 

N 

H 

NO, 
• > 

Phi, K2C0^, 
Cu 
DMF, reflux Ph 

(23.4%) 

(36.9%) 

There are two interesting points which need clarification, 

a) When 3-nitrophenoxazine was recrystallized from benzene, the result

ing copper bronze lustrous crystals did not melt below 360 . However, 
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tic using three different solvents (benzene, ethanol, acetone) indicated 

that both saraples before and after crystallization are identical. All 

the spectral data indicated that the crystallized compound was still 

consistent with the literature. For instance, the published "''Hnmr 

spectrum in DMSO-d^ was:^° 6 : 9.28 (NH), 7.70 (H2), 7.35 (H ), 6.55 

(H^), 6.92-6.51 (H^_ ); the recrystallized 3-nitrophenoxazine in the 

present study, Hnrar (acetone-d ) 6 : 8.30 (NH), 7.67 (d of d, IH, 

H2, J = 9.0 Hz, J = 2.3 Hz), 7.39 (d, IH, H^, J = 2.3 Hz), 6.90-6.66 

(ra, 4H, H^_^), 6.58 (d, IH, H^, J = 9.0 Hz). The same is true for the 

112 
visible spectrura (see Table 2). 

Table 2 

Visible spectrura of 3-nitrophenoxazine in 
various solvents (A in nm) 

max 

3-nitrophenoxazine 
solvent 

pyridine 

95% ethanol 

acetone 

466 

455 

447 

465 

455 

446 

465 

455 

445 

a. . . 112 literature data 

before crystallization 

after crystallization from benzene 
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Elemental analysis was also consistent with the molecular formula 

calcd. for C^2^8^2°3 ' ̂ ' ^3.14; H, 3.54; N, 12.09. 

Found : C, 63,29; H, 3.54; N, 12.28, 

In fact, this high raelting point phenomenon was first observed by 

Kehrmann and Ramra in 1920, when they reported that 3-nitrophenoxazine 

o ' ' 

(rap >300 ) was raade by cyclization of 2-hydroxy-2 ,4 -dinitrodiphenylamine, 

b) Phenylation of 3-nitrophenoxazine (mp > 360 ) under the sarae conditions 

used in the cyclization and phenylation of 2-hydroxy-2 ,4 -dinitro

diphenylamine, gave a low yield of 3-nitro-lO-phenylphenoxazine (23.4%) 

and a mixed dinitro diraeric product, which was identified as 3,3 -dinitro-

lO-phenyl-7,10 -biphenoxazine (36,9%), based on the spectral data: ras 

found ra/e 530,1292, calcd. for C QH N 0 530.1222, and the fragraents 

+ + 

gave 500 (M - NO), 484 (M - NO^); ir spectrura showed no NH stretching 

which indicated the compound is an N-C type dimer. The Hnmr spectrum 

of this corapound showed poor resolution, but the structural assignraent 

was consistent with the observed spectrum. 

The way in which 3,3 -dinitro-lO-phenyl-7,10 -biphenoxazine was 

formed is not known. Other strange observations on the phenylation of 

phenoxazine, which will be discussed in the following section, do not 

give a positive answer to this question. 

After performing these two independent syntheses, one can appre

ciate the usefulness of the reaction using the cation radical intermediate. 

Phenylation of Phenoxazine with Bromobenzene 

In the benzoxylation reaction, both 2-benzoxy- and a dibenzoxy-10-

phenylphenoxazines were obtained. Because the N-phenyl group and the 
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benzoxy groups signals overlap in the Hnmr spectra, it seemed prudent 

to attempt the preparation of 10-phenyl-d_-phenoxazine, This should be 

helpful in interpreation of the Hnmr spectra. Because of the un

availability of iodobenzene-d , bromobenzene-d_ seemed to be a good 

alternative phenylation agent. 

In a trial experiment, it was learned that this approach is not 

practical. The reason for this is that when phenoxazine was phenylated 

with broraobenzene in the presence of potassium carbonate and activated 

copper power under reflux, only a small araount of 10-phenylphenoxazine 

was obtained. The raajor products isolated frora the reaction raixture 

were two isoraers of the mixed diraer, and a raixed triraer (eq 8). 

PhBr, K_CO„, Cu 
_ 2 — 1 ^ 

reflux 

+ 

Ph (22.1%) 

0 

N 

(22.7%) 

or: 
Ph 

0 

N 

I 
Ph 
(7.1%) 

+ 

(8) 

(22.4%) 

It was known that bromobenzene gave a lower yield than iodobenzene 

in the phenylation of phenoxazine, but neither the mixed dimers nor 

^ 48 
the mixed triraer were reported in the earlier study. 
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\ 
lO-Phenyl-1,10 -biphenoxazine (22,7%), mp 195-196°, was crystallized 

from the benzene extract of the reaction mixture. Then 10-phenyl

phenoxazine (7.1%) was eluted frora the coluran, followed by 10-phenyl-

• o ' 

3,10 -biphenoxazine (22.1%), mp 162-164 , and finally lO-phenyl-3,10 : 

3 ,10 -terphenoxazine (22.4%), mp 181-183°. All these compounds were 

identified by ir (none of these compounds showed NH stretching, which 

makes the conclusion of N-C type linkage for all these compounds), ms, 

and Hnmr spectral data (for raore detailed structural illustration see 
chapter IV, Fig. 14,15,16). 

Since the phenylation of phenoxazine was perforraed in the sarae 

raanner with iodobenzene and broraobenzene, the difference in products 

can only be attributed to the difference in the halogen substituent 

in benzene. It was also learned that even without the halobenzene, and 

with all other conditions the sarae, phenoxazine itself still diraerized 

(see "dimerization of phenoxazine" in the later part of discussion). 

It is known that in the Ullraann reaction the best leaving group 

is iodo; but aryl bromides or aryl chlorides will also give a coupling 

113 
product, however, the mechanism is not known with certainty. It 

has been suggested that there is a two-step process, that step 1 

is a free-radical reaction (eq 9) and that step 2 is a nucleophilic 

attack by arylcopper on aryl iodides (eq 10). 

Arl + Cu > Ar' — > ArCu (9) 

ArCu + Arl > Ar-Ar + Cul (10) 
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Based on the forraation of two mixed dimeric products and a mixed 

trimer, it seems that a radical process may be involved in this re

action. In fact, the oxidation potential of phenoxazine is rather low 

(0.269 V, see Table 3), it should be easily to oxidize. However, 

which species is the potential oxidant in this reaction is uncertain, 

because no oxidant was added to the reaction. But there is a potential 

oxidant, oxygen, always present in the reaction systera as air, which 

may serve as the oxidant. 

Reduction of 3-Nitro-lO-phenylphenoxazine 

3-Nitro-lO-phenylphenoxazine was reduced easily to the 3-amino 

derivative with either iron/hydrochloric acid in aqueous ethanol or 

zinc/hydrochloric acid in a mixture of ethanol and ethyl acetate. The 

reduction with iron/hydrochloric acid was not completed, 5% of 3-nitro-
ft. 

10-phenylphenoxazine being recovered, although substantial conversion 

to 3-amino-lO-phenylphenoxazine (58%) was observed. 

The difficulty was attributed to the poor solubility of the 3-

nitro derivative in aqueous ethanol. This was circuravented by using the 

solvent corabination of ethyl acetate and ethanol. The reduction was 

very successful in this raedium; an 86% yield of 3-amino-lO-phenyl-

phenoxazine, mp 154-155 , was obtained. 

The structure of 3-amino-lO-phenylphenoxazine was confirmed by 

spectral data: ms found m/e 274.1079, calcd, for C gH^^N20 274,1103, 

with the fragment 197 (M - Ph). The corapound showed a doublet at 

6 6,17 (for H ) with a coupling constant 2,5 Hz (J meta coupling), 
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a doublet at 6 5,75 (for H ) with a coupling constant 8,5 Hz (J 
1 1) z 

ortho coupling) and a broad peak at 6 3.27 for NH group (see chapter IV, 

Fig. 8). 

Diazotization of 3-Araino-lO-phenylphenoxazine 

3-Amino-lO-phenylphenoxazine was diazotized with sodium nitrite in 

aqueous sulfuric acid. The resulting mixture was then heated to boiling 

with the addition of more aqueous sulfuric acid. The product was 

isolated from the reaction, gave a mp 162-162.5 . The mass spectrum of 

this compound had the molecular ion peak, m/e 275.1112, calcd. for 

3-hydroxy-lO-phenyIphenoxazine, C „H NO , 275.0943, indicating that 

the compound was not the 3-hydroxy derivative. 

It is more likely to be lO-phenylphenoxazine-3-ammonium bisulfate, 

C.QH. _N„o'̂ .HSO ~, calc for the mass of cation part 275.1181. Further 
18 15 2 4 

support of the structural assignraent were obtained from both ir and 

nmr spectra, which showed two sets of symmetrical stretchings at 3480, 

3343 cm" and 3385, 3360 cm" for NH group in ir spectrum; and the 

compound showed a doublet at 6 6.18 (for H ) with a coupling constant 

2.5 Hz (J , raeta coupling), a doublet at 6 5.77 (for H ) with a 
Z , 4 

coupling constant 8.5 Hz (J ^ ortho coupling), and a broad peak at 

6 2.80 for NH group in nmr spectrura. 

This experiraent seems to indicate that the diazotization does not 

occur. The 3-amino derivative is only converted to its ammonium salt, 

this was not realized until the results of acetylation, benzoylation, 

and methylation reactions were interpreted. 
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Der iva t ives of 3-Araino-lO-phenylphenoxazine 

a. Acetylation 

lO-Phenylphenoxazine-3-ammonium bisulfate was suspended in an 

aqueous potassium hydroxide and then treated with acetic anhydride, 

the product isolated frora the reaction mixture was identified to be 

3-acetylaraino-lO-phenylphenoxazine (94%), rap 194.5-195°. All the 

spectral data are consistent with the structural assignment: ir showed 

NH stretching at 3315 cm" , and C=0 at 1652 cm""'"; ms found m/e 316.1219, 

calcd. for C2QH^^N202 316.1209, and the fragments gave 274 (M"̂  - CH =C=0), 

and 197 (M - CH =C=0 - Ph); and the Hnmr spectrura showed a broad 

peak at 6 7.00 for NHCO, a doublet at 6 6.91 (for H ) with a coupling 

constant 2.5 Hz (J meta coupling), and a singlet at 6 2.10 for the 

COCH group. 

b. Benzoylation 

Sirailarly, the benzoylation was performed with benzoyl chloride to 

give 3-benzoylamino-lO-phenylphenoxazine (53.5%), rap 200-200.5 . The 

identification of the product was confirraed by: ir spectrum showed 

NH stretching at 3348 cm , and C=0 at 1655 cm ; ras found m/e 378.1322. 

calcd. for C_^H,^N.O^ 378.1364, and the fragments gave 273 (M - PhCO), 
Z5 lo Z Z 

and 105 (PhCO ); and Hnmr (CDCl + D O ) showed a doublet of doublets 

at 6 7.84 (2H, o-benzoyl) with coupling constants 7.5 Hz (ortho coupling), 

and 2.0 Hz (raeta coupling), a doublet at 6 7.10 (for H ) with a coupling 

constant 2.5 Hz (J- , raeta coupling), a doublet of doublets at 6 6.84 
•̂  ) 4 

(for H ) with coupling constants 9.0 Hz (J „ ortho coupling), and 2.5 Hz 
z 1 » • ^ 
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(J , raeta coupling), 

c Methylation 

lO-Phenylphenoxazine-3-aramonium bisulfate was stirred in potassium 

hydroxide solution, and an excess amount of dimethyl sulfate was added, 

Sorae green precipitate was forraed. After 2.5 hr reaction time the green 

solid was filtered, but it was dissolved in water upon washing. On 

addition of potassium hydroxide solution to the filtrate, the green solid 

was reprecipitated, filtered and dried, to give mp 243-245° (dee). 

The mass spectrum of this compound showed fragraents (m/e) of 317 

(M"*"), 316 (M"*" - 1), 303 (M"̂  - CH2), 302 (M"̂  - CH^), 287 (M"̂  - 2Me) and 

225 (M - Me - Ph). The Hnmr spectrum of this compound had a very poor 

resolution, only weak signals were observed in the aromatic region, 

and two sharp singlets were appeared at 6 3.71 and 3.66 in 1 : 2 ratio. 

This corapound is believed to be a salt of 3-triraethylammonium-lO-

phenylphenoxazine (51%). 

The filtrate was extracted with dichloromethane, the dichloromethane 

solution was concentrated, and petroleum ether was added to precipitate 

3-(N,N-dimethylaraino)-10-phenylphenoxazine (33.7%), mp 237-238 (dec). 

The structural assignment was based on mass spectrum which found m/e 

320.1426, calcd. for C^H^.N.O^ 302.1415, and the fragments gave 287 
ZU lo Z Z 

+ + 

(M - Ph) and 225 (M - Me - Ph). Again, the compound had a very poor 

resolution of its Hnmr spectrum, but only one singlet at 6 3.70 was 

observed. 
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Attempts to Prepare 3-Chloro-lO-phenyl-
phenoxazine by the Sandmeyer Reaction 

In this study, 3-amino-lO-phenylphenoxazine was diazotized with 

sodiura nitrite in either aqueous sulfuric acid or aqueous hydrochloric 

acid. The resulting reaction mixture was then reacted with an excess 

amount of cuprous chloride/hydrochloric acid, but in both trials the 

results indicated that no 3-chloro derivative was formed and only 

starting material was recovered. 

The difficulty was initially attributed to the fact that the 3-

araino derivative is not completely soluble in mineral acids, even when 

the solution is heated to 60 . 

However, when the solubility problem was overcome by dissolving 

the 3-amino derivative in hot ethanol, the Sandraeyer reaction was still 

unsuccessful. 

Atterapt to Prepare 3-Bromo-10'-phenylphenoxazine 
by the Sandmeyer Reaction 

The 3-araino-lO-phenylphenoxazine was dissolved in ethanolic hydro

broraic acid, then treated with sodiura nitrite. To the resulting reaction 

raixture an excess araount of cuprous bromide/hydrobroraic acid was added 

slowly, and the mixture was worked up in an usual manner. Again, tic 

indicated that no 3-bromo derivative was formed. 

Atterapt to Prepare 3-Hydroxy-lO-phenyl-

phenoxazine 

The 3-amino derivative was dissolved in hot ethanolic hydrochloric 

acid, a solution of sodium nitrite was added, and finally a large excess 
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of water was introduced and the solution was boiled for 30 min. Once 

again, tic indicated that only starting material was recovered. 

For some unknown reason, the diazotization process did not proceed 

in aqueous mineral acids with sodium nitrite. 

Preparation of 3-Chloro-lO-phenylphenoxazine 
Using isoAmyl Nitrite 

The unusual behavior of 3-amino-lO-phenylphenoxazine (which resists 

the ordinary diazotization method) was avoided by using isoamyl nitrite 

to generate the diazonium salt. 

The 3-amino derivative was dissolved in hot ethanol, 1 ml of cone 

sulfuric acid was added to the solution, and isoamyl nitrite was added 

dropwise. The original grey solution iraraediately turned to bluish 

purple, then brown. The diazonium salt solution was cooled in an ice-

bath, to which an ice-cold solution of cuprous chloride/hydrochloric 

acid was added, nitrogen was evolved at this stage. The reaction mixture 

was warmed to 50 in a water-bath until nitrogen was completely evolved, 

and the raixture was then cooled to roora teraperature, and stirred over

night. 

The mixture was poured into water, and extracted with dichloromethane, 

the dichloromethane extract was washed with water, dried, and evaporated. 

The resulting residue was taken up in petroleum ether and chromatographed 

on preparative TLC plates using petroleum ether as a developer. 

The top band was extracted with benzene to give a thick oil, which 

solidified upon standing, mp 82-83.5 , no depression was observed when 

mixed with the chloro product obtaining from the cation radical-chloride 
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ion reaction. The mass spectrum of this compound showed a characteristic 

one chlorine isotope pattern, found m/e 293.0633, calcd, for C^QH NOCl 
lo IZ 

293.0604, which confirmed this is a monochloro 10-phenylphenoxazine. 

The Hnmr spectrum of this compound showed a doublet at 6 5.81 (for H ) 

with a coupling constant 8.5 Hz (J ortho coupling), which is con-
1 » ^ 

sistent with 3-chloro-lO-phenylphenoxazine (34.1%). The result demon

strates that the reaction of 10-phenylphenoxazine cation radical with 

chloride ion gave 3-chloro-lO-phenylphenoxazine. 

The sandmeyer reaction used to prepare the 3-chloro derivative 

appears to be a complicated reaction. The separation technique used 

for the mixture of products was based on the high solubility of the 

3-chloro derivative in petroleum ether. Nevertheless, the petroleum 

ether solution contained a total of 4 components, and there was also a 

residue which did not dissolve in petroleum ether. 

Preparation of 3-Bromo-lO-phenylphenoxazine 
using isoAmyl Nitrite 

The same procedure was used to prepare the diazonium salt, which 

was then treated with cuprous bromide/hydrobroraic acid, and worked up 

as before. 

In the first trial experiraent, it was found that 3,7-dibromo-lO-

phenylphenoxazine (29%) was the major product, and a raixture of mono-, 

di- and tribrorao derivatives were obtained as rainor products from the 

petroleum ether extract of the reaction mixture. 

In the second trial with reducing the reaction tirae, 3-bromo-lO-

phenylphenoxazine (35.2%) was obtained. The compound was identified 
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by mass spectrum, which found m/e 337,0047, calcd. for C,^H „N0Br 
18 12 

337.0099; and by Hnmr spectrum, which showed a doublet at 6 6.80 (for 

H^) with a coupling constant 2.0 Hz (J2 ^ meta coupling), and a doublet 

at 6 5.76 (for H^) with a coupling constant 8.5 Hz (J ortho coupling). 
1 > '̂  

These data are the same as those obtained in the cation-radical 

reaction and confirm that 3-bromo-lO-phenylphenoxazine was the product 

of the reaction of 10-phenylphenoxazine cation radical with bromide ion. 

In the Sandmeyer reaction to prepare the 3-chloro and 3-bromo 

derivatives, it was experienced that this approach can cause a variety 

of unwanted side reactions. In comparison, the cation radical-halide 

ion reaction is a better pathway to prepare 3-halo-lO-phenylphenoxazine. 

Base Hydrolysis of 2-Benzoxy-lO-phenylphenoxazine 
to 2-Hydroxy-lO-phenyIphenoxazine 

It seemed practicable to hydrolyze the 2-benzoxy derivative to 

obtain the 2-hydroxy derivative in alkaline solution. But it was 

observed that the base hydrolysis in aqueous acetonitrile was not 

successful, the 2-benzoxy-lO-phenylphenoxazine was not hydrolyzed even 

under reflux conditions. 

The base hydrolysis was done in aqueous dioxane. After the re

action mixture had been refluxed for 2 hr, it was neutralized with 

aqueous hydrochloric acid. The solution was extracted with 5% sodium 

bicarbonate, the bicarbonate extract was then acidified with aqueous 

hydrochloric acid, but benzoic acid was undetectable by tic; the 

remaining dichloromethane solution was washed with water, dried, con

centrated, and then chromatographed on a preparative TLC plate, developed 
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with benzene. The TLC plate showed 7 bands in addition to the origin. 

Two of the strongest bands were extracted with benzene. 

The origin gave an unidentified dirty yellow residue. The other 

band which was the second band above the origin gave a greyish green 

residue, raass spectrura found ra/e 548.1654, calcd. for C„^H,,,N„0, 
36 24 2 4 

548.1630, this was believed to be 2,2 -dihydroxy-10,10 -diphenyl-7,7 -

biphenoxazine (24.4%). 

Because of the liraitation on material (17.6 mg of 2-benzoxy-lO-

phenylphenoxazine was available to perform this hydrolysis), no further 

identification was attempted for the other bands. 

Reaction of Phenoxazine with l-Brorao-4-
iodobenzene to Prepare 10-
(p-Broraophenyl)phenoxazine 

In order to rule out the possibility that the substitution in 10-

phenylphenoxazine cation radical and nucleophile (e.g., bromide ion) 

does not occur at the phenyl ring, it was decided to prepare 10-(p-

bromophenyl)phenoxazine. A mixture of phenoxazine, l-bromo-4-iodobenzene, 

potassiura carbonate, and activated copper power was refluxed in dimethyl-

forraaraide for 60 hr, then worked up in an usual manner. 

The products were separated from coluran chroraatography to give 10-

(p-broraophenyl)phenoxazine (23.1%), mp 199-200.5° (lit. rap 200-202°). 

The corapound was further confirraed by its raass spectrum, which gave 

m/e 337.0114, calcd. for C._H..NOBr 337.0099, and the fragments gave 
lo IZ 

258 (M - Br), 182 (M - C,H,Br); and also the Hnmr spectrum was 
b 4 

d i f f e r en t from tha t of 3-bromo-lO-phenylphenoxazine (see chapter IV, 

Fig, 4 ) . The p-broraophenyl corapound exhibi ted a doublet at 6 7.57 
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(2H, ra-C H Br) with a coupling constant of 8.5 Hz (J ortho coupling), 
" ^ o,m 

and a doublet at 6 7.07 (2H, o-C^H^Br) with a coupling constant of 

8.5 Hz (J^^^ ortho coupling), and a doublet at 5 7.07 (2H, o-C H Br) 

with a coupling constant of 8.5 Hz (J ortho coupling). 
o,m f b/' 

Also p-bis(10-phenylphenoxazinyl)benzene (21.5%), mp 240-241° 

(lit. mp 249-250.5 ), was obtained. The nature of this compound was 

confirraed by its mass spectrura, which gave m/e 440.1548, calcd. for 

^30^20^2^2 '^^^•1^20; and by its Hnmr spectrum, which showed a singlet 
at 6 7.42 (4H, C^HRr). 

b 4 

Based on this experiment, it seems quite clear that a nucleophile 

will not attack the phenyl ring of the cation radical, 

Dimerization of Phenoxazine with Potassium 
Carbonate and Copper Powder in 

N,N-Diraethylformamide 

36 ' 

Musso reported that phenoxazine gave 1,10 -biphenoxazine, mp 

262-264.5 , as the only product when equimolar amounts of phenoxazine 

and potassium were refluxed in xylene for 4 hr. In the same study it 

was also shown that if the reaction was repeated in the same manner, 

but a half mole of bromine/benzene was added after the mixture was 

cooled in 0 for 1 hr, then further stirred at room temperature for 18 hr, 

the reaction gave 1,10 -biphenoxazine (6,7%), 3,10 -biphenoxazine 

(8.3%), mp 205-206°, 3-bromophenoxazine (15,5%), and a green yellow 

oil which mainly consisted of bromophenoxazine and phenoxazine. Later, 

Tsujino found that phenoxazine was oxidized with diraethyl sulfoxide-

acetic acid at room temperature to give 1,10 -biphenoxazine (15%), 

' 34 
3,10 -biphenoxazine (20%), and an unidentified complex raixture. 
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But when phenoxazine was oxidized with iodine-diraethyl sulfoxide, only 

' 30 
3,10 -biphenoxazine (54%) was isolated. The difference in results 

was attributed to the forraation and reactions of neutral radical and 

30 
cation radical, respectively. 

The dimerization of phenoxazine in the above cases is understandable, 

because various oxidants (e.g., bromine, iodine, DMSO-acetic anhydride) 

were present. However, in the present study, it was observed that 

phenoxazine gave not only 10-phenylphenoxazine (7.1%) but also 10-phenyl-

1,10 -biphenoxazine (22.7%), mp 195-196 , lO-phenyl-3,10 -biphenoxazine 

(28.1%), mp 162-164°, and lO-phenyl-3,10 :3,10 -terphenoxazine (24.5%), 

rap 181-183 , upon phenylation with bromobenzene. 3-Nitrophenoxazine 

' ' o 

gave 3,3 -dinitro-lO-phenyl-7,10 -biphenoxazine (36.9%), mp 290.5-291 , 

and 3-nitro-lO-phenylphenoxazine (23.4%) during the phenylation with 

iodobenzene. Both reaction were in the presence of potassiura carbonate 

and copper powder. How did these dimerizations and trimerization occur? 

There were no deliberately added oxidants in the reactions. This is 

discussed further below. 

It was learned also that the dimerization will still occur even 

without the presence of a halobenzene. When a mixture of phenoxazine, 

potassium carbonate, and activated copper powder was refluxed in 

diraethylformaraide for 4 days, the products isolated from a silica gel 

column and identified by ir and ms (low resolution Hnmr spectra were 

obtained for the dimers). These were 3,3 -biphenoxazine (12%), mp 

249-250 , and 3,10 -biphenoxazine (26.7%), rap 194-196 (lit. mp 
205-206°)."^^ 
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3,3 -Biphenoxazine is the first C-C type phenoxazine dimer to 

have been isolated; it has not been reported earlier. The structure 

was confirraed by the mass spectrum which gave ra/e 364.1218, calcd. for 

^24^16^2^2 ^^'^•1208, and the fragraents gave 183 (M - phenoxazinyl + 1) 

and 182 (M /2e); and the compound showed two NH stretchings at 3410 

and 3379 cm in the ir spectrum. 

To explain the formation of dimers, a radical intermediate is 

postulated. It is thought that potassium carbonate is basic enough to 

remove the acidic porton (NH), the resulting anion was then oxidized 

to give a radical intermediate, which either diraerized directly (as 

pathway a_ and b̂ ) or further reacted with the neutral raolecule and 

was then oxidized to give the diraeric products (as pathway c) . The 

proposed mechanisra is shown in schrae 12. 

Scherae 12 

k^N 
H 

+ K2CO3 

X 

Ji^ 

0 

N 

0 

N 
1 + KHCO, 

K^ 

+ X~* 

1 

+ 2 

2 2 
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0. 

N^ i s ^ -e, -H+^ ^ ^'1° -dimer 
1 + K )i ir 1̂ r> - ^ - > 

2 + 

H 

0 

N̂ ^̂ :::̂  -e, -H 
I 
H 

•^ ^ 3,3 -dimer 

The nature of X is not known. There is a plausible electron 

acceptor, oxygen, which was present in the reaction; or it may be 

that the activated copper powder contains some copper salts, which 

may act as electron acceptor. If a radical intermediate is involved 

in this reaction, one may ask why the 3,3 -dimer has never been observed 

in earlier studies. This is still an unsolved question. 

Even though it is postulated that this reaction is a radical process, 

there is no firm experimental evidence to support this hypothesis. 

Part 4 

Formation of Dimers during the Reaction of 
Phenoxazine Cation Radical Perchlorate 

with Potassium Cyanide 

A very similar diraerization was also observed in the reaction of 

phenoxazine cation radical with cyanide ion. The products after 

separation were 3,3 -biphenoxazine (9.3%), rap 249-250 , phenoxazine 

(16.2%), and 3,10 -biphenoxazine (43%), rap 192-193 . 

It was reported earlier that the phenoxazine cation radical will 

undergo dimerization if there is no strong nucleophile present in the 

30 
reaction. 

The products of reaction of phenoxazine cation radical with cyanide 

ion may imply that all the dimerizations and trimerization in the 
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phenoxazine system involve a radical intermediate mechanism after all. 

In this phenoxazine cation radical and cyanide ion reaction, it is 

probably that cyanide ion was acting as base to deprotonate the cation 

radical, which becarae a radical intermediate (as in scheme 12) and gave 

both the 3,3 -diraer and 3,10 -dimer. 

Oxidation Potentials of Phenoxazines 

Oddly, no oxidation potentials of phenoxazines appear to be recorded 

in the literature. In this study, the half-wave potentials of some 

typical phenoxazines were deterrained by cyclic voltarametry. The results 

are shown in Table 3. 

Table 3 

The oxidation potential of phenoxazines 

Phenoxazine Ej (V) vs Ag/AgNO_ (0.1 M) 
-̂  3 

phenoxazine 0,269 

10-phenyl- 0,331 

2-methoxy-lO-phenyl- 0,256 

2-benzoxy-lO-phenyl- 0.375 

3-brorao-lO-phenyl- 0.406 

In each case a reversible one electron transfer was observed, but 

the second oxidation step was irreversible in all cases. That is, 

the resulting dications are so reactive that a following cheraical 
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reaction occurs immediately once the dication is formed. 

The oxidation potentials of the phenoxazines are consistent with 

the electronic effects of the functional groups. The phenyl sub

stituent decrease the participation of the nitrogen lone pair electrons 

in the extended IT system of the raolecule, and causes a higher oxidation 

potential than the unsubstituted phenoxazine. The same is true for an 

electron-withdrawing group at the 3 position. When an electron-donating 

group is present at the 2 position, it make the oxidation process 

easier than that of the parent phenoxazine. 

It seeras that the reactions of cation radical with nucleophiles 

may correlate fairly well in terms of oxidation potential and nucleo

philicity of nucleophiles. In general, if a nucleophile has a higher 

oxidation potential than 10-phenylphenoxazine, nucleophilic sub

stitution is found (e,g,, Cl", NO ~, CH COO", PhCOO", and CH 0~); if 

a nucleophile has a lower oxidation potential than 10-phenylphenoxazine, 

electron transfer is observed (for instance I ); and if a nucleophile 

has an oxidation potential close to that of 10-phenylphenoxazine, both 

nucleophilic substitution and election transfer are possible (e.g,, 

Br" and SCN~). If a weak nucleophile (also a weak base) reacts with 

the cation radical, most likely the cation radical will undergo 

dimerization (e.g., F~, CN~, 02~", amines, MeOH, and H2O), 

However, exceptions are also observed. For example, cyanide ion 

is a stronger nucleophile than acetate ion, and both nucleophiles have 

higher oxidation potential than 10-phenylphenoxazine, yet only acetate 

ion gives nucleophilic substitution. In some cases, the oxidation 
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potentials of nucleophiles are much higher than the reduction potential 

of 10-phenylphenoxazine cation radical, yet raore than 50% of 10-phenyl

phenoxazine is recovered. Is the electron transfer involved? This is 

a puzzle, 

A suramary of the reaction patterns of 10-phenylphenoxazine cation 

radical and nucleophiles is shown in Table 4. 
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Table 4 

Reactivity patterns of 10-phenylphenoxazine 
cation radical with nucleophiles 

Nucleophile E (V) vs Ag/Ag + 
18,a 

Reaction type 

F 

Cl" 

Br" 

l" 

NO2" 

SCN" 

CN~ 

0„~ 

CH COO 

PhCOO" 

CH30 

amines 

pyridine 

CH OH 

H2O 

2,5 

0,8 

0.4 

0.2 

0.7 

0.32 

0.7 

114 

1.4 

1.3 

1 0.5 

^ 1.2 

1.8 

2.7 

1.1 

116 

c,117 

ET? 

N ; 

N ; 

ET 

N ; 

N ; 

ET? 

ET 

N ; 

N 

N 

ET? 

N 

D 

D 

; D 

ET? 

ET 

ET 

ET 

; D 

; D 

ET? 

; D 

^Ag/Ag"^ (0.1 M) as a reference electrode, but anion unspecified, 
acetonitrile presumably used as the solvent. 

^ET: electron transfer; N: nucleophilic substitution; D: dimerization. 

'vs ferrocene/ferricinium systera. 



CHAPTER IV 

STRUCTURAL DETERMINATION FROM MASS SPECTROMETRY 
AND NUCLEAR MAGNETIC RESONANCE SPECTROMETRY 

In the present study, a number of 2- and 3-substituted 10-phenyl

phenoxazines were prepared by the reaction of 10-phenylphenoxazine 

cation radical with nucleophiles. Some phenoxazine dimers and a phenox

azine trimer were also isolated. The structural identification of 

each compound was based on spectral data from ir, ms, and nmr. Since 

all of these are new compounds and raost of thera have well resolved 

spectra, it is believed that illustrations of some of the representative 

compounds will provide a better understanding of the structure assignments. 

In general, the composition of each compound was confirmed by 

mass spectroscopy, based on mass matching of the molecular ion peak 

and the fragmentations. If there was a functional group present in the 

molecule, it could be further identified by an infrared spectrura (if, 

of course, the functional group was infrared active.). 

The position of the substituents and the coupling sites of the 

diraers and the trimer are determined by Hnrar spectra. As raentioned 

earlier, the structure of 10-phenylphenoxazine is believed to be a 

slightly folded raolecule. An Hnmr spectrum can provide firm evidence 

of this assignment. For example, in 10-phenylphenoxazine, three raajor 

different proton environments appear in the Hnmr spectrum: the N-

phenyl group, the ring protons (^^_, and H ), and the protons ortho 

to the N atom (H and H ). Because the raolecule is folded, H and H 

are more shielded by the adjacent phenyl ring current than the other 

111 
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phenoxazine ring protons, and appear as a multiplet (Fig. 3). 

If the 3 position is occupied by a substituent, then H has a 

different environment from H , and we expect to see a doublet for Ĥ  

9 1 
due to the ortho coupling (J^ 2 = ^ - 9 Hz), a doublet of doublets for 

H due to the ortho coupling (J ) and the meta coupling (J. , = 2 - 3 
^ 1,^ 2,4 

Hz), and a doublet for H, due to the meta coupling (J ). One raay 

argue that the 2-substituted compound should also have similar splitting 

patterns. Accordingly, we should see a raeta coupling (J = 2 - 3 Hz) 
1, J 

for H in the upfield region (where H and H normally appear at 6 6,00-

5.80), when in fact, we do see a doublet with a meta coupling for H 

in this particular region. Thus, the 2-substituted product is also 

observed for the oxy-nucleophile, e.g., acetate, benzoate, and methoxide 

ion. 

In order to obtain further indication that the oxy-nucleophiles 

gave the 2-substituted rather than 3-substituted products, a plot of 
122 + 

the chemical shift of H, vs Hamraett O constant or Brown a constant 
1 P P 

(Table 5) was made. It is apparent that the oxy-nucleophiles do not 

fit well into the location of the other nucleophiles in the plots 

(Fig. 1 and 2), Suggesting that the oxynucleophiles are not in the 3-

position of the phenoxazine ring. 

However, the experiraental observations in the most cases show only 

partial splitting patterns. This is believed due to the electronic 

effects of the substituents, which may cause a chemical shift upfield 

(raore shielded than the unsubstituted raolecule) or downfield (raore 

deshielded) for the ortho protons. 
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Table 5 

Cheraical shifts for H and the a, a 
values for some groups.^' 

+ 

Groups H^ (6) 

NH2 

OCH^ 
3 

H 

NHCOCH, 

NHCOPh 

Cl 

Br 

OCOCH 

OCOPh 

SCN 

N0„ 

5,75 

5.54 

5.92 

5.89 

5.91 

5,80 

5.76 

5.64 

5.75 

5.93 

6.00 

-0.66 

-0.27 

0 

-0.01 

0.08 

0,23 

0.23 

0.31 

a 
1 

1, 

0, 

0 

0. 

0. 

0. 

0. 

+ 

.3 

.78 

.6 

.6 

,11 

,15 

c 

0.52 

0.78 0.79 

a values are taken from H. H. Jaffe, Chera. Rev., 53, 191 (1953) 
P 

a values are frora reference 122. 
P 

- not available. 

As for the phenoxazine dimers and the triraer most of them have a 

raore complicated Hnmr spectrum, but the sarae principle still in deter-

raining the site of each compound. Also, using the complement of ir 

spectrum (to detect NH stretching), we can differentiate between the 

N-C or C-C type in each molecule 
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Fig. 1 Chemical shifts for Ĥ  vs a values of substituents 
1 P 
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Fig. 2 Chemical shifts for H. vs a values of substituents 
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Fig. 3 10-Phenylphenoxazine 

MS: Found m/e 259.0998, calcd. for C H NO 259.0994, the major 

fragment is 182 (M"*" - Ph, 75%). 

Hnmr : 5 : 7.68-7.26 for the phenyl group in 3 : 2 ratio (ra, 

p- and o-Ph), 6 6.74-6.46 for phenoxazine ring protons (H,, , and H ), 
Z—4 b-o 

6.00-5.84 (for H^ and H^), the upfield shift is attributed to the 

shielding effect of the phenyl ring current. In this raolecule, the 

H and H are equivalent, it is expected to see a doublet of doublets due 
1 9 

to both the ortho coupling and meta coupling splitting patterns, however, 

it is not well defined as it should be, possibly, that the phenyl group 

is involving some degree of free rotation or a slow inversion, since 

the phenyl group is attached to a tertiary araine nitrogen. 

Fig. 4 3-Bromo-lO-phenylphenoxazine 

MS: Found ra/e 337.0057, calcd. for C^gH NOBr 337.0099, 339 

(M"̂  -f 2, 98.4%), 337 (M"^, 100%), and the fragments gave 262 (339 - Ph, 

73.1%), 260 (M"*" - Ph, 74.9%), and 258 (M"*" - Br, 13,1%), 

Hnmr: A doublet at 6 6,80 (for H,) is due to the meta coupling 
4 

(J = 2.0 Hz), and a doublet at 6 5.76 (for H ) is due to the ortho 
Z , 4 -L 

coupling (J r. = 8.5 Hz), which is consistent with the 3-bromo derivative 
-L J z 
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Fig. 3 Hnmr spectrum of 10-phenylphenoxazine in CDCl 
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7.0 6.0 

Fig. 4 Hnmr spectrum of 3-brorao-lO-phenylphenoxazine in CDCl, 
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Fig. 5 3,7-Dibromo-lO-phenylphenoxazine 

MS: Found m/e 416.9192, calcd, for C H NOBr^^Br^^ 416.9184, 

419 (with 2 Br^^, 50%), 417 (with Br'^^Br^^, 100%), 415 (with 2 Br''^ 

50%), and the fragments gave 342 (419 - Ph, 22.2%), 340 (417 - Ph, 44.4%), 

338 (415 - Ph, 22.2%). 

Hnmr: A doublet at 6 6.80 (for H, and H,) is due to the meta 
4 6 

coupling (̂ 2 4 " ^6 8 " ^'^ '̂̂ ^ ' ̂  doublet of doublets (for H and H ) 

is due to the ortho coupling (J = J = 8.5 Hz) and the meta 
1, Z 0,9 

coupling (J_ , = J. _ = 2.0 Hz), and a doublet at 6 5.74 (for H, and H„) 
z ,4 b,o 1 9 

is due to the ortho coupling (J o "̂  ̂ o o ̂  ^-^ ^2)' which is consistent 
i,z 0,9 

with the 3,7-dibromo derivative. 

Fig. 6 3-Nitro-lO-phenylphenoxazine 

MS: Found ra/e 304.0865, calcd. for C, „H,-N,,0,, 304.0847, and the 
lo IZ Z 3 

fragments gave 274 (M"̂  - NO, 28.3%), 258 (M"̂  - NO , 79.3%). 

Hnmr: The strong electron-withdrawing group (-N0») causes the 

two ortho protons (H and H ) shifted for downfield (6 7.51-7.36) 

almost overlapped with the phenyl protons, a doublet at 6 6.00 (for H ) 

is due to the ortho coupling (J „ = 9-0 Hz), and a doublet of doublets 

1, z 
a t 6 5.96 ( fo r H ) i s due to t h e o r t h o coup l ing (J = 9 . 0 Hz) and 
t h e raeta coup l ing (J = 2 . 3 Hz) , a g a i n , t he H i s s h i f t e d to a sraall 

/ ,9 1 

downfield than H because of the nitro substituent. This spectrura 
9 

is consistent with the 3-nitro derivative structure. 
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Fig. 5 Hnmr spectrum of 3,7-dibromo-lO-phenylphenoxazine in CDCl, 
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8,0 

Fig. 6 Hnmr spectrum of 3-nitro-lO-phenylphenoxazine in acetone-
d. 
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Fig. 7 3-Chloro-lO-phenylphenoxazine 

MS: Found m/e 293.0572, calcd. for C,-H,^NOCI 293.0604, 295 
lo 12 

(M + 2, 43.6%), 293 (M"^, 100%), and the fragments gave 258 (M"̂  - Cl, 

4.5%), 218 (295 - Cl, 20,4%), 216 (M"̂  - Ph, 61.7%). 

Hnrar: A series of well-resolved doublets appears in the region of 

6 : 6.76-6.46 for H, and H, _, a doublet at 6 5.80 (for H,) is due to 

4 6-8 1 
the ortho coupling (J = 8.5 Hz), as for the H a doublet of doublets 

1, Z 9 

was expected, however, the spectrura was not that well defined, possibly 

it was overlapped with H and appeared as a multiplet at 6 6.00-5.86. 

Fig. 8 3-Amino-lO-phenylphenoxazine 

MS: Found m/e 274.1079, calcd. for C,QH,,N„0^ 274.1103, and the 
lo 14 Z Z 

fragment had 197 (M"̂  - Ph, 41.4%). 

Hnmr: A multiplet at 6 6.76-6.50 (for H, Q ) , a doublet at 6 6.17 
b-o 

(for H ) is due to the meta coupling (J , = 2.5 Hz), a multiplet in 

6 6.06-5.86 (for H. and H.), a doublet at 5.75 (for H ) is due to the 
Z 9 1 

ortho coupling (J „ = 8.5 Hz), and a broad peak at 6 3.27 (for NH ), 

which is consistent with the 3-araino derivative. 

Fig. 9 2-Acetoxy-lO-phenylphenoxazine 

MS: Found m/e 317.1040, calcd. for C2QH^^N0^, 317.1048, and the 

fragments gave 275 (M"̂  - CH2=C=0, 100%), 198 (275 - Ph, 21.4%). 

"̂ Hnmr: A doublet of doublets at 6 6,35 (for H ) is due to the ortho 

coupling (J , = 8,5 Hz) and the raeta coupling (J = 2,5 Hz), a multiplet 
3,4 1»-^ 

at 6 6.00-5.84 (for H ), a doublet at 5.64 (for H ) is due to the meta 
9 1 

coupling (Ĵ  =2.5 Hz), and a singlet at 2.13 (for COCH ) vjhich is 

designated to be the 2-acetoxy derivative. 
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Fig. 7 Hnmr spectrum of 3-chloro-lO-phenylphenoxazine in CDCl. 
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Fig. 8 Hnmr spectrum of 3-amino-lO-phenylphenoxazine in CDCl 
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Fig. 9 Hnrar spectrura of 2-acetoxy-lO-phenylphenoxazine in CDCl, 
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Fig. 10 2-Benzoxy-lO-phenylphenoxazine 

MS: Found m/e 379.1174, calcd, for C23H^^NO^ 379.1204, and the 

Its gave 274 (M - PhCO, 15,7%), 105 

1, 

fragments gave 274 (M"*" - PhCO, 15,7%), 105 (PhCo"̂ , 54, 

Hnmr: A doublet at 6 8,08 (for 2 o-benzoxy protons), a multiplet 

in 6 7.75-7.29 (8H, for Ph and m,p-benzoxy protons), a multiplet in 

6 6.83-6.56 (for H^ and H^_g), a multiplet in 5 6.02-5.84 (for H ), and 

a doublet of doublets at 6.47 (for H ) is due to the ortho coupling 

(J^ 4 ^ ^'^ ^^) ^^^ the raeta coupling (J = 2,5 Hz), a multiplet in 

6,02 - 5,84 (for H ), and a doublet at 5,75 (for H^) is due to the raeta 
9 1 

coupling (J =2,5 Hz), which is designated to be the 2-benzoxy 

derivative. 

Fig. 11 2-Methoxy-lO-phenylphenoxazine 

MS: Found ra/e 289.1127, calcd. for C gH NO 289.1099, and the 

fragraent gave 274 (M"̂  - CH , 6.9%). 

Hnrar: A doublet of doublets at 6 6.10 (for H ) is due to the 

ortho coupling (J , = 8.5 Hz) and the meta coupling (J =2.7 Hz), 
J , 4 1) -J 

a raultiplet in 6.00-5.80 (for H ), a doublet at 5.54 (for H^) is due 

to the meta coupling (J =2,7 Hz), and a singlet at 3,60 (for OCH ), 
1,3 J 

which is designated to be the 2-methoxy derivative. 
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Fig. 10 Hnrar spectrum of 2-benzoxy-lO-phenylphenoxazine in CDCl, 
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Fig. 12 10,10 -Diphenyl-3,3 -biphenoxazine 

MS: Found m/e 516.1876, calcd. for C_H_N_0,, 516.1838, and the 
3b 24 2 2 

fragments gave 439 (M"̂  - Ph, 27.5%), 362 (M"̂  - 2 Ph, 6.1%), 258 (M'̂ /2e, 

14.3%). 

Hnrar: A doublet at ,5 6.84 (for H, and H , ) is due to the meta 
4 4 

coupling (J. , = J ' ' = 2.0 Hz), and a doublet at 5.90 (for H, ^ and 
T ' 

H ) is due to the ortho coupling (J. . = J/ ' = -̂ Q o = 'JQ ' o' = 
-̂ '̂  i,z 1,2 8,9 8,9 

8.5 Hz), which is consistent with the 3,3 -dimer structure. 

» T I 

Fig. 13 3,3 -Dichloro-10,10 -diphenyl-7,7 -

biphenoxazine 

MS: Found ra/e 584.1046, calcd. for C3gH 2N2O Cl 584.1052, 588 

(M^ + 4, 14.8%), 586 (M"*" + 2, 70.4%), 584 (M"*", 100%), and the fragments 

gave 551 (586 - Cl^^, 22%), 549 (M"̂  - Cl"̂ ,̂ 11.7%), 516 (diraer"̂ , 39.5%), 

511 (588 - Ph, 2.5%), 509 (586 - Ph, 13.6%), 507 (M"̂  - Ph, 19.8%), 

430 (M"̂  - 2 Ph, 7.4%), 292 (M'̂ /2e, 8.6%). 

Hnrar: A multiplet in the region of 6 7.72-7.32 (12 H, 2 Ph and 
possibly H and H protons), a doublet at 6.83 (for H and H ,) is 

due to the meta coupling (J , = lo'/' = 1-8 Hz), a doublet at 6.70 

(for H- and H ,) is due to the raeta coupling (J, „ = J,' „' = 2.3 Hz), 
b b b, o b , o 

a doublet of doublets at 6.55 (for H_ and H _) is due to the ortho 
o o 

coupling (J Q = J ' n' = 8.5 Hz) and the meta coupling (J o ̂  -Ĵ,' o' = 

2.3 Hz), and two doublets appear as a triplet at 5.86 (for H and 

H , -) is due to the ortho coupling (Ĵ  = J ' „' = JQ Q = IQ' Q' -
1,9 l,z i>^ o>9 o,y 

8.5 Hz). Although that the protons H and H should appear as a 

doublet of doublets (similar pattern as H and H ^ ) , it raay just 
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overlap with the pheny proton's signal, this spectrura is designated to 

' » f 

be 3,3 -dichloro-10,10 -diphenyl-7,7 -biphenoxazine. 

I 
Fig, 14 lO-Phenyl-1,10 -biphenoxazine 

MS: Found m/e 440.1461, calcd. for C QH2QN2O 440.1520, and the 

fragments gave 259 (lO-phenylphenoxazine"*"* , 32.3%), 183 (phenoxazine"*"* , 

1.4%), 182 (183 - 1, 7.3%), 78 (benzene"^', 100%), 77 (Ph^, 7.2%). 

IR: No NH stretching is observed which indicates that the compound 

is an N-C type phenoxazine dimer. 

Hnmr: The spectrum is too complicated to assign with certainty, 

a doublet of doublets at 6 6.19 is believed to be H (J = 7.0 Hz, 
9 8,9 

an ortho coupling, J = 2.0 Hz, a meta coupling), and a multiplet 
/ J 9 

in 6.04-5.84 region is attributed to H and H , 
1 9 

Fig. 15 lO-Phenyl-3,10 -biphenoxazine 

MS: Found m/e 440.1461, calcd. for C QH N 0 440.1520, and the 

+ +, 

fragments gave 363 (M - Ph, 10.9%), 259 (10-phenylphenoxazine *, 3.3%), 

183 (phenoxazine^*, 3.9%), 182 (183 - 1, 18.1%), 

IR: No NH stretching is observed which indicates that the compound 

is an N-C type phenoxazine dimer. 

Hnmr: The spectrura is too coraplicated to assign with certainty, a 

multiplet in 6 7.66-7.34 region is attributed to the o-phenyl protons, 

and a singlet at 7-06 is assigned to the m,p-phenyl protons. 
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Fig. 12 Hnrar spectrum of 10,10 -diphenyl-3,3 -biphenoxazine in CDCl^ 
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Fig. 14 Hnmr spectrura of 10-phenyl-l,10 -biphenoxazine in CDCl^ 
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8.0 

Fig. 15 Hnrar of lO-phenyl-3,10 -biphenoxazine in CDCl 
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t \ w 
Fig. 16 lO-Phenyl-3,10 :3 ,10 -terphenoxazine 

MS: Found m/e 621.1926, calcd, for C,,H„^N„0„ 621.2046, and the 
42 27 3 3 

fragments gave 440 (M - phenoxazinyl -f 1, 13.3%), 363 (M - 10-

phenylphenoxazinyl, 1.2%), 78 (benzene"^', 100%), 77 (Ph"̂ , 7.6%). 

IR: No NH stretching is observed for this compound which indicates 

that the compound is an N-C type phenoxazine trimer. 

Hnmr: The spectrum is not well resolved, a multiplet in 6 7.80-

7.40 appears to the o-phenyl protons a singlet at 6 7.38 is the ra,p-

phenyl protons, and a raultiplet in 6 6.46-5.90 is the ortho protons to 

the nitrogen atoras. 
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1 I n 

Fig. 16 -̂ Hnmr spectrum of lO-phenyl-3,10 :3 ,10 -terphenoxazine 

in CDCl,., 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

A cation radical is a reactive intermediate, which can be generated 

by either anodic oxidation or chemical oxidation. Because it is an 

electron-deficient species the reactions of a cation radical are 

usually studied in an inert aprotic solvent to avoid unnecessary side 

reactions. In anodic oxidations, solvents like trifluoroacetic acid 

and acetic acid are used to reduce the participation of the water 

118-120 , 
reaction. in spite of this liraition, cation-radical chemistry 

still is a fast growing area, especially in organic chemistry. 

In this study, a nuraber of new 10-phenylphenoxazine derivatives 

were prepared by the reaction of 10-phenylphenoxazine cation radical 

with nucleophiles. 

1. 10-Phenylphenoxazine cation radical was isolated as a stable 

perchlorate salt by the oxidation of 10-phenylphenoxazine with iodine-

silver perchlorate. The important reactions of this cation radical 

are: nucleophilic substitution, electron transfer, and dimerization. 

2. The cation radical reacted with weak nucleophilic solvents, 

such as water and methanol, to give 10,10 -diphenyl-3,3 -biphenoxazine 

as the diraerization product. That is, both water and methanol act as 

a base toward the cation radical. 

3. In the reaction with halide ions, both electron transfer and 

halogenation seemed to occur for bromide and chloride ions. Iodide 

ion reduced the cation radical completely to the parent compound. The 

137 
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fluoride ion reaction is a puzzle, a monofluoro-3',7-dimer was found 

in very low yield along with the 3,3'-dimer and 10-phenylphenoxazine. 

4. Reaction with nitrite ion represented a perfect example of 

simple nucleophilic substitution. It is also the best method to prepare 

3-nitro-lO-phenylphenoxazine. 

5. Reaction of the cation radical with thiocyanate ion gave a high 

yield of 3-thiocyano-lO-phenylphenoxazine. 

6. Electron transfer as well as dimerization were observed in the 

reactions with cyanide ion, superoxide anion radical, and alkylamines. 

7. The cation radical reacted with acetate ion to give 2-acetoxy-

10-phenylphenoxazine in low yield. A mechanisra was proposed to explain 

the formation of the 2-acetoxy derivative. The difference in results 

between cyanide ion and acetate ion with the cation radical reaction is 

attributed to the difference in oxidation potentials of the nucleophiles. 

8. The reaction with benzoate ion gave both 2-benzoxy- and a 

dibenzoxy-10-phenylphenoxazines. The formation of the dibenzoxy deriva

tive was postulated to occur frora the reaction of 2-benzoxy-lO-phenyl-

phenoxazine cation radical with a second benzoate ion. 

9. In the reaction with raethoxide ion, 2-methoxy-lO-phenylphenox-

azine, 2-methoxy-10,10 -diphenyl-3 ,7-biphenoxazine and an unidentified 

ring-opened triarylaraine were obtained. The raode of formation of the 

triarylamine is unknown, although it is believed to be a secondary 

product from the reaction of 2-methoxy-lO-phenylphenoxazine cation 

radical with methoxide ion. 
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10. Reaction of the cation radical with pyridine gave an unidentified 

product, which was believed to be a substituted pyridinium perchlorate. 

11. Based on the reactions of 10-phenylphenoxazine cation radical 

with various nucleophiles studied so far, the chemical behavior is quite 

different frora the sulfur-containing heteroaromatic cation radicals, 

such as thianthrene, phenoxathiin, and phenothiazines, where the sulfur 

atom is the raain reaction center. 

12. During the synthesis of authentic compounds, it was learned that 

3-nitrophenoxazine gave both 3-nitro-lO-phenylphenoxazine and 3,3 -

dinitro-lO-phenyl-7,10 -biphenoxazine in the Ullraann reaction with iodo

benzene. Also, when 10-phenylphenoxazine was prepared by the Ullraann 

reaction between phenoxazine and bromobenzene, two mixed dimers, 10-

phenyl-1,10 -biphenoxazine and lO-phenyl-3,10 -biphenoxazine, and a 

mixed triraer, lO-phenyl-3,10 :3 ,10 -terphenoxazine were found. The 

mode of forraation of these mixed dimers and trimer is unknown, although 

it was found that phenoxazine gave 3,3 -biphenoxazine and 3,10 -biphenox

azine even without the presence of halobenzene as in the Ullraann reaction. 

It was also found that reaction of phenoxazine cation radical with 

cyanide ion gave 3,3 -biphenoxazine and 3,10 -biphenoxazine. It seems 

that a radical process was involved in each of these reactions, and 

oxygen is the oxidant in the Ullraann reactions. 

13. 3-Amino-lO-phenyIphenoxazine will not diazotize with sodium 

nitrite in aqueous mineral acids. Diazotization was achieved with isoamyl 

nitrite in acidified ethanol solution, which made the Sandmeyer reaction 

possible. Thus, it was possible to prepare authentic 3-chloro-, and 
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3-bromo-lO-phenylphenoxazines. 

14. The variation in oxidation potentials of phenoxazines is 

consistent with electronic effects of the substituents. An electron-

withdrawing group in 10-phenylphenoxazine results in higher oxidation 

potential than of 10-phenylphenoxazine; and an electron-donating group 

in 10-phenylphenoxazine allows for a lower oxidation potential. 

15. In general, the reaction of cation radical and nucleophile is 

controlled by both nucleophilicity and oxidation potential of the 

nucleophile. However, exceptions are also observed. 
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