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166. The Oxidation of Derivatives of o-Phenylenediamine. Part V.1
N3-Substituted Derivatives of Anilinoaposafranine (Rimino-compounds)
and Related Compounds.

By VincenT C. Barry, J. G. BELTON, J. F. O’SULLIVAN,
and DErMoT TWOMEY.

Catalytic hydrogenation of glyoxalinophenazines ! yields N3-substituted
derivatives of anilinoaposafranines (rimino-compounds) and not N 2-substituted
derivatives as stated earlier.! Some of these compounds, and others not
accessible by the glyoxalinophenazine route, have been prepared by reaction
of primary amines with anilinoaposafranines. Similar compounds have also
been obtained by condensation of isomers 2 of anilinoaposafranines with some
primary amines and by condensation of 4 : 5-diarylamino-o-quinones with
o-phenylenediamines.?

WE have described in Part IV ! the hydrogenation of dihydrogloxalinophenazines (I)
which resulted in the opening of the glyoxaline ring and formation of derivatives to which
we assigned structure (II). The presence of NH in these compounds was suggested by
their relative instability in boiling acetic anhydride and the appearance of a sharp band
at 3300 cm.™ in the infrared region. Further examination of the infrared spectra of these
and related compounds has shown that this band is due to an -NH~ group. Again,
deductions based on the results of bromination of these compounds are now known to be
of doubtful validity, as a continuing investigation of the bromination of a variety of
related phenazines has shown the situation to be very complex. It is now clear that
formula (II) does not represent the structure of these “rimino-compounds’’ and that
hydrogenation results in the opening of the 1’:2-bond of the glyoxalino-ring giving
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compounds of structure (III). We have also shown that compound (III; R = Ph,
R"" = Prl) may be recyclised to the glyoxalino-compound (I; R = Ph, R’ == R"” = Me)
by heating it in nitrobenzene under reflux. Identical compounds (III) have been
obtained by treating anilinoaposafranine with appropriate primary alkyl- and ¢ycloalkyl-
amines. For example, compound (III; R = Ph, R”’ = Pri) has been obtained from the
glyoxalino-compound (I; R = Ph, R’ = R” = Me) and also by heating anilinoaposafranine
with zsopropylamine.
Further, heating anilinoaposafranine (IV; R = Ph) with aniline yields the compound
1 Part IV, Barry, Belton, O’Sullivan, and Twomey, J., 1956, 3347.

2 Tdem, J., 1956, 896.
3 Kehrmann and Cordone, Ber., 1913, 46, 3009.
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(ITI; R = R’ = Ph) which has been synthesised unambiguously by condensation of the
amine (VI; R = Ph) with the quinone imine (VII; R = Ph). By analogy, therefore,
it may be concluded that primary amines react with anilinoaposafranines replacing the
=NH by =NR. The absence of the =NH group from the substituted compounds (III)
is also supported by their failure to react with 1-fluoro-2 : 4-dinitrobenzene.

Compound (III; R = R’’ = Ph) has also been obtained by treating glyoxalino-
compounds (I; R =Ph, R" =R"” = Me; and R = Ph, CR'R” = cyclohexane) with
aniline under reflux, and under similar conditions from the substituted imines (III;
R’ = alkyl or cycloalkyl). It has also been obtained by refluxing the isomer (V; R = Ph)
of anilinoaposafranine with aniline, and thus this compound has now been made by five
methods.

Certain substituted imines, e.g., (III; R = Ph, R’ = Me), not accessible by the
glyoxaline route, have been prepared by reaction of anilinoaposafranines (IV) with primary
aliphatic amines. The compound (III; R = Ph, R’ = Me) was also obtained by direct
alkylation of compound (IV; R = Ph). Phenethylamine reacted as expected with
anilinoaposafranine. On the other hand, benzylamine gave a product which did not have
the properties expected for compound (III; R = Ph, R’ = CH,Ph): this product was
unstable, showed a bright green fluorescence, had unique colour reactions, and failed to
yield a crystalline material on hydrogenation; the analytical data fit the requirements of
either the substituted imine or the glyoxalino-compound.

Compound (III; R = Ph, R = CH,OH) is readily obtained by warming gently
an ethanolic solution of anilinoaposafranine (IV; R = Ph) with formaldehyde; it is
unstable and decomposes in warm ethanol.

The reaction of anilinoaposafranines (IV) with primary aromatic amines yielded some
unexpected results. Thus, while heating compound (IV; R = Ph) with aniline or p-chloro-
aniline yielded the substituted imines (III; R = Ph, R"” = Ph or »-C;H,Cl), the com-
pound (IV; R = »-C4H,Cl) on treatment with aniline gave a product which, although
melting sharply and behaving on an alumina column as a single substance, is shown by
analytical data to be a mixture of mono- and di-chlorinated derivatives of structure

TaBLE 1. 5:17:2':2'-Substituted 5 : 2'-dihydroglyoxalino(s’ : 4'-2 : 3)phenazines (1).
Found (%) Required (%)
N

CR'R” M. p.* C H Cl Formula C H N Cl

Compounds where R = Ph.
CMe'CH,CO‘NEt, ...... 168—170° 76:1 62 140 — CgH;ON; 766 64 140 —
CMe:CH,"COMe  ......... 174—175 784 546 123 — C,yH,,ON, 784 54 126 —
cycloHeptane ............ 296—297 81:6 62 123 — CyzHyN, 81-6 61 123 —
4-Methylcyclohexane ... 317—318 815 64 122 — 31HggNy — —_  — —
3 : 5-Dimethylcyclo-

hexane ............. ... 288—289 81:7 65 11-9 —  CzHyN, 81-7 64 119 —

Compounds where R = p-C;H,CI.
CMeEt .....ovvvinininnnnis 174—176 695 47 11-7 145 C,gH,,N,Cl, 69-3 45 11-5 14-6
CEty ceviiiniiiiiiiininn, 179—181 699 49 11-4 144 C,,H, N,Cl, 697 48 112 142
cycloHeptane ............ 290—292 710 50 104 137 CyzHyeN,Cl, 709 50 107 135
4-Methylcyclohexane ... 277—279  70-8 47 107 136 CyH,N,Cl, — —_ - —
3 : 5-Dimethylcyclo-

hexane .................. 267—269 710 52 106 13-5 CgH,eN,Cl, 71-2 52 104 132

Compound wheve R = 0-CgH,CL.
CMe; weviiiininiiniininennns 217—218 686 4-2 11-9 14-8 Cy,H,,N,Cl, 688 4.2 119 151

* All the compounds in this Table were recrystallised from benzene.

(VIII; R =R" =p-CgH,Cl, R" =Ph; and R =p»-C;H,Cl, R' =R"” = Ph). This
indicates that the p-chloroaniline residue in the 2-position is to some extent replaceable
by aniline under these conditions.

A similar result was obtained with the isomers (V) of anilinoaposafranines. Compound
(V; R = Ph) on treatment with aniline gave compound (III; R = R’ = Ph) in high
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TaABLE 2. N3-Substituted anilinoaposafranine derivatives (111).

Found (%) Required (%,)
R M. p.* C H N C1 Formula C H N Cl
Compounds where R = Ph.
180—181° 794 55 146 — Cy;H,N, 79-8 53 149 —
... 182183 798 58 139 — C,H,N, 800 56 144 —
. 173—175 802 59 139 Cy, H,, N, 80-2 59 139 —
147—149 802 65 135 — 26N g
160—161 806 64 13-4 — C,gH,cN, } 80-4 62 134 —
189—190 80-3 60 135 — C,gHyeN,
143—145 804 65 133 -— C,oHy,N, 80-6 65 130 —
,Hys 130—131 80-8 6-7 12-2 — C,HgN, 809 7.0 122 —
3:5: 5-Trimethylhexyl 131—133 81.2 75 — — 33H 56N, 812 74 — —
7-CyoH,, 92—94 811 78 112 — CgH,N, 81-3 76 11.2 —
#-CyoHyg 95—96 811 80 103 — CzH,,N, 815 79 106 —
3: 5-Dimethylcyclohexyl 202—204 810 67 11-8 — Cg,Hg,N, 813 68 119 —
4-Methylcyclohexyl ...... 175—177 810 65 121 — s1H3oN, }81-2 66 122
cYCloHEPtYL .uviiieeeennn. 191—192 811 66 120 — CyyH, N,
CH,0H ..ccoenne. ... 154156 765 53 139 — C,H,ON, 765 51 143 —
CH,CH,-OH ...... ... 179180 766 53 140 — C,H,ON, 768 54 138 —
CH,-CH,'NEt, ...... . 137—139 770 67 144 — C,H,N,t 770 69 143 —
CH,-CH,Ph ....c......... 166—168 822 56 121 — Cu,H,,N, 824 56 120 —
PCeHLCL oo, 235—237 760 44 11:6 78 Cu,H,N,Cl 762 4.4 11-9 5
Compounds wheve R = p-C¢H,Cl
... 224—225 668 4-1 121 158 C,;H;,N,Cl, 674 40 126 160
... 193—195 680 45 120 154 C,H,,N,Cl, 680 44 122 155
... 200—201 684 47 119 150 C,H,N,Cl, 685 47 118 150
... 182184 683 4.8 114 145 C,H,N,CI,
. 199—201 691 51 117 — C,H,N,CL,% 690 49 115 146
... 183—185 689 51 11-6 147 C,H,N,Cl,
. 146—148 696 51 11:2 141 CuoH,eN,CL,Y g ] ) )
215—217 696 54 113 13-9 C“H%N,Clz} 695 52 112 142
173—175 697 55 110 139 C,H,N,Cl, 699 54 109 138
. 121-123 710 64 — 123 C,H,N,Cl, 715 63 98 124
25 98—100 719 67 95 119 Cu,H,N,Cl, 721 67 93 11.9
4-Methylcyclohexyl ...... 237—239 706 55 106 132 C,;H,N,Cl, 706 53 106 135
cycloHeptyl ...ccivveennnn. 234 708 51 105 134 CyH,N,Cl, — — —  —
3 : 5-Dimethylcyclohexyl 218—220 70-4 58 10-5 132 CgHgN,Cl, 710 55 104 131
CH,;:CH,,OH ............ 207—208 656 44 12-0 148 C,¢H,,ON/ I, 65-7 42 11-8 14-9
CH,'CH,'NEt, ............ 158—160 67-4 5-3 13-2 13-4 CzH,,N,Cl, 679 55 132 134
p-CeH,Cl i, 275—277 665 33 99 200 CyH,(N,Cl, 665 35 103 19-7
Compound wheve R = 0-C4H,Cl.
Prl i, 193—195 680 45 11-8 152 C,H,N,Cl, 685 47 11-8 150
Compound where R = p-C¢H,OMe.
p-CeHyOMe ..nnnennnnnen. 219—221 753 54 107 — CgH,ON, 750 53 106 —

* All the compounds in this Table were recrystallised from ethanol. 1 Solvate, +4C,H,-OH.
The following ten compounds (III) have already been characterised (Table 2, Part IV 1) but were
formulated incorrectly: (III; R = Ph, and R’ = Pri, Bu®, CHEt,, CHMeBu!, cyclohexyl or,
CHMe-[CH,],:OH); (III; R = p-CH,Cl, and R’ = Pr! or cyclohexyl); (III; R = p-C;H,Me,
R” = Prl); (III; R = p-CeH,OPr!, R’ = cyclohexyl).

TaBLE 3.
Found (%) Required (%)
R’ = R” M. p.* C H N Cl Formula C H N Cl
Compounds (VIII; R = Me).
Ph 205—206° 795 56 15:0 — C,;Hy N, 79-8 53 149 —
p-CeHCL i, 245—246 67-3 41 126 160 C,;H,(N,Cl, 674 40 12:6 16:0
Compounds (VIII; R = CH,CH,-NEt,).
146—147 782 69 153 — CzHyN, 781 67 152 —
... 168—169 678 5-5 134 136 CzoH,N,Cl, 679 55 132 134
Compounds (VIII; R = cyclohexyl).
185—186 809 6-3 127 — Cy3oHyeN, 811 63 126 —
. 198 70-2 54 10-7 139 CzoH,N,Cl, 701 51 109 138
Compound (VIII; R = p-CH,Cl).
Ph oo 205—206 758 45 123 7-8 C3H,N,Cl1 762 44 119 75

* All compounds recrystallised from ethanol.
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yield, but with p-chloroaniline a mixture similar to that described above was obtained.
Again, treatment of compound (V; R = p-C;H,Cl) with aniline gave a mixture of mono-
and di-chlorinated derivatives of sharp m. p., and not separable on alumina. When
p-chloroaniline was used instead of aniline in this reaction, a single trichlorinated com-
pound (ITII; R = R"" = p-CgH,Cl) resulted. It is clear, therefore, that compounds
of structure (III) may be readily obtained in a pure state from structures (IV and V) when
the reacting arylamine is the same as that already substituting in the 2- or 3-position
of the phenazine nucleus.

The amine (V; R = Ph) does not react with alkyl- or ¢ycloalkyl-amines under reflux.
At higher temperatures c¢yclohexylamine reacts with compound (V; R = Ph), yielding
compound (VIII; R = Ph, R’ = R" = ¢yclohexyl). A similar result was obtained with
the analogue (V; R = p»-CgH,Cl).

Condensation of o-phenylenediamines and 4 : 5-diarylamino-o-quinones yields com-
pounds of structure (VIII; R’ =R" =aryl, R = aryl, alkyl, cycloalkyl, etc.) which, when
R differs from R’, are not accessible by any of the other routes described. In the preparation
of the 4 : 5-diarylamino-o-quinones we have found sodium iodate to be a much more effective
reagent than silver oxide.3

New glyoxalinophenazines are listed in Table 1 and the substituted imines in Tables
2 and 3. A preliminary account of the biological properties of these substituted imines
has already been published.4

EXPERIMENTAL

2-Anilino-3 : 5-dikydro-3-methylimino-5-phenylphenazine.—(a) With wmethylamine. Anilino-
aposafranine hydrochloride (4-0 g.) and 409, aqueous methylamine (20 c.c.) in ethanol (25 c.c.)
were heated in a sealed tube at 130° for 3 hr. The dark red solid, recrystallised from ethanol
(27 g.), had m. p. 180—181° (Found: C, 79-4; H, 5-5; N, 14-6. C,;H,,N, requires C, 79-8;
H, 5-3; N, 14-99,). This compound has also been obtained, with m. p. 188—190°, from benzene.
Its solution in concentrated sulphuric acid is petunia-purple, unchanged on dilution.

(b) With methyl sulphate. Anilinoaposafranine (0-7 g.), methyl sulphate (0-7 c.c.), and 109,
aqueous sodium hydroxide (3 c.c.) were heated under reflux in acetone (20 c.c.) for 4 hr. The
solvent was removed and the product purified chromatographically in benzene on alumina.
The product (0-3 g.) was identical with that obtained by method (a).

2-Anilino- 3 : 5-dihydro- 3 - kydvoxymethylimino - 5 - phenylphenazine.—Anilinoaposafranine
(0-6 g.), paraformaldehyde (1:-6 g.), and ethanol (80 c.c.) were boiled for 3 min. The filtrate
yielded orange yellow crystals (0-3 g.), m. p. 154—156° (from benzene) (Found: C, 76-5; H, 5-3;
N, 13-9. C,;H,,ON, requires C, 76-5; H, 5-1; N, 14-39%,).

2-Anilino-3 : 5-dihydro-5-phenyl-3-phenyliminophenazine.—This compound ® was prepared
by heating the hydrochloride of each of the following with aniline under reflux for 10 min.:
(a) anilinoaposafranine, (b) 2-amino-3 : 5-dihydro-5-phenyl-3-phenyliminophenazine, (¢) 5: 2'-
dihydro-2’ : 2’-dimethyl-5 : 1’-diphenylglyoxalino(5’ : 4’-2 : 3)phenazine, (d) 2-anilino-3-cyclo-
hexylimino-3 : 5-dihydro-5-phenylphenazine. The cooled solutions were poured into ether and
the precipitated salt converted into the base in each case. After chromatographic purification
the product had m. p. 235—237° (from benzene). Yields were: from (a) and (), 809 ; from
(¢) and (d), 40%. The same compound was prepared by the condensation of 2-aminodiphenyl-
amine hydrochloride and 4 : §-dianilino-o-quinone.

4 : 5-Di-p-chloroanilino-o-quinone.—Catechol (44 g.) and p-chloroaniline (10-2 g.) were
dissolved in ethanol (150 c.c.), and sodium iodate (8:0 g.) in water (150 c.c.) added. The
mixture was stirred for 2 hr., then kept overnight; the dark red guinone (14-4 g.) which separated
had m. p. 222—224° (from chloroform) (Found: C, 60-5; H, 3-4; N, 8.0; CI, 20-0.
C,sH,,0,N,Cl, requires C, 60-2; H, 3-3; N, 7-8; CI, 19-8%).

4 : 5-Di-p-toluidino-o-quinone.—Prepared as above, this quinone formed bright red needles,
m. p. 190—192°, from benzene (Found: C, 75-7; H, 5-7; N, 9-0. C,H,;0,N, requires C, 75-5;
H, 5-7; N, 8:89%). The yield was theoretical.

2-p-Chlovoanilino-3-p-chlovophenylimino-3 : 5-dihydvo-5-phenylphenazine.—4 : 5- Di-p-chloro-
anilino-o-quinone (3-6 g.) and N-phenyl-o-phenylenediamine hydrochloride (2-2 g.) were heated

¢ Barry, Belton, Conalty, Denneny, Edward, O’Sullivan, Twomey, and Winder, Nature, 1957, 179,
1013.
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in ethanol (150 c.c.) under reflux for 1 hr. The mixture was made alkaline with ammonia and
diluted with water. The product (23 g.) after chromatographic purification was obtained as
dark red needles (from benzene), m. p. 241—242° (Found: C, 71-3; H, 3-7; N, 10-8; CI, 14-0.
Cy0H,oN,Cl, requires C, 71.0; H, 3-9; N, 11-0; CI, 14-0%).

2-cycloHexylamino-3 -cyclohexylimino-3 : 5-dihydvo- 5-phenylphenazine—2- Amino-3 : 5-di-
hydro-5-phenyl-3-phenyliminophenazine hydrochloride (3:0 g.) and c¢yclohexylamine (35 c.c.)
were heated in the autoclave at 185° for 1 hr. Unchanged c¢yclohexylamine was removed by
steam-distillation and the residual solid purified chromatographically on alumina. The com-
pound (1-8 g.) was an orange powder, m. p. 188—190° (from ethanol) (Found: C, 79-9; H, 7-6;
N, 12-8. C;oH,,N, requires C, 80-0; H, 7-6; N, 12-49%).

5-p-Chlovophenyl-2-cyclohexylamino-3-cyclohexylimino-3 : 5-dikydrophenazine.—2- Amino-5-
p-chlorophenyl-3-p-chlorophenylimino-3 : 5-dihydrophenazine was treated with cyclokexyl-
amine as in the previous experiment. The product was a brown-red powder, m. p. 196—198°
(from ethanol) (Found: C, 73-8; H, 6-5; N, 11-5. C;(Hj3N,Cl requires C, 74:3; H, 6-8;
N, 11:6%,).

2-p- Chlovoanilino-5-p-chlovophenyl- 3 : 5-dihydro- 3-isopropyliminophenazine.—2- p - Chloro-
anilino-5-p-chlorophenyl-3 : 5-dihydro-3-iminophenazine hydrochloride (2-0 g.), ésopropylamine
(20 c.c.), and ethanol (40 c.c.) were heated for 2 hr. in the autoclave at 80°. The product,
purified chromatographically, was identical with that obtained by catalytic hydrogenation of
5 : 1’-di-p-chlorophenyl-5 : 2’-dihydro-2’ : 2’-dimethylglyoxalino(5’ : 4’-2 : 3)phenazine.

2-p-Chlovoanilino-5-p-chlovophenyl-3-cyclohexylimino -3 : 5-dikydrophenazine.—2- p - Chloro-
anilino-5-p-chlorophenyl-3 : 5-dihydro-3-iminophenazine hydrochloride (0-2 g.) was heated
under reflux with ¢yclohexylamine (15 c.c.) for 30 min. The product (0-15 g.), purified chromato-
graphically, was identical with that obtained by catalytic hydrogenation of 5 : 1’-di-p-chloro-
phenyleyclohexanespivo-2’-glyoxalino(5’ : 4’-2 : 3)phenazine.

Recyclisation of Compound (I1I; R = Ph, R =Prl) to the Glyoxalinophenazine (I;
R = Ph, R’ = R” = Me).—The compound (III) (0-5 g.), concentrated hydrochloric acid
(0-25 c.c.), and nitrobenzene (25 c.c.) were heated under reflux for 20 min. The cooled solution
was poured into ether and the precipitated hydrochloride converted into the base which was
purified chromatographically; this had m. p. and mixed m. p. 230—232° (yield, 0-07 g.). The
compound in concentrated sulphuric acid is rose-red, unchanged on dilution.
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