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THE ELECTRON AND INFRARED SPECTRA
OF HYDROXYBENZO[4]PHENAZINES

E.RuZi¢ka, V.BEKAREK and J.KANDRNAL
Palacky University 771 46 Olomouc

Received November 29th, 1973

The UV spectra of thirteen and IR spectra of fourteen substituted 5-hvdroxybenzo[a]phenazines
have been measured and some of the bands have been assigned. By the use of UV spectroscopy
the tautomerism of these compounds in agqueous—ethanolic solutions have been studied and the
effects of protonization and deprotonization on their spectra have been investigated.

Whereas hydroxyphenazines have been studied by IR (ref.!) and UV (ref.!?) spec-
troscopy, little attention®'> has been given to hydroxybenzo[a]phenazines. Badger
and coworkers? studied the UV spectra of hydroxyphenazines and have arrived at
the conclusion that 2-hydroxyphenazine in aqueous—ethanolic solutions exists in two
tautomeric forms, lactim and lactam, whereas 1-hydroxyphenazine exists in a lactim
form only.

This paper describes the UV and the IR spectra of substituted 5-hydroxybenzo-
[a]phenazines, I —XIV. The lactim-lactam tautomerism (its vinyl analogy) in these
compounds is discussed.

EXPERIMENTAL

The malting points were corrected, The samples for analysis were dried over P,O,o at 110°C and a pressure of 1 Torr
for 1 h. Chromatographic separation was carried out on silica gel L 140/100 p (Lachema) or on Al,0; Reanal (activity IT).

Chemicals. 5-Hydroxybenzo[a]phenazine([), orange needles, m.p. 265°C (decomposition),
reported4 m.p. 260°C, and 5-hydroxy-6-chlorobenzo[alphenazine (V1), red crystals decomposing
above 260°C, reported® decomposition starting at 268°C, were prepared by condensation of
o-phenylenediamine with 2-hydroxy-1,4-naphthoquinone or 2,3-dichloro-1,4-naphthoquinone in
ethanol®-S. Analogously prepared from 3,4-dimethyl-1,2-diaminobenzene and 2-hydroxy-1,4-
-naphthoquinone or 2,3-dichloro-1,4-naphthoquinone were : 5-hydroxy-9,10-dimethylbenzo-
[alphenazine (X) m.p. 211—212°C, for C,gH,,N,O (274-3) calculated: 78-80%; C, 5-11% H,
10-22% N; found: 78-52%; C, 5-28%; H, 10-12%; N; 5-hydroxy-6-chloro-9,10-dimethylbenzo[a]phe-
nazine (X/I), m.p. 257°C (decomp.), for C,3H;CIN,O (308-7) calculated: 70-045; C, 4-24% H,
90894 N; found: 69:719%; C, 4-40%, H, 8-91%, N. 6-Bromo-5-hydroxybenzo[alphenazine (VIII),
red crystals decomposing at 235°C, reported7 start of decomposition 230°C, was prepared by
bromination of / in ethanol and chromatographic isolation on silica gel in an elution system ben-
zene-acetone (10 : 1), seed. 5,6-Dihydroxybenzo[a]phenazine ({V), violet crystals melting at 268
to 270°C with decomposition, reported® m.p. 270°C, was prepared according to Zincke®.
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Acetoxyphenazines 111, V, VII, IX, XI, and XIII were prepared by acetylation of hydroxyben-
zolalphenazines I, IV, VI, VIII, X and XII with a mixture of acetic anhydride and pyridine (1 : 1)
at room temperature. Thus we obtained: 5-acetoxybenzo[a]phenazine (II7), m.p. 217—219°C,
reported10 217°C; 5,6-diacetoxybenzo[alphenazine (¥), m.p. 215—217°C, ref.? 214—216°C;
5-acetoxy-6-chlorobenzo[alphenazine (VII), m.p. 233—235°C (decomp.), ref.!! 230—232°C;
5-acetoxy-6-bromobenzo[alphenazine (1X) m.p. 221 —223°C, ref.” 221°C; 5-acetoxy-9,10-dimethyl-
benzo[a]phenazine (X7), m.p. 211—212°C); for C,oH;4N,0, (316:3) calculated: 8-87% N, found:
8:72% N: 5-acetoxy-6-chloro-9,10-dimethylbenzo[alphenazine(X/II), m.p. 245°C (decomp.); for
C,oH;5CIN,0O, (350-7) calculated: 7-98%; N; found: 7-969; N.

Methylation. Reaction of I with dimethyl sulphate at 80°, followed by chromatography on
Al,0; in a system benzene-acetone (14 : 6), afforded yellow 5-methoxybenzo[a]phenazine (IT)
m.p.178—180°C, ref.!2 176— 177°C, and red 7-methyl-5-0x0-5,7-dihydrobenzo[alphenazine (XIV),
m.p. 261—263°C, ref. 257°C.

Spectroscopy. The UV spectra were measured with a spectrophotometer Specord UR VIS
(Zeiss, Jena) in 96%; ethanol and 1-cm cells, the sample concentration being 10™*M. In the same
way we measured spectra in 809, aqueous ethanol, the solutions being 0-1m in respect to HCI
or NaOH. The spectra of compounds /{1, V, VII, I1X, XI and XIII in ethanol and compounds 7,
VI and VIII in 50— 80%, aqueous ethanol were measured in 10-cm cells, the concentration of the
samples being 10~ 5m. The infrared spectra were measured in KBr on a spectrophotometer UR-20
(Zeiss, Jena); the apparatus was calibrated with polystyrene,

RESULTS AND DISCUSSION

Electron Spectra

In studying the tautomerism of 2-hydroxyphenazine Badger and coworkers? observed
that the lactim-lactam equilibrium was affected by the dielectric constant of the
solvent, polar media favouring the lactam form. With substituted 2-hydroxyphenazines
bulky substituents adjacent to the OH group may prevent the formation of hydrogen
bonds, thus impeding the formation of the lactim form!. These general rules were
observed even with hydroxybenzo[ a]phenazines, studied in this work.

On comparing the UV spectrum of 5-hydroxybenzo[a]phenazine(I) with the
spectrum of 5-methoxybenzo|a|phenazine(II), having a fixed lactim structure, and
with the spectrum of 7-methyl-5-0x0-5,7-dihydrobenzo[ a |phenazine(XIV), having
a fixed lactam structure, it is seen that the spectrum of compound I is more similar to
the spectrum of compound I1, but exhibits an additional marked absorption at 515 nm.
This absorption corresponds to an absorption band of compound XIV and testifies
to the presence of a small part of the lactam form (Fig. 1). Whereas the spectra of
the compounds II and XIV are not affected by an increased content of water in
ethanol, the spectrum of compound I exhibits a lowered intensity of the absorption
band at 427 nm, which indicates a decrease in the concentration of lactim form, and
a higher absorption at 515 nm, so that the tautomeric equilibrium A4 £ B shifts to
the lactam form (B) The presence of two isosbestic points proves that the conversion
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TaBLE I

Last Long-Wave Bands of UV Spectra of Hydroxybenzo[a]phenazines

Lactim

Compound Lactam
ethanol 0-1M-HCI®©  0-1M-NaOH? ethanol
I 427 (4-0) 457 (4+1) 480 (4-0) 515 (3:1)
II 413 (4-1) 438 (4-1) — —
b7 404 (4°1) — — —
14 403 (4-1) — — —
VI 429 (3-8) 481 (3-9)° 485 (4-0) 517 (3:8)
1214 403 (4-1) — — —
1241} 427 (3-7) 481 (3-9)° 482 (4-0) 514 (3-8)
X 402 (4:1) — — —
X 426 (4:0) 459 (4-1) 480 (4-0) 513 (3-1)
XI 404 (4-1) — — —
X1 428 (3-8) 480 (3-9)° 482 (4-0) 515 (3-8)
X 402 (4-1) — — —
xiv — 482 (4:1) — 493 (4+1)

“In 80% aqueous ethanol, ? in 3M-HCI and 70% aqueous ethanol.
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FiG. 1

UYV Spectra of Hydroxybenzo[a]phenazines

in Ethanol

5-Hydroxybenzo[b]phenazine (1),

————— S-methoxybenzo[alphenazine (II),
—+mr—— 7-methyl-5-0x0-5,7-dihydrodibenzo-

[alphenazine (XIV).

! | :
400 800 4 m 600

FiG. 2
Effect of Polarity of Medium on the UV
Spectrum of 5-Hydroxybenzo[alphenazine
(10~ *m) in 90% (1), 75% (2), 60% (3) and
50% (4) Aqueous Ethanol

1 cm cells.
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was complete (F ig. 2). Comparison of the spectra of 5-hydroxy-6-chlorobenzo-
[a]phenazine(V1) and 6-bromo-5-hydroxybenzo[a]phenazine(VIII) with the spectra
of compounds I and XIV reveals that in ethanol the two forms were present in equal
parts. The effect of polarity of the solvent was analogous to that observed with com-
pound 1.
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LRI=H;R=H, X=H VIII, R' = H; R = H; X = Br
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I, R' = H; R = Ac; X = H X, R' =CH;; R=H; X=H
7V, R!' = H; R = H; X = OH XI, R =CH;; R=Ac; X =H
¥, R! = H; R = A¢; X = OAc XII, R' = CHy;; R = H; X = CI
VI, R! =H; R=H; X = (l XII1, R' = CH3; R = Ac; X = Cl
VII, R' = H; R = A¢; X = Cl
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l
CH,
X1V

From the facts described above it follows that the UV spectra of compounds
I, VI, ViiI, as well as X and XII, should be regarded as overlapped spectra of two
compounds, i.e. the lactim and the lactam forms. The lactim form in ethanol can
be characterized by its last long-wave peak in the region 400 —430 nm. An analogous
absorption in the UV spectra of 2-hydroxyphenazines is considered by Corbett! to
be due to an n — n* transition. However, in the case of lactims, i.e. phenazine deriva-
tives with hydroxy and methoxy substituents, no n — n* transition is principally
possible, because one electron pair on the oxygen atom has the n-character, lies in
the plane of the other = electrons, is conjugated with them and, consequently, is
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localized. The energy of the other localized electron pair is so low that its excitation
in the long-wave region of the UV spectrum can be ruled out, so that the considered
absorption is more likely a = — #* transition. Also the last long-wave peaks of the
lactam forms at 490 to 520 nm should be regarded as rather a & — 7* than an n — z*
transition, although in this case the n — n* transition is theoretically possible owing
to the presence of a carbonyl group; this has two electron pairs on the oxygen atom
and the energy level of one of them permits excitation in the long-wave region of the
UYV spectrum. This transition, however, is generally forbidden, so that the relatively
high values of the absorptivities (for XIV'¢ > 10000) is more indicative of a 7 — n*
transition.

The effects of protonization and deprotonization on the UV spectra (Table I)
have also been studied. The last long-wave bands of the individual forms are in the
following order according to their wave lengths: lactam > anion > cation > lactim.
Quite analogous orders were observed with a number of simpler compounds exhibiting
the lactim-lactam tautomerism??.

Infrared Spectra

In evaluating the IR spectra we proceeded from the work by Corbett!, analysing the
spectra of a number of solid hydroxyphenazines and their solutions in CCl,. By
comparing the spectra in the region 3600 to 3100 cm™~! the author was able to
decide whether a compound was in the lactim or the lactam form. In the region
1650—1500 cm ™!, where either form exhibits a greater number of vibrations of
aromatic bonds, it was not possible to assign unequivocally the band corresponding
to the stretching vibration of the carbonyl; according to Corbett this band occurs in
the region 16311622 cm™'. Owing to the poor solubility of 5-hydroxybenzo[a]-
phenazine(I) and its derivatives IV, VI, VIII, X and XII in carbon disulphide, chloro-
form and acetonitrile the region 3600—3100 cm ™! could not be used to distinguish
the possible tautomers in the solutions. For this reason we proceeded from com-
parison of the spectra of hydroxyphenazines (Table IT) with the spectra of compounds
Il and XIV.

In the region 1800 —1500 cm ™! the spectra of compounds IT and XIV are markedly
different only in the region 1560 — 1510 cm ™!, Compound II has a very intense band
at 1552 cm ™! with shoulders at 1542 and 1520 cm ™~ *. Compound IT exhibits a band
of small intensity at 1540 cm !, Comparison with the spectra of the other compounds
reveals that all the acetates absorb insignificantly in this region, whereas the hydroxy
derivatives exhibit one intense broad band. It would be difficult to assign it unequivo-
cally and the same is true of the other bands in the region 1800—1500 cm™*, except
for the v(C=0) bands of the acetoxy group around 1770 cm~'. In the “fingerprint”
region the v(C—O) band can be identified; in the case of hydroxyphenazines this band
occurs® between 1220 and 1190 cm ™!, With compound I1 it was an intense band in
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this region and with all the acetates it was the most intense band of the spectrum.
With compound XIV, lacking a C—O bond, and with the hydroxy derivatives VI,
VII and XII the absorption was not marked. Compounds I and X exhibited a band
of medium intensity at 1225 and 1227 cm ™%, respectively. The medium intensity band
of compound IV at 1205 cm™* was probably due to V(c-oy ON the carbon atom at
position 6. In the region of out-of-plane deformation vibrations of aromatic C—H
bonds the results we obtained confirm Corbett’s conclusions!. All the compounds
studied had at least one band in the region 770 —735 cm ™!, associated with the four
adjacent hydrogen atoms of the benzo[a]phenazine ring. With the non-methylated
compounds the absorption was stronger than with the dimethyl derivatives X — XII1.
A marked absorption in the region 900 —840 ¢cm ™! was observed only with compounds
containing an isolated hydrogen atom. Compounds VI and VII have no such atom,
but they still exhibited a medium-intensity band at 858 and 866 cm ™!, respectively.
This can evidently be ascribed to v(C— Cl). With compounds XII and XIII these bands
had the same positions as with VI and VII. The band ¥(C-Br), occurring among the
deformation vibrations of the aromatic C—H bonds, has not been identified. From
comparison of the spectra of compounds VI and VIII it follows that it might be the
band at 819 cm ™! or the band at 802 cm 1.
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