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FASCINATING PROBLEMS IN ORGANIC REACTION MECHANISMS VIII:

*%
REACTIONS AND REARRANGEMENTS OF PHENANTHRAQUINONE MONOIMINE

S. Ranganathan* and C. 8. Panda

Department of Chemistry
Indian Institute of Technology, Kanpur 208016, India

Phenanthraguincene monoimine, being the only stable
1,2-diketone monoimine has contributed significantily
towards the transformation of diketone moncimines to
diverse types of heterocyclic systems. Additionally,
the structural work relating to "Phenanthraguinoneimide
Anhydride" discovered in 1879 has led to discernment of
some interesting transformations associated with hetero-
cyclic systems. This article provides an integrated
account of the desvelopment in this area and incorpora-
tes our own unpublished work.

1. Phenanthragquinone monoimine
2. Structure and Reactions of Phenanthraguincneimide

Anhydride

**Respectfully dedicated to Professor R. B. Woodward
on the occasion of his sixtieth birthday.
Paper 7, Tetrahedron, 31, 1391 (1975).
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3. Phenanthraguinone monoimine~Phenanthraquinconeimide
Anhydride type Rearrangements

4, Aromatic Heterocyclic Systems from Phenanthra-
guinone monoimine and other in gitu Generated
quinone moncimines

K. Cycle addition reactions of 1,2-Diketone monoimines.

The discovery of phenanthraguinoneimide anhydride in 1879 by
Zinckel formed on pyrolysis of phenanthragquinonemonoimine (I}
should be considered as a significant event in the development of
heterocyclic chemistry. During the intervening century no fewer
than 8 structures have been proposed for this compound}"5 These,
culminating in the firm establishment of this strucﬁure&’5 traces
the increased understanding of the formation and reactions of
heterocyclic systems. Phenanthragquinone monoimine itself occupies
a unigue pogiticon because of its isolable nature and the reacticons
of this substance in turn have helped in the synthesis of a varietly
of systems, some of which possessing marked anti-inflammatory

&

properties.

1. Phenanthraquinone Monoimine (I)

Compound I is best prepared by the reaction. of phenanthra-
guinone with saturated ethanolic ammonia.? The reaction of phenan-
threnegquinone with hydrazoic acid also leads to I, involving

8

perhaps a cyclo addition-reversal pathway:
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2. Structure and Reacticns of Phenanthraguinconeimide Anhydride

(PQIA)

The structure of PQIA, the preduct arising from thermolysis

of I in acetic anhydride or o-dichlorobenzene or neat has now been

firmly established as 1O0H-dibenzo(c,e)phenanthro(9',10':4,5)-

imidazo-{1l,2-a)azepine-10-one (II) on the basis of two independent,
: 0,5

parallel and complementary investigaticns which are summarized

in Chart I.

The I—=PQTA change is best rationalized on the basis of a

fascile 1l,5-ghifi of the key intermediate IITI:
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CHART I
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I (PQiA)

(1,5)

In media containing water the 1,5-shift of IIT can be superce-

ded by a hydrolysis sequence leading %o the acid IV:9

(. Ciy
AN
0 NH A/ '\
o SVACOH N
|
H
9 -

Pam
AcCUPY

The most common reactions of PRQIA involves the rupture of th°
amide function leading to imidazoles., Particular menbion must be
made relating to the formation of the aromatic systems V, VI and

ViI (Chart 2).
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CHART I
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The PQIA —=Tetrabenzopyrazine (VI) change i1s best rationalized

on the basgis of ao v+ﬁ oa shift, dis-rotatory cyclizatlion and
oxygen loss.

:11‘ S
G895

. Phenanthraguinone Mono-imine (IL)—PQIA Type Rearrangements

The rationalization of the I—=+PQIA change has provided a
logical explanation to the formation of various types of imidazoles
from 1,2-diketones, thereby demonstrating that the reaction is a
general one inveolving as it does a facile 1,5-shift. Of particular
interest 1is the much studiedll and apparently trivial transforma-
tion of benzil with ammonia leading to ammonium benzéate (VIII),
penzamidodesoxybenzoin (IX), triphenyl oxazole {X), triphenyl
imidazole (XI), tetraphenylpyrazine (XIL} and imabenzil (XIII),
which we now raticnalize on the basis of involvement of benzil mono-
imine intermediate. The formation of the major product triphenyl

imidazcle (lophine) can be understcod by & sgeguence gimilar to that
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involved in the I—+PQIA change.

Triphenylimidazole (XI) can be obtained in a clean manner by

treatment of benzil with ammmonium scetate in acetic acid.12

7 N 99 Ph-C2r OH Y O~H
Ph=C=C-Ph W3 g C-Copn Ph

0 NH Ph Ph  NH,

NH3

NP P A9
o "= pp Ph—C#"0_.C—Ph

Ph% QoH }:N Ph NI
Ph Ph . | N/LPh
B
IX
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Ph—C—C—Ph

-
s
o>
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{536}




HETEROCYCLES, Vol 7, No.1, 1977

0
Ph i
Ph— '»—’—QL Ph_ _0—-C—Ph Phe__0
T X
Phy N p) Ph NH NH3 o NH
) 2 H 2
X
ph_ Ph
:tN\ Ph | Nag-Ph
9 WH B Ph N Ph N/
Ph-C—C—Ph | OH Ph Ph
H

X

Recently it has been shown that acenaphthenequinone on thermo-

lysis in presence of ammonium acetate is transformed to XIVL3 via

pathways involved in the formation of PQIA,

0 0
Q. (e (9 e

- N—

L
() Wl b
1 XV

0 (1,5)
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4. Aromatic Heterocyclic Systems from I and Other in situ

Generated Quinone Moncimines

Phenanthraquinone monoimine undergoes on photolysis in iso-

L

propanol, reductive dimerization leading to the morpholine XV:

O, Ul (0L 0
(L L, — 0]

o Or gra
I X1

Phenanthraquinonemonoimine on photolysis in presence of sub-

H = d

stituted toluenes undergcoes a remarkable change giving rise to the
oxazolest? (XVIL), necessarily invelving extensive oxidation. It
is believed that intermediates ariging from homolytic scission of

the aryl C~H bond are involved in this change:

g *r
0] Ny H
(L 1L XX
ArCH

1 XVIT

Oxazcles are readily formed from guinone moncimines and aldehydes

either photochemically or thermallyl6"19 (Chart III),.
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CHART It
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The apparently perplexing transformation of phenanthraquinone
with benzylamine leading to XV, XVII (Ar=Ph), XVIII and XIX can now
be rationalized on the basis of the guinonemonoimine intermediate

wy 20,21

Ph CH,NH,

age

H-0

Interestingly in the reaction of acenaphthenequinone with benzyl-

amine the intermediate related to XVIII undergoes dimerization

{540}




HETEROCYCLES, Vol. 7, No. 1, 1977

leading to acenaphthazine XXI.%°

OanY,
O mewn OO _$27T

B B C)NAAL )
0 0 HO NH2

XX

An unusual reaction of phenanthraguinone menoimine (I) 1s the
addition of Grignard reagents which prefers a 1,4-~path over the

more rational 1,2-addition.-3

_RMgK ‘|
NH Hydrolys1s O NHR

In contrast to the stable nature of I, attempts thus far to
characterise the phenanthraquinone 9,10-diimine have not been suc-
cessful. This could be attributed to the fact that the guinone-
monoimines undergo transformations to products related to PQIA in
preference to acceptance of another mole of ammonia.24 Therefore,
the transformation of phenanthreneguinone and other 1,2-diketones
to imidazoles in presence of ammonia or ammonium salts - extensively
used in the synthesis of imidazoles (wvide infra) - currently bellev-

25,26

ed to take place via quinone diimine intermediates merit more
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detailed examination. It is quite possible that they take place

involving the more established qguinone monoimine intermediates.

O O (26,27)
0 ArCHO N
NHzOAc or /u\
0 NH3 T AT
H

R R
R=H ; R=Ph
-33)
Ry 0 Ry " OAc of Ry ;25,28 33
€ |
:]:: + >t::0 _—ﬁﬁﬁ;___- l /ﬂ\
Ro 0 R R T Ry,
R3

5. Cycloaddition Reactlons of 1,2-Diketone Monoimines

Unlike 1,2-diketones, (4+2) addition involving ketone mono-

imines have not been reported thus far. However, the possibilities

in this area are exemplified by the following twc urusual reactions

34,35

of phenanthracuincene monoimine:

(542)




HETEROCYCLES, Vol. 7, No, 1, 1977

+ -
Ar—=C=N-0
i
T
T
\\\__ OR

I—=

(=)
X
=

ACKNOWLEDGEMENTS We thank Dr. Nityanand, CDRI, Lucknow for
spectral facilities. Financial assistance by way of CSIR Fellow-

ship is gratefully acknowledged.

REFERENCES

1 T. Zincke, Ber., 1879, 12, 1643,

2 A. Schonberg and B. Rosenthal, Ber., 1921, S4B, 1789.

3 A, N. Hughes and V. Prankprakma, Tetrahedron, 1966, 22, 2053.
L 5. Ranganathan and C. 8. Panda, Abstract 0-42-70, Convenition
of Chemists, Madras, India, 1970. C. 3. Panda, Thesis submitied
to IIT Kanpur, 1972.

5 A. R. Grinham and J. W. Barten, J. Chem. Sc=. (C), 1971,
1256.

(543)




&
1182.
7
8 a.
9
10 S,

Joseph, G. Lomerdino and E. Wiseman, J. Med. Chem., 1974, 17,

J.

I.

Schmidt and E. Junghaus, Ber., 1904, 37, 3558.

Carona, Gazz. Chim. Ital., 1950, 80, 211.

Lantos, J. Org. Chem., 1975, 40, 1641.

Bradbury, C. W. Rees and R. €. Staar, Chem. Comm., 1969,

1428; D, Danner and C. Sigwalt, Chem. Comm, , 1967, 979; M. Ogata

and K. Kano, Chem. Comm., 1967, 117; H. Hata, Bull. Chem. Soc.

Japan, 1961, 34, 1440, 1441,

11
12
13
14
i5
16
17

E.

P RS < T

Wenkert, J. Am. Chem. Soc., 1956, 78, 2213.

. Weiss, J. Am. Chem. Soc., 1952, 74, 5193.

. M. White, J, Org, Chem., 1970, 35, 2452.

Schonberg, J. Chem. Scc., 1950, 374.

. Pfundt and W. M. Hardham, Tetrahedron Letters, 1965, 2411.

Schonberg and W. I. Awad, J. Chem. Soc., 1947, 652,

. Mustafa, A. K. Mansur and A. F. A. M. Shalaby, J. Am. Cheu.

Soc., 1959, 81, 3L09.

18 D. Davidson, M. Weiss and M. Jelling, J. Org. Chem., 1938, 2,

319.

19 A, C. Sarkar and N. C. Guha Ray, J. Chem. Sce., 1925, 127, 1048,

20 K. Tada, H. Yokakawa, K. Shimeazz, N. Tanaka and M, Hata,

Kyorit Suyakka Daiyaken Xen Kyo Nempo, 1964, 8, 40; Chem. Abstr.,

1964, 61, 132974,

21 G. M. Jaffe and A. R. Day, J. Org. Chem., 1943, 8, 43.

22 0. Tsuge and M. Tashirc, Bull. Chem. Soc. Japan, 1966, 39, 2477.

(544)




HETEROCYCLES, Vol. 7, Ne. 1, 1977

23 A. Mustafa and M, Kamel, J, Am. Chem. Soc., 1954, 76, 124,

o4 I, Lantos, J. Org. Chem., 1975, 40, 1641.

25 Y. Ogata, A. Kawasami and F. Sugiura, J. Org. Chem., 1969, 34,

3981.

26 E. A, Steck and A. R. Day, J. &m. Chem. Soc., 1943, 65, 452,

27 1. Lantos, Chem. Abstr., 1973, 78, 1479%2j.

28 H. Schulz, Chem. Abstr., 1973, 78, 136298w.

26 K. Wegner and W. Schunack, Arch. Pharm. (Weinheim, Germany),
1974, 307(6), 492; Chem. Abstr., 1974, 77838].

30 A. A, Bardina, A, I. Tsapenkov and B. 3. Tanaseichun,

Chem. Abstr., 1972, 78, 43365a, 43367c, 4336384.

31 L. A, Cescon, Chem. Abstr., 1974, 80, 82976m.

32 U. Lang and H. Baumgaertel, Chem. Ber., 1973, 106(6), 2079.
33 P, N. Dhal and A. Nayak, J. Inst. Chem,, Calcutta, 1975,

47, Pt 1, 27.
34 W, I. Awad and M. Sobhy, Can. J. Chem., 1969, 47, 1473.

35 M, M, Sidky and M, F. Zayed, Tetrahedron Letters, 1971, 2513,

Received, 13th June, 1977

{545)



