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Abstract =~ ODiezaphenanthrenes (DAP), including 1) DAP with
two N atoms in outer rings (phenanthrolines) and in adjacent
rings {benzo[h]naphthyridines), 2) DAP with two N atoms in the
outer ring and 3) DAP with two N atoms in the middle ring,i.e.
benzo[c]cinnoline, and also triaza- and tetrezaphenanthrenes
are of interest as well for their chemistry as for their phar-
macological potential.

In this paper the literature has been reviewed with respect to
the synthesis and properties of these ring systems. Since the
literature on 1,10~phenanthroline and its complexes is very ex-
tensive, this subject requires rather an independent treatment

and will not be included here.

1. PHENANTHROLINES AND BENZO[ h JNAPHTHYRIDINES
a) Syntheses
DAP are usually prepared by fusion of a pyridine ring to the carbocyclic {phenan-
throlines) or heterocyclic system (benzo[h}naphthyridines) of quinolines, The
classical syntheses (Skraup, Doebner-Miller, Knorr, Conrad-Limpach procedures,
and other) have been reviewed (1,2). In all cyclization methods the angular, and
not the linear products are formed. The improved Skraup procedure for DAP, in the
presence of As,0; is reported in (3},
Hamada (4,5) and Kobayashi et al, (6) synthesized DAP and methyl«DAP by the
Skraup reaction of appropriate aminoquinolines with glycerine or methyl vinyl

ketone (MVK) in the presence of sulfomix (H2304—303-¢N02), FeSO, and H,B80,.
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The skraup synthesis of aminoquinolines or isoquinolines carried out with croto=
naldehyde diacetate (CAP), X -methylacroleine discetate (MAD) or MVK instead

of glycerine, afforded the series of methyl-DAP, subsetituted with methyl group

in o€ , ﬂ or X’ positions to the N atom (7,8 }.

For instance:

CH

NH2
rEES\rE%SW CAD, MAD or MVK‘ rE:)
AN o N

In addition to claesical procedures, Perkampus et al, prepared a series of phe-

nanthrolinas and banzo[h]naphthyridines by photocyclization of dipyridylethenes

& = &%

and by photocyclization of benzylideneaminopyridines or pyridinalanilines {10):

0F- of -

A convenient routa to benzo[h]naphthyridines 1 and 2 is the photocycliza-
tion of enamides 3 and 4 described by Ninomiya et al, (11). The photocycli-
zation of enamide 3 affords equimolar mixtures of cis and trans lactams g,
which undergo reduction with L.:LAlH4 to give secondary anines § . These on

heating with Pd/C yield benzo[h]naphthyridines 1 .
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Benzo[h]naphthyridines 2 were ohtained eimilarly:

O\ﬁ O<,.>

N

4 9 2

In an analogous manner Ninomiya synthesized the derivatives 7 and 8 (12)

Rl.R2 a H, halogen,
1 Rl alkyl
R ' R = H, alkyl, aryl
[ ] *
NR N 0
z R
z 8

Photolytic Fries rearrangement of 2-benzoylamino~- and 4-benzoylaminopyridines

gave 4,5-DAP-6[6H]-one 9 and 2,5-DAP-6-[5H]-one 10 (13).

N

O N @ AN
NH O N NH
l —— and | N
co NH co NH
0 0

1w
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In another synthesis of benzo[h]naphthyridines the anila 11 ere cyclized with

excess potassium amide in liquid ammonis to give DAP (14,15)

NH,, g
! cl NHo
Ccl = cl 2 N
2O NH N
L, * 2§ W@m( O 7 ©, o 0 1gusd e
Q) 20%

11
Improved yields of the naphthyne reaction are obtained when the cyclization is
performed on the reduced anil 12 . There is known also direct cyclization of i3

to 2,5-DAP,
reduction stirring
with N with MnDE

suspende
5 oL NaBH, A 1@ @j{? in OHCLg Q
lij:c;|.g< ._@ (I/NH 40% H 100% On
NH _/~)
13 o 4 12
NG
q%_ N
@)
O

The anil 15 is obtained from 3-aminopyridine and can give 1,5-DAP or 3,5«DAP. In
an alternate approach the reduced anil 14 (obtained either directly from 3-ami-
nopyridine or from the anil 15) wes treated with potassium amide in liquid ammo=

nia to give 5,6«dihydro-1,5-DAP and §,6~dihydro-3,5-DAP

cl NH,,
O
(e + )
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Akhtar and Jeffreys (16) synthesized 3,6-DAP in the following manner: Treatmant
of 16 with cenc. HBr yields 17 which on heating in the presence of Pd/C under-
goes dehydrogenation to give 18 , The reaction of 18 with P,S; followed by the

treatment with Raney nickel in the presence of DMF gives 3,6-DAP,

1. PpSg

H Pd/C 2. Raneyhﬂ.
/\N/C 1’20 in DMF

\O
16 !.Z &

In 1976 Kessar and coworkers reported the simpler synthesis of 3,6-DAP: 3~bromo-
S5-chloromethylpyridine hydrochloride treated with aniline gives 19, which

subjected to the naphthyne cyclization by KNH, in liquid NH,, and then aromati-
zed by MnO, gave 3,6-DAP (17).

Br

\N KNHp
N+HCL in liquld C) MHOE
0 M @N NHy in Buoly
0
CH,CL o EtOn g Ti00%

Godard et al, (18) synthesized 1,6~ and 4,6-DAP by reacting o-amincaldehydes
with active methylene compounds such as RJ“GOCHaR2 and RscHZCN (R1

2-pyridyl; R2 = H, Me, COMe, CozEt; R3

a H, Me, ¢ ,
@ CN, CONHZ) in the prasence of a basae
(piperidine or EtONa) :

R
@:55 o @é*
N R

R = H or Me

R COCH R CH CN
bage 2 @j base
-— —_— e
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The hydroxy-DAP were obtained on heating cyclic malonates {19);

0
Y- e N
go “-NH - cn{ Z)(Me 5500 O
— n Dowtherm A OH
N § 0 > @@
O
T

Pesson and coworkers (20) synthesized analogues of the nalidixic acid 20 by con-
densation of the ethyl 4-chloro-quinoline-3-cerboxylete with Nealkyl derivatives
of B -alanine to 21 , which upon esterification and Dieckmann condensation is
converted into 22, This compound is brominated to monobromoderivative, which
without isoletion was reacted with tertiary aliphatic amine in ordar to remove

HBr. The resulting 23 was hydrolyzed to give the desired acid 20:
Et

i
N=CH5=CH,=COCH

(31
3 3
R COOE t R COCE t
s ') E tNH=CH,~CHp-CO0 R2 o) e
R N >
1
Rl 2

H
RY, R2 = H, Me, c1 R® = H, Me 21

Et
E|t Meac =0K ~N COOEt
3 N-CHy-CHg=COCEt .=\ &3 ]
EtOH condensation élg)
—_ = R
1 22

EtN \\ COOEt

3 1. OH™
EtyN R o 2. pr
— : 3 2 O O
R N
R 23
Et COGH
~N
3
—_— O 0
R2 N
rl 20

Et
~ N&Ecoon \N/\ICOOH
o and o

° o [ oJo
<0\§)N R = H, Me, Et N
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Substituted 1,6~DAP-4{ 1H]-ones were obtained in reaction sequence (21):

L 1 NH=CHy=CHp =COOH
R ! cooEt  H,N-CH,=CH,~COOH R Sy Cooet hydrolysis
o ——r
R2 N 79-92% RZ N 80-91%
R1 = H, OMe
R2 = H, Cl, OMe
o
1 NH-CHp=CH,~COOH 1+ KOAc, Acp0, 115 HN
R CO0H 2. 20% HCl Rl o
'®) 47-B% @]
RZ N R2 N

Oott and Suess (22) synthesized octahydro-2,5-DAP;

Me
.,
R a H, 8-0H, 9-0H, 9~OMe
R
NH gl = H, 2-~0H, 3-Cl, 3-0H, 3-OMe
R® = H, NH,, NHAc, F, Cl, Me,
1
R \gzlﬁa R® = H, OMe, OH
b2

The aystem of 3,6~DAP is found in the alkaloids perloline and perlolidine,Among
numerous syntheses of perlolidine the method described by Kessar and coworkers
(17) involves the brominastion of 2-amino-3-methyl-pyridine and subsequent displa-

cement of Br atom; the product upon cyclization with KNH,, aromatizatien and

hydrolysis gives perlolidine:

N i, bromination in EtCH
@N 2. diazotisation
), B dimotis Qﬂ Q
Me Br -——-—-4_-.

CR Br
Br 3 N N
Br FCHoONa OCH2¢ KNH2/NH3 & OCH ¢
_— E::L 14o° (::L _—
N N
H H
ol @t
aromatization OCH 10% HCl o
0% = (oo o T (3)
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b) Reactivity

The thecretically calculated electron densities of DAP and their protonated
forms, as well as localization energy and superdelocalizability values for elec-
trophilic, nucleophilic and radical reactions are reported {23,24), The electro-
philic subgtitution {nitration and bromination) of phenanthrolines wes studied
by Miochowski (25,28), and of benzo[hlnaphthyridines by $liwa (27). The results
are compatible with the positions predicted by calculation of localization energy
values, E.g, the nitration of 1,5-DAP yields 10-nitro-1,5-DAP, and its bromina-

tion affords & mixture of 7= &and 310-moncbromoderivatives and of 7,10-dibromode-

rivetive: N
NOo> ')
HMO3 . H2804 0 !
_—
N N N
0O . sog o1 e Br e Br O
r olaum
ON 2 - ON + On + ON
ar r

The Cziczibabin amination of 4,6<-DAP yields its S-amino-derivetive (5},

As an example of homolytic substitution of DAP, Mlochowski (28) and Sliwa (29)
investigated their methyletion and t-butylation, The alkylation proceeds on the
protonated DAP, the eubstitution raking place in o< or 6‘ positions to the N
atom, The substitution positions are compatible with the calculated localization
energy vaeluss for nucleophilic reactions, the alkyl radicale posessing a weakly
nucleophilic character, However, in the case of t-Bu radicals, the steric featu=
res ought algso be taken into account,

Phenanthrolines can be oxidized by means of permanganate in alkaline medium to
corresponding diaszafluorene-9-ones (30),

The literature on DAP-N-oxidee is extensive due to their antibacterial and anti-
neoplastic activities, Kobayashi et al. (6) reported the oxidation of 1,6-DAP

with peracetic acid, giving 1,6-DAP-BN-~oxide or 1,6-DAP-G[GH]=-one:
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AGOH, Ho0, N Ag?Hﬁ ézmited amount
- o
88 ~90° © 22 &0
e .

31% O Ca 61,5%

The syntheses of DAP-N-oxides have been described by Mlochowski and Sliwa (31,
32). In all cases the N atom in the ,,shieldad’’ position is unreactive, the
reaction proceaeds on the N atom in the more accessible position. The attempts to
obtain the 1-N~oxide were unsuccessful with both monoperphthalic acid, or H202

in the presence of Na/ WO, {s6).

2
Also the attempts of desoxydenation of di-N-axides in which one of the N*- 07
groups is in position 1,dn order to obtain 1-N-oxide, feiled. This is due to the
fact, that the oxygen atom at l-position is readily removed, owing to the steric
effect of the hydrogen at 10-position (32,5).

Hamada and Tekeuchi investigated the oxidation of 4,6-DAP,obtaining its 4= and
G-mono-N-oxides or 4,6-di-N-oxides, depending on the reaction conditions {(33),

DAP=N-oxides undergo reaction with Ac20 and POCl3 (6):

N N N
o) in boiling POCL, Ol 1n boiling Ac,0 O
o pov oJo 75% ’@
N el T NS0
| H
0

The above result shows that the only nucleophilically active position in 1,6-DAP-
—6-N-oxide is the of pasition to the K'- 0" group.

In the Rsigsert reaction of phesnanthroline N=oxides, the derivatives substituted
by CN group in the ol =~position to the nN*- o” group are formedg (34). For ins~

tancei CN
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On the other hand, Kobayashi et al, {6) while investigating the Reilssert reac-
tion of 1,6=DAP=G-N-oxide obtained very emall amount of 5-cyanoderivative under
the usual conditions, and the product wes chiefly 1,6-DAP-5{6H]-one. Thie fact

is probably due to the influence of the N atom in the 1 position,

N N
O O N()
O $COC1, KCN [ ‘o) o) +
NZ CN o
H

I
0 very small
anount

The 1,6-DAP-6-N=~oxide reacted with KCN and K3Fe(CN)G to give 1,6=DAP-5-cyano-6-
~N-oxide (35),
The N-methylation of DAP and methyl-DAP (36) gave biologlcally active N-methio~-

dides. A series of DAP and methyl=DAP upon treatment with CHLI in benzene yielded

menomethiodides, in all ceses the deshielded N atom reacting.

Analyzing the approximately determined rate constant values one cen see, that
the N-methylation ls mainly influenced by the steric, and not by the electronic
factors. The most reactive is the ,,isoquinolinic’’ nitrogen atom, due to its
high nuclecphilicity, as well as ite deshielded position, e.g. N& in 24 is about

10 times more reactive than N7 in 25 3

The Ne-methylation of 4,6-DAP is reported by Haemada st al, (5).
Methyl~-DAP were oxidized with Se0, to give aldehydes, only methyl groups in o

end Y poeltion to the ring N etom being oxidized (&), For instance:

O
O Ma Sm’.)2 , di oxane‘ CHO
N @] = )]

- and x'-methyl-DAP, subjected to condensation with @CHO give styryl-DAP.

The reaction wae carried out in the presence of varioue catalysts {37).
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For 1,7«DAP3
I*:Ie CHaCHg

O @#CHO, HCl, 1Ch

S

27% O

N
O
NO #CHO, ZnCl,, 3.5h‘ NG
olo 37% - @@ “CH=CHg

The seme catalysts were used in the reaction of 2-methyl and 4-methyl-1,5-DAP,

=0

The styryl-DAP were photocyclized to give 26 and 27 (37):

[3,2h] acridine

§OO
7% O. :l Q 1 benzo[alpyrido-
N
26

benzo[alpyrido-
{4,3h]acridine

8liwa end Szulc (38) applied the Skreup synthesis to emino-DAP, obtained by re=
duction of nitro-DAP (27), In this way two new four-ring azsaromatic systeme

28 and 29 were synthesized.

NHy N o
o Skraup reaction
N
O Skraup reaction O
@] — O
NH,, 0
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¢} Properties

The dipole moments’ measurements of DAP and their N~oxides are reported in (40).
The pure electronic levels of the free bases end their conjugated acids wers de-
termined from the absorption fluorescence and phosphorescence epectra (41), Ba-
sara et al, performed the vibrational analysis of highly resolved phosphorescen-
ce spectra of some phenanthroelines (42), Sobczyk~Sucharda et al. (40) examined
the UV spectra .of DAP and their N~oxides. The IR and Raman spectra of DAP and
their derivatives are discussed in {43)., Bluhm et al. determined pK values and
thermodynamic data of DAP from the pH and temperature dependence of the electron
excitation spectra {44), Welssenfels studied spectroscopy of DAP-1,2-endiocls
(39).

The correlation of 'H NMR chemical shifts and electron densities of DAP are

describad in (10,48), and of methyl-DAP in (48),

Mtochowski and Sliwa (47) observed for DAP and their protonated forms the linear
correlations of 1H NMR chemicel shifts and calculated 77 electron densities;
similer linear correlations of +3C NMR chemical shifts were found by §liwe (48).
The EPR spectra of DAP and their protonated forms are reported by Chodkowska
{49), the He I photoelectron spectra of DAP are described in (50), and their
mass spectra in (51).

Keto et al, (52} investigated the polarographic reduction of phenanthroline me-
thiodides. The IR and UV spectra of 10~hydroxy~1,7 DAP and its derivatives ars
reported (53),

DAP have an interesting bioclogicel activity. Gupta (54) reported an antibacte~
rial activity of DAP and their methyl~ 2nd benzylderivatives. Tuszkiewicz at al.
(55) investigated antibacterial and antifungal properties of phsnanthrolines

and their methyl-, bromo~ and N'=~ 07 derivatives and found the broed activity
spectrum of 1,9~ and 2,7-phenanthrolines, as well as of 1,8~phenanthroline
N=oxide. Benzo[h]naphthyridines, especially their N-~oxides posess a broad enti-
bacterial spectrum {48),

The 1,6- , 4,5~ and 4,7-DAP, &s well as the 1,8-DAP-8-N-oxide have an anti-
necplastic activity (24,48). The 1,6~DAP-4[1H]-ones (20,21} and the derivatives
of 1,5- , 2,5- and 3,5-DAP (15) show potent and often specific entimicrobial

activity. The substituted octahydro-2,5-DAP are broncholytic agents {22).
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Antiinflammatory properties were found in benzonaphthyridines of the type 7 and
& (12). The derivatives of 1,7~DAP-4,10 [1H,7H] -dione and 4,7-DAP-1,10[4H,7H]
dione show a significant allergy sctivity (56},

3-methylu4,7:DAP can be used as a diagnostic agent for detecting blood in body
fluids (57).

Following the paper by Plakogiannis (58), who reported the antineoplastic acti-
vity of G-methyl=1,10-phenanthroline methiodides, there appeared numerous publi-
cations on the synthesis and sctivity of heterocyclic methiodides. The DAP-N-me~
thiodides,as compared with other DAP derivatives show & stronger antibacterial
sctivity {(26,48),

Mlochowski and $liwa (59) obtained the phenanthrolinic analogue of caerulomycin
{4~methoxy~1,10-phenanthroline-2-aldoxime) possessing a bacteriostatic activity,
however, in the synthesized oximes of DAP-aldehydes no interesting biological
activity was found (8),

DAP are inhibitors of photosynthetic electron transport {60). Perlolins and per-
lolidine inhibit rumen fermentation (61), 4,7-DAP inhibits the phelloidin poi-

soning (62), and 1,7 DAP is an inhibitor for metapyrocatechase {(53).

2. DAP WITH TWO N ATOMS IN THE GUTER RING

Munslow and Delia in & paper of 1976 reviewed the synthesis and proparties of

2,4- and 1,3-DAP (64).

a) Syntheses

Six isomeric DAP with two N atoms in the outer ring were obtained by photocyclo-
dehydregenation of styryldiszines in the yileld of 10-59% (66); this method pro-
ved to be essiar than the claesical synthesis, e.g. (66). The photocyclodehydro-

genation is preceeded by cis~trans photolisomarisation:

e —"Lh—g’J
Ol
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2,4=DAP

2,4~DAP are usually synthesized by condensation of naphthalene derivatives with

simple nitrogen compounds, for instance (87):
CN Hal N
20(8) On

NH

4

N
CHO NH \r'NHz
ON

OH Il
ee HN=C-NHp o

To achieve the deamination of 1-amino-{(or 3-amino)-2,4-DAP, the following

reaction was carried out (67):

dethiation
with Ni

HN HCL HO.__N_ P,Sg  HS N
| iq‘N T I ioa —". iol _"'—“‘: {o}q
(CIQ) (o10) (1o 0

Dymek and Sybistowicz (68) synthesized 2,4-DAP in the following reaction:

HN=C ~NHg
F:/
NH &
NG SHN NHg HO OH
i"—ﬁe NY N\r
ol o)
ethgnolic KCH O
180~ ,autoclaved
HN Sc _NHg — —_—
NH, &F
z &
OOREG:
Cl__n_.Cl N
OI 1. red P, 40% HI O\'

N
PCl;, POCl3 ee 2. KgFelCN)g o

Gompper et al., {69) reected 2-naphthylamine with EtO-CHaN-COOEt, and heated the

resulting formamidine to obtain 2,4=-DAP=1 (2H)}=ocne:
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)
G N
NH @

NH~CH=N-COCEt N

2
@@l/ Et0~CH=N~-COOE t @:(o:f 200-250° in g0 (O] O

S6%,

Among other methods of the synthesis of 2,4-DAP system, there ought to be men-
tioned the condensation of o=aminonitriles with cyanamide {70} and thermal cycli-
zation of bis{2-naphthyl)-biguanidide hydrochlorides (71),

In addition to the fully aromatic 2,4=DAP there exist also a number of their
5,6~dihydroderivatives; they are usually synthesized by the condensation of an
appropriate 2~tetralone with cyanoguanidine (72). The 1,3~diamino«5,6~dihydro~-
-2,4-0AF can be oxidized with SeO2 (70). However, when this compound was dehy-
drogenated under disproportionation conditions in the presence of tetralin and
10% Pd/C catalyst, the aromatization did not take place but an interesting
rearrangment to the linear 2,4-diamino-%,10-dihydro=-1,3-diazaanthracene was

found to occur (72).

HN NH,
@]
- iz 7 olo
2 Hy
NH \l)I
r\j:j’ H N-C ~NHCN Pd/c .
» st
"‘91 N\rNHz
o4
Hy

Koyama et al. (73) reacted 2-tetralone with formamide or HC(NHCHO)3 to obtein

5,6-dihydro-2,4-DAP, which upon dehydrogenation with sulfur gave 2,4-DAP:

0
HcfNH N\I N
o or 2 ON O\hl'
@:j HC(NHCHO }3 chYdFOgenation__h @e
—_— =

with S

The 2,4-DAP system has been incorporated into the steroidal skelaton (74).
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1,3-DAP

For the synthesis of these compounds there is often used the condensatioen of
i1-tetralone with nitrogen compounds, Koyama et al, (73} carried out the reaction
of 1-tetralons with HC(NHCHO)3 in an analogous manner as in the case of 2-te-

trelone,aobtaining 1,3-DAP,
2,4-Diamino-1,3-DAP was prepared sccording to the equation (72):

NH2 NH2

@Cj H2N-C~NH-CN wN“z Pd/C “)\

In this reaction no linear compound resulted.

The following syntheses of 1,3-DAP system were carried out by Taylor and cowor-

kers {75):
0

NH
Me O 2 MeO

R aH, Mo, #

/A
o
@]
=z
(%g-x

S 0 Me NHy
rs
HN)'\N s CH-N“MB NH N’LN
! i I
-Ce HoN=C=NH~=NH
MeO Me

A series of 1,2,3,4~tetrahydro=~1,3-DAP was prepared by reacting i-tetralone

with arylidenebis~ureas {(76):

0 o grR O H OH

Il | ] HN NH
O +  HyN=CoN~C-N=C-NH, —_—
HHH “

Mamaev and Sedova (77) condensed 1-tetralone and urea with the series of aroma-

tic aldehydes: o 0

0 HN/&NH ’H\NH

0
5 RACHO , H N=C~NH,, MR anccly @@
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For the dehydrogenation, instead of bromine, other agents can be used, e.g.
chloranil, NBS or Pd/C {(78).

Reacting 1-naphthylamine with Et0~CHaN-COOEt under similar conditions as in
the case of 2-naphthylamine, 1,3-DAP-4[3H]-one was formed (639).

The following reactions of naphthalene derivatives were carried cut (79):

[ 4 #
NaC-Cl N-é-N-CnS HNA"N
upon ks

NH 8

I HNJLNH
NH-C-NHg NH=CaS

NH

éa + '®) —_— 0]0 d

5,6-Dihydro~1,3-DAP can be prepared in the reaction (78):

0 NN
c1 H-cZ , 180-190° o

HO \\NH2
[O 75%

The method of the incorporation of the 1,3-DaAP system into the steroidal struce

ture has been reported (80),

1,4- and 2,3-DAP

In the condensation of 1,2-diaminonaphthalens with unsymmetrically substituted
%=dicarbonyl compounds, two isomeric 2- and 3-substituted 1,4-DAFP have been

formed (B1):
NH2

R
BH N K
e o o}, o
PR T - ele

R = COOH, ~CHO, ~CH=N-NHg etc,
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1,2-biaminonaphthalens sulfate reacts with 2-hydroxyiminoacetophenone to give

2=phenyl~ and 3-phenyl=-1,4-0AP (82),
Condensation of 2-oximino-l-tetralone with aminomalonitrile afforded 2-cyano-3-

~amino-5,6~dihydro-1,4-DAP-4-N-oxide, which upon aromatization yislded 2-cyano-

CN
=3=amino=~1,4~DAP (83): CN aromatization

0 NH2 in AcOH NJ\(NHz
N=-OH in the presence ()N
\0 of HCl or H,S0,
+ H2N-CH —- - @@

The 2,3-DAP system was obtalned in the reaction of naphthalene-1,2-dicarboxylic

acid anhydride with hydrazine hydrate (B4):

O, H Ny
1 XHO K‘/CD

HoN=NH,, « xH,,0 o
O in AcOH @/
88 g

b) Reactivity

2,4-DAP
The following reactions of 1,3~dichloro-2,4~DAP were reported (67,68):
in MeOH, conc.NH Ot

cl
:E’ reflux, 3h (68) HoN NH, HO__N_ . OH
or in a sealed tube O + C;T,
o° H,0, H

. 48h (87) o

MeOH Na ~ > e@

reflux 1h

MaO_ N OMe
O

QIS

3=Hydroxy=2,4~DAP can be converted directly into 3~amino-2,4=DAP upon treatment
with jO-P(O)(NHZ)z. This method obviates the usual regquirement for chlerination

or thiation prior to amination (85).
1,3-DAP

The acetylation of 4-phenyl-5,6=dihydro=1,3-DAP=2[1H]-ona and its di- and taetra-

hydroderivatives has found to be dependent upon the degres of hydrogenation (86):
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1)
?l 0COMe ocoMe o
i Ac,0 NN :gl: d;ggenation NJ‘N o L
I g — O . > # 2 . M r'
e
2)
0 ?1 'OCOMe
Hl\rlkNH HN"“N=COMe NZN-COMa
Y k, Ac20 ¢
oead=NceslNCe
3)
0 0CCMe
HNJ'LNH NA\N-COMG
Ac,0 ]

Upon treatment of 4<hydroxy-1,3-DAP with P4810, the OH group is replaced by SH

(87).
The oxidation of the thione 30 with H,0, to the 2-sulfinic acid, followed by

aqueous alkaline hydrolysis to give 31 proceeds as follows (75,88 ).

|
HN)\PI NJ\N alkaline HNJLN
O hydrolysie l
alkaline H202 100
———-
MeO Me MeQ 31

30

Organolithium addition to 5,6=dihydro-1,3-DAP, followed by quenching with
either ethyl chloroformate or hydrogen chloride ga2s, gives in high yield the
dihydrocompound 32 , which can be oxidized to 33 (89):

rl 5 Rl R*
R
Né 1. R3LL ~nhw w2 Né‘
2. R3 KMnO r2
. R H 4 5
temp,0° @‘
3 32 2

Rl = H,Me; R® = nBu, #; R° = CO,Et
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1,4- and 2,3-DAP

The oxidation of 1,4-DAP with performic acid yielded a mixturs of mono~ and
di-N-oxides; in order to obtain only di-N-oxide, peracetic acid had to be usad
(g0).

The oxidation of 2-phenyl and 3-phenyl-1,4-DAP with monoperphthalic acid affor=
ded mono-N-oxides, the reaction taking place, as usually, at the deshielded N
atom {(82),

The reaction of 2-formyl-1,4-DAP with KCN gives 34 , which on heating in DMF

can be converted into diketone (91):

CHO
J:;:L\ DMF R-ﬁ-ﬁﬂR
@O . it
C b
o e R = 1,4-DAP yl-2

|
H.,N,H
O N
er

Kobe et al, (84) sccomplished the dehydrogenation of 5,6~dihydro~-2,3-DAP and of

34

its derivatives with bromine and NaQAs in AcOH,

c) Properties

The data of phosphorescence polarizaticn of 1,4-DAP are reported in (91), and
the fliorescence spectra of its heteroexcimers with electron donors - in {(g2).
The chemiluminescence quantum yields of 2,3-dihydro=2,3-DAP-1,4~dione were
measured (93).

There was obssrved, that DAP with two N atoms in ortho position caused skin
irritation (65)., A number of 1,3- and 2,4-DAP derivatives were synthesized in
order to screen their physiological activity, Dihydro-1,3- and 2,4~DAP werae ob-
talned as the aznalogues of primethamine, a dihydrifolats reductase inhibitor
(64}, 1,3-Diamino-2,4-0AF derivatives were synthesized as potentisl folic acid

antagonists and antitumor sgents {72),
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Amino-1,3- and 2,4-DAP are used as antifoggants for silver halide photographic
materials and as stabilizers for silver helide emulsion (64,%4). 1,4-DAP deri-
vatives are applied in the production of plastice, used as freeze drying photo-

chromic filters {(95).

3. BENZO[ c]CINNOLINE

a) Syntheses

The synthetic approaches to benze{clcinnoline (BC) can be classified as:
1) cyclization of diphenyl derivatives with the formation of the N-N bond

2} cyclization of azobenzenes with the formation of the C-C bond

1) cyclization of diphenyl darivatives

8C can be obtained in the Ullmann reaction, from o-chloronitrobenzene (substi=-
tuted or not) and by the subsequent reduction of the resulting 2,2'-dinitrodi-

phenyl, for instance (96):

A
Ccl 1. Condensation
NO. in the presence
2 of a Cu catalyst snCly
2, Reduction with ON —_— @ O
X Naas X W+\0 N’N

X = halogen, alkyl

Instead of fusion there can be used OMF as a medium (97). An exemple of a mixed
Ullmann reaction is (98);

NO2 mixed
Ullmann

+ reaction LiAlH4
~——————= productg ———>

NO,

Br
¢
Br

Reduction of 2,2'-dinitrodiphenyl can be carried out with hydrogen in the pre-~
sence of Raney Ni or Pd/C, ae well as in the presence of Fe(co)5 and CO (29),
with either 100% hydrazine hydrate or hydrazine hydrate and EtOH (100), with

Zn + NaOH {101}, with Li 4in THF (102) or L1AIH, (103), as well as with
NaAlHa(OCHZCHzﬂﬁe)z and (EtO)3P (104).
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The partial reduction of 2,2’-dinitrodiphenyl e.g. with NeHS yields BC~mono-~N=~
-axide (105). The reduction of alkyl-2,2’-dinitrodiphenyls, resulting in alkyl-
~BC is described in {106), and the reduction of amino- and hydroxydinitrodiphe=
nyls in {(107).

BC and its N-oxide (substituted or not)} cen also be obtained by ths reduction
of 2-amino-2-nitro-diphenyl or its derivatives (98, 108, 109).

Sometimes the synthesie of BC by reduction of 2,2°'«dinitrodiphenyl is impossiblg
the substituents during the reaction being removed or reduced, e,g. nitro~ and
chloroderivatives cannot be obtained in this way. In such cases there is used
oxidation of 2,2'-diaminodiphenyl with peracetic acid or with sodium perborate

(103) :

80% Hy0, in AcOH Na WO, in AcCOH

room temp,, 2h 2 "4

O
S s / room temp,, 2h
ofof ——————————— \O f o)) = BC

BC can be also obtained from 2,2'-diamincdiphenyl by diazotisation (110), or
from 2,2'~diazidediphenyl or its derivatives (111), Reactien of 3-trifluorome-

thylnitrobenzene with godium amide yields 3,8-ditrifluoromethyl-BC-N-oxide (112),

2} cyeclization of azobenzenes

The second route of the synthesis of BC systems 1s the cyclodehydrogenation of
azobenzenes, for instance with NaAlCl4:
NaAlCl R
R,<::>_ Na N _<::>_R 4 O
@)
R \m-’N
R a H, Me, M°2N

Azobenzene in EtOH and 24#H2804 exposed to sunlight is photochemically dehydro-
genatad to BC {117}, The photochemical cyclodehydrogenation of azobenzenes to BC

can also be carried out in the presence of Lewis scid, &.g. FeCl Alcla, Sncl4

3 r
{118, 219).
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2,4,6=Trimethyloazobenzene underwent photochemical cyclodehydrogenation in sule

furic acid, with the loss of one and migration of another methyl group (120) :

Me
Me hy Me\~ Me
in H,S0
@NaN OVme — 274 O . O "
oJjor ™ ol
M A N’N
The following sequence of reactions results in BC (124):
ON g
N =« N
> —N - “Pe s = - -
l, ¢~ (R)-¢& -2N0 R 2 =CHy=CH,
+ -~ + 3
N =N N=
P
© © <o
uv
dehydrogenation
\
© S
N"N\ /N"N
2 =
’!‘!+= /C - (R)-C-\N n+|!.|
H2,

- Raney Ni
hydrazine '2N03 8c
in dil. NaOH

Ol
N-N N =N
I Sc-(wa-cly _y
NBN/ . \
O
vy

A convenient synthesis of hydroxy-BC and methyl-hydroxy-BC, aes well as of their

N-oxides was reported by Waldau (122):



O
N02 heating W k l-‘(-)~l
0, - NH@ g With KOH o=

] i [ R
OH W _om

O

BC can also be readily obtained from dihydroazoboracompounds (123)

+
@ NH diazotisation Nt

é-OH in  AcOH 2 ‘NaOAc BC
- [ — 0 B(OH), 100%

Among the synthetic approaches to BC there ought &lso to be mentioned its syn=-

theses from ylides by their thermolysis or photolysis (e.g, 124,125}

W oor A
@\9 ? —= BC 4+ etooc-fi

60% &0%h

as well as by their dehydrogenation, e.g. (125);:
S
OO ¢ M2

N
N7 N-Cann

b) Reactivity

Reactions of BC can be classified as follows:
1. oxidation

2. reduction

3. substitution

4. formation of ylidee and their reactions

BE. formation of metal complexes
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1. Oxidation
The electron density in the middle ring of BC is increased due to the presence
of two nitrogen atoms, thus this ring is resistant against oxidation, and sus~
ceptible to reduction, e.g. the reaction of BC with permanganate results in the

oxidation of two outer rings (126):

COOH
COOR

(:) KMAO,,, OH hooc <:>

O <%2’N Hooc N

BC is oxidized with peracetic acid to mono- or di-N-oxide, depending on the

reaction conditions {100, 127). The oxidation of methyl-BC is described in {116)
and of nitro-BC in (128).

Studying oxidation of bromo-BC there wes found, that N atom in the peri position
to Br does not undergo oxidation owing to the steric factors; bromo-BC with the
Br atom in the position 4 give 6-N-oxides, and not 5-N-oxides {(129). For the
same reason 4,7-dibromo-~BC does not undergo oxidation (98). By oxidation of BC
with ozone, its tetraozonide was obtained (130).

BC-di«N~oxide was reduced to BC with triethylphosphite, or with hydrogen in the
presence of Ransy nickel or Adams catelyst (131), Tanikaga (132) studied the

photoreduction of BC-N-oxide to BC in various solvents.

2. Reduction

The N=N bond in the middle ring of BC is more susceptible to reduction than
both outer rings, thus the hydro-BC cannot be obtsined by direct hydrogenation,
but by other methods, e.g. by cyclization of the appropriate phenylhydrazones
(133).

Benzol cjeinnolinic system ie rather stable, however, under drastic conditions
the N=N bond can be broken, e.g. in the hydrogenation of BC in the presence of
Raney nickel, the 2,2'~dieminodiphenyl is formed (101).

Ths photochemical reaction of BC in acidic sclvents gives the carbazole {134).
When BC wae reduced with metallic sodium or with sodium biphenylenide in hexa-

methylphosphoramide, the radical anion of BC wes formed (135},




Upon treatment of bromo- and dibromo-BC with LiAlH,, Corbett and Holt foB ]

found, that the Br atom was removed from 1 and 4 positione, e.g.:

Br
Br
@E\CN),@NLiAlH‘,_ 3 B"L1A1H4

Such debromination of 1- and 4-~bromo-BC 1s rather unexpected, L1A1H4 in general

not reducing aromatic halogenoderivativaes,

5,6-Dihydro-BC

Numerous publicetions are dealing with 5,6-dihydro-BC. This compound is formed
in the photoreduction of BC (136,137), in the polarographic reductien of BC
(138), or in the reduction of BC with hydrogen in the presence of Pd/Al (139),
Etienne and Piat (139) investigated reactions of 5,6-dihydro=8C:

a) 5,6-dihydro~BC is very reactive; with acid anhydrides mono- or diacylderiva-

tives are formed:

@ N~R R = -COMe, -CO-CHz-CHz-CDOH

® M-

b) reaction of 5,6-dihydro=-8C and ethyl melonate is a convenient route for the
synthesis of compounde with a pharmaceuticel activity. In this way there were

obtained:

CHR R = H, n-C4Hg

c) 5,6-dihydro-BC upon trestment with Na gives a very reactive disodium

derivative,

Acylation of §,6-dihydro~BC to ite mono- and diecylderivatives proceeds as seen

below (140):
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1. in ether,Li boiling

RCOCl
N N

éOR\COR

The 5,6-dihydrobenzolc]ecinnolinic radicals have been obtained in the reaction

5 ROSC
BC Na, in ether CC@ BC NN RCOC1l N

Nﬂ/ “Na - \Na ~COR

{140):

§,6-Dihydro~-BC, when exposed on sir, undergoes very easily an autoxidation to
5,6-dihydro-8C-peroxide, 5,6-Dihydro-BC-peroxide is & generator of H202, pro=

duced in a cyclic process (139):
R+H2wRH2
RH2+02-H202+R

The 5,6-dihydro-BC=peroxide was isolated in spite of its unstability; the hypo-~

thesie of its structure is (139):

l::' or I::JI H or
H N0

1
N-O-H | "

N o He | 10
@ @ ~H Ny A0

3. Substitution

Nitration of BC with a nitrating mixture yields 1-nitro~ and 4-nitroderivativese,
The reactivity sesquence, resulting from the calculations made for the protona-
ted form, 1s compatible with the experimental results, and is as follows:

1> 4> 3> 2 . Numercus papers are dealing with nitration of BC (12 ,141-143),
Nitraetion of BC-N-oxide is described (128, 2141, 143). In the nitration of me-
thyl-8C and their N-oxides thare was observed the activating influence of me-
thyl groups (143},

To reduce nitro-BC to amino-BC the reagents which do not affect the middle ring
have to be used, i,e, Sn012 + HC1l, Na hydrosulfite, hydrogen {low pressure) in
ths presence of Raney Ni or of ft, sodium amaslgam + zlcohol {142). Reduction of

nitro~BC and their N-oxides to amino=BC or to amino-BC-N-oxides is described in
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(48, 128); reduction of nitromethyl~BC and their N-oxides - in (143),

The Sandmeyer reaction of amino-8C (128, 129}, as well as of their N-oxides
(128, 144) wes reported.

§liwa and Szule (38), subjecting 2-smino-BC to Skraup reaction obtained chino[5,
8cleinnoline; the cyclization occurs in the position 1, and not 3, to give the
angular product. This higher reactivity of the position 1 is compatible with the

locelization energy values, calculated by HMO method.

l'wIH2

@ Skraup reaction
@ On - OJ0

Corbett (145) brominated BC in the presence of Ag,S0, and H,S0, to obtain 4~bro-

O

mo=BC, The chlorination of BC in the presence of AlCl3 yielded octachloro-BC
(146}, Reaction of BC with Me,NL1 results in dimethylamination in the positions

4 and 7 (147).

Chloro-BC undergo nucleophilic substitution with sodium alcoxides to give alco-

xyderivativas (248).
To BC system a new heterocyclic ring can be fused, e.g. from 1,10=-diamino-BC

thare is formed tetraazapirene (149);

HoN Ho02 @ N deoxygenation

N
—== Yool - Yoot
HaN @ N _O/N @ N\O_ N

MacBride (146) synthesized biphenylene by thermel extrusion of moleculsar nitro-

gen from BC:
vacuum pyrolysie
in ca 870%; 0.2 torr
{(through a diradical) @.@
BC -
70%

Similar reaction was carried out on octachloro-BC {146).

BC and 1te N-oxides undergo numerous cycloaddition reactions, e.g. BC gives

with MeOOC~G=C~COOMe the adduct {1:2), being probably a resonance hybrid of

following structures (150);
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COOMe COOMe COOMe
CoOMe Sypcoore N XxrcooMe
M -
coone N -2\ cooMe N~ cooMe
Me COOMe OOMe

COOMe COOMe
Xy, COOMe Sy COOMe

//' COOMe ~Z~ CO0Me
COOMe

similar adduct was obtained from 3,8-dimethyl-BC (151). The formeation of the

adduct of BC-N-oxide with MeOOC-CZC-COOMe is described (152).

4, Ylides

It is not poesible to discuss here all synthetic approaches te benzo[clcinnoli-
nium ylides, which have been published recently.

Ylide 35 was obtained by diazotisation of 2,2'-diaminodiphenyl {124,153), es
well as from 36 by itse reduction and subsequent oxidation, followed by treat-
ment of the resulting product 37 with methanolic KOH in DMF (125). Ylide 35
can be masily ethoxycarbonylated (153}, methylated (125) or benzoylated (124),

The benzoyl derivative can be also obtained by hydrolysis of 37 (125). The hy-

drogenation of 37 affords BC in a high yield (125).

+ N- COOE t
@)
101c005t
@ 3 e N c-o
O B~ , MeI O,!, ﬂcocl
B™, DMF

P
I
@ NH-N:é—NOz @ > NeGaNH

BH,, Nij O, Ol H,

N —2 - &
Noz 36 @ 37




BC reacts with active methylene compounds such as BrCHchp', BrCHchOMe,
BrCHchOEt to give the the benzo[c]cinnolinium bromides, These compounds sube
jected to dehydrobromination give ylides, which can be considered as extended
dipoles. These upon treatment with various dipolarophiles (e.g.Me(QOC~-CzC~COOMe,
Et0QOC~-C=C-COOEt, Et0O0C-NeN-COOEt) undergo cycloeddition reactions.
Cycloadditions involving extended dipolar systems offer the possibility of a
eimple route to medium ring heterocycles; the perisslectivity cobserved in such
processas being of practical as well os of theoreticel interest (154). The syn-
theses of some ylides are described (124, 125, 153, 155),

An example of ylide formstion and its 1,3-cycloaddition is the reaction {(156):

CH,,=COOMe @ s oncooms e00C-CRC-COOMe H. coome
br &Gy EtgN in CH,Cl, X
in CH,Cl, oM Br- reflux 5,5h i} p COOMe
* et @ e
74% 89% COOMe

Similar reactions weres reported (157),

Other reactions of ylides sre given by Gait et al. (158):

+ -
@ N-C{COOR)R’  MeQOC-CIC-COOMe
Ok 70% ; DMF

@ .

and by Chelland et al, (159). In this case the firet step gives rise to the tria=-

zole derivative, which undergoes e spontaneous slectrocyclic ring opening to

afford the azomethineimine 38:

- @ ?00Et
NCOOEt
':,' +/ N~
N N\_c:oom

N  N=GCOOEt
O O

@ L MeQOC~-C=C~COO0Me @ ’!I%HQ -_ég%—) il\a/é-com

tooMe

- 38
Similar reaction wes cerried out by Gait et al. (160).
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The iminoazimine ylides 339 give with ketones as dipolarophiles 2+2 cycloadducts,
i.,e, [b-lactams 40 , which on heating yield {depending on the ketene substituent@

8¢ end 1,2,4,4-tetrasubstituted imidazole~5~ones 41, or triazoles 42 (154).

;{N\ P Rl /RZ
ol - Y —
N c
(:) Ar g
Ar = g, o=tolyl s R
R; = Me, ¢ + ¢A</NiR2
R™ = Me, ¢ BC N

Ylides 33 undergo alsc a 1,5-dipolar cyclization, followed by retro-1,3-dipolar

cycloaddition {161}, Examples of ther cyclosdditions are reported (162),

5. Metal complexes of BC

There are known numerous metal complexes of BC, e.g. with Fe, Co, Ni, Cu, Cd
{163) and with Ag, Pd and Au (164). Kooti and Nixon (165) obteined pentacarbonyl-
~Cr, Mo and W complexes of a general formula: metal(CO)stC. A large amount of
papers is dealing with complexes of BC with Fe(CO)5 (166). The complex 43 upon

treatment with triphenylphosphine yields 44 .

O Fe(C0)
N/Ee CO N~ 3

ca 150° JJ | /cg #3P |
8C + 2Fe(co). — > ~Nrefco T N
5 o0 @ “Fe (CO)Pdy
43 a4

BC undergoes the reaction with Foz(CO)9 to give complexes of a formula

Fep(C0}7-BC (167), BC forme also the adducts with Li and Na (168), s.g.:
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(:) Li
~

~Li

c) Properties

The data concerning the crystalline structure of BC and its di-N-oxide are re-~
ported in (166), The dipole moment measurements of BC and 1ts N-oxide are des-
cribed (170), The calculation of the elsctronic structure of BC showed the
highest electron density in 1,10 end 2,9, and the lowest one = in 4,7 posi-
tions (171,172). There were reported the jonization constants of BC (114) and
its prototropic equilibrium constants {173), Radiationless proceases of BC (174)
and pelarographic reduction of BC and of its N-oxides (175) have been described.
UV epectrum of BC consists of four absorption bands; as compared with phenan-
threne it shows the bathochreomic shift of p and ol bands, and the increase of
the OC band intensity (98, 106, 176). UV spactra of substituted (Me, Br, CI,
NH,, NO,) BC and their N-oxide have been investigated (98,106, 143). WV spec~
trum of 5,6-dihydro-8C (137) end electronic spectra of radical anion of BC and
ita ESR epactra (135) have been described.

14 NMR spectra (178

There were studied fluorescence spactra of BC (177) and 1its
IR spectrum of BC-di-N-oxide (172) and mass spectra of substituted BC (180)
have been reportad.

Bioclogical activities of BC derivatives include anticancerogenic (123,139,181},
and fungicidal action (96). BC or its mono=- or di=Ne-oxides, as well as their
derivatives, e,g. 3,8-bis~trifluoromethylated are stabilizers for dielectrics
{182). BC, owing to its redox propsrties can be used as a starting material for
Hy0, production {139)., Some BC derivatives can be spplied as dyes (122,172).

Certain metal complexes of BC are used ss gasoline combustion catalysts or as

polymerization initiatore of atyrene (166).

4, TRIAZAPHENANTHRENES

a) Syntheses

In order to obtain chelating agents there was carried out the synthesis of
triazaphenanthrenes (TAP) with two N atomsin 1 and 10 positions,and the third
N atom in 2,3,4 or 5 position.
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The synthesis of 1,2,10-TAP was accomplished in the following manner: 8 =amino=4-
methyl-cinnoline was converted to 4-methyl-1,2,10-TAP by a modified Skraup re-
action involving acrolein, The methyl group then was removed by conversion to

the styryl derivative, oxidation to the acid and decarboxylation (183):

NN 1. transformation to
O modified Skraup N the styryl dorivativaNlN
H,N reaction NE) 2. oxidation
e 3, -CO O
2 CH,y=CH=CHO N me 3+ ~COp
(010 O

In a gsimilar way the amino derivatives of quinazoline and quinoxaline were
converted into 1,3,10- and 1,4,10-TAF {183).

For the synthesis of 1,5,10-TAP, the reaction of 4=amino«l,5~naphthyridine with
ethyl ethoxymethylenemalonate {(EMME) has been applied,The Skreup resction on

this compound did not take place {(183).

NH COOEt
2 .
N 3. hews in O o 1v hydrolyste O
Eo O powthern  [TO 2. ~Co, (010 oH
/\r\r’ N - =
N
1. OH-Cl N 1O

2. catalytic reduction O[O

The Skraup reaction of 3,5-diaminopyridine, resulting in 1,5,7-TAP, wes accom-
plished by Czuba (184):

HoN NH, Skraup reaction O
\L/SI O] On
N 14=-29% N
The 1,3,6=~TAP aystem wae obtained in the reaction (185): g
O
1. lithiation
[::153 2. cyclocondensation with O
N L excese gCN in Etp0 N7 ™ 0OMe
at =20

I
=
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and the 2,3,6-TAP system - in the reaction (186):

H
COOMe Oy H
COQEt
<:> 75% aq. H2N NH, P o
reflux in PrOH 1h (:) (:)
N Me - N Mo

The substituted S=methyl-2,3-dihydro~2,3,6-TAP=1,4~diones ware synthesized on

heating dihydrazide of the substituted 2-methyl-quinoline-a,4-dicarboxy11c acid
H

0u M\
CONHNHg

In order to obtain 2,3,6-TAP Godard et al. {188) carried out the following

(187):

reactiont
COOMa N\N
O O CooMe 4 | LiAlH,, then H,0
2. N N-NH -H 0
QA = . 0O
N R
R = H, Ms

An extaensive literature is concerning the synthesis of S-aza-analoguss of 2,4-
=DAF as potential antitumor agents and antifolates.

The 2,4,5=-TAP syatem can be easily obtained in the reaction of homophthalimide
with formamide, resulting in 45 (189}, this compound is subjected to the thia-

tion, followed by dethiation end aromatizetion (150);

1 thiation

He?
2\30 \ with PS5,
co” @) AH

N NW
i

dethiation with (il aromstization C)"

with KyFe(CN)g
Davieson sponge Ni O
4% RH 28%

--5362—




HETERQCYCLES. Vol 12, No 4. 1979

2,4,5-TAP system can be slso synthesized by reacting A-gminouracil with 2-amino-

H
methylenecyclohexanone (191}:
4 4 O\/N

2

Koyesma et al. (192) obtained 2,4,5-TAP and its derivatives on heating 4~amino-5-

~arylpyrimidines with excess HCOOH and FOCl,

€.9.

N
\l ﬁ X aMe, Y =2 aH
X Q/“ HCOOH O X a ze= OMe, Y = H
NH,, P0C13 O O
z

In another method of synthesis of disubstituted 2,4,5-TAP, the amino group of
4-amino=5~arylpyrimidine was acetylated and the resulting scyl derivative
subjected to Bischler-Nepieralski cyclization with FPA (193).

Lalezari and Sadeghi-~Milani (194}, starting with quinoline=-3,4-dicarboxylic
acids synthesized 2,4,6=-TAP system and incorporated it into a etercidal struc-
ture. Obtained polyazasteroids are potential pharmacological agents.

To synthesize the 3,4,6=-TAP system, there was performed an &cid catalyzed decom-

position of 46 ; here an interesting ring closure took place {195).

Oeh,,/\\N
HQ COMe ﬁ
N J§
2
‘<:> /Ij H;80, N 0
N 0 » H

22 H
Isomeric 3,5,6~ and 1,5,6-TAP were obtained by photochemical cyclization of

3-phenylazopyridine (196):

in conc. H2804, 1w
(:) N=aN 72h
=
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Berényi et al. (197) accomplished the hydrogenation of 47 , followed by aroma-

tization of 3-substituted 1,2-dihydro-1,2,4~TAP, resulting in 3-substituted

1,2,4-TAP:
NH=NH-COR H
N_ R X
NO HN- oxidation MR
2
@@/ hydrogenation :ﬂ: with KaFe(CN)g oN
. ' HOE 0

b) Reactivity

The derivatives of 1,2,10-TAP have been shown to have certain advantages over
1,10-phenanthroline as chelating agents, this fact being due to the third N
atom in the 2 position (198).

1,5,7-TAP was oxidized with chromic ecid to 1,5,7-TAP-G~[6H]-one {(184), 4d~Ma-
thyl-2,3=-dihydre~2,3,6=-TAP+1,4=dione upon treatment with halogenophosphides or
diazomethane gives dihelogeno- or dimethoxyderivatives (186),

Amination and hydrogenation of E-chloro-2,4,5-TAP proceeds as follows (190):

N arama:iﬁation
emination _N H,, 10% Pd/C wit
-_— 2 FalC
i%il 60% le and MgO N "3 of N)S N
Qe olol TTex Ol =% On
NH,, cl (N ClOw

Barton and Walker (196) investigsted vacuum thermolysis of 1,5,6- and 3,5,6-TAR,

resulting in azabisphenylenes.

N vacuun thermolysis
JE) by slow sublimation N
o T O=O

5, TETRAAZAPHENANTHRENES
8) Syntheses

1,2,4,6-tetreazaphenanthrene (FAP) was obtained by two routes (199):
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i.condensation with 1. condensation with HNOp
cl formohydrazide N~ orthoformate @ NO,,

No. 2-catalytic ON 2. catalytic
9 2  reduction O reduction \O
N

Berdnyl et al. (200) synthesized 3-substituted 1,2,4,6=FAP by regcting 3=nitre-

~4-chloroquinolines with acid hydrazides, and subjecting resulting 48 to reduc=

tion, followed by cyclization:

cl reduction with nN
NO, ”z"'“”'C'R NHNHCOR Hye PA/C W’R
@ioj/ ‘@@’ 2 and cyclization @O
74-98% 69-90%
48

R = alkyl, ¢ etc.
Similar compounds, substituted in the 3 position by Cl, NH2. OMe and other
groups were synthesized upon treatment of 3-nitro-4-chloroquinoline with

H,N=NH-COOEt; the subsequent reduction and cyclization led to the 1,2,4,6<FAP

2
aystem (201):

o NH=-NHCOOE t NH~-NHCOOE t

0z H,N-NHCOOEt NO W, ,Pd/C NH
@I@/N OlO fic1 2__/_> O] kel —
75% a2% -

ring closure with NaOMe-EtOH

in the presence of air N4N o
or refluxing in AcCOH A"
followed by Pb(OAc)4 oxidation @\)QD/ POCL,
- —_—
56%
N._.R
RH or RNa OI
O
H
R=Cl, N e

3-Nitro-4-hydrazinoquinoline reacts with orthoestere to give 3-8lkyl-1i,2-dihy-
dro-1,2,4,6~FAP (202):
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OEt
rd
1. R=C=OEt in the H

~ N. R
OEt HN
NH-NH,, 4 4 i |
resence of p-~-MegSo N
s NO P 3
IO O 2 2. M, (Pd/ETOH) @
N

R = H, Mo, Et, ¢

The 1,3,4,6-FAP system wae obtained in the reaction of 3-nitro-4=chlorequinoli~

ne with guanidine hydrochloride {203); NHp

@
s
Y

95% N

NH,, NH5

cyclization N*)\N N)\N
(base) (:) H, é

[
oy @O + 0 oy @9

Reduction of 3,3‘~dinitro-2,2°-dipyridyl yields 1,5,5,10-FAP {204)

; O]

N Na,8 in the presence
O ‘g@ ofza strong base O CN)/N
2

o
-

O2N NO

and reduction of 3,3'~dinitro-4,4’-dipyridyl affords & mixture of 3,5,6,8=-FAP

and ite 5-N-oxide; this can be deoxygenated with Fe (205).

O] O]

/_\ \ reduction ~-

N (O (ON  with Naps O\

= = LU 0 L@
02N N02 . 311 -

Condensation of substituted 5,6-diaminoquinoxaline with X -dicarbonyl compounds

afforded 1,4,7,10-FAP and ite derivatives (183, 205):
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Hy

2
glyoxal or o1 N\\f,/T(:;ZN R} a H, RZ = Me, ¢
A~diketones ™
—= 10JO
NN

jeod
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RZ

Rl

Koyama et al. {207) condensed cyclohexane-1,3-dione with formamide and dehydro-

genated the resulting dihydrocompound to obtain Z,4,8,10-FAP:

b) Reactivity

N N
¢+ NHy A - N
w0 JO) =a (O]
|
“Q ~ "Q g

Thermal extrusion of N atom from aromatic systems has recently proved to be a

useful synthetic route to diazabiphenylenes {205):

©®
(O10]

¢) Propertieg

pyrolysis by sublimation

through a silica tube r/’ ~
900°; 0,04 torr (:) (:)l
o N \\\/,N

80%

There were investigated 4 NMR spectra of 1,4,7,10=FAP and their derivatives

(206}, as well ee *H NMR and IR spectra of 2,4,8,10-FAF (207).

1,2,4,6-FAF and its 3-substituted derivatives have antiinflammatory, antimicro-

bial (199,200) and entifungal ectivities (201). 1,2-Dihydro-1,2,4,6-FAP or 3-sub-

stituted 1,2~dihydro-1,2,4,6-FAF {free or in the form of salts) poseess antimi-

crobial properties (200,202), 1,5,6,10-FAP has an antiinflammatory activity (20@l
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