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SUMMARY

The synthesis and structures of a number of polyecyclic
azahydrocarbons containing the =K=C=C=N~ system were investigated.
The dihydro-derivative of quinoxalino/ 2,3-b/quinoxaline wes shown
to be 5,12~dihydroquinoxaline/ 2,3-b/quinoxaline and not the 5,11~
isomer as claimed by several workers. The above structure was
assigned on the basis of the similarity of the absorption spectra
of 5,12=dimethylcuinoxalino/ 2,3-b/quinoxaline and the dihydro-
compounde Attempts to prepare 5,12-dimethylquinoxalino/ 2,3-b/-
quinoxaline from 2,3~dihydroxyquinoxaline and N,N'-dimethyl-o~
phenylenediamine resultéd in the loss of & methyl group, and 6H-~12-
methylquinoxaline/ &,3-b/quinoxaline was obtained. The same oompound
was isolated following attempts to prepare 5,ll-dimethylquinoxalino-
/ 2s3-b/quinoxaline; the latter compound has not been cbtained.

The methode aveilsble for the synthesis of inmdolo/ 3,2-b/-
indole were evaluated and it was proposed to prepare this ring
system by dehydrogenation of 5,10-dihydroindolo/ 3,2-b/indole. The
preparation of the latter compound by pyrolytic ring closure of
3=-azido=2-phenylindole was moatigated but this work was terminated
when the synthesis of indolo/ 3,2-b/indole was published by Treibs.

Indolo[ 2.3~_l_:7quinoxa11m was shown to exist predominantly
in the SH-form, but on mothylation it gives a mixture of 5- and
6-methylindoloquinoxalines. 1l-Methylindolo/ 2,3-b/quinoxaline was
not detected among the methylation products. E—Lbﬁxylindo].o[ 2,3=b/=



gquinoxaline is protovated and methylated at the ll-position, and
the S-mothyl isomer is protonated and methylated at the b-position.
These aasignments were mmde on the basis of U.V. aspectral and
H.MeRs date,

Derivatives of the g~triagolo/ 4,3-a/pyrasine and
g«ﬁ*iasclo[ 2,5~8/pyrasing ring systems were prepsred. The most
efficient method of synthesis of _g—trinzole[ 4.5—gpmzims was
found to be ring closure of 2~hydrasinopyrazines with ortho caters.
This procedure was superior to that using acidic cyclodehydration
agents. The struoctures cf several in‘hs:aating by=products obtained
in these resctions are also discusseds 2-Phenyl-g-triazcle/ 2,5-a/~
pyrasines were cbiained from the corresponding N-2-pyraszinylphsuyl-
awidines by dehydrogemation with lead tetra-acetate. The chove
amidines were prepared by the reaction of 2-aminopyrazines and
benzonitrile in the presencs of eluminiur chloride. This reaction
was not successful when eliphatic nitriles were used in place of
bengonitrile.

The absorption spsctra of the s~triazclo/ 4,5-a/pyrasine
and _g-triasolo[ 2,3~§7pymsim derivatives were compared with those
of their pyridine and pyrimldine anslognes. The similarity of the
curves was taken as further support for ths structures of these

sompounds «
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The study of heterocyclic compounds forms one of the

INTRODUCTION

largest and most important fields in organic chemistry. The
importance of these compounds is due to the presence of hetero-
cyclic ring systems in dyestuffs, pharmeceuticals, antibiotics,
vitamins, and a large varieiy of natural products. The nucleic
acids, which control the fundamental processes of life, are
derivatives of heterocycles.

Despite the fact that enormous advances have been made in
the chemistry of this class of compound over the past fifty years,
there are many gaps in this knowledge. These may be atiributed
t0 the large number of heterocyclic ring systems theoretically
possible. Any atom capable of forming two covalent bonds may take
part in a ring system and the nuber of anmular atoms may be any
number greater than twoe. Thus it is clear that the number of
heterocyclic systems possible is of astronomical proportions.

A large number of heterocyclic ring systems may be regarded
as being aromatic. According to B-adger,l an aromatic compound is
defined as a oyclic compound with a large resonance energy in which
all the annular atoms take part in & single conjugated systems A
convenient method of classifying heterocyclic arometic compounds
is to regard them as being derived from the corresponding
hydrocarbons by replacement of one or more of the carbon atoms

with & hetero-atom. In the case of the benzene ammlogues, the
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atom introduced inte the ring is required to contribute ons
-glectron to the aromatic sextet. Of the three most common
hetero-atoms, nitrogen, sulphur and oxygen, only nitrogen can
take part in an uncharged six-membered aromatic system. However,
with the oyclopentadiene analogues, the atom replacing the »CHz-
is required to ocontribute two W-electroms to complete the aromatic
sextots All three atoms previcusly mentioned are capable of thia,
and give rise to pyrrole (I), thiophen (II), and furan (III),

respectively.

I ] I ] | ]
{:Ii S 0
(1) (11) (111)

The replacement of carbon atoms by heterc~atoms in these five~
and six-membered ring systems results in aromatic heterocycles whose
properties are very similar to those of the parent hydrocerbons,
though modified by the presence of the hetero-atoms. Of particular
interest is the change in properties whan carbon atoms are rcpiaoad
by nitrogen atomes The introduotion of a nitrogen atom into a

six-mexbered ring gives pyridine (IV). The nitrogen atom is in
X
Z

(IVv)
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a trigonal state of hybridization, with two of the sp® orbitals
forming 0" -bonds with the corresponding orbitals of the two adjacent
cdrbon atoms, and the lone pair of electrons ococupylng the third
orbitale The remaining 2p orbital overleaps with the 2p orbitale
of the two adjacent carbon atoms so that there iz a Treslectron
cloud above and below the plane of the ring as in benzenes. As
nitrogen is more electronegative than carbon, the slectron cloud
will be more dense at the nitrogen atom than at the carbon atoms
in the ring. The differsnces in chemiocal behaviour of pyridine
and benzens may be attributed to the deactivating effect of the
nitrogen atom én the ring, and the presence of the lone pair of
electrons on the nitrogen atom.

As pyridine contains an electron-attracting nitrogen atom it
is not surprising that nucleophilic substitution is more facile
than electrophilic substitution. The latter takes place with
difficulty, and vigorous conditions are required. This is in
ocontrast to benzemne, which is very susceptible to attack by
electrophilic reagents, but requires the presence of an electron-
attracting substituent for mucleophilic attack. Consequently, the
reactivity of pyridine has often been compared to that of
nitrobenzens.?*> 1s oxidising agents may be regarded as electron
acceptors, the carbon atoms of the pyridine ring, with their low
electron densities, would be expected to be comparatively resistant

to oxidation. Alkyl groups and benzene rings Joined to a pyridine
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nucleus are oxidised to the corresponding pyridine carboxylic

acids by a variety of roagen‘ba."

Pyridine~-2,3-dicarboxylic acid
(VI) is formed when quinoline (V) is oxidised with a mixture of

hydrogen peroxide, sulphuric acid and copper sulphate.® Oxidation

e (e
N . . _~COOH
)

(v (V1)

of isoquinoline (VII) with ozone gives pyridine-3,4-dicarboxylic acid

X | “X\CooH
(vi1) (VIIiI)

(viIz).* Reduotion of pyridine occurs more readily then benzene
and may be achieved by catalytic hydrogenation or by chemioal means.
Piperidine is formed when plaﬁmme and niek917 are used as catalysts
for the hydrogenation and also when reduction is effected by sodium
and alcoho1.8 The use of sodium hyriramlph.’dﬁe9 and sodium mlganlo
results in partial reduction of the ring.

The presence of a lone pair of electrons on the annuler
nitrogen stom gives pyridine a nmuber of preperties which have no
analogies among benzene derivatives. Imong these is the ability to

form selts, quaternary compounds and N-oxides. #ddition to0 a C=N
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bond in pyridine occurs more readily than addition to a C=—C
bond in benzene, and it has been suggested that this is due to
the smaller loss in 77 -electron energy when pyridine undergoes
edditions!! If a reagent AB adds to the double bond of bensene
the product (IX) has four 7 -electrons distributed over four atoms.
With pyridine the resulting unsaturated system (X) has six
A X
H
RJ B
(1x) (x)
T ealectrons distributed over five atoms and therefore the change
in T =glectron enmsrgy is much less than in the case of benzene.
Both lmtonolz and dimethyl nootylonedio&rbozylahu have been
reported to form addition compounds with pyridine whereas bensene
does mot undergo these reactions.
The keto-enol tautomerism of 2~ and 4-hydroxypyridines is
dus to the availadility of the lone pair of electrons on the nitrogen
atom for bond formation with s proton. With 2<hydroxypyridine {XI)
for exemple, the pyridone structurs (XII) would be expscted to be

atable as the unsaturated systems of the 4wo tautomeric forms remain

X X
OH .
NF N e
H

(x1) (x11)
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almost unchanged with eight Tr=slectrons distributed over seven
atoms. It has been shown that in neutral solution the pyridone
structure predominates whereas in alkaline solution the lectin
form is more important.’* In contrast to this, phenol (XIII)

gshows no tendency to undergo tautomerism as the keto form (XIV)

would have considerably less resonance snergy than the hydroxy
OH 0

(X111) (X1IV)

compound. 1-Alkylpyridones show considerable aromatic charaocter
as they undergo nitration and other electrophilic substitutionse.

Elvidge and Jucmxxls

have shown by means of nuclear magnetic
resonsnce spectroscopy that le-msthyl-2=pyridone has spproximstely
35% of the arommticity of benzene, as defined by the ability %o
sustain an induced ring current.

The replacement of a carbon atom in a pyridine ring with a

nitrogen atom gives rise %o three isomeric diazines, pyridazine [XV),

pyrimidine {XVI) and pyrazine (XVII). The carbon atoms in these

DENGEN®

(xv) (xvI) (xv1I)
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ring systems are even more defiolent in electrons than those in
pyridine, and consequently electrophilic substitutions are very
difficult to achieve and mucleophilic substitutions take place

with more ease than pyridine. The polarization of the carbon=-
nitrogen bonds in these compounds is mo pronounced that addition
reactions can occur, ospecially when these ring systoms form part
o fused polynuclear heterocycles. For example, troatment of
pyrimidine with phenylmegnesium bromide &t room tempsrature results
in addition to the 3,4-bond, and hydrolysis of the product (XVIII)
gives 3,4-dihydro~4=pherylpyrimidine (XIX)«® %hen quinoxaline (xx)

Ph H Ph H
e T
N) N)

(XVIII) (X1X)

ir treated with aqueous sodium bisulphite the eddition cempound (XXI )
is recedily formesd and analogous reections clso vcocur when hydrogen

oyanide or Grignard reagents are used+l’ There is considersble

H
N N~ _H
H
NF N~ \S0;Na
H

(xx) (XX1)
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interaction between the anmular nitrogen atoms of the diazines

ag shown by their base strengths when compared to that of pyridine.

This effect 1s most noticeable in the case of the l,4~dlazines;

pyrazine, for example, has & pK‘ value of U«6 compared to 5.2 for

pyridim-ls
The six-mesbered ring systems containing three nitrogen atoms

are kuown as triagzines and of the thrse possible isomers only 1,3,6-

triazine (XXII) has been prepared in an unsubstituted form.

N\ N\ X
o U

(Xx11) (XX111) (xx1V)

Substitution reactions are difficult to achieve with this compound
as ring cleavage occurs with considerable ease. 7The latter property
may be attributed to the highly polarized nature of the carbon=
nitrogen bonds. A golution of 1,3,b~triaszine in distilled water
is completely hydrolysed after standing for 10 mins. at 25°. "
Derivatives of 1,2,4-triagins (XXIII) and 1,2,3-triasine (XKIV)
ere known, but the parent compounds have resisted all attempis at
synthesis.

Three classes of tetrazines are thsoretically posaible. 1,2,4,5=
Tetrazine (XXV) is known, but it is very susceptible to hydrolysis snd
can be reduced to ihe dihydro=compound. Only dihydro-derivatives of



NN Nxw N7TXIN
| W Y
A LA A
(XxV) (XxXVI1) (XXVII)

1,2,3,4=tetrazine (XXVI} have been prepared and no compounds
contuining the 1,2,5,5-tetrazine ring (XXVII) are known.

Dihydro~derivatives af. pentazine are known bhut the fully
aromatic compound has not been prepared.

Cyolopentadiens (XXVIII) is not aromatic as the four 1f~elsctrons
cannot form a conjugated system which would incorporate ail the amnular
carbon atoms. Tf the methylene group iz replaced by en imido group
the aromatic compound pyrrole {XXIX) is obtained. The nitrogen atom

H H

(XXVIII) (Xx1X)
is in an _9_22 state of hybridisation, with two of the hybrid orbitals

forming o’ -bonds with orbitals from the adjacent carbon atoms, and
the third overlapping with the lg orbital of a hydrogen atom to form
the N-H bonds The lone pair of electrons is in a p orbital which is
perpendicular to the plans of the ring. The aromatic sextet is made
up of four Tr-slectrons from the carbon stoms and two from the

nitrogen. As the pyrrole nucleus has six 7=electrons distributed
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over five atoms, 1ts reactions will be those of an activated
ring system. Its T-electron density is higher than that of
benzene and is comparable to that of a benszene ring substituted
with an electron donating groupe The reactivity of pyrrole has
been compared to that of phenole?® The two T-slectrons of the
nitrogen atom are spread over the whole ring and consequently the
nitrogen atom is electron~deficiente This is illustrated by the
acidic nature of the imido groupe Pyrrole reacts with potassium
liberating hydrogen and forming & potassium salt.

Electrophilic substitution of pyrrole takes place with great
ease and generally involves the 2-position if this is available and
in fact there are very few examples known where the attacking spascies
enters a /7 ~position when an o(-position is free. If the 2~ and
G=positions are substituted then reaction cecurs in the 3~ or 4~
position. MNucleophilic attack on the pyrrole nucleus is unknown
and this is undoubtedly due to its high Tf-electron density. The
ease of oxidation of pyrrole and its simple derivatives can also
be attributed to this fact.

In contrast to pyridine, the ni‘h*ogon atom in pyrrole does
not have a lone pair of electrons available for salt formation.

If the lone pair is utilized in bond formation the pyrrole nucleus
loges its aromatic character. Consequently, it is a very wesk base
with a pK‘ value of approximately 0.418 and undergoes resinification

in the presence of strong aoids.
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Fyrrole takes part in very few addition reactions and
Diels=Alder type adducte are formed in all known cases. In this
respect it resembles oyolopentadiens. The product (XXX) is
formed when pyrrole is treated with triphenylmethyl ndicnll.ﬂ
The intermediate (XXXI) has been postulated in the resction between
l-methylpyrrole and dimethyl acetylenedicarboxylate.Z?

—— COOCH,4
HJ LH
H
(XXX) (xxx1)
The isomeric dimzoles, pyrazole (XXXII) and imidagole (XXXIII),
mey be regarded as pyrrole nuclei in which the carbon atoms in the

2~ and Z-positions respectively, have bsen replaced by nitrogen
atoms. The amphoteric properties of these ring systems may be

& 3 ke 3N
L‘ N/2|N Is r,\lz/”
H H
(XxXx11) (XXx111)

attributed to the presence of both an acidic imido group and a basic
nitrogen atome Pyragole and imidazole are stronger acids than
pyrrole ss the tertiary nitrogen ataom is electron attraoting and

thus increases the tendency of the imido hydrogen to separate as
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& proton. The diazoles would be expected to be stronger bases

then pyridine (pK, 5.2) as the basic nitrogen atom is in a ring

of high 7 -slectron density. This is true in the case of

imidagole (pK, 7.16%%) but does not explain the low basicity of
pyrazols (pK 2.55%5), It has been suggested that the low value

for the latter compound is due to the formation of a hydrogen

bonded dimer (XXXIV), but this explanation has been rejected in

view of the weak basic properties of l-methylpyrazole (pkK, 2.00%°),24

(XXXIV)

The tertiary nitrogen atom has a deactivating effect on these
ring systems and the 7r -elesotron densities at the carbon atoms are
not as high as at those in pyrrole. Consequently, the ease of
electrophilic substitution of these nuclei is intermediate between
that of pyrrole and benzens, and their resistance to oxidation is
greater than pyrrole.

Imidasole and pyrazole are tautomeric compounds and the imido
hydrogen may be attached to either of the nitrogen atoms. The 4~
and S-positions in imidazole: are equivalent and it is not possible
to distinguish between 4~ and S-monosubstituted derivatives.
Similarly, 3~ and S5-monosubstituted pyrazoles are identiocel.



Five~mombered rings containing three nitrogen atoms are
known as trisszoles, 1Two izomers are possible, 1,2,3-triascle or
y-triazole (XXXV), and 1,2,4~triazole or s-triazole (XXXVI). The

l"- 9,N lln- al
2 g,}“l 2N
b ¥
(XxxV) (xxxvi)

tertiary nitrogen atoms in these ring systems are electron-attracting
and electrophilic substitution at the carbon atoms takes place with
difficulty. The chemical properties of the triazoles suggest that
the carbon atoms in these nuclei have lower Tr~clectron densities
than those in a benszene ring and theoretical calculations are in
agroement with this poswht@.zs

Electrophilisc attack on the 1,2,3-triazole micleus ocours
only under neutral conditionse. 4,5-Dibromo«l,2,3~triazole is formed

26

wher the parent compound is treated with bromine. 4-lothyl~1,2,3-

triazole is converted to the corresponding 5-haloe=4-methyl-l,2,3-
triazole by the action of chlorine, bromine or iodine, in ohlorofom.z7
Whan acid conditions are used in the halogenation of Z=phenyl=1,2,3-
triagole, substitution ocours in the p-position of the phenyl group
rather then in the triazols micleus.?®

Sulphonation, halogenation and Friedel-Crafts alkylation and

acylation of the 1,2,4~trisnzole micleus are unkmown, The formation
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of 3-hydroxymethylel,2,4=triagzole from formaldehyde and 1,2,4=
triazole is onms of the few examples known of electrophilic attack
on the carbon atoms of the triazole r.’mg.z9

48 the carbon atoms in ths triazoles have lower 7T=electron
densities than those in bensene, it would not be unreasomable to
expect them to be susceptible to attack by nmucleophilic reagents.
Reactions of this type are, however, unknown. This is undoubtedly
due to the removal of the imido hydrogen by the nucleophiles and
formation of the anione which have higher =electron densities.

1,2,4~Triazole and 1,2,3~triazole are weak bases, and the
cations formed with mineral acids are usually completely dissaolated
in agueous solution. The basic pKa for 1,2,4-triazole is 2.55,25
but the value for 1,2,3=-triaszcle haes not been determined. These
compounds are stronger acids then the diazoles and form sealts with
a mumber of metal ions.>0#51 1,2,4=Triazols has an acid 2.9 10.1%2
and the bengo~derivative of 1,2,3~triazole has a valus of 8.57.18

Triagzoles are tautomeric and it is posaible to write three
structures in which the hydrogen atom is attached to each of three
nitrogen atoms. In the case of 1,2,5~triazole it has been suggested
that the structure with the hydrogen in the 2-position offers the
most acourate description of the mlecule.5® This argument is based
on the observation that the value of the dipole moment of 1,2,3-
triazole (1.77 D) is closer to that of pyraszole (1.57 D) than that

of imidazole (3.84 D). However, methylation with dimethyl sulphate
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and slkell yields predominantly the 1-isomer®! and quaternary salt
formation with lealkyl derivatives takes place at the s-positionoa
The 4~ and S~positions of the 1,2,3-triaszole ring are equivalent
and 4~ and 5-moncsubstituted derivatives sre indistinguishable.
4lkylation of 1,2,4~triazole with a diazoalkane, or an
alkyl halide snd the sodium salt of the triazole, gives mainly the

1-alkyltriagole. 0

Recently, it has been shown by means of muclear
magnetic resonance studies that the acetyl group in N-mcetyl-l,2,4~
triazole is attached to the nitrogen in the l-pocition.ss Theoretiocal

caloulations . 20+37

predict that quaternary ealt formation will take
place st the 4-position of the 1,2,4~triazole ring and this has been
verified experimentally in the case of 1,3,5-trimethyltriasole.>®
The equivalence of the 3~ and S-positions in the 1,2,4~triazole
nucleus is due to the tautomeric nature of this compound.

Totrazole (XXXVII) is a stromg acid (pK, 4.89°°) and ite

strength is comparable %5 that of many organioc carboxylic acidse

N N——N

Nll | hlj' |

Sy SN N
H H

(XXXVII) (XXXVIII)

The tendensy for the imido hydrogen atom to separate as a proton is
inoreased by the slectron-attracting properties of the three tertiary
nitrogen atome. The weak basic properties and resistance to oxidation
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of the tetraszole ring system are further indications of its low
Ti=electron density. Compounds containing a high percentage of
nitrogen are often thermally unstable and it is not surprising
that many tetrasoles exhibit explosive properties. 9he paremnt
compound decomposes violently when heated above its melting point.

Derivatives of pentazole (XXXVIII) are wery unstable and
are known only in solution. Fhenylpentazole has been postulated
as an intermediate in the reaction between the azide ion and
phenyldiagonium salts. %0 The evidence for its formation is based
on kinetic studies of this reaction.

Many of the properties of polymiclear aszehydrocarbons
closely resemble those of the corresponding hydrooarbons. In the
series henzene, naphthalene, anthracene, naphthacens, pentacene
and hexacene, the reactivity and tendency to form dihydro-derivatives
inoreases as the series iz ascended. The related asahydroscarbons
show a gimilar tendency to form dihydro-compounds and the higher
members of the series are very reactive. Dihydrophenaxine (XXXIX)
is not particularly stable as it undergoes oxidation in air to form
phenazhydrin, a 1:1 molecular complex of phenazine and
dihydrophenasines®? Benso/B/phenazine has been reduced to the
corresponding dihydride (XL) which was found to be stable in air,

00 QOO

(XXXIX) (XL)



- 17 =

but could be oxidised to the aromatic compound with diohromto.*z
Dihydrodibenso/ b,i/phenasine (XLI) is so stable that all attempts
to oxidise it to the aromatic oompound have been umucooaaful.*z

H
N

N
H
(xL1)

The presence of the nitrogen atoms in these heterocyoclic
systems impsrts a nunber of properties which have no parallels in
the hydrocarbons. The most interesting of these is the ability
to form p-quinonoid-type.structures which are of varying stability.
The dihydro-derivative (XLII) of benso/ a/quinoxalino/ 2,3-o/=
phonazine is unstable*> whereas 13,14-dihydrodivenso/ b,i// 4.7/~

phenanthroline (XLIII) is suffiociently stable for it to be isolated. ¥4

HN

(XLI1I) (xLI11)
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The quinonoid structure of 6,12-dihydroquinoxalino/ 2,5«=b/-
phenazine (XLIV) is particulerly resistant to oxidation as all

N N
N
QLI
(XLIV)
attempts to convert it to the aromatic compound have been unsuccessful.
46 14 can be seen from the above examples that the stability of the
conjugated system, =N=C=C=C=C=N~, varies greatly and depends on the
structure of the fused heterocycle. It seemed of interest to
determine whether the related system, ~N=C=(=N~, showed a similar
tendency.
4s one of the possible tautomeric forms of indolo[ 2,3—_b7quinon11m
(XLV) contains the latter conjugated system, & study of the tautomerism
and reactions of this compound was undertaksn. The structure of the
agsahydrocarbon fluoflavin has not been established beyond doubt and
one group of workers has regarded it as 5,ll-dihydroquinoxalino-

[ 2,3-b/quinoxaline (XL‘TI).‘ILs An investigation of the structure of
fluoflavin was desirable as this would yield information concerning

00 QLT

(xXLv) (X1v1)



the stabllity of the =N=C=(C=N- system. Thias linkage is alsc present
in indolo[ 5.2-_l_>7:lndole (XLVII), and as this ring system is unknown
its synthesis was aiso attempted.

éN

N

(XLviI)

The fusion of a 1,2,4~triazole mucleus and & pyraszine nucleus
oan theoretically give rise to two isomers, _g-trtuolo[ 4,3'-37-'
pyrazine (XLVIII) and s~triasolo/ 2,3-a/pyraszine (XLIX). Only one

N N
(XLVIII) (XLIX)

of these is known and was prepared in ths form of its benzo-derivative,
_g-triazolo[ Q,S-Qqumnlim.a 4s part of a long term research
programme inte the chemistry of fused 1,2,4=triagole systems, the
methods evailable for the synthesis of the sbove structures were
investigated.

The corresponding pyridazive and pyrimidine derivatives have
interesting phermacologioal properties, especially in relation %o
cancer?® end nucleic acid me'tabol.tm.és A mmber of derivatives of



polymiclear 1,2,4-triazole systems have been utilized in photography.
50,51 , pharmacological evaluation of the s-triazclopyraszines prepared
in this study is also to be carried out.

In the preceding section it has been shown that while the
properties of nitrogen-eontaining aromatic compounds are very similar
to those of their carbocyclioc analogues, they are modified to some
extent by the presence of the hetero-atoms. The sbsorption spectra
of nitrogen heterocycles also resemble those of the corresponding
hydrocarbons. The intense ultraviolet and visibls absorption of
aromatic compounds is due to electronic transitions from bonding to
non-bonding r-orbitals (r—>7r"transitions). As the azahydrocarbons
contain the same number of Tr-electrons as the corresponding hydrocarbons
it is not surprising that their sbsorption spectra are similar even
though there are small differences in eleoctronic energy levels and
molecular dimensions.

The aromstic hydrocarbons generally exhibit three main reglons
of absorption in the ultraviolet and visible region and these bends
are referred to as group I, II and III bands, mapecﬁvoly.sz The
group III bands are due to transitions which are forbidden by the
symetry of the molecules and thus are usually much less intense than
the shorter wavelength bands. Benzene has an intense region (group I)
of absorption at 179 n/-l,ss 8 second region (group II) of relatively
intense ebsorption around 200 3/4,54 and & third region (group III)
around 230-260 n}u.s“ The shsorption maxima of naphthalens csccur at



longer wavelengths and are more intense than those in benzene.
The bands in the spectrum are at 220 mu(group I), 276 m“{group II)
and 310 mu(group 111).%°  The linear condensed ring compounds
anthracene, naphthacens, pentacens, and hexacens, show only two
regions of absorption (zroups I and II) as the group III bands:are
hidden under ti:e group II bands., This effect is not obaerved with
the angular compounds as all three regions of absorption can be
distinguished.

The absorption spectrum of pyridine is very similar to that

56,57 The

of bensene, with maxima at 170 mu,50 200 muand 250 mAk
main difference is that the intensity of the long wavelength band
is about ten times as great as that in benzenms. The transition
associated with this band is not forbidden by symmetry and thus gives
rise to an absorption band of greater intensity. The higher mezmbers
of the azine series also possess spectras aimllar to that of benzene.
E::%aocollss compared the groﬁp III sbsorption bands of bensens,
pyridine, pyrimidine, pyridazine, and s~teirazine and concluded
that the sbsorption is shifted progressively to longer wavelengths
with each additional nitrogen atom, and that the effect is most
marked when the nitrogen atoms are adjacent.

The sbsorption ocurves for quinoline (L), isoquinoline (LI),
and quinazoline (LII), all show the seme three main regions of

id560 In every case the intensity of

ebsorption as nephthalene.
absorption in the group III region is greater for the asahydrocarbon

than for naphthalene.
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SOREORE S

(1) (L1) (L11)

The nitrogen heterocycles corresponding to anthracene
exhibit two main regions of absorption, the group III region being
hidden under the grour IT bands as in the parent hydrocarbon. The
spectra of anthracene (LIII), acridine {LIV) and phenazine (LV)
are very similar (Fige 1) although there is much less fine structure

in the oase of the he‘bnmcycle:.sl

400140018 ®
N/ N/
(LIII) (LIV) (mv)

Badger and co-warhrssl

have examined the spsctra of a large
nuntber of azahydrooarbons end have concluded that the spectra of
these compounds closely resemble those of thelr carbooyclie
analogues although there are some differences. The chief differences
ares (1) the group III absorption bands are much more intense than
those of the hydrocarbonss (2) in enthracens analogues tlie group II

bands are sometimes more intense than those of the hydrocarbong
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(3) there is considerable loss of fine struoture in replacing
a methine group by an annular nitrogen atom, but as far as can
be ascertained the various maxima are not shifted to any marked
extent; and (4) the absorption spectra generally extend to
longer wavelengths than those of the corresponding hydrocarbons.

A considerable solvent effect is observed when the spectra
of agahydrocarbons are determined in polar and non-polar solvents.
62 In cyclohsxans solution many compounds exhibit an additiomal
gbsorption band which is not present when the spectra ares determined
in ethanolic or agueous solution. These long wavelength bands have
been assigned to transitions involving the excitation of an electron
from & non-bonding orbital of a nitrogen atom (n-electron) to an
unocoupied Tr=orbital (n—>7 transition) P polar solvents
such as ethanol and water the n~electrons of the nitrogen atoms
are involved in hydrogen bonding and the absorption resulting frem
a -—>Tr*trmsiﬁons is shifted to shorter wavelengths, and in many
cases, hidden under the group III 'band:.67

In oyclohexane solution the n __)w# transition in pyridine
appears &s s series of shoulders on the long wavelength side of the
group ITI bands.8” The diasines, pyridesine, pyrimidine, and pyrasine,
show well-defined bands at longer wavelengths. For example, a
solution of pyridazine in cyclohexane gives a diatinot n —>1‘I‘*

absorption band at 345 xyl. whereas ths group III absorption has a
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maximam at 260 zz}ugss When water is used as the solvent the
n—>7* absorption is shifted to shorter wavelengths, the maximum

being at 300 1941.68

Badger and Walker®!

heve examined the spectra of a large
nunber of agahydrocerbons and in many ceses have established the
presence of _gy—)‘rr*ubmrption bands.

A mmber of nitrogen~containing ring systems do not exhibit
n —>71” bands in their spectra sas the absorption due to this
transition is of very low intensity and is hidden under the group
III bands. This has been found to be the case with phenmanthridine

(LVI), 1,10-phenanthroline (LVII) and dibenzo/ f,b/quinoxaline

(1)’
N I
ARG p
(Lv1) (LviI) (LVIII)

Pyrrole is isoelectronic with benzene and may be considered
to be derived from it by the replacement of one of the ~CH=CH~ graups
with a ~NH= groupe The spectrum of pyrrole has sbsorption bands at
172, 183 and 211 %69'71 but does not show absorption at wavelengths

sorresponding to the group III region of bensene (230-260 ny(). The



dissimilarity of the spectra of pyrrole and benzene has been
ascribed to the effect of the electronegative nitrogen atom in
restricting the delocalization of its lone pair of slectrons.
1-Methylpyrrole shows sbsorption in the 230-260 muregion and this
is thought tc be due to a reduction in the electromegativity of
the nitrogen atom by methyl substimﬁ.nn.?s It has been pointed
out that the resemblance of the speotra of furan, pyrrole, and
thiophen, to that of benzene increases ns the electronegativity

of the heteroatom decresses .72

The spsctra of pyra:ole,u imidasolo,u 1,2,5—&1&5010,75 and

1.2,4—-15:'1“91076

heve been determined and in all cases there is an
absorption band with a maximum at about 210 mu. Imidasole has an
additional band of low intensity at 260 muand this has been asaigned
to the n —>7* transition of the -C=N- group.w

Indole (LIX) oontains the same munber of T=-slectrons as

naphthalene (LX) and the absorption spectra of the two ring systems

H
(LIX) (1X)
have been found to be very similar (Fig. z).“?9 The prinocipal
differences are in the long weavelength region where the group III
absorption of indole is at a shorier wavelength than that for
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naphthalene. As a result the group II band of indole camnot be
clearly distinguished.

The spectrum of carbazole (IXI) has been compared with that
of phenanthrene (ILXII) and ths similarity was found to be greater
than in the case of indole and mphﬂmlem.79 Both compounds exhibit

N
H

(1X1) (Ix11)

three regions of sbsorption, but the group I band in carbagole iz at
& ghorter wavelength than the corresponding band in the hydrocarbon.
There is an additional difference in ths group III region where the
intensity of the absorption of carbazole is greater than that of
phenanthrene .

Badger end Chrlstio?g examined the absorption spectra of s large
munmber of polycyclic compounds containing five-merbered heterocyclic
rings and found that they are fundamentally similar to the spectrs
of the related benzenoid hydrocarbons. These workers soncluded that
three main regions of absorption corresponding to the group I, II and
III bands of the aromatic hydrocarbons can generally bs resolved and
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that the mein differences are: (1) the absorption (partioularly
the group I bands) is shifted to shorter wavelengths; and (2)
the group III bands have much higher extinction coefficients

than those of the hydrocarbons.



DISCUSSION
A. DIHYDROQUINOXALINO/ 2,3-b/QUINOXALINES .

In the literature there is no agreement as to the structure
of the polymuclear azahydrocarbon, fluoflavine. This compound was
first prepared by Hinsberg and Pollek®C who assigned it the structure
5,12-dihydroquinoxalino/ 2,5-b/quinoxaline (IXIII3 R=R'=H). lore
recently, Baganz and Krﬁgar*a reported a novel synthesis of fluoflavin
and regarded it as 5,11=dihydroquinoxalino/ 2,3=b/quinoxaline (IXIV;

N NZ R
R R
(IXIII) (IXIV)

R=R'=H). Two chloro-derivatives have also been reportsd and these
were considered to be derivatives of 5,11-dihydroguinoxalinoe/ 2,3-b/-
quinoxalino.al
4is the structure (IXIV) contains the conjugated system under
discussion, an investigation of the structure of fluoflavin was
desirable. It was thought that & comparison of the absorption spectra
of fluoflavin and the two dimethyl derivatives (IXIII and LXIV;
i{=R’=GH3) would solve this question, and the synthesis of the

latter compounds was attempted.



Previous syntheses of fluoflavin have been achieved by the

condensation of o-phenylenediamine and dichloro=- or dihydroxyquinoxaline

(1XV; R=Cl or OH).SO These methods involved fusion reactions and
were unsatisfactory because of the low ylelds and formation of

troublesome by-products. The alternative methnd,‘s involving the

reaction of o-phenylenediamine and 1,1,2,2-tetrachloro~l,2-dibutoxyethans,

gave & good yield of fluoflavin but has little practical value due to

N NS
X-R 0
x o OL
CHy
(1xV) (1Xv1)
the difficulty of obtaining the ethane derivative. It has been found
that fluoflavin mey be obtained in good yield by heating o-phenylene=~
diamine and 2,3-dihydroxyquinoxaline (IXV; R=0H) in polyphosphoric
acid.

The most satisfactory method for the preparation of 5,12~
dimethylquinoxalino/ 2,5-5/quinoxaline (IXIIT; R=R'=CH,) was found
to be by the condensation of 2,3-dichloroquinoxaline (LXV; R=Cl)
and N,N'-dimethyl-o-phenylenediamine using sodium chloride as diluents.
The same compound was obtained in very poor yield when g-phenylens-
diemine and 1,2,3,4-tetrahydro=-1,4~dimethyl=2,3~dioxoquinoxaline

(1XV1) were heated together in polyphosphoric acid.



The seme product (IXIII; R:R‘:CHS) was alsoc expected from
the reaction of 2,3-dihydroxyquinoxaline (IXV; R=0CH) and N,N'~
dimethyl-o-phenylenediamine in polyphosphoric acid. However, the
product isolated was shown to be 5H=12-methylquinoxalino/ 2,3~b/-
quinoxaline (IXIII; R=H, R'=CHg). It was identified by
comparison with an authentic sample prepared by the condensation
of o=phenylensdiamine and 1,2-dihydro=3~hydroxy=l-me thyl=2-
oxoquinoxaline (IXVII) in polyphosphoric acide The presence of the
NH group was satisfactorily confirmed by the ready formation of an
acetyl derivative and an Nemethyl determination showed that only

one N-CHy group was present.

&
NH30

N/ OH

(LXVII)

The loss of a methyl group in this latter condensation was
of some interest. 65,12-Dimethylquinoxalino/ 2,3-b/quinoxaline (LXIII;
R:R"=Cﬁs) wag recovered unchanged after heating in polyphosphoric
acid for two heurs. This proved that the final product was stable
under the reaction conditions and that demethylation must have taken
place at some previous stage. The acidic nature of polyphosphoric
acid would result in protonation of the N,N'edimethyl-o-phenylene~
diemine and the conditions would therefore be very similar to those
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required for the Hofmann rearrangement of the salts of alkylanﬂims.sa
4 nuclear magnetic resonmance spectrum of the crude reaction product
showed & band ( 77, 7.73) which was assigned to an aromatic C~CHg
groupe As this band was of low intensity, it seemed likely thet

the methyl groups were eliminated predominantly as carbonium ions
which then reacted with phosphate anions to form methyl esters.

This would be analogous to ths formation of alkyl halides in the
Hofmarm rearrangament.az

In an attempt to prepare 5,11-dimethy1qu1noxa11no[ 253=b/f=
quinoxaline (IXIV; R=R‘=CB,5). JN-methyl-g=phenylenediemine and
1, 2~dihydro=-3-hydroxy=1=methyl=2=oxoquinoxaline (ILXVII) were heated
together in polyphosphoric acide The product isolated from the
reaction was identified as Egnlz-mathquuinoxalino[ 2,3=b/quinoxaline
(IX111; R=H, R =cn3). Lower reaction temperatures were used in
an attempt to prevent the loss of the mﬂiyl substituent, but it
was found that below 200° there was no reaction and above this
temperature the demethylated product was formed. The use of glaciel
acetic acld and of polyphosphoric acid of higher phosphorus
pentoxide content, as reaction media, was also unsuocessful.

A more satisfactory synthetic route to §5,11~dimethyl-
quino:alim[ 2 ,&gqunonlim would be one in which ring closure
was effected by two separate resctions. In an attempt to achieve
this, Nemethyle-o-nitroaniline was treated with S~chloroe},2~-
dihydro-l-methyl-2-oxoquinoxaline (ILXVIII). The yield of the
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product (IXIX; R=NO,) was so low that the projected further steps

(reduction of the nitro group, and cyclization) were not attempted.

N3 o NS
L QL0
CH3
(IXVIII) (LX1X)

As the poor yield was probably due to the low basicity of N-methyl-
o-nitroaniline, a more basic auine was employed. N=(o-Methylamino-
phenyl)toluene~p-sulphonamide (IXX) was used in place of Nemethyl=-
o-nitroaniline, but the desired compound (IXIX; R=C,H,SO,NH) could
not be obtained.

g-(g-hbthwlaminophenyl)to‘luone-:g-sulphommide (IXX) was
prepared from N-methyl=-o-phenylensdiamine and tolusne-p=-sulphonyl
chloride. A comparison of a sample of this compound with an authentio
sample of the isomer,5% N-(o-aminophenyl)-N-methyltoluene=p=
sulphonamide (ILXXI), showed that reaction had occurred at the

primary amino groupe.

CHy CHy
NH N-505CsH,
NH-50;-C;Hy NH,

(LxX) (IXX1)
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The absorption spectrum of fluoflavin was found to be very
sizdlar to that of 5,12-dimethylquinexalinel 2,3-i/quinoxaline
(Fig. 3) and it seems certain therefore that in 956% ethanol it
has the structure (IXIII; R=R'=K). 6H~-12-Nethylquinoxalino=
[ 2.3-8/quinoxaline also has a similar absorption spectrum (Fig.
%) and this establishes its structure as the §,12-derivative.

Fluoflavin was dehydrogenated to the aromatic compound,
quinoxalino/ 2,3-b/quinoxaline (IXXII), by treatment with lead

tetra~acetates A dilute solution of this compound in ethanol was

QL0

(IXX11)

reducsd photochemiocally to fluoflavin. In this respect it resembles
phenazine which has been transformed to dihydrophenazine in a
similar mamer.®® It has been postulated that the ethancl is
oxidissd to acetsldshyde in this resction.®® Hinsberg and Pollak®®
have reported that quinoxalim[ 2,3=b/quinoxaline may be reduced

0 fluoflavin using hydrogen sulphide, stannous chloride or

hydroguinone.
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Be INDOLO/ 3,2-b/INDOLE,

In 1922, Robinson®® suggested pentalems (IXXIII) as a possible

aromatic compound. In the following years there were many attempts

yhiENgwy

(IXXIII) (1XXIV)

to prepare this ring system, but all were unsuccessful. Although
theoretical caloulations have shown that this structure would have a
resonance energy of shout 40 koels./mole,%¢*87 there is a wide

86,88 A numbsr of

difference of opinion regarding its stability.
derivatives of pentalens are known and among these is indeno/ 2,1-a/~
indene (IXXIV), This compound was found to behave as a conjugated
diene and had no aromatic stability.S>

The replacement of a methine group in an aromatioc hydrooarbon
with a tertiary nitrogen atom results in an aromatic heterocycle whose
properties resemble those of the hydrocarbon to & certain extent.
This faot has prompted a number of wei'karx to prepare derivatives of
azapentalens (IXXV) with the object of examining their chemical
properties. The synthesis of the benso-, dibenszo-, and bensonsphtho-
derivatives (IXXVI, LXXVII, end LXXVIII, respeotively) was achieved
by Treibs,”C and derivatives of (IXXVII) have been prepsred by

Kempster and co-workerl.gl In each instance the mode of synthesis was
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XN XN\
(1xxV) (LXXVI)
= N
N Z
(IXxXVII) (ILXXVIII)

Yis the dihydro-compound which was prepared from the corresponding
hydrazine and ketone by the Fischer indole synthesis. Dehydrogenation
geve the required azapentalene.

Several attempts have been made e prepare derivativaes of
diazepentalene (LXXIX). Kato and Ohta’® attempted the synthesis of
the dibenso-derivative, indolo/ 3,2-b/indole (IXXX), by the
intramolecular condensation of 2-(o-aminophenyl)-S-oxcindolenine
(LXXXI}s Many dehydrating agents were tried, but the desired product
was not obtained. Dehydrogenmation of 5,10-dihydroindolo/ 3,2-b/indole

(LXXXII) with chloranil was also unsuccessfule



NF
(1XXI1X) (LXXX)
H
O HN | A
= N
H
(1XXXI) (LXXXII)

It has been pointed out previously that meny compounds containing
quinonoid-type structures sre very stable and that in some cases thelr
stability is greater then that of the corresponding aromatic compounds,
for example, 5,12~-dihydroquinoxaline/ 2,3-b/phenazine (XLIV). Indolo=
[ 3,2-b/indole {1XXX) contains an emalogous conjugated system and
thus 1t is possible that this structurs may be more stable than its
carbocyolio analogue, indeno/ 2,1-a/indens (LXXIV). 45 a study of
its properties would yleld informetion concerning the stability of
the =~N=Ce C=N-- linkage, the synthesis of this compound was
undertaken. A further point of intereat was that on theoretical
grounds both indolo/ 5,2-b/indole and its dihydro~derivative would
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be expected to be aromatic.

Triphenylmethyl perchlorate has been used to dehydrogemate
dihydro=derivatives of aromatic systems 93 yor example, 5,10«
dihydroindeno/ 1,2-b/indole (LXXXIII) is readily converted to
=triphenylmethylindeno/ 1,2-b/indolium perchlorate (IXXXIV) using
this mgant.ga 1% was proposed to attempt the preparation of

H H

|X> @/
B

- _ o

N |
H CPhy CIOZ

(LXXXIII) (LXXXIV)

indole/ 3,2=b/indole by dehydrogenation of the §,10~dihydro=comsound
with triphenylmethyl perchlorate.

The methods available for the synthesis of 5,10-dihydreoindolo-
[ s.z-gindoh are unsatiafactory in that a number of steps are

involved and the overall yields are low.M's&

4 general procedure
for ihe formation of the indole component of fused ring systems 1s

by the pyrolysis of azides of the g-azidodiaryl Yype. ﬂxieno[ 3,2=b/=
indole? (IXXXV) and carbazole®® (IXI) have been prepared from
g~(g=azidophenyl)thiophen (LXXXVI) and g-azidodiphenyl (LXXXVII),

respectively, using this method. It was considered tha% an



(1XXXV) (LX1)

(LXXXVI) (LXXXVII)

investigation of a synthesis involving the pyrolytic ring closure
of 3-azido-2-phenylindole (LXXXVIII) might result in a more convenient
route to 5,10-dihydroindoloindole.

(LXXXVIII)

The general procedure for the introduction of an azido group
into a molecule is by displacement of the diazo substituent in the

corresponding diazonium salte The preparation of the diazonium selt
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necessitated the synthesis of the amine, and this was achieved by
reduction of the corresponding isonitrosoindole with sodium
hydrosulphite and alkelis®® 3-Isonitroso=2-phenylindole (LXXXIX)
has been prepared from 2-phenylindole by treatment with nitrous

N-OH

NZ “Ph

(LXXXIX)

100 or with amyl nitrite in ether.l%l g 3-isonitroscindole

acid,
is readily formed by trestment of indole with amyl nitrite and sodium
athaxido.loz the amalogous reaction using 2-phenylindole was carried
out. The product was obtained in greater yield than with the other
mathods of preparation.

In the first attempt to prepars: 5,10-dihydroindolo[ 5.2-_1;7-
indole, 3~amino~-2-phenylindole was treated with sodium nitrite and
then with sodium agide. The resulting solid was heated in boiling
decalin, but it was not possible to isolate any compounds in a pure
state from the reaction mixture. One of the products formed red
nesdles, m.pe 97-99°, and its infrared speotrum showed two bands
in the carbonyl region. Recrystallization and chromatography on
alumina falled to effect complete purification of this material.

It is thought that this produot was impure 3-oxo~2-phenylindolenine

(xC); EKalb and Ba»;smr99 have reported that this compound forms red
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needles, mepe 102°. The intermediate formed in the reaction of
the diazotised emine and sodium azide was isolated by pouring the
resction mixture into water and collecting the precipitated solid.
The mixture was allowed toc stand for ome day, and the filtrate
deposited colourless crystals which were identified as 3-hydroxy-
2wox0~3-phenylindoline (XCI). The assignment of this structure was
based on analytical and infrared spectral data. Xalb and Bayerss
prepared this compound by treating 3=-oxo-2-phenylindolenine (XC)
with alkali. They postulated that the first step was addition of
water to the C=N bond followed by a benzilic acid type rearrangement
to give ths producte

As the initial experiment indicated that extensive oxidation
had ocourred in the 3-position of the indole mucleus, all further
reactions were cerried out in an atmosphere of nitrogen. ITreatment
of 3-amino-2-phenylindole with nitrous acid afforded the diazo-compound
which was sufficiently stable to be isolated. 4 solution of this
compound in glacial acetic acid was treated with sodium azide. The
required azide was not formed and the infrared spectrum of the crude
product had a band in the carbonyl region showing that some oxidation
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had taken place. The only pure material isolated from this reaction
was & violet compound whose structure was not determined.
3=Diazo~2-phenylindole (XCII) cannot be regarded as a

diazonium salt which was the species treated with sodium azide

®

N=N

|

=
NS & Ph
(xc11)

in previous applications of this method. The feilure %o obtain the
azide was attributed to the unusual stebility of the diazo-compound;
Castellans and d'Angelolos have reported that it is stable in boiling
dilute mineral scids. Acetylation of 3-diago~2-phenylindele would
result in the formation of the compound (XCIII) which would have
properties similar to those of a diazonium salt. In an attempt to

N=_=N

'f Ph
COCH,
(xcr11)

prepare 3-azido=-2=-phenylindole, the diazo~compound was treated with
acetyl chloride and then with sodium azide. Hydrolysis with elkali
gave a product which was not the desired azide as its infrared
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spectrum did not show absorpiion in the region characteristic of
the asido group (4.70 4 o
Work on this projeot was terminated when Treibs1%® announced
that he had prepered indolo/ 5,2~b/indole by dehydrogenating 5,10«
dihydreindolo/ 5,2-b/indole (IXXXII) with chloramine.
3-Isonitroso~2-phenylindole (IXXXIX) is a potentially
tautomeric compound and this property was investigated. Ceampbell
and Hooperms have shown that it exists almost entirely in the
oximino=form in ethanols To determine whether the equilibrium
batween the oximino~ and nitroso-forms was dependent on the dieleotric
constent of the soivent, the sbsorpiion spectrum in 1:1 ethanol-
water was compared with that in ethanol (Fige 4). The similarity
of the two curves showed that the equilibrium was not appreciably
affected by & change in the polarity of the solvent, The spectrunm
of 3=isonitroso=2-phenylindole in 0.1 H-nlcoholic sodium hydroxide
was found to be similar to thet of l~methyl=3-nitroso-2-phenylindole
(XCIV) in ethanol (Fig. 4), and this suggested that the amion (XOV)

N=0 N=0
O LK
Ph
1

B

(XcIV) (Xcv)

must have & large proportion of the charge located at the l-position.
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C. INDOLO/ 2,3-b/QUINOXALINES.

Indolo/ 2,3-b/quinoxaline has three possible tautomeric
forms ag the hydrogen atom may be attached io any one of the three
nitrogen atoms. The first(XCVI; R=H) is generally regarded as
being the most important, and the second (XCVII; R=H) contains
the conjugated system, «- N=C == C=N =, of interest. The third

A N
é .5 =
N N N
R R

(XCVI) . (XCVII)
N

——

~
NS \N/\N

(XCVIII)

(XCVIII; R=H) must be unimportant owing te its smaller resonance
stabilisation. 2 study of the tautomeric behavicur of indolo~
quinoxaline was canmenced with the object of assessing the
contribution of the structure (XCVII; R=H).

Indolo[ 2s 3-_137quinonlim was readily prepared from isatin
and o-phenylenediamines'"’ 6-lethylindoloquinoxaline (XCVI; R=CH,)
mas obtained from N-methylisatin and o-phenylenediamine,l%
S-iiothylindoloquinoxaline (XCVII; R=CHg) was formed from the

108

reaction of isatin and N-methyl-o=-phenylenediamine. The



synthesis of S5-methylindoloquinoxaline by this method is

smbiguous as the isomer, ll-methylindoloquinoxaline (XCVIII;

R=CHS) is a posalble product. The ring closure of 3-p-amino-
phenylel,2-dihydro=1=me thyl=2-oxoquinoxaline (XCIX) in polyphosphoric

acid gave a compound which was identical in ell respects with that

ewes
NH, 0 N

(XcI1X)
obtained using the method of Buraczewski and Marchlewski,.l0P
F=Ethylindoloquinoxaline (XCVII; F=02H5) was prepared from isatin
and N~ethyl-o-phenylenediamine.

The ebsorption spectrum of indoloquinoxaline in ethanol was
found to be very similar 4o that of 6-methylindeloquinoxaline (xcvi;
R=CH3), whereas the spectrum of S-methylindoloquinoxaline (XCVIIg
R=CH5) was found to heve a mumber of important differences,
particularly at long wavelengths (Fig. 5)e Even in solvents of
greater dieleotric constant (1:1 ethanol-water, or formamids), which
might be expected to favour the structure (XCVII; R=H), the ourves
closely followed that for the 6-methyl derivetive. On the basis
of this evidence it may therefore be concluded that indolo/ 2,3-b/~

quinoxaline exists predominantly in the 6H-form (XCVI; R=H),
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Fige 5. Absorption spectra of indolozrb,31§7§uinoxa1ine (
(— — — =) and of 5-methylindoloquinoxaline (*¢¢*¢), all in 95% ethanol.
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On the other hand, the absorption spectrum of indoloquinoxasline
in sodium hydroxide solution was found te be very similar to that
of its 5-methyl derivative (XCVII; a=CH3). and the indologuinoxaline
anion must therefore have a large proportion of the charge located
at the S-nitrogen atom (Fig. 6).

The acid and base pK, valuea for indologuinoxaline were determined
at 20° in 111 ethaml-water. The base pE, value was found %o be
approximetely O3 and the value for the aoid pK, was 13.6,

Buraczewski and Marohlauskiwa troated indologuinoxaline with
a mixture sf methyl iodide and =odium hydroxide, and isolated only
one product, 6-methylindoloquinoxaline (XCVI; R=CH;j. X4 special
procedwre for purification wae employed and this suggested that
other methylated products were present. JAs the anion derlved: from
indologuinoxaline has a significant proportion ef the charge at
the S~position, it seewsd likely that S-methylindolequinoxaline
would alsc be formed In this reaction.

he methylation of indoloquinoxaline was studied using a
variety of alkylating apgents and S-methylindoloquinoxaline was
invariably among the products. Table I shows the ylelds of 5-
and 6-wathylindologuinoxalines obtained when methyl iodide and
alkali, dimethyl sulphate and alkali, and when diazomethane were
used os methylating agentse. ll~Methylindologuinoxaline was not

isclated from any of these reactions.
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TABIE 1
Methylating Agent % Yield of 6-isomer | # Yield of 5~isomer
Methyl iodide and alkali 40 12
Dimethyl sulphate and alkali 70 15
Diagomethane 15" 16
=

Approximate yield.

An interesting by-product was obtained when a suspension of
indoloquinoxaline in acetone was treated with diazomethane. This
product could not be separated from 6-methylindologuinoxaline and
its structure was not elucidated. The unsuccessful attempts at
purification included chromatography on alumina, acetylated celluloss,
and silioa gel.

The methylation and protonation of indologquinoxaline and 5~
and 6-methylindoloquinoxalines have also been eS:aminad. 6=1o thyl=-
indoloquinoxaline was methylated with methyl toluene-p-sulphonate
and the resulting salt treated with perchloric acid. The sbsorption
spectrum of this dark red perchlorate showed a band in the visible
region at 480 n (Fige 7), and this suggested that it contained
a conjugated system similar to that in S-methylindoloquinoxaline
(Fige 5)s Mothylation at the 6= or the ll-position would give
compounds {C and CI, respectively) which would have absorption
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Figo 7. Absorption spectra of b,6-dimethylindolo/Z,3-b/quinoxalinium perchlorate (CII; R=R'=CH

).
in 95% ethanol, of 6-methylindoloquinoxaline in 5N-sulphuric acid (ef. CIIj R==CH5,R‘== ?
(*eevee), and of indologuinoxaline in 5N~sulphuric acid (— — — -).
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spectra similar to that of quinoxaline. It seems certain therefore
that the salt obtained from the methylation of 6-methylindolo-
quinoxaline is 5,6-dimethylindoloquinoxalinium perchlorate (CII;

R:R‘-—Cms)- The absorption spectrum of this compound was similar

co,@

(c11)

to that of a sclution of 6~-methylindoloquinoxaline in 5N-sulphuric
acid (Fig. 7). Thus protonstion of 6=-methylindologuinoxaline must
also have ocourred at the 5-position and the cation formed in acld
solution ms+t have the structure as in (CII; R=CHg, R'=H).

It is not surprising that protonation and methylation of
6-methylindoloquinoxaline occurs in the 5-position. It has
recently been shown that indole protonates in the S-positlon.mg’no
If this is extended to S=methylindologuinoxaline, protonation would



= BE m™

be oxpected to take place either at the b~ or ths ll-niiidgen atoms.
The electron density in the b~position would be expected v be higher
than that in the ll-position because an electron shift as shown in
(6I1T) is possible.

N

&

N

CH,
(c111)

The absorption spectrum of indologuinoxaline in BN-sulphurioc
acid was found to be similar to that given by 6-methylindoloquinoxaline
in 6N-sulphuric mcid (Fig. 7), and it may therefore be concluded
that this compound is also protonsted at the B-position. This
salt iz tautomeric, however, and both possible forms (CII and CIV;

R=R'=H) are probably present.

RI
N
/
R

(c1v)

Yothylation of indologuinoxaline with methyl toluene~p—-
sulphonate gave llg-samthylindolo[ 2,3-&'_7quinoxalin1m ‘sluene-
p=sulphonate {(of. CIV3 R=CH R' =H), ths position of the methyl
group being established by isolation of H~methylindoloquinoxaline

following treatment of ihe salt with water. The same salt was



obtained from S~methylindoloquinoxaline by treatment with
toluene-p~-sulphonic acide The presence of the toluens-p-sulplonate
ion in this salt was demonstrated by determination of its infrared

spectrum. Velsenborn and Bumln

have shown that in chloroform

the toluens=-p~sulphonate ion has four characteristic bands at 8.56,
8496, 5,71 and 9»94/1, o The infrared spectrum of a solutlon of this
salt in chloroform had absorption bands at 8466, 8.93, 9.71 and 9.92/u.
Treatment of indoloquinoxalins with methyl iodide gave 1lH=6-methyl-
indoloquinoxalinium jodide (of. CIV; R=CHS,R' =H) which was
identiocal with the salt obtained by treatment of S-methylindolo-
guinoxeline with hydriodic acid.

The location of hydrogen atoms in the above toluens~p-sulphonate
snd iodide was inferred by comparison with the product obtained from
the methylation of 5-methylindologuinoxaline. The latter compound
was mothylated with methyl toluene~p-sulphonate and the anion replaced
by perchlorate. The resulting salt was not identical with 5,6~
dimethylindologuinoxalinium perchlorate (CII; R=R* =GHS) prepared
as described sbove. Thus it must be either the 5,1l~dimethyl
derivative or the 5,6-dimethyl derivative. The nuclear magnetio
resonsnce spectrum of this compound showed two absorption peaks for
mothyl protons (at 5.08 and 5.52 7°) in trifluorcacetic acid solution.
On ths basis of this svidence it must be concluded that it has the

gtruoture 5,11-dimethylindoloquinoxalinium perchlorate (CIV;

R=R'=cns).
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In an attempt to confirm this conclusion by chemical means,
S-methylindoloquinoxaline wes treated with ethyl iodide, and
5=gthylindoloquinoxaline was treated with methyl iodide. If
alkylation occurred at the ll-position, twmo isomeric compounds
{CcV and CVI, respectively) would be formed. On the other hand,
alkylation at the 5-position would result in the formation of the
same compound (CVIIJ 4in both cases. This method was found %o be
unsatisfactory as the produst isolated from the reaction of ethyl
iodide and 5-methylindoloquinoxaline was identified ag 11H«b~-
methylindoloquinoxalinium iodide (ofe CIV; R=CHg,R' =H). With

5=-ethylindologuinoxaline and methyl iddide, the produst of the

CoHg CHy
“® “®
~ —
(cv) (cvI)
2
PR
CHy CHe

(cviI)



reaction was found to be a mixture of 1lH-6-ethylindologuinoxalinium
iodids {cfe CIVy R=CuHg,R'=H) and an unidentified quaternary
compound,

The above difficulties were overcome by the use of methyl
and ethyl toluene-p-sulphonates as alkylating agents. Ireatment
of the resulting salts with perchloric aclid gave the corresponding
perchlorates which were shown to be non-identical. On the basis
of this evidence it was concluded that alkylation had ocourred at
the ll-position.

The absorption spectrum of 5,ll-dimethylindoloquinoxalinium
perchlorate (Fige. 8) was similar to thet of S-methylindologquinoxaline
(Figs 5) except that the maximum at 480 mu has been reduced to a
shoulder &t somewhat shorter wavelengths. The absorption spectrum
of 5emethylindoloquinoxaline in 5N-sulphuric acid (Fig. &) was
similar to that of the above salt and is strong evidence that
protonation occurs at the ll-position to give the 1lH«S-methylindolo-
quinoxalinium cation (CIV; R'=¢n5,n'=a).

In 1926, Armit and Robinson'}? . investigated the reaction of
2,3=-dimethoxyindoloquinoxaline and dimethyl sulphate. They postulated
that methylation occurred at the ll-position to give the 2,3-dimethoxy-
11-methylindoloquinoxalinium salt (CVIII). Treatment of this
quaternary salt with potassium hydroxide in agueous ethanol gave a
compound which was regarded as the anhydronium base (CIX). This
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Fige 8¢ Absorption spectra of 5,11-di_mgthy1indo16quinoxalinium perchlorate (CIVy R=R'=CH )
), end of S-methylindologuinoxaline in 5N-sulphuriec acid(eee®e*)

in 95% ethanol (
(cfe CIV; R=CHg,R'=H).,
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CHy
/\i———/g) | Noew, F S—F o\/\o%
VN /KN —~0CHy K)\N J\ = OCHa
H
(cvIIr) (c1x)

product was isclated aas soarlet needles, and it was observed Uwt
addition of acid to & dilute agqueous solution resulted in a colour
change from crange to yellow. Iethylation of the supposed enhydronium
base with dimethyl sulpbate and subsequent treatment with aqueous
potassium hydroxide gave a salt which mas considered to be (CX).

(cx)

The structures assigned to the compounds obtained from these
resctions were supported only by analytical data. In view of ihs
work carried out on indologuinoxaline, ths structures proposed by
brmit and Robinson mmy now be revised. The assumption has to be
made that the two methoxyl groups do not affect the positions of
methylation. Queternisation of 2,3~dimethoxyindoloquinoxaline with
dimethyl sulphate would be expected to give the salt (CXI) which
would be readily converted to 2,3-dimethoxy-5-msthylindoloquinoxaline
(CXII) on treatment with aqueous potassium hydroxide. The properties
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H

= /ED och, [~ = ocH,

N = OCH, N = OCH
(cx1) (cx1I)

of this compound are, in fmot, very similar to those of 5-methylindolo-
quinoxaline. MNethylation of ‘his base with dimethyl sulphate

followed by treatment with alkaii would give 2,3-dimethoxy-5,ll=

dime thylindologuinoxalinium hydroxide (CXIII) which was cbtained

a8 orange-yellow needles. It is significant that 5,1l-dimethyl~

OCH,

(CXIII)

indologuinoxalinium perchlorate (CIV; R=H' =035) was also chtained

a8 orange~yellow needles.
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D. s~TRIAZOLOPYRAZINES

The methods described in the literature for the synthesis
of g~triagolopyrimidines and s-triazolopyridazines may be divided
into two classes. Firstly, there are those methods that utilize
amino~1,2,4-triazoles in a condensation with compounds having two
reactive & -positions. in example of this reaction is that beiween
4-amino~1,2,4~triazole and scetylacetone to give 6,8~dimethyl=g=
triazolo/ 4,3=5/pyridasine (CXIV).1® Similarly, Sehydroxy-7-methyl-
s~triazolo/ 2,3-a/pyrimidine (CXV) is formed from the condensation

of 3-amino-1,2,4~triazole and ethyl acetoncetate. 14~

N
CHy (’\‘/‘ﬁ
‘\5 N‘l- 3N
OH

(cxXIV) (cxv)

The second

class represents the ring closure of hydrazinopyrimidines end
hydrazinopyridazines with various cyclization agents. The nature
of the reagent used determines the substituent introduced into the
3-position of the fused triaszole system. Treatment of the hydrazine
with formlo aoid,17 triethyl orthoformate,® or dimethylformemide, ’®
effects ring closure with a hydrogen atom in the 3~position. The
3~-methyl derivatives have heen prepared by the use of acetic anhydride
118 ,p triethyl orﬂxoacehto.ng Aoyl derivatives of 4~hydrazino-

pyrimidine have been prepared by treatment of the hydrazine with
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either the acid, acid chloride or ester, and subsequently cyclized
to the fused g-triazolopyrimidines by the action of phosphorus
oxychlorido;lzo

With s~triazolo/ 4,3-a/pyrazine (XLVIII) and g-triasolo-
/ 2,3-e/pyrasine (XLIX), it is impractioable to begin with the

N——N

(XLvIII) (XLIX)

1,2,4-triazole nuoleus and build up the pyrazine ring. This would
involve the cyclizetion of a compound such as Z-aminomethyl=l,2,4-
triazole (CXVI) to the 4~ and 2-positions, respectively: by a reagent
which would form a two oarbon atom bridge.

N

Il 2|
k,‘q > CHyNH,

H

(cxvr)

The most convenient route to the g-triagzolo/ : 4,5—379ymaim
ring system (XLVIII) would seem to be the oyolisation of the corresponding
2=hydrazinopyrazines. The latter compounds have not been reportsd in
the literature, and a convenient method of synthesis was esteblished
at the outset of this worke 2~Chloropyrazine is readily converted to
2-aminopyrazine by treatment with mnia,lzl’lzz and would be expected
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to undergo en analogous reaction with hydrasine. The required
hydrazinopyrasines were prepared in good yield from the reaction
of the scorresponding 2-chloropyrazines with anhydrous hydrazine.
They wers characterised as their picrstes, which very strongly held
half s mole of bengene of recrystallization.

The 2-chloropyrazines were obtained by the method of Karmas
and Spoerri.}2® The condensation of aminoacetemide with glyoxsl,
diacetyl, and benzil, afforded the 2-hydroxypyrasines (CXVII; R=H,
CHg and Fh, respectively)s With 2~hydroxypyraszine (CXVII; R=H) aud

R—(|:=0 HZN—(lzzo R | \OH
R—C=0 H,N—CH, ~ RO~
(CXVII)
POCly | R NHNHp  Rp” N|NHNH,
PClj 7 I Z I
R = R Z
N
(CXVIII) (cXIX)

2, 3=dimathyl-6-hydroxypyrazine (CXVII; R=cn5), the original
procedure was modified slightly to give a method which was less time
consuming and mors ecomomical. Chlorimation of the 2-hydroxypyrasines
with phosphorus pentschloride and phosphorus oxychloride gave the
2-chloropyrasines (CXVIII), which were used to prepare the
2-hydrasinopyrazines (CXIX). A satisfactory yield of S-chloro=2,3-
diphenylpyrazine (CXVIII; R=Fh) was obtained only by using a longer
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reaction time and a 1:2 molar mixture of phosphorus pentachloride
and phosphorus oxychlorides.

The most successful method of effecting the ring closure
of the 2-hydrazinopyrazines was their reaction with orthoesters.
The use of triethyl orthoformate, triethyl orthoacetate, and triethyl
orthopropionate gave s~trissolo/ 4,3-a/pyrazines (CXX) with a
hydrogen atom, a methyl group, and an ethyl group, respectively,
in the 3~position. The derivatives prepared by this method are

R

Rl NONHNHy N/\(N\N
+ R
s sem — [T,
R
(cxx)

shown in Table II. All the s-triazolo/ 4,3-e/pyrasines were
oharacterised as their picrates (Table III).

Az itriethyl orthoformate was the only orthoester available
commercially, the remainder were synthesized by the msthod of MoElvain
and Kolson.lu Iminoester hydrochlorides, prepared from aliphatio
nitriles, were treated with g¢thanol to yield the corresponding

orthoesters.

0Bt
R'CH + Et0H + HCl —>R'C—NH,EC1

—2BYE , po(oEt)y + NE,CL



TABIE TI

RN®R'

N

R
8,5,6=Trisubstituted g-Triasolo/ 4,3~a/pyrazines

Analyses
Compound MyPte Yield .
=i Ror 8" 2% sovemt Formilae Found Caloulated
c H N C H )
1. B H 184«5 75 a 0534114 0 '5320 46,6 4.1 4%.0 46,8 8.9 484
2. GHS H 180 b6 d 07H3N4 56.86 5.5 574 58,7 5.4 37.8
Se CGHS H 187=8 72 d 017312114 78,8 4.5 20,7 75,0 4.4 20.6
6o Cﬂs CHS 126-7 65 o GBBIONQ leo 53.6 6.7 81,2 53.3 6.7 8l.1
6. 0535 055 200=1 43 d C].BHI 4334 TEedt 540 18.3 75,86 4.9 19.6
e H CZHE 168 70 b C?.,Haﬁ* 57.1 Ge& 375 56,7 Bud 37.8
8e GH3 Czﬁs 95~4 b2 4 GQHIZN4 8lel 645 81.8 61.3 6.9 3l.8

All orystalliszed as white needles except (2) which separated as rectangular plates.
a = methanol; b = bensene; © = petrol; d = benzene/petrol.



TABLE II1

Picrate Derivatives of 3,5,6«Irisubstituted g_-Triuolo[ 4,3~a/pyrasines

Analyses
Gomﬁgund Mag Ts Solvent Formulae Found Caloulated
C H N c H B
1 177 (decomp.) Y C,1H N0, 8.1 23 28,0 37.8 2.2 2840
2e 1367 b 01531117707 41.7 3.1 26,7 414 2.9 26,0
4, 1567 b 012591‘707 839.8 2.8 26.7 897 240 27.0
Be 154-6 . 024H1§N7°7'0'50638 47.2 3.8 283.3 47.4 3.8 2248
6o 158=9 e 024‘ 723707.0.506}36 5847 B9 17,3 58,6 246 17.7
Te 100=1 [~} 013E11N707 41:9 3.2 26.0 41 .4 2.9 26 o0
Be 127-8 o 0153151?707 44.7 4.1 323.8 444 3.7 24.2
9e 132=3 ¢ 025111917707 00050636 59,6 3.9 16 .9 5942 3.9 17.3

All orystallized as yellow needles except (2) and (3) which formed orange rhombs and orange rosettes,
respectivelye.

a — chloroform; b — bensene; ¢ = bensens/petrol.
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A possible mechanism for the ring closure with orthoesters
is shown below. 4 sinilar schems has been postulated for the ring
closure of z-hydrazinopyrim:i.dines.ns

OEt o
R NH",‘_/ CZORt —EtOH N7\|(N \TH
> '[.\,,\OEt

I

= N NN
__%Cr/ N;H-iog[j\,“,
R N R
R R’ R

Although s~triaxolo/ 4,3-a/pyrasines were readily available
by the orthoester ring closure, other methods of synthesis were
investigated. Fused s-triasole syastems have besn prepared by the
reaction of benshydrazide and a heterocyclioc system containing a
reactive chlorine atome. An example of this procedure is the
formation of 3-phenyl=g~triasolo/ ,4<b/benzothingole (CXXII) from
2-ohlorobenzothiagole (CXXI) and benshydrazides 20 2-Chloropyrasines
react readily with hydrazine to form 2-hydrazinopyrazines and it
seemed reasonable to expect them to underge a similar reastion with

benshydrazide. Subsequent ring closure would yleld the fused



AN N NN
| ||+ PhCONHNH, ———> u | ||
k\ J—N N N Ph
(cxx1) (cxx11)

B~triagzole containing a phenyl group in the 3-position. Application
of this method to 2~-chloropyrazines did not give the expected
B=triazolopyragzines, but instead self-condensation products of
benshydrazide. 3,5-Diphenyi-1,2,4~triagole (CXXIV) was the major
product isolated from the reaction of benzhydrazide and 6-chloro-
2,3=diphenylpyrazine in boiling phemol containing a trace of sodium
phenoxide. A small quantity of a second product, probably 2,5~
diphenyl=-6=phenoxypyrazine, was obtained. This could arise from
the chloropyrasine and the samall amount of sodium phenoxide added
as & catalyste 2,6-Diphenyl-l,3,4-oxadinzole (CXXVI) was obtained
from the reaction of 2,3~dimethyl-8-~chloropyrazine under the sme
conditions. A similar resction between 2~chloropyrazine and
benzhydrazide ylelded dibensoylhydrazine (CXXV). Benshydrazide

is & weaker nuoleophile than hydrezine, and its ability to replace
the chlorine atom at e faster rate then it undergoes self'-condensation,
my be attributed to this facts There ure a rumber of examples in
the literature of the self-condensation of benzhydrazide at clevated
temperatures 126,127 14 pag been reported that g-triazolo/ 4,3-2/=



quinoxalines are formed in very low yields by ihe above procedure.i’
A possible mechanism for the formation of 3,5-diphenyl-l,Z,4~

triazole (CXXIV) would be the condensation of two moles of

benghydrazide % give 4-omino~3,5-diphenyle~l,2,4~triazole {CXXIII),

TH —N$2 2H20 Nl_lN
Ph-~ C\O c—ph kN JPh PhkN /'Ph
HN ILI H

NH, )

(CXXII1) (cxXxIV)

followed by deamination. The aminc group could be eliminated as
hydroxylamine after the attack of a water molecules. The formation
of 3,5-~diphenyl=1,2,4~triazcle from benszhydrazide hae been
previously reported in the 1ﬁ.teramro-m 2,5=Diphenyl=1, 8,4«
oxmdiagole (CXXVI) can be regerded as being formed by an altermative
condensation of two moles of benzhydrazide, A molecule of the
hydraxide could attack another, eliminating hydrazine to form
dibenzoylhydragine (CXXV)., Elimination of water from dibenzoyl-

NH—TH sNHNH, NH ——NH N———N
Ph-C C-Ph Ph-C C-Ph Ph Ph
0 0 c 0

(cxxV) (cxxvI)
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hydragine would give 2,5-diphenyl~-l,3,4~oxadiagole (CXXVI),
It has been reported that this compound is formed by pyrolysis
of benzhydraside.l2?

The ring closure of 2-hydrazinopyrazines with seidic reagents
was found to have limited application. Complets decomposition ccourred
when Z-hydraginopyrazine was heated in boiling formioc acide 2,8~
Diphenyi~6~hydrazinopyrazine formed the corresponding b,6-diphenyl=
_,g_-triazolo[ Qosogpynxim (compounxi 3) in only 10% yield using this
reagent, and the accompanying red and yellow compounds made
purification diffioult. Dimethylformemide was also unsatisfactory
as this trimszole was again formed in very low yleld. ~Attempted
cycldsation with an acetic acid-acetic anhydride mixture did not
give the S-methyl derivative (compound 6), but gave s complex
acetylated product the structure of which is discuased later. The

ring closure of N-bengzoyl=-2,3-diphenyl-&«hydrazinopyrazine (cxxvir)

N
Ph¢Z “\NHNHCOPh /\( ~N

PR Ph
N

(CXXVII) (cmnl)

was also investigated. Cyclisation was not effected by heating in
phenol, and the use of phosphorus oxychloride gave a very small
yield of the products However, ths desired 3,5,6-triphenyi-g=

triazolo/ 4,3-8/pyrasine (CXXVIII) was formed in good yield when
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the benszoyl derivative was heated in polyphosphoric acid at 160
for 3 hr.

Treatment of 2-hydraginopyrimidines with carbon disulphide
gives the corresponding s-triazolopyrimidines with a mercapto group

in the S-w-iﬁ.on.n?’lw

However, 2=hydrezinopyrazines were not
cyclized under these conditions, but gave s product derived from

the condensation of two moles of the hydrazine with one of garbon
disulphides The reaction of 2,3~diphenyl-G-hydrazinopyrazine with
carbon disulphide gave 1,3-di(2,3-diphenyl-6-pyrazinylamine)thiourea
(CXXIX)e The formation of this product is analogous to the formation

of substituted thioursas (CXXX) from aromatic amines and carbon

disulphide.3t
N
PhT NHNH, cs, Phr” XNHNH —
| e,
Ph = Ph N/ 2
(CXXIX)

1
urmz + €5, — ArFECHHAY
(cxxXxX)

Fhenyl isothiocyanate was 2lsc used in an attempt to prepare
these g-triazolopyrazines with a merceptc group in the S-position.



In a reaction with 2,3-diphenyl-6-hydrazinopyrasine, the only
product isolated was 5,6-diphenyleg=-triazolo/ 4,5-a/pyrazine
(comgound 8). This compound was obteined in very low yield and
was probably formed by removal of the mercapto group from 5,6«
diphenyl=3-mercapto-s-triagolo/ 4,3-e/pyrazine (CXX; R=FPh,
R'=SH) under the conditions of the reaction. In the s=triazole
series , a merocapto group is easily removed by oxidising agents
and Reney nickel 116»117,130

The product obtained by treatment of 2,3~diphenyl-6-
hydrazinopyrazine with boiling acetic acid-acetic anhydride was
found to be a triacetyl derivative of tie hydrazime. Two
structures (CXXXI and CXXXII) are possible for this compound, but
the latter was excluded on the basis of spectral data shown in

COCH, (|3OCH3
N ' LOCH, L0CH;
phi XN Ph PN
| COCH, Sl
Ph =
\ Ph N/
(cxxx1) (CXxx11)

Table IV. 7This triacetyl derivative was readily converted into the
diacetyl compound, which was also cbiained from the hydrazine and
acetyl chloride in pyridine. TIreatment of the hydrazine with the
theoretiocal amount of acetyl chloride for monocacetylation always



Absorption Maxims Infrared Data® N.M.R. Data®
(in ethanol) o ow TValues for protons
» Log e NH  Bonded go Amide CHg Phenyl Cq
NH 11
228 4,11 3390 3279 == -— 2.78(10)°  1.87(1)°
O 293 4,20
Phiq s 3
N 360 8486
N TOCH) 229.5 4,40 3333 3262 1709 1471 7.72(3)°  2.72(10)°  0.78(1)°
ph P —NHCOCH,
| 286 4.12 7.92(8)°
Phix
526 4.15
COCH d ° o c
OCHy cocy, 228 4,88 1753 7.66(8)° 2.76(10)° 0.78(1)
| COCHy; 283 4.08 1712(sh) 7.71(8)
Phix
324 4.08

& Determined in chloroform solution.

b

Determination in acetonlitrile solution. Fo. of protons.

4 Brosd absorption band.



(0CHy COCH,
b N~ N—NHCOCH, b X NH—N
Ik J : ll\ "COCH;
Ph
N = Ph N/
(CXXXIII) (CXXX1V)

gave the discetyl producte The structure (CXXXIII) was assigned to
this compound as its nuclear magnetic resomance spectrum showed two
bands for methyl protons (Table IV). The alternative structure
(CXXXIV) would be expected to show only one sbsorption peak for
mothyl protonse The formation of 1,2~diacetyl-l-phenylhydraszine
from 2-acetyl-l=phenylhydrazine and acetic anhydridolsz’ 133 was
taken as further support for the above assignment. It has been
reported that 2-hydrazinoquinoxaline did mot cyclize to the
corresponding _g.-triuolo[ 4.3—_&7quinonnna with acetic anhydride,
but formed a diacetyl dorivative.ﬂ On the basis of the sbove
evidence this product is probably 1,2-diacetyl-l-(2-quinoxalinyl)-
hydrazine.

Many of the methods applied to the synthesis of s~triazolo-
[ 4,5-gpyraaine derivatives are standard methods for the preperation
of s-triazolopyrimidines and s-triazolopyridasines. The interesting

question arises why the majority of these procedures were unsuccessful
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in the pyrazine series. The ring closure with aclids, and also
with orthoesters, can be regarded as occurring through the attack
of an intermediate carbonium ion on the nitrogen atom of the
pyrazine ring. The ease of cyoclization should thus be related to
the basic strength. As pyrazine has a pxa of 0.6 compared to
pyrimidine 1.3, and pyridazine 2.3,1° it is not surprising that
2=hydraginopyrazines sre more difficult to cyclise than: the
corresponding pyrimidine or pyridazine derivatives. FProtonation of
ons of the nitrogen atoms in the pyrazine ring would lower the
availability of the lone pair of electrons on the second nitrogen
atom, and thus retard oyclization. With pyrazine, the interaction
between the two nitrogen atoms is greater thean in the other diazines
and this probably explains why ring closure with acids ocours more
readily with pyrimidine and pyridagzine derivatives. Cyclisation
with orthoesters takes place under neutral conditions and the
unprotonated pyrazine mucleus is sufficiently basic for this
reaction to take place. The failure of carbon disulphide to offeot
ring closure may also be attributed to the low basioclty of the
pyrazine nucleus. However, g_-triazolo[ 4,3-_g.7quimxalim derivatives
have been prepared in good ylelds by the action of acids on the
appropriate 2-hydrazino compounda.%? Ag the plﬁ[a of quinoxaline is
also about 0.6,18 it is difficult to reconcile this eease of
cyclization with the basioity of the mcleus. The carbon-nitrogen
double bonds of guinoxsline are particularly susceptible to attack
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by nucleophilic agents such as sodium bisulphite, hydrogen cyanide,

and Grignard reagents R

This behaviour can be attributed to the
electronic influences of the benzene ring as pyrazine does not
underge these addition reactions. The presence of the benszene ring
also enables the second nitrogen to act as though it is not
deprived of electrons in the above acidic cyclodehydrations, seo
that cyclization occurs with ease.

The most convenient method cf preparing derivatives of the

a-triazolo/ 2,3-a/pyrazine ring system (XLIX) would be by ring closure

H
NA‘/Nm N/\I( e
K/N —N K/N fl‘llH
(XLIX) (cxxXxv)

of the corresponding N~-2-pyrezinylamidines (CXXXV). These compounds
have mot been reported in the literature, and the methods available
for their synthesis were investigated. N-2-Pyridylamidines (CXXXVI)
are formed by reaction of 2-aminopyridines with nitriles in the

H
N
=N NH AlCl = S
l + RCN | T
N N NH

\ 4

(CxxXxXVI)



—75-

presence of alumnium chloride.>% It was thought that Z-aminoe
pyrazines ahould beheve in a similar manner and it was proposed to
synthesise the required smidines in this way. The 2-aminopyrazines
were prepared by ammonolysis of the corresponding 2-chloropyrazinsse.
122 2-Chloro-3 »6=dimethylpyrazine was avellable commercially and
thus 2-amino=-3,6-dimethylpyrazine could be preparsd in large
guantities.

The substitutsd 2~aminopyrazines were treated with nitriles
in the presence of aluminium chloride. The use of bensonitrile gave
F-2-pyrasinylphenylamidines (CXXXVII) which were cyclized to the
2-phenyl=g~triazolo/ 2,3-a/pyrazines (CXXXVIII) with lesd tetra-
acetites This reagent has been used to effect the oxidative ring

R § R N
N/\( \ﬁph NfY 'mPh
R'l\/N NH R'k,/NL'——iN
R'l

RN
(cxXXXVII) (CXXXVIII)
closure of pyri.dizm"‘:"é'1"’5 and pyrinﬂ.dinolso derivatives. Three

derivatives of the required ring system were prepared by this method,
5,8=dimethyl=2-phenyl=s~triazole/ 2,5-a/pyrazine (CXXXVIII; R=R"= CH,,
R'= H), 5,6-dimethyl=2-phenyl-s~triazoio/ 2,3-a/pyrazine (CXXXVIII;
R=H, R'=R"=CH,), and 2,5,6~triphenyl-g=triazolo/ 2,3-a/pyraszine

(CXXXVIII3 R=H; R'=E"=Fh).
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A atudy of the absorption spsctrum of the g-triaszolo-
[ 2,5-a/pyrasine ring system was plamned, and for this purpose
it was desirable to prepare alkyl derivatives. Howsver, the use
of acetonitrile and propionitrile did not yield the corresponding
amidines. High reaction temperatures resulted in complete
decomposition of the amine; at lower temperatures the amine was
recoversed unchanged. With tifichlorcacetonitrile, the only preduct
isclated was 2,4,8=tris(trichloromethyl)-1,3,6-triasine (CXXXIX).

CCl3
N/\N

(CXXXIX)

It has been reported that this compound is readily formed from
trichloroacetonitrile and sluminium chloridest® The tendency for
polymerisation msy be attributed to the strong eleotron-attracting
properties of the trichloromethyl group. Chloromoetonitrile was
used in an attempt to reduce the formation of volymeric material,
but the desired amidine wes not obtained. The use of acrylonitrile
and phenylascetonitrile in this reaction was also unsuccessful.

The mechanism proposed by Uxley, Fartridge end Shortt3? for
the formetion of amidines by this method is shown below.



-7 =

@ o
— —— —lee i
R—C=N + .&1613 R C_.C;I A1015+ R mz

B o
—&1c ) E
— R—f}/é 's . z—c?Z
Ny R

On this basis it is olear that when E is an electrom-attracting
substituent the resction would be expscted to proceed more readily

than when it iz electron-domating. The basic strength of the amine
would also determine the esse of the reaction. The failure of

2-ami rio-3,6-dimethylpyrasine to resct with aliphatic nitriles may
thercfore be atiributed to its low basiclty, and it may be noted

that 2-aminopyridine (pK_6.86'%) and aniline (pK, 4.58) react with

soetonitrile to give N-z-pyridylacetamidine’* and N-phenylacetamidine,
57 respectively. The reaction of trichloroacetenitrile and ethyl~
enediamine tekes place with great sase, and a catalyst such as aluminium
chloride is not mcessary. >C As many of the sliphatic nitriles used
in this work form amddines with more basic amines, it assems that
derivatives of 2-aminopyrasine (pE, 3.142%) are not sufficiently
basic to take part in analogous eddition reactions.

Amddine formation with benzonitrile is difficult to explain

in view of the lack of success with sliphatic nitriles. It cannot
be attributed to the weak ~I effect of the phenyl group as aliphatic

nitrilea containing more strongly eleciron-atiracting substituents
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were unreactives It would appear that conjugation with the bensene
ring makes the cyeno group mors susceptible to addition resotions
of this types The greater tendency for aromatic nitriles i undergo
addition resctions of this nature has been reported in the literature.
The synthesis of 3,5-disubstituted-l,Z,4-trinzoles from nitriles and
acid hydraside benzenesulphonates was found to be limited to aromatio
nitriles.}?® The use of aliphatis nitriles gave products formed by
self-condensation of the moid hydrazide bensenesulphonates.

A woll known method for the syntheais of amidines is by twrsatment
of imincester hyvdrochlorides with amines L5914 q, procedure was

NH

R—C —OE%, HC1 + a’mz——> R—C—DNHR', HC1 + EtOH

not successful when applied to the synthesis of F-2-pyrazinylamidines.
2wimino=3,6=dimethylpyrazine was hoated with ethyl acetimidate
Woehloridolﬁ under & variety of oonditions, but the amine wasz
always recovered unchanged. The failure ef this method iz undoubtedly
due to the insbility of the weakly basio amine to displace itho ethoxy
groupe

Several compounds prepared in this investigation were subjected
to tests for anticancer sctivity. 2,3~Diphenyl-6-hydrasinopyrazine
(CXIX; R=Ph), s~trissolo/ ¢,3-a/pyrazine (CXX; R=R'=H) and 5,6-
diphonyl»_a_-triuolo[ é,s-gpyruim (CXX; R=Ph, E'=H) were tested
egainst sarcome 180, leukemia, Zolid Friend Virus leukemis, and in cell

culture. All three compounds were found %c be non-toxic and inactive.
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E. ABSORPTION SPECTRA OF s~-TRIAZOILOPYRAZINES

The replecement of a =CH—=CH= group in naphthalene with a
tertiary nitrogen atom gives either indole (LIX), pyrrocoline (CXL)
er isoindole (CXLI), depending on the position of introduction of

A ZZY
I NN
H
(LIX) (cXL) (cxL1)

the hetero-atom. 411 three compounds contain the sams nmumber of
Tr=glectrons ss naphthalene, and their absorption spectra would be
expected to resemble that of the hydrocarbon. The similarity of
the spectra of indole and naphthalene (Fige 2) has slready been
discussed. The spectrum of pyrrocoline is also similar and has
three main regions of absorption with maxime at 238, 280 and 347
n}u.uz These bands are at longer wavelengths than those of
raphthalens and the group III band is considerably more intense.
Berimr':"'g‘2 studied the spectira of nitrogen heterooycles derived
from pyrrocoline and concluded that there was a relationship between
the spectra and the mumber and positions of the nitrogen atoms.
Replacement of the ~CE= group in the 2-position by nitrogen rssults

in a slight hypsochromic shift of the three bands, whereas introduction
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of a nitrogen atom into the 1~ or 3-position has a much greater
effect, especially on the group III bande In the spectrum of
s=triagzolo/ 2,3~a/pyridine (CXLII; R=H) this band ocours at much
shorter wavelengths than that in g-triazolo/ 4,3-a/pyridine (CXLIII;
R=H)., The sbove effect is cumilative with the introduction of

N NmR NN
. _N——N N N—”R
(cXLII) (CXLIII)

NN
NN N——“

(cXLIV)

further nitrogen atoms and results in the merging of the group II
and III bands in the spectrum of tetrazolopyridine (CXLIV).

The absorption spectra of derivatives of the s~triaszolo-
[ 4.3-g7pyrasim and _:_-‘briazolo[ 2,3—37pyra:ina ring systems were
exsmined and evidence was obtained to support the structures assigned
to these compounds. Table V lists the spectral data of compounds
containing the _g,—triuelo[ 4,5-_g7pyrazine ring system. The majority
of these measurements were made in oyclohexsne solution, but a
munber were dons in ethanol because of the low solubility of some

derivatives in non-polar solvents.



Solvent®

Abgorption spectra of _s:triuolo[ 4,5—_:_7pyraxino derivatives.

NN Y
X,
R

206
(4.48)

214
(4411)

211.5
(4.38)

212
(4.47)

213
(4.50)

217
(4.49)

217.5
(4.53)

206
(4.56)

231(sh)
(3.08)

219(sh)
(4.41)

218(sh)
(4.42)

223(sh)
(4439)

224
(4.48)

229(sh)
(3458)

TABIE V

Absorption maxima (m/) and log € values (in parentheses)

263(sh)
(3.31)

255(ah)
(3.24)

231(sh)
(3.36)

263(sh)
(3.35)

260(sh)
(337)

262(sh)
(3.37)

257
(3.14)

262
(3.27)

260
(3.41)

261(sh)
(3.45)

269(sh)
(3438)

272(sh)
(3.41)

263
(4.33)

269(sh)
(3.40)

270(sh)
(3¢05)

270
(3.26)

268(sh)
(3.35)

278(sh)
(3451)

280
(3.39)

28046
(3.43)

208
(3.10)

290(sh)
(3.39)

292(sh)
(3459)

302(sh)
(3.53)

304(sh)
(3456)

292
(3.57)

308
(3.09)

299.5
(3.48)

299
(3.42)

299
(3.61)

309
(3.56)

310
(3.58)

321
(3.71)

322
(2.98)

308
(3.42)

307.5(sh)
(3.57)

319(sh)
(8.50)

318(sh)
(3.53)

338
(2.64)

522 839
(3.80) (2.94)

321(sh)
(3.28)

£33(sh)
(3.23)

335(sh)
(3.22)



TABLE V - contimued

205 251 315.5 326(sh)

(4.59) (4.39) (3.63) (3.61)

208 250,56 316 324(sh)
(4.33) (3.59) (3.58)

207.6 223(sh) 254 318(sh)

(4.83) (4.35) (4451) (3.71)

% & = 95¢ ethamol; C = cyolohexans

5 This compound was not sufficiently soluble

in cyclohexane for accurate determination of log £ values.

335(sh)
(3.37)

340,5(sh)
(337)



The parent compound exhibited three main absorption bands
in its spectrum (Fig. ) and thsse probably corresponc i the
group I; II and III bands in the spectrum of naphthalene. The
group II absorption appears as a series of shoulders on the long
wavelength band, Examination of the spectras of a number of fused
B=triazole systems (Table VI) confirmed the assignment of the
_q_-tria:olo[ 4,5-_gpymxine structurs to this compound. Its spectrum
was found to be very similar to that of S-mthyl-_-_-triuolo[ 495-»37-
pyridime (CXLIII; R=CHg) and s~triazolo/ 4,5-a/pyrimidine (CXLV)
(Fige 9), whereas the speotra of Z-methyl-s-triasolo/ 2,3-a/pyridine
(CXLII; R=CH,) and s-triazolo/ 2,3-g/pyrimidine (CXLVI) showed

important differences. The _g-triazolo[ 4;,5~§7pyridazim ring asystem

(cxLv) (cxXLv1)

(CXLVII)

(CXLVII) has ebeorption maxima at 240 and 507 mus™4® From the
spactra of the above compounds it can be seen that replacement of
a -CH= group in the pyridine ring of _g-tria:ole[ 4,5-_-79yr1dine



3-methyl=g-triazolo/ 4,3-a/-
pyridine (CXLII; R= CEs)

z-mthyl-_g_-triazclo[ 2.5-57—
pyridine (CXLI; R = 053)142

s-triazolo/ 4,3-a/pyrimidine
(exLIv)

s-triazolo/ 2,3-a/pyrimidine
(cxwv)

3‘“1‘-5010 4‘3-_b7pyﬂdasim143
(cxXIvI

3-phenyl-g-triazclo/ 4,3-8/=
pyridine (CXLII; R = Fh)l42

Z2~phenyl-g-triasolo/ 2,3-a/~
pyridine (CXLI; R = pn)i42

el -

Absorption spectra of fused g-triasole systems

St:.'i.ve::rl:a

E

(%

95% ethanol;

b Solvent not given.

TABLE VI

Absorption maxima (h/u) and log€ values (in parentheses)

209 244(sh)
(4.38) (3.14)

217.5

(4.58)

209 213(sh)
(4.04) (3.98)

208

(4.50)

221
(4.23)

244,65
(4.56)

¢ = syclohexans,

249(sh)

(3.26)

240
(4.22)

243
(4.16)

25245
(4.66)

262
(3.41)

27%
(3.57)

250
(3.20)

281(1)
(3.88)

268
(3.47)

281(1)
(3.52)

266(sh)
(3.08)

287.6
(8.97)

292.5(1)
(3.73)

288
(3.47)

294(1)
(3+20)

298
(3.31)

273
(3.58)

306
(3.81)

806
(8.58)



4,0
loge
3.0
\
l | \ 1
250 - . 300 350
)\m/u.
), of g-triaz‘olo{l,s-g-
all in

200 .
Fige 9+ Absorption spectra of_grtriazolqzri,31é7byrazine (
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pyrimidine (eeccoe)
95% ethanol.
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with a nitrogen atom results in a shift of the group III band to
longer wavelengihs. In addition to this, the group II band moves

to slightly shorter wavelengtha. BSoth these effects are moat
noticeable whsn the twe nitrogen atoms are in sdjacent positions,
as in _B;-triazolo[ 4,3-b/pyridasine.

The g_-h-iasolo[ 4,3-Jp‘yrazine micleus oontains three nitrogen
atoms which possess lone peirs of electrons and thus a band due o
a ;x}—)‘rr* transition should be cbserved when the spectrum is determined
in non-polar solvents. Some evidence was obtained for an absorption
band of this nature when the spectrum of 3~mthy1-_a_—triasolo[ 4,3~8/~
pyrazine was determined ixn cyclohexans and in ethenol (Fige 10). In
cyclohexens the long wavelength band extended to slightly longer
wavelengths than in ethanol and this could be due to the presence of
an n — 7™ absorption band of low intensity. In ethanol the transition
associated with this band would require greater energy because of
hydrogen bonding of the lome pair of electrons with the solvent and
thus the absorpiion peak would ocour at shorter wavelengths aad
probably be hidden under the group III band.

The sbsorption spectra of derivatives of 2-phenyl-g-triazolo=-
[ 2,3-8/pyrazine were determined and the data is shown in Table VII.
The spectrunm of 5,6—dimthyl~2-pheny1-gwtrhznlo[ z,a-gpyrazim was

compared with that of z«»phanyl-g_—trmolo[a,s.g‘vridim (CXLII;
R=Ph) (Fige. 11) and the close similarity of the curvesiwes taken as

further support for the structure of the g;-tria.mlo[ 2,5—gpmzim

derivative.



TABLE VI1

Absorption spectra of g_—triazolo[ z,s—gpmzim derivatives.

R
ch’\\Tgf“\\ﬂph
'
Rl

N——N
R R R" Absorption maxima (mu) and log€ velues (in parentheses)

B CHy  CHg 206 249 268 281(sh) 294 501(sh) 316
(4.85) (4.62) (3.91) (3.82) (s.78) (3.65)

CHy  CHg B 205 247 256(sh)  278(sh)  286(sh)  363(sh)

(4.61) (4.59) (4.01) (3.91) (3.54)

B Ph Ph 204 220(sh) 268.5 292
(4.66) (4.31) (4.69) (4.16)

All spectra were determined in cyclohexans solution.
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Fige 10, Absorp‘tiro'n spectra of S-methyl—g_-triazolog,3-_g7pyrazine in ethanol (——m—)
and in cyclohexane (**c*°°),
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’ 0 . 0
250 Ama 300 , 35
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in cyclohexanee.



EXPERIMENTAL

Melting points were determined in capillaries and are
unoorrected. ILight petroleum refers to the fraction, bepe 66-80°,
Unless stated otherwise, sbsorption spectra were measured with an
Optica CP-4 recording spectrophotometer. Infrared spectra were
examined with a Perkin-Elmer Infracord spectrophotometer, Model
137, or with a Grubb-Parsons DBl specitrophotometer. Analyses
were carrisd out by the C.8.I.R.0. ificroanalytical laboratory,

Yelbourne.
A. DIEYDROQUINOXALINO/ 2,3-b/QUINOXALINES.

2,3~Dihydroxyquinoxaline.- This was prepared from o-~phenylene—
diamine and diethyl oxalate by the method of Fewbold and Spring.lu

2,3-Dichloroguinoxaline .- 2,3-Dihydroxyguinoxaline was

treated with phosphorus pentachloride under the conditions used by

Hinsberg and Pollaks®"

1,2,5,4-Tet ), desdime -2, 3=dioxoquinoxaline.~ This

compound was prepared from N,N' ~dime thyl-g=-phenylensdiamine and
diethyl onh’oa.m
= drg= ~]l-methyl=2=oxoguinoxaling.~ Nemethyl-

o~phenylenediamine was treated with diethyl oxalate according to

Ghaesmn.u‘s
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3-Chloro=1,2-dihydro=l-methyl-2-oxoquinoxaline.~ Chlorination

of 1,2-dihydro-3~-hydroxy-l-methyl-2~oxoquinoxaline was carried out
using phosphorus oxychloride.ME

Polyphosphoric Acide~ The polyphosphoric acid used in this
work was equivalent +o B0% phosphorus pentoxide in water.

S,IZ-DS.Mmmlimz 2,3~b2'9u1mnlim.- A mixture of

o-phenylenediamine (1.1 ge, 0.01 mole), 2,3-dihydroxyquinoxaline
(1.6 g., 0.01 mole), and polyphosphoric acid (26 g.) was heated at
250° for 2 hr. The cooled reaction mixture was treated with excess
weter and then made alkasline with 107 sodium hydroxide solution.

The precipitated solid was collected, sublimed at 280 /0.1 mm., and
resrystallised from glacial acetic acide §,12-Dihydroquinoxalino=-
[ 2,3-5/quinoxaline (1.8 ge, 77%) separated as golden yellow needles,
meps 487° (vacuo) (114.,%° > 280°).

Quinomlinoz 2,5-nguimxalino.-, The following method was

found to be superior to that using dichromate.5C Lead tetra~acetate
(1.2 ges 0.0027 mole) was edded to a suspension of 5,12-dihydro-
quinoxalino/ 2,3-b/quinoxaline (0.5 g., 0.0022 mole) in glacial
acetic acid (50 ml.) and the mixture warmed for § min. and then
poired into water. The precipitated solid was collected and
recrystallized from ethanol. Quinoxalino/ 2,3-b/quinoxaline (0.32 ge,
65%) formed red needles, mep. > 520° (vaowo) (11+.,%¢ > 360°).



A solution of quinoxalino/ 2,3-b/quinoxaline (2 mge) in
ethanol (100 ml.), in a stoppered flask, was allowed to stand in
sunlight. After % hr. the colour of the solution had changed {iom
orange~red to yellow with an intense green fluorescence. Its
absorption spectrum was identical with that of an ethanolic solution
of 5,lz-dihydroquinonlim[ 2 ,Sﬂmdmmline.

8,12-Dimethylquinoxaline ~b/quinoxaline.~ (i) 2,3=
Dichloroquinexaline (1.0 g.), H,N'=dimethyl=o-phenylenediamine (0.68 g.),
and sodium chloride (10 g.) were heated together at 160° for 2 hr.
Water was then added, and the mixture mede alkaline with 107 sodium
hydroxide solution. The resulting solid, in benxzene, was chromato-
graphed on alumine (70 g.) and ths first fraction evaporated and the
residue recrysisllized from light petroleum. §,12-Dimethylquinoxalino-

/ 2.3-b/quinoxaline (0.3 gs, 25%) was obtained as yellow needles,
mepe 218-219" (Found: C, 73.65 H, 6,33 N, 2le2. Cpgll, N, requires
Cy 73.33 1, 5eds N, 21e4%). The piorate separated from bénsene-
light petroleum as orange needles m.pe 218-219° (decomp.) (Found:
C, 66435 H, 4405 N, 1846, CpolysNy0y, 0.5 C4Hg requires C, 56463
H, 3+8; XN, 18.5%).

(i1) A mixture of g-phenylensdiamine (0.41 g.), 1,2,3,4~
tetrahydro=1,4~dimethyl-2,3-dioxoquinoxaline (0472 ge), and poly-
phosphoric acid (15 g.) was heated at 220° for 2 hr. The cooled

reaction mixture was treated with excess water and then basified with



10% sodium hydroxide solution. The precipitated solid was collected
and chromatographed on alumina using benzems as eluant. The first
fraction gave 5,12-dimethylquinoxalino/ 2,3-b/quinoxaline. After
recrystallization from light petroleum it formed yellow needles
(0,06 gey 6%), mup. and mixed mep. 218-219°,

Treatment of Egig—Dimmlguinoxanmz Z.S-I:uninoxalim with

Polyphosphoric Acide- 6,12-Dimethylquinoxalino/ 2,3-b/quinoxaline
(100 mg.) and polyphosphoric acid (10 g.) were heated together at
220° for 2 hr. The reaction mixture was treated with excess water
and then basified with 10% sodium hydroxide solution., The resulting
solid was recrystallized from light petroleum and formed yellow
needles, (80 mg.), meps 218-219°. These were identified as unchanged

starting material by mixed mep. and comparison of infrared speotra,

BE-12-Methylquinoxalino/ 2,3-b/quinoxalines.~ (i) A mixture

of 2,3-dihydroxyquinoxaline (1.6 g., 0.01 mole), XN,N-dimethyl-o-
phenylensdiamine (1.4 ge, 0.01 mole) and polyphosphoric acid (26 g.)
mas heated at 260° for 2 hr. The cooled reaction mixture was
treated with excess water, and the precipitate collected and
reorystallized from aqueous tetrahydrofurfuryl alecohole. Further
purification was effected by sublimetion at 250°/0.1 m., followed
by recrystallization from acetic acid-ethancl. 5H-l2-Msthyl-

quinoxalino/ 2,3-b/quinoxaline (1.6 g., 62%) separated as yellow
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needles, mepe 317-3518° (vacuo) (Found: C, 72.7; H, 5.2; N,
22.3; Ne-CHy, 1lede CygFy N, requires C, 72.6; H, 4.9; W, 22.6;
X-cH,, 11.8%)s The m.p. was not depressed by admixture with anu
anthentio sample prepared as in (ii), and the infrared spectra of
the two samples werg identical.
A portion of the above sompound was heated with ¢xcess acetic
enhydride for 2 hrs The reaction mixture was poured into water
and made neutral to litmus with aqueous sodiwm hydroxide. The
precipitated solid was collected and reorystallized from light
petroleuwn. 5—Aoa}21-;g-mmlguimlimz 2,3—b2'guimline was
obtained az fine yellow needles, m.p. 190=191° (Found: C, 70.7;
H, 5e1; N, 193¢ Cy,H,,N,0 requires C, 70.3; H, 4.9; N, 19.3%).
(11) & mixture of o-phenylenediamine (1.08 g., 0.01 mols),
1, 2-d1hydro-3-hydroxy-1-methyl-2=oxoquinoxaline (1.76 g., 0.01 mole)
and polyphosphoric acid (26 g.) was heated at 220° for 2 hr. The
reaction mixture was decomposed with water and made alkaline with
aquesus sodiwm hydroxide. The resulting solid was colleoted and
reorystallised from zcetic scid-ethancl. 5H-12-lethylquinoxalino=-
/2,30 quinoxaline (1.1 ge, 44%) separated as yellow ngedles, mepe

317~-318° (vacuo).

A ted Freparation of 5,1l=Dimethylquinoxalino/ 2,5-0b/=
quinoxaline.~ (i) 4 mixtore of N-methyl-o-phenylenediamine (143 gos
0,01 mole), 1,2=dihydro~3-hydroxy-1l-methyl-2=oxoquinoxaline (1.7 ge,
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0.01 mole) and polyphosphoric acid (26 ge) was heated at 260° for

2 hre The reaction mixture was treated with excess water and the
resulting precipitate collected and recrystallized from aqueous
tetrahydrofurfuryl alechol. The solid that seperated was sublimed

a$ 260°/ 0.1 mm., and then recrystallized from acetic acid-ethanol.
The resulting SH-12-methylquinoxaling/ 2,3-b/quincxaline (1.6 g.,

62%) formed yellow needles, m.pe 317-318° (vecuo). A mixed mepe

with an authentic semple showed no depression and the infrared spectra
of the two compounds were identioal.

(i1) H-lothyleo-phenylenedismine (0.7 ge, 0.006 mole) and
1,2~dikydro=3-hydroxy=1-methyl-2-oxoquinoxaline (0.9 g., 0,005 mole)
were heated together in glacial acetic ecid (5O ml.) for 5 hr. The
reaction mixture was poured into water and made alkeline with 10%
godiwm hydroxide solutions It was not possible to isolate any
sompounds other than the starting materials.

(11i) Polyphosphoric scid egquivalent to 84% phosphorus
pentoxide in water was prepared by the method of Badger and Sasse.
N-tothyl-g~phenylenediamine emd 1, 2~-dihydro=§=hydroxy-1-me thyl-2-
oxoquinoxaline were heatsd together in this medium at temperatures

146

in the range 150-200°, but no reaction occurred. At temperatures
above 200°, 5E-12-methylquinaxalino/ 2,3-b/quinoxaline was obtained.
(iv) 4 mixture of Femethyl=o-nitroaniline (Ooé g, 0,028 mole)
and 3-chloro-l,2-dihydro=l-methyl-2-oxoquinsxaline (0.5 ge, 04026 mole)
was heated in a Teflon boub at 160° for 24 hre The resulting solid



wes chromatographed, in benzens, on alumina (70 ge)s The first
fraction gave unchanged H-mothyi-ow-nitroeniline. Lvaporaiion of
the second fraciion and recrystallirzation of the residue firom

methanol geve 1,2=-dihydro-1i-meihyle3-(o=nitro-N-methylanilino)=2=

oxoguinoxaline (0+02 gs, 3%) as orange rhombs, Rspe 205~208°
(Founds ©, 61.8; H, 4.7; §, 1843¢ 0Uy4Hy,N,04 requires ¢, 61.93
H, 4.63 N, 18,1%). The yleld of product from this reaction oould
not be inoreased and the intention to use this compound as an
intermediate in the preparation of §,1l-dimsthylquinoxalino/ 2,3-b/=
quinoxaline was therefore abandonede

(v) A solution of teluene~-p=sulphonyl chloride (19.0 ge, Cel
mole) in anhydrous pyridine (25 ml.) was added dropwise to a solution
of N-methyl-o-phenylenediaming (12+0 ges Oel mole) in anhydrous
pyridine (25 ml.). The mixture was sllowed to stand at room
temperature for 20 hr. and then poured into an excess of dilute
hydrochloric acide ihe solid was collecind and shromatographed,
in bengens, on alumina. Further purifiocation was effected by
recrystallization from benssne-light petroleum. N-(o-lethylamino~
phenyl }toluens~p=sulphonamide (11.1 g., 41%) was cbtained as colourless
needles, mepe 119-120° (Found: C, 60.8; H, 6,05 F, 10s0s Gy H)gN,0,8
requires C, 60,95 H, 6483 X, 10,1%)e Its m.perdepressed to (85
90°) by sdmixture with an authentic sample of the isomeric compound,
‘?_-{g-nammphenyﬂ-ﬁﬁ_-mﬂwltolmwg-aulghommida-35 (This semple was
Kindly presented by Professor JJ. Clark-lewis).



Equimolar quantities of 3-chloro-l,2-dihydro=l-methyl«2«
oxogquinoxaline and ¥-(o-methylaminophenyl)toluene-p-sulphonamide
were heated together in boiling benseme for 24 hr. The solvent
was removed by eveporation under reduced pressure and the residue
was found o be a mixture of starting materials.

The procedure was repeated using xylems as a solvent but

reaction did not teske place.
Equimolar quantities of the two ocompounds were fused together

at 150° for 15 min. The resulting solid was chromstographed, in

benzens, ox alumina, but no pure compounds could be isolated.
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B. INDOLO/ 3,2-B/INDOLE.

3-Isoni troso~2-phenylindcle.~ 2-Phenylindole (9.7 ge, 005
mole) was dissolved in a mixture of sodium ethoxide (3.9 g., 0.08
mole) and ethamol (150 ml). [Lfter the addition of amyl nitrite
(349 ges 0,06 mole), the solution was allowed to stand at room
temperature for 18 hr. The reaction mixbture was acidified with
acetic acid and then diluted with water (250 ml.). The precipitated
yellow molid was collected by filtration and purified by reorystallis-
ation from a large volume of ethanol. 3~Isonitrosc-~2-phenylindole
was obtained in gquantitative yield and formed orange-yellow needles,

101

MePe 272° (decompe) [/ 1it., 272-278" (aecompe) 7.

3-Amino-2-phenylindole.~ Sodium hydrosulphite (8.0 g.) was
added to a solution of 3~isonitrogo-2-phexylindole (4.0 g.) in

ethanol (10 ml.) and‘:a’/;di:m hydroxide (20 ml.)e The reaction mixture
was heated on a water-bath until colourless and then dlluted with an
equal volume of water. The precipitated solid was collected and
purified by recrystallization from benszens. 3-Amino-2-phenylindole
(23 g, 627%) separated as light brown plates, me.p. 178-179°
(11t.,47 180°).

3-Disgo-2-phenyiindole.~ A solution of 3-amino=-2-phenylindole
(140 ge) in acetio acid (10 ml.) was cooled in an ice-bath while a
solution of sodium nitrite (0.4 g.) in water (4 ml.) was added
dropwise. The reaction mixture was poured into water and then made
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alkaline with 10% agqueous sodium hydroxide. The yellow solid was
collected by filtration and recrystallized from light petroleum.
B-Diszo~2~phenylindole (0.8 g., 557%) separated as orange-yellow
105 st (decomps) /. The

infrared spectrum (Mujol mull) of this compound showed & band at

%.Bl/u-

needles, mep. 116  (decomp.) / lit.,

Attempted Synthesis of 5‘12~Dihmroindolcz s.z-bZi.ndclg‘—

in aquecus solution of sodium nitrite (1.7 g, 0.02 mole) was sdded
dropwise o & mixture of S~amino-2-phenylindole (4.0 ge., 0.019 mole),
scetio acid (50 ml.), and 50% hydrochloric scid (4 ml.)s The
temperature was maintained at o° throughout the addition. 4
saturated aqueous solution of sodium agzide (1.6 ge, 0.024 sole) was
then added and the reaction mixture allowed to stand at room
temperature for 3 hr. Addition of water (1 litre) followed by
neutralization with aqueous sodium hydroxide (litmus) resulted in
the precipitation of a solid A (2.7 g.). This was collectad by
filtration and not further purified. After standing at room
temperature for 24 hr., the filtrate deposited colourless orystals
(1.0 g.) which were cocllected end purified by recrystallization from
ethyl acetate. This materinsl separated as colourless rhombg, m.pe
212-213°%, and was identified as 3-hydroxy-2-oxo-3-phenylindolenine
(114+,% mope 213°) (Founds C, 74e4; H, Bal; XN, 6.2. Calos for

CrgHy 80,1 €5 74475 H, 4085 N, 8.2%) o
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A portion (2.0 g.) of the solid A was heated in boiling
decalin (100 ml.) for 2 hr. The solvent was removed by evaporation
under reduced pressure snd the residue recrystallized from benzene-
light petrolewn and then sublimed. Red needles (0«6 g.), mep. 97-
99°, were obitained and chromatography on alumina using a lid~

chloroformebenzene mixture as eluant did not yleld a purer producte

ittempted Preperation of 3-Asido-gephenylindole.- (1)
3-Diazo~2-phenylindole (1.0 g., 0.005 mols) was dissolved in acetic

acid (15 ml.), and the sclution saturated with nitrogen. Fowdered
sodium azide (04 ge, 0.006 mole) was added while a stream of dry
nitrogen was bubbled through the reaction mixture. The acetic acid
wes romoved by evaporation under reduced pressure and the solid
residue extracted with light petroleum to remove starting material.
The infrared spectrum of the crude product showed & broad band at
6e9 U o Sublimation at 280°/0,01 mn. gave a mmall quanidty of violet
matsrial, mepe 306-507°, the structure of which was not established
(Found: C, 84.23 B, §540; N, 10.7%)s A moleoular weight determination
using Rast's method was impossible dus to the dark colour of the
camphor solution.

(31) scetyl chloride (C.4 ml., 0.005 mole) was added dropwise
to a solution of 3-diazo-2~phenylindole (0.5 ge, 0.004 mole) in
glacial acetic ecid (10 ml.) while the temperature of the mixture
was kept at 0°. after the addition of powdered sodium azide (0.3 ge,



0.005 mole) the reaction mixture was allowed to stand at room
temperature overnighte The solution was then mmde alkeline with
57 agueous sodium hydroxide and the precipitated solid collected.
e infrared spectrum of this violet material (0.9 g.), mepe 130~
135°, showed a band in the N-H region and another at 6.0/“ in the
carbonyl region.
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Co INDOLO/ 2,3«b/QUINOXALINES.

Indolo/ 2,3-b/quinoxaline.~ The method used wes that of
Schunck and l&rchl&nki.lm It was purified by recrystallisetion
from ethanol and formed yellow needles, meps 206-296° (111:.,148

205~297°) .

G-l thylindolo/ 2,3-b/quinaxalines~ o-Phenylensdiamine (2.0 ge,

6.015 mole) in 111 aguecus acstic aoid {20 ml.) was added to & hot
solution of N-methylisatin (2.0 g., 0,012 mole) in 1:1 aqueous acetlc
acid (20 ml.) and the mixture was heated for 30 min. The cooled
reaction mixture was poured into water and the yellow precipitate
collected by filtration. The crude product was purified by
chromatography on alumine in light petroleum. 6-Methylindolo-
quinoxaline (1.6 ge, 56%) separated from light petroleum as fine

yellow needles, mepe 148-149° (1it., % 148°).

(1) The condensation of

isatin and Nemethyl-s-phenylenediamine was carried out in agueous
acetic aocid using the method of Bureczewski and lhrahlaski.me
After recrystallization from agueous ethanol it formed red needles,
meps 177-178° (11, 175-176°).

(11) & mixture of 3~o-aminopheryl-l,2~dihydro-l-me thyl~2-

oxoquinoxalinel®® (50 mg.) ™ and polyphosphoric acid (1 g.) was

* A sample of this compound was kindly presented by Professor JeW.
Clark-lewis.



heated at 160° for 2 hr. Vater was added dropwise to the cooled
reaction mixture and the solution basified with 107 agueous sodium
hydroxide. The precipitate was collected and purified by
recrystallization from aqueous ethamol. G6~-Methylindoloquinoxaline
(41 mg., 86%) separated as red needles, m.p. 177-178°. A mixed mepe

with a sample from the previous experiment showed no depression.

G—Ethxlindulcz Z.S-bZ'guimlim.- Isatin (5.2 ge, 0,036

mole) and Neethyl-o-phonylenediamine (2.0 g., 0.044 mole) were
dissolved in 1:1 agueous acetic acid (150 ml.) and the solution
heated for 1 hr. The cooled reaotion mixture was made alkallne by
the addition of agueous sodium hydroxide and the precipitated solid
collected by filtration. Purification was effected by chromatography
in light petroloum on alumina, followed by reorystallization from
light petroleums 5-Ethylindoloquinoxaline (4.0 g., 50%) separated
as red needles, me.ps 174-175° (Founds C, 77.8; H, 5.33 N, 17.5.
CqgHysNy Toquires C, 77.7; N, 535 N, 17.0%).

Determination of Acid and Bese Strenciths of Indologuinoxaline.-

(1) Acid strength. pH Determinations wers carried out on a Fye
Universal pH meter which wes standardised at pH 9.18 using a 0.05M-
sodium borate solution at 20°. 2 Hilger Uvispek wes used for optiocal
density measurements of 2 x 10" 5#-g0lutions of indologuinoxaline in
1:1 ethanol-water at 295 mu. The solutions had pH values in the

range 12.8-13.3. The pK, values were oeloulated using the equation:-
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Egol.” EBacid

Ey. base ~ Faol.

where E_ . 1is the optical density of the solution.
B,oiq 1s the optical density of a 2 x 10"%4-golution of
indoloquinoxaline in 1l:1 ethancl-water.

E is the optical demsity of a 2 x 10 C1-golution of

Ce base
indoloquinoxaline in O.lN-sodium hydroxide in 1:1

ethanol=water.

The acid pK, value for indologuinoxaline was found to be 13.6 * 0.1.

(11) Base strength. The mothod wes similar to that used for
the determination of the acid pK,« The pE meter was standardised at
pH 397 using a 0.05M-potassium hydrogen phthalate solution at 20°,
Optical density velues were determined at wavelengths 381 and 272 mu
using 2 x 10 Plesolutions in 1:1 ethanolewater. The solutiona had
pHE values in the range O.6-l.44. The PKa values wers calculated

using the eguations—

Egole ™ Bc, acid

pk, = pH — ‘ ;
Epase ~ Esol.

where Eg.q, is the optioal density of the solution.

E,, goid 18 the optical density of & 2 x 10~5Megolution of

indoloquinoxaline in O.2N-sulphuric acid in 1:1
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ethanol-water.
Bpase is the optical density of a 2 x 10 M-golution

of indoloquinoxaline in l:1 ethanol-water.

The base pK, value for indoloquinoxaline was found to be approximately
0e3s

Mothylation of Indoloquinoxaline.~ (i) A mixture of indolo-
quinoxaline (2.2.g., 0.01 mole), sodium hydroxide (Oe4 g., 0.0l mols),
methyl iodide (1.5 g., 0.01 mole), and absolute ethanol (100 ml.)
was heated under reflux for 24 hr. and then poured into water. The
precipitated solid was collected, recrystallized from aguecus ethanol,
and extracted with boiling hexane. The insoluble residue (0.70 g.)
was indoloquinoxaline. The soluble fraction was chromatographed on
alumina (100 g.)s Elution with hexane gave 6-methylindoloquinoxaline
(0492 go, 40%), mep. 146-147°, followed by b-methylindoloquinoxaline
(0427 go, 12%), mepes 176-177°.

(11) Indoloquinoxaline (2.5 ge, 0.012 mole) was dissolved in
e mixture of ethanol (100 ml.) and 5% aqueous sodium hydroxide (100ml.).
The solution was heated on a steam bath and dimethyl sulphate (6 ml.,
0406 mole) was added dropwise. The resction mixture was allowsd to
stand overnight and the precipitated solid (2.4 g.) collected and
chromatographed, in hexane, on alumina (100 g.)e The first fraction
yielded 6-methylindoloquinoxaline (1.9 g., 70%), mep. 146-147°, and
the second gave S-methylindoloquinoxaline (0.4 ge, 15%), mep. 176-
177°,
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(111) An ethereal solution of diagomethane (ca. 4 g.) was
added to & suspension of indoloquinoxaline (2.2 ge) in acetone
(250 ml.) at 0% After 2 hr. at this temperature, the reasction
mixture was left at room temperature overnight. The solvent was
removed by evaporation and the residue extracted with boiling
hexane. The insoluble material (0.32 g.) was indologuinoxaline.
The soluble fraction was chromatographed on alumna (60 g.)using
hexane as elusnt. The first fraction gave an unknown colourless
compound (0.59 g.) which could not be purified by recrystallization
or by chromatography on alumina, acetylated cellulose or silica gel.
After repeated recrystallizetion from ethanol it formed colourless
needles, meps 202-208" after sintering. Analysis indicated timt
it contained oxygen (Found: C, 69.3; ¥, 4.43 O, 7.6%)s The
second fraction contained an inseparsble mixture (0.46 ge) of
S~methylindoloquinoxaline and the colourlesaz substance. Ths third
fraction consisted of essentially pure 6-methylindoloquinoxaline
(0443 go, 19%), mep. 146-148°, and further elution gave S-methyl-
indoloquinoxaline {0.36 g., 167) as red needles, m.p. 1761777,

(1) Indoloquinoxaline (2 g., 0.008 mole), methyl toluene-p-sulphonate

o
(2 g+, 0.012 mole), and ethwnel (5 ml), were heated together at 120
for 2 hr. The resulting solid was extracted with chloroform {20 ml.)
to give the product as a residue (1 g.)». MaDw 244-2450, axxd & further
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yield (0.4 g.) was obtained by concentration of the extract.

After recrystallization from ethanol, 1lH-b-methylindeloquinoxalinium
tolusne~p~gulphonate (1.4 g, 39%) formed yellow needles, mep. 247-
248° (docomp.) (Found: C, 65,03 H, 4485 N, 10sde CppliyoN,0,8
requires C, 66.2; H, 4473 K, 10.4%)e X .- (in ethanol) 220

(1og € 4.41), 274 (4.65), shoulder 340 (4.10), 355 (4.23), 371
(4.18), and 417 mu  (3.38)3 - (in chloroform) 8.66, 8.93,
9471 and 9.92 4 o

A golution of this salt (100 mg.) in ethanol (30 ml.) was
poured into excess water. The resulting precipitats wes collected
and recrystallized from aqueous ethanol., B-lethylindologuinoxaline
was obtained in quantitative yield as red needles, m.p. and mized
mepe 177-178%,

(11) 4 solution of toluene~p-sulphonic acid in acetone was
added dropwise to S5-methylindoloquinoxaline in scetone until the
mxture became yellow. The addition of ether followed by cooling
resulted in the formation of yellow orystals which were sollected
and recrystallized from ether-acetons. 11lH-6-Methylindologquinoxaliniwn
toluene~p-sulphonate separated as yellow needles, m.p. 247-248°
(decomp.) alone or admixed with a specimen prepared as sbove. The

infrared spectrum was also identical with that of the above compound.

11H-5=me thyiindolo/ 2,3-b/quinoxelintum JTodide.~ (1) 4
mixture of indologuinoxaline (1 g.), methyl iodide (10 ml.), and
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ethanol (10 ml.) was heated under reflux for 60 hr. The resulting
precipitate was collected by filtration and recrystallized from
ethanol. 11H-5-Nethylindoloquiroxalinium iodide (0s75 ge, 47%)
separated as orange~ysllow needles, M.pe. 255-266° (decompe.) (Found:
C,y 4973 Hy 3473 ¥, 1lebe 015}112133 requires C, 49.9; H, 3.43
N, 11.6%). A . (in ethancl) 219 (loge 4.88), 273 (4.83),
shoulder 340 (4.18), 356 (4.30), 371 (4.23), end 417 mu (3.38).
(11) S5-Methylindologuinoxaline was dissolved in acetone
and hydriocdic ecid added dropwise until the solution became perman-
ently yellow. Ether was added, the solution cooled, amd the
resulting solid reorystallized from ether-acetons. The lodide formed

orange~yellow needles, mep. and mixed Mspe 2656-256° (decomps).

5,6-911:3@11::&0102 zis-bZ'ngalinium Perchlorate.~ A

rixture of 6-methylindologuinoxaline (1 g., 0,004 mole), methyl
toluene-p-sulphonate (1.1 g., 0+006 mole), and ethanol (3 nl.) was
heated at 120° for 1 hr. 4n ethanmolic solution of the resulting
s0lid was acidified with perchloric scid and then poured into watere
The precipitate wes collected and purified by recrystallisation from
ethanols 5,6-Dimethylindoloquinoxalimium perchlorate (1.4 ge, 93%)
formed red hoadleeg TePe 273-274" (decomp.) (Fourd: C, 56¢3; H, 4423
N, 1240, 0ygH,,CIN,0, requires C, 5643; EH, 4.3 XN, 12.1%).

5,11-Dim§gzlindoloz 2,@2’3&:19::&11:11@ Perchlorate.~ Methylation

of G-meothylindologuinoxaline was cerried out in the same mamner as for
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the 6-methyl derivative. §5,11-Dimethylindologquinoxalinium perchlorate
(CeB1 ge, 41%) crystallized from ethanol as orange-yellow noedles,

MePe 308-309% {decomps) (Found: C, 55.05 K, 4.2; N, 12.2%).

Attempied Ethylation of 5S-lethylindologuinoxaline.- 4
mixture of S-methylindoloquinoxaline (0.5 g.), ethyl iodide (10 ml.),
and ethanol (10 ml.), was heated under reflux for 8 hr. The
precipitated solid was ocollected and recrystallized from ethanol.
11E-5-tigthylindoloquinoxalinium iodide (0.6 ge, 64%) separated as
orange-yellow needles, mepe 265-256° (decomp.). The infrared
spectrum of this material was identical to that of an authentic
sample and a mixed me.p. showed no depression.

An ethanolic solution of this material was poured into water
and the resulting preoipitate collected and recrystallized from
agueous othanol. 5-Methylindologuinoxaline separated as red needles,
mepe 177-178°%, alone or admixed with an authentic sample.

A ted Methylation of S5-Ethylindol noxaline.~ A mixture
of Gwsthylindoloquinoxaline (1.0 g.), methyl icdide (10 ml.), end
ethanol (20 ml.) was heated under reflux for 30 hr. The reaction
mixture was concentrated and the resulting solid collscted and
recrystallized from ethenol. Repeated recrystallization did not
yield a pure product and an infrared spectrum of this material
indicated that it was an impure sample of 11H~-6--ethylindolo=-
quinoxalinium iodide.
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The sbove mixture was separated by descending chromato-
grapiry on Vihatman Noe. 1 paper using a solvent which was prepared
in the following manmer. Acetic acid (10 ml.), n-butamol (50 ml.),
and water (35 ml.) were shaken together and the two phases allowed
to separate. 4 portion (55 ml.) of the upper layer was sheken with
bengens (15 ml.) end the two layers separated. The upper phase was
removed and used as the solvent, Chromatography of the mixture
yielded a yellow fraction (Rp ©.71) and a red fraction (Rp 0.84).
The latter was shown to be E~ethylindologuinoxaline which was
formed by decomposition of 11H-5-athylindoloquinoxsline. Jjuthentic
samples ol S-ethylindoloquinoxeline and its hydriodide gave red

spots (R, velues 0.84).

118-6-Ethylindolo/ 2,3~-b/quinoxalinium Jodide.~ The method
of preparation was similar to that used for llH-5-methylindolo=-
quinoxalinium iodides After recrystallization from ether-acetone

quinoxalinium jodide formed orange~yellow

necdles, mepe 275-3" (decomp.) (Found: C, 51.3;3 H, 4.05 N, 1l.4,
C1gBy4Ng] requires C, 61.25 H, 3.8; ¥, 1l.2%)e

11-Ethyl-G=methylindolo/ 2.3—thuinoxalinium Perchlorate«~

A mixture of S-methylindologuinoxaline (0.5 g., 0,002 mole), ethyl
toluene=p-sulphonate (0.6 ge, 0.003 mole), and ethanol (1 mi.) was
heated at 120° for 1 hre The resulting solid was dissolved in

ethanol, and the solution acidiffied with perchloric acid and thsn
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poured into water. The precipitated solid was collected and
purified by recrystallization from ethanol, JleEthyl-f-

orange-yellow needles, m.p. 291-292° (decomp.) (Feund: C, 56.33

-ohlorate (0.36 g., 77%) formed

H, 4ed; F, 1llede 618!&601}:504 requires C, 66.43 H, 4.6; N,
11.6%)

Sunglull-mgmlindoloz giﬁfZ'Quignnnium Perchlorate.=

Mothylation of S-gthylindoloquinoxaline was carried ocut using methyl
toluene-p-sulphonate. The precedure was similar to thet of the
previous experiment. 5-~Ethyl-ll-methylindoloquinoxalinium perchlorate
(0435 ge, 77%) orystallised from cthanol as orange-yellow needles,
mepe 279-280° (decomps) (Founds C, 56.3; H, 445 N, 11.8%). The
infrared spectrum of this compound was not identical with that of

the above isomer. A sample containing an equal quantity of the twe
isomers melted at 280+281° (decomp.).
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D. s-~TRIAZOLOPYRAZINES

Jodified Pre tion of 2-Hydro gine.~ £ solution of
glyoxal monohydrate (46 ge, 0.6 mole) in methanol was added slowly
to & solution of aminoacetamide hydrochloride (56 g., 0.5 mole) in
methanol (1 litre) at -350°. The mixture was vigorously stirred at
«30° while 12.5N-sodium hydroxide (100 ml.) was sdded dropwise over
a period of 20 mins. Stirring wae continued for a further 30 mins.
The reaction mixture was asllowed 1o stand at room temperature over-
night and then made neutral tc litms by the dropwise addition of
12N-hydrochloric acid. The reaction mixtures from five runs were
combined and concentrated to n volume of 1 litre in a cyclons
ovaporator. The precipitated 2-hydroxypyrezine was collected and
purified by extraction with chloroform in a Soxhlet apparatus. The
mother~liguor from the remction was evaporated to dryness in a film
evaporator and the residue dried in a vacuum--dssicoator over
phoaphorus pentoxide. The dry solid was ground to a powder and
extracted with chloroform in a Soxhlet apparatus. 2~Hydroxypyrazine
(100 go, 40%) orystallized from chloroform es light brown needles,
mepe 181-185° (1it., 2> 188~189%), and was not further purified

befors uses

2,3-Dimethyl-8-hydroxypyrazine.~ The following procedure
was found to be superior to the original method.12% Aminoacetamide

hydrochloride (56 ge, 0.5 mols) and dimcetyl (60 ml., 0.5 mole)



- 109 -

were dissolved in water (50C ml.) and the solution treated with
12,5N=sodium hydroxide (100 ml.) while the temperature was kept
below 5°. The reaction mixture ias allowed to stand at room
temperature for 18 hr., neutralized with 10N=hydrochlorioc acid
(1itms), end then extracted with chloroform in a contimous
extractor. Evaporation of the chloroform extract gave a dark

brown residue which was recrystallized from ethyl scetate {charccal).
2, 3-Dimethyl-8=hydroxypyrasine (23 g., 37%) separated as clusters

of colourless needles, mep. 198-199° (1it.,12° 201-202°).

6~Chloro=2,3-diphenyloyrazine.~ This compound was only

obtained in satisfactory yleld by the following precedure. A4
mixture of 2,3-diphenyl=-6-hydroxypyrazine (756 g.), phesphorus
oxychloride (276 ml.), phosphorus pentachloride (75 g.), and
saveral drapa:::oncan‘erated sulphuric acid was refluxed for 20 days.
Eveporation of the phosphorus oxychloride, followed by addition of
methanol, gave a yellow solid which was collected by filtration.
The orude chloro-compound (76 ge, 93%), mops 122-124°, was purified
by recmtallimﬁon from methanol, and formed pele yellow plates,
Bepe 126-127° (11t.,12% 126-127°).

2! ino 2ines . nerel lothod of Preparation.~ A
mixture of the orude 2-chloropyrazine (0.1 mole), 98% hydrazine
(16 ml., 0.6 mole) and absolute ethanol (50 ml.) was refluxed for
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4 hre The ethaml was removed by evaporation under reduced
pressure, and the resulting solid recrystallized from benszene.
2-Hydrazinopyrazine (6.6 g., 60%) separated as cream needles,

Mepe 112-113° (Found: C, 43.7; H, 6.4; ¥, 50.6. C ¥, requires
C, 43.6; H, 5.5; N, 50.9%). The picrate crystallized from
acetone-light petroleum as yellow plates, m.p. 155~156° (decomp.)
(Found: C, 41.33 H, 3.2; N, 26.0. CyoHgN,0re0.6CgHg requires
C, 41c13 H, 3465 N, 26.7%). 2fter two recrystalliszations from
benzene, 2,3-dimethyi-6-hydrasinopyrazine (7.8 g., 54%) formed
pale yellow needles, mop. 119-120° {Found: ¢, 62.0; H, 7.2.
UgHyoN, Tequires C, 52.2; H, 7.3%)e The piorate crystallized
from ethanol as yellow needles, meps 169-170° {decomp.) (Found:

Cp, 44.0; H, 4.23 N, 23.9. 0122‘{155707.0.536116 requires C, 44.4;
H, 4.03 N, 24.1%). After recrystallization from benzens, 2,3~
diphenyl-6-hydrazinopyrazine (17.2 g, 69%) formed creem needles,
meps 154-156%  (Found: G, 73.4; H, Se43 N, 21.2¢ Cyghy N,
requires C, 73433 H, 5«43 N, 21.4%). The picrate separated from
bengens as orange rhombs, meps 167° (decomp.) (Found: C, 56.2;

Hy 3¢95 N, 18e7¢ CpoHy N.0,.0.5CcHg requires C, 56.6; H, 3.8;
N, 18.5%).

8,5, G=Trisubstd tuted~s-tria soioz 4 .S-gpmzim: +« Goneral

lothod of Preparation.~ A mixture of the 2-hydrazinopyrazine (1 g.),
the orthoester (3 ml.), aud xylens (10 ml.) was refluxed for 4 hre.
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iliesolvent was removed by evaporation under reduced Ipreasurs. and
the resulting solid recrystalliged from the appropriate solvent
(see Table II). The picrates were prepsred by mixing s solution
of the g—-ln-luolo[ 4,3-_g7pyra.zim in bengzene with an equal volume
of a saturated solution of pioric acid in benzenss It was
sanetimes necessary to heat the mixture Ffor & considerable time
befors the picrate separated {compounds 5, 6, 9je The picrates
were recrystallized from the solveuts zhown in Table III.

pyragines .-
(1) Deing 2,3-diphenyl-6-chloropyrasine. £ mixture of benshydraside
(240 go), 2,3-diphenyl-6~chloropyrazine (1.0 g.) and phenol (4.0 g.)

containing & trace of sodium phenoxide, was heated under reflux for
10 days. The phenol was removed by steam~distillation and the
remaining water svaporated under reduced pressure. The solid residue
(0476 ge), mepe 176-185°, was ohromatogrephed on alumina (16 ge)
using benzene as eluant. The resulting solid was reorystallized

five times from benzene, and separated as colourless needles, m.pe
187-189°, This compound was identified as 3,5-diphenyle~l,2,4=

= 190°) by mixed m.pe determination, and comparison

triazole (1it.}
of its infrared spectrum with thaet of an authentic sample. {(Found:
C, 76423 H, Buls N, 18.6. Cslce for Cnﬂ‘ul‘ls: C, 76403 1, Ba03
N, 19.0%)e

In another experiment, carried out on & smaller scale,

chromatography on alumina in benzene, gave a product, probably
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£43-diphenyl-8-phenoxypyragine, which separated from light

petroleum as small colourless irregulsr prisms (0.15 g.), mepe
94-95° (Found: C, 8173 H, 4.9+ C,,HyoW,0 requires C, 81.53
H, 5.0%)0

(11) Using 2,3-dimethyl-6-chloropyrazine. A mixture of
benghydrazide (086 g.), 2,3-dimethyl-6=chloropyrazine (1.0 g.) end
phenol (3.0 ge) containing & trace of sodium phenoxide was heated
under reflux for 40 hr. The phemol was removed by- steam-distillation
and the residue remaining after evaporation of the water wag
chromatographed on slumina (20 g.) using benzens ss slusnt. ke
resulting product crystallized from light petroleum as colourless
needles, mep. 135-136°, and was identified as 2,5-diphenyl-1,3,4=
oxadiazole (11t.151 138°) (Found: C, 75.55 H, 4.6. Calce for
Cy4H10¥s0t C, 7573 H, 4.5%). The infrared spectrum was identical
with that of an authentic specimen, which did not depress the
melting point of the product.
The reaction of benzhydrazide

(12 go) with 2-chloropyraszine (1.0 g.) was carried out as above,

and the residue remaining after removal of the phenol by steam-
distillation was identified as dibensoylhydrazine (0.456 g., 51%),

MePe 234-2350. Recrystallization from benzens~ethanol gave colourless
nesdles, meps 240-241% (18t.,252 240-241°) (Found: C, 70.0; H, 5.1;
N, 12.0. Cales for Cy,Hy,Nols: C, T0.0; E, 5.05 N, 11.7%). The
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mspe was not depressed by admlxture with an authentic sample,

and the infrared spectra were identical.

N-Bengoyl-2,3-diphenyl-8-hvdrazinopyrazine.- 2,3-Diphenyl-=

hydrazinopyrazine (2.0 g., 0.008 mole) was dissolved in pyridine

(6 mle) and the smolution cooled in an ice-bath while bensoyl chloride
(1.2 mle, 0.008 mole) was added dropwise. Aftsr vigerous shaking
the mixture wes allowed to stand overnight and then poured onto
erushed ice. The resulting oil was soratched and cooled until it
solidified and it was then recrystallized from bengzene~light

petroleun. N-Bensoyle2,3-diphenyl-6-hydrazinopyrazine (2.5 g.,
89%) separated as colourless needles, eD. 189-190°. (Founds €,

7506} B, 5.0; N, 15424 023H18N4° requiras Iy THBed; H, 5.03 Hs
15.3%) e

Ring Closure of N-Benzoylw2,3-diphenyl-6-hydrazinopyrazine.-
{1} Using phienol. A4 mixture of the bensoyl compound (0.4 g.) and

phenol (1.0 ge) was refluxed for 20 hr. The phenol was remcved by
steam-distillation, and the residue (C.12 g.) recrystallized from
benzene~light petroleum. The resulting colourless needles, mep.
186-187°, were identified as unreacted H-bensoyl-2,3-diphenyl~6-
hydrazinopyragzine.

(11) Using phosphorus oxychloride.~ The benzoyl compound
(0e5 go) and phosphorus oxychloride (5 ml.) were heated %ogether

under reflux for 2 hire The reaction mixture was poured into ice-
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water and the insoluble solid collected. This material was
identified as the unchanged benzoyl compound. The filtrate was
neutralized with agueous sodium hydroxide, and the precipitate
collected. Rscrystallization from bensene-light petroleum gave
a product (0.007 ge), meps 238-239°, whose infrared spectral
characterisities indicated that it was most likely 3,5,6-
triphenyl-g~triasolo/ 4,3-&/pyrazine.

(411) Using polyphosphoric acid. FPhosphorus pentoxide

(35 ge) and orthophosphoric acid (17 ml.) were haated together on
e water~bath for 3 hr. NeBenszoyl-2,3-diphenyl-~6-hydrazinopyrasine
(348 go)s was added and the reaction mixture heated at 160° for 3
hr. After cooling, water was added and the solid material collected
and recrystalliszed from ethanol. Sisis-l‘riy«m-a-tﬂawloz 4,3-137-
pyrazine (3.0 g., 83%) separated as colourless needles, m.pe 240~241°
(Found: C, 79.03 H, 4.63 N, 16.2. 02551634 requires C, 79.3;
H, 4.6; N, 16.1%).

It was not possible to prepare a picrate derivative of this
compound «

Attempted Preparation of s-'i‘riazoloz 4,5-&Z:gxruine Using
Formic Acide~ A mixture of 2<hydrazinopyraszine (0.6 ge) and 98%

formic acid (6 ml.) was heated under reflux for 2 hr. Removal of
the formic acid by evaporation under reduced pressure gave a
carbonacecus residue from which it wes not possible to isclate any

pure material,
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Extensive decomposition also occurred when the reactants

weare heated &t 7000

5,6~Diphenyl-s-iriasole/ 4,3-a/pyrazine.~ (1) Using 96%
formic acide A mixture of 2,3~diphenyl-6-hydrasinopyrazine (1.0 g.)
and 98% formic scid (156 ml.) was heated under reflux for $ hr. The
formic acid was evaporated under reduced preasure, and the residue
recrystallized from benzene-light petroleum. The product separated
as a yellow microorystalline powder (0.1 g., 10%), m.p. 181=18%°,
Repeated recrystallization did not raise the m.p., but the infrared
spectrum was identical with that of 5,6-dipheny1-_§:-trhsolo[ 4,5=8/=
pyrazine frepared by the orthosster reaction.

(11) Using dimethylformamide. 2,3-Diphenyl-6-hydrasinopyrazine
(0s5 go) and dimethylformamide (20 ml.) were heated together under
reflux for 18 hr. The dimethylformamide was evaporated snd the
residue recrystalliged from benzene-light petroleum. The pure
product (0.01 ge, 0.6%), meps 187-188°, was identical in all respeots

with the produot from the sthyl orthoformate ring closure.

Agetylation of 2,3-Diphenyl-6~hydrazinopyrasine.~ (i) Formation
of 1,1 ,z-triu«'t_zl-z-(g‘g-digl"mlnﬁ-gmziyl _)_gdrazim. 4 mixture

of the hydrazinopyrasine (1.0 g.), acetic anhydride (2 ml.), and
acetic acid (2 ml.) was heated under reflux for 2.5 hr. The
acetylation mixture was removed by evaporation under reduced pressure,
and the residue recrystallised from methanol (charcoal)s The
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triacetyl derivative formed colourless rhombe, mepe 178=179°
(Found: €, €8.2; H, 5.3; N, 14.6%, M, 400. Cogliagl,0g Tequires
C, 68.035 EH, 5.2;5 N, 14.4%; M, 388).

(11) Pormation of 1,1-discetyl-2-(2,3-diphenyl-6=-pyrazinyl)=
hydrazine. The hydrasinopyrasine (1.0 g., 0.004 mole) was dissolved
in pyridine (¢ ml.) and scetyl chloride {0.4 ml., 0.004 mole) added
dropwise. The mixture was allowed o stand at room temperature for
1 hre snd then poured into ice-water. The crude product {0.86 g,
71%) was collected and recrystallized from benzene-light petroleums
After repsated recrystallization the diacetyl derivative separated
as smll, colourless needles, m.p. 167-168° (Found:s C, 69.1; K,
5.25 N, 16a2e Chof;oN,0y Tequires C, 69.4; H, 5.2; W, 16.2%)

The seme product was obtained from the above triacetyl
compound by evaporating a solution in methanol to dryness on a water-
bath. The resulting discetyl derivative was first recrystallized

from methanol, and then from benzene~light petroleum.

mted Synthesis of S-Méveapto-B,6-dichenyl-s-triagolo-

Ty S e S A

[ 4,3-a/pyrazine.- (1) Using carbon disulphide. £ mixture of
2,3-diphenyl=6~hydrazinopyrazine (1.0 g., 0.004 mole), carbon

disulphide (2 ml., 0.025 mole), and pyridine (10 ml.) was heated
under reflux until hydrogen sulphide evolution ceased (7 hr.). The
golwent- was removed by evaporation under reduced pressure end the
residus recrystallized from a tetrahydrofuran-sthanol mixture.
1,3=Di=(2,8=d] ] B ginvlamino )thiourea was obtained in poor
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yield as a pale yellow, microorystalline solid, m.p. 239-240°
(Found: C, 68+45 H, 4.55 N, 19.3;5 5, 5e9e CyopgNeSe0.5H,0
requires C, 68.8; U, 4.7; N, 19.6; S, 5.6%).

(11) Using phenyl isothiogysnste. £ mixture of 2,3-@iphenyl~-
6-hydraginopyrasine (1.0 g, 04004 mole), phenyl isothicoysnate
(07 gep 0.005 mole), and trichlorobenzene (5 ml.) was refluxed for
§ hre The solvent was evaporated under reduced pressure (0.05 mm,)
and the residue sublimed at 16(39/0.001 mme The sublimate crystallized
from benzene-light petroleum as colourless needles, me.p. 187-1885,
and was identified as 5,6-diphenyl-g-triazolo/ 4,3~-8/pyraszine by
mixed mepe determination, and by comparison of its infrared spectrum
with that of an authentic sampls.

General Method of Preparation of N¥-2~Pyraginyiphenylamidines.=
Equimolar quantities of the 2-sminopyrazine, sluminium chloride, and

benzonitrile were heated together at 180° fbr 2 hre in a reaction
flask fitted with a calcium chloride tube. Water was added 1o the
cooled reaction mixture, and the resulting solution basified with
agqueous sodium hydroxide. The precipitated solid was collected and
recrystalliged from light petrolsum. Extraction of the filtrate
with ether did not give a further yield of the producte Ne{2 5=
Dimethyl-G-pyrasinyl)phenylamidine (18%) separated as colourless
needles, m.p. 145-148° (Found: C, 68473 H, 6.1; B, 247, Cpgffy N,

requires C, 68,035 B, 6.23 I, 24.8%)s The picrate crystallized
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from chloroform~light petroleum as yellow nsedles, m.p. 163-154°
(Found: G, 50.83 H, 3.9; X, 21.2. CyoHynBsCp requires G, 50413
H, 5.83 X, 21.5%) B=(2,3-Dimethyl-6-pyrazinyl)phenylemidine (37%)
formed colourless nsedles, i.pe 165-166° (Found: C, 68,65 E, 6.2;
N, 2448. CqgHyaN; requires C, 69.0; H, 8.25 N, 24.8%)s Ne(2,3-
Diphenyl-6-pyraszinyl)phenylemidine (56%) formed colourless needles,
mep. 187-188° (Found: C, 78.7; E, 6.2; K, 16e1s CpuHyoN, requires
C, 78B; 5, 5.23 N, 16.0%4)s The picrate orystallized from aqueous
ethanol in fine yellow needles, m.p. 269-280° (decomp.) (Found:

Cy 60435 E, 3+95 ¥, 1646s CpoH, N, 0, requires ¢, 60.1; i, 3.7;
N, 16.9%).

the amidine (0.005 mole), lead tetra-acetate (3.5 z., 0.008 mole;,
and bengens (50 ml.) was heated under reflux for 30 mine The
precipitated lead acetate was removed by filtration and the filtrate
shaken with 30% sodium hydroxide solution (100 ml.). %The benzens
solution was dried (anhydrous sodium sulphate) snd then evaporatsd
to dryness, The residue wes recrystallized from the solvent
specified belows 5,8-%@1—2—@1—»&&:019( zls-aZ'Emzim
(063 ge, 56%) orystallized from light petroleum as colourless
needles, meps 105-104° (Found: C, 69.5; H, 5.5; N, 24.8.
Cysfiyoly requires C, 69.6; H, 5.4; N, 25.0%). The picrate
separated from bengene-light petroleum as yellow needles, in«pe
216-217° (Found: C, 50.0; H, Ze23 N, 2le3. G, ofl 1,0, Tequires

C, 50.3; H, 3.3; N, 21.6%). 5,6-Dimethyl~2~phenyl-s~-triagzolo=
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[ 2,3-a/pyrasine (0.57 g., 51%) orystallized from light petroleum
a8 colourless needles, Meps 133-134° (Found: C, 69.3; H, 5e3;

¥, 24.8, C),H N, requires C, 69.6: E, 5.4; N, 25.0%)s The
picrate separated from bengene-light petroleum as yellow necdles,
mepe 192-198° (Founds C, 60.5; H, 3.7 N, 21e4e OygH N0,
requires T, 50.3; B, 333 N, 21.6%). 2,5,6-Triphonyl-s-iriasolo=-
[ 2,3-a/pyrazine (1.22 g., 70%) orystallized from ethamol as
colourless needles, m.p. 238-538. (Founds C, 78.9; H, £.8; ¥,
15,9 CpgBy o, Tequires €, 79.3; H, 4.6; K, 16.1%). All attempts
to prepare picrate or msthiodide derivatives of this compound were

unsuccessfule.

Treatment of 2-Aminpe3,6-dimethylpyrasine with fliphatic
Nitriles.~ (i) Acetonitrile. (a) A mixture of the amine (0.52 ges

0,005 mole), aluminium chloride (0.8 g., 0,006 nole), smd aceto-
nitrile (2 ml.) was heated in o sealed tube at 160° for 2 hr. ‘hs
resction mixture was dissolved in water, basified with sodium
hydroxide, and extracted with ether. Evaporation of the ather gave
& residue (0.42 g.) which wae found ic be unchanged amine.

(b) The sams quantities were heated together in a sealed
tube at 175° for & hr. Extensive decomposition occurred end it
was not possible to isolate any pure compound.

(11) Propionitrile. 4 mixture of the amime (0.62 ge, ©.005

mole), aluminium chloride (1.0 g., 0.008 mole), and propionitrile
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(2 ml.) was heated in a sealed tube at 180° for 4 hr. The only
material isolated was the unchanged amine (0.16 g.)e

(1i4) Trichlorcacetonitrile. (a) 2 mixture of the amine
(062 go, 0,006 mole), aluminium chloride (0.8 g., 0.006 mole), and
trichloroscetonitrile (3 ml.) was heated in a sealed tube at 180°
for 5 hr. The resulting solid was extracted with ethanol, and
evaporation of this extract gave a colourless solid (C.91 ge) which
was recrystallized from aqueous ethemol. This material separated
as colourless needles, Mep. 91-920, and was identified as 2,4,6-
tris(trichloromethyl)=1,3,6=triasine {11%e, 00 mepe 91-92°) (Founds
C, 16.8; N, S.4. Calc. for CglizClg: &, 1648; N, 8.7%)e it was
not possible to isolate sny other compounds from this reaction.

{(b) In s second run, the reactants wers heated together in
a sealed tube at 120° for 2 hre The reaction mixture was extracted
with water and the aqueous solution basified with sodium hydroxide
and then extracted with ether. No nure compounds could be isolated
from this ether extract. It was nnt possible tc obtain any products
from the water-inzoluble material.

(iv) Chloromcetonitrile. The zmine (0.62 g., 0.005 mole)y

aluminium chloride (0.7 ge, 2.005 mole), end shlorcacetonitrile (3
ml.) were heated togsther ct 150° for 2 kr. in a flssk fitted with
s caleium chloride tube. The reaction mixture was dissolved in
water and the resulting solution basified with sodium hydroxide.

Extraction with ether yielded only the unchangsd amine (0.25 ge)e
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(v) Acrylonitrile. 4 mixture of the amine (0.62 ge, 0.005
mole), aluminium chloride {07 gzo, O+00E mole), and sorvlionitrile
(2.6 mle) was heated in a senled tube at 120" for 8 hr. The usual
work-up ¢id not give any material in & pure state.

(vi) Phenylacetonitrile. The amine (0.62 g., C.006 mle),

elwiinium chloride (0«8 ge, C.006 mole), and phenylacetonitrile

(5 ml.) were heoted together at 200° for 2 hr. in a flask fitted
‘with & celciun chloride #uke. The reaction mixture was dissolved
in weter, basified with sodium hyiroxide, and extracted with ether.

The only materisl isolated wee unchanged amine (0.2 g.).

Attempted Hesction of 2-Amino-3,6~-dimethylpyrazine with Ethyl
joetinidete Uydrochloride.= (i) A mixture of the amine (0.6 g.,

0,006 mole), ethyl acetimidate hydrochloride'** (0.6 g., 0.006 mole),
and ether was heated under reflux for 10 hr. The insoluble meterial
was collectsd by filtration, and the filtrate evaporated to dryness.
The residue (0.45 z.) consisted of unchanged amine. The insoluble
material was dissolved in water and the solution basified with
aqueous sodium hydroxide. No furthor compounds were obtained by
extracting this solution with ether.

(ii) The amine (0e25 ge, 0,003 mole), ethyl acetimidate
hydrochloridel?% (0.5 ge, ©.004 mole), end dioxan (50 mle), Were
heated together under reflux for 2.5 hr. The only material isolated

from the resction was unchanged amine (0.4 ge)e



- 122 -

(111) 4 mixture of the amine (0.5 ge., 0.004 mole), ethyl
acetimidate hydrochloride 2% (0.5 ges 0,004 mole}, and acetonitrile
(60 ml.) was heeted under refiux for 3 hr. The insoluble solid was
removed by filitration end ths solvent evaporated to dryness.
Extraction of the rosidue with light petroleum gave only uncianged
amine (0s3 gejo. It wae not possible to isolate any pure compound

from the solid precipitated from the reaction mixture.
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E. ABSORPTION SPECTRA OF s~TRIAZOLOPYRAZINES .

All meesurements were made with a Unicam SP700 recording
spectrophotometer in oyclohexans and in 95% ethanol.

Samples of S-mathyl-vg_-triazolo[ 4.3-_g7pyridins, s~triagolo~
L 4,3~a/pyrinidine, and _g_-triasolo[ 2,3-a/pyrimidine were kindly
presented by Dre K.T. Potts, University of Louisville, Kentuoky.
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