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SUMMARY

The chemistry of the known pyrrolotriazines is reviewed
and the biochemical reasons for the synthesis of such
systems are discussed.

The work described in this thesis is concerned with the
preparation and properties of pyrrolo[l,Z—Q][?,B,é]triazines
and the attempted preparation of pyrrolo[Z,i-ﬁ][l,Z,%]
triazines. The synthesis of the pyrrolo[l,Z-%H:l,B,ﬂ
triazine system was approached by two main routes.

(i) From 1,3,5-triazines:

The preparation and properties of various 1,3,5-triazines
are discussed, together with their suitebility, as potential
precursors, of the bicyclic system. Special reference is
made to the high carbonyl stretching vibrational bands found
in the infra-red spectra of the 1,3,5-triazin-2,4(1H,3H)-
diones. The structures of 6-dicarbethoxymethyl-1,3,5-triazin-
2,4(1H,3H)~dione and 2,4,6-tris(dicarbethoxymethyl)-1,3,5-
triazine are re-assigned, on the basis of spectroscopic
evidence, as 6(1H)-dicarbethoxymethylene-1,3,5-triazin-2,4
(34,5H)-dione and 2,4,6(1H,3H,5H)-tris(dicarbethoxymethylene)-
1,3,5-triazine, respectively.

Reaction of 6-methyl- and 6-benzyl-1,3,5-triazin-2,4
(14,3H)-dione with ethyl bromopyruvate gave ethyl pyrrolo
[1,2-§:”},3,€]triazin—2,4(1&,3@)—dione—?—carboxylate and

ethyl 8—pheny1pyrrolo[1,2—@][1,3,5]triazin—Z,4(1&,3&)-dione-



7-carboxylate respectively. Difficulties were experienced
when other a-halogeno-ketones were used in the above
reaction.

The potassium salt of 6-methyl-1,3,5-triazin-2,4(1H,3H)-
dione and phenacyl bromide afforded 6-methyl-1,3,5-triazin-
2,4(1H,3H)-dione and 6-methyl-1,3-diphenacyl-1,3,5-triazin-
2,4(1H,3H)-dione as the major products. The latter compound,
on treatment with acetic anhydride, gave 3-phenacyl-7-phenyl-
pyrrolo[l,Z-gJ[?,S,%]triazin-Z,4(1@,3@)—dione.

Plausible mechanisms for, and the limitations of, the
above reactions are discussed.

Bromination of ethyl 1,3-dimethylpyrrolo[l,2-51[1,3,?]
triazin-2,4(1H,3H)-dione-7-carboxylate afforded a mixture of
the 8-bromo-, and 3-dibromo-derivatives.

(ii) From 2-aminopyrroles

2-Aminopyrroles, containing electron-withdrawing groups
in positions 3 and 4, and alkyl (or aryl) isocyanates
afforded 3,7,8-trisubstitutedpyrrolo[l,Z-QJ[l,B,%]triazin-
2,4(1H,3H)~-diones. A possible mechanism for, and the
limitations of, the reaction are discussed and l-alkyl
(or aryl)-3(3,4-disubstitutedpyrrol-2-yl)ureas are shown
to be intermediates.
The sbectroscopic properties of the pyrrolo[l,Z-g]
[1,3,%]triazin—Z,4(1&,3&)—diones are discussed.

The synthesis of the pyrrolo[2,1~§][l,2,€]triazines was

attempted by an extension of the Tschitschibabin indolizine



synthesis. Alkyl- and arylalkyl-1,2,4-triazines form
quaternary salts with methyl iodide. Reaction of 3-amino-
5,6-dimethyl-1,2,4-triazine with ethyl bromopyruvate gave
diethyl 4-methy1pyrrolo|:2 ,1-ﬂ imidazo[l‘,2' —13][ 1,2 ,4] triazine-
2 ,7-dicarboxylate or the isomeric diethyl 4-methylpyrrolo
[?,Z-QJimidazo[T,Zhg][l,2,{]triazine-Z,8-dicarboxy1ate.
Both of these compounds are derivatives of previously
unreported ring systems, although which isomer was present
is unconfirmed.

The mass spectra of most of the compounds mentioned in
the thesis are discussed and possible fragmentation patterns

are suggested.
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A. The Pyrrolotriazines

There is only one pyrrolo[ 1,3,5], or s-, triazine system,

the pyrrolo[l,Z-gJ[},S,?]triazines s

four different pyrrolo[},2,4], or as-,

contain a bridgehead nitrogen atom.

[é,l-g][i,z,gjtriazines (2), the pyrrolo

(3), the pyrrclo[Z,l—g][},Z,h]triazines

[},2*@}[1,2,{]triazines (5). The pyrrolo

There are, however,

triazine systems which

These are the pyrrolo

2
1,2-9][1,2,g}r:1azines

(4) and the pyrrolo

:2,1-§][1,2,{]

triazine system is the only one which is completely unknown.

" 8 1
2/ o N

: 7
3N /
S 6

4

(

1

(1) Bzrrolo[?,Z-gJ[},B,?]triazine

The fully saturated derivative and

: (2)

1
o0
o
INQA
4 (3}

(5)

two benzhydro

derivatives of this system have been reported in the

literature, but the fully aromatic species (1) is unknown.

In 1964 a dipeptide component (''peptide A") was



isolated from a partial acid-hydrolysate of the streptomyces
antibiotic viomycinl. The structure (6) was proposed for

this dipeptide and it was believed to be responsible for the
ultra-violet absorption of the antibioticz. The compound was
claimed as the first example of the pyrrolo[},Z-g][i,B,%]triazine
ring system and the structure (7) proposed for viomycin, a

structure which was later reproduced in a standard text3.

H2N rN SN
i
COzH

CHNH,
|
CH,NH,

(6)

1
CH,0C-CH,CHCH,CH, CH, NH,

g nd

C-NHCH-CNHC HC-NHC-NH
0 0 | 0
M-y
CH,OH

2

(7)



Later work has, however, shown ''peptide A" to be a
mixture and based on much spectroscopic, including X-ray,
data the structure of viomycin has been elucidated as the

6

quinazahexadecane (8)5’ and the moiety responsible for the

ultra-violet chromophore as the dehydroserine ureide (9)5’7.

CH,OH
HOHEGCSs b : i
27 NN CHH o Nn:
0=é 5 3 C\ /b\, /CH\ ./CH\ /NH2
\ ' R /CH--NH CH, 7
HZN\ H H!}] H i “-—CH -
i N\Cyc \-?/N\E,{—Q:
S
H NH
| "OH

HoN-C-HN~ ¢ -

S|
SN NE ~

i
(9)

The first authenticated pyrrolo[l,2—g][?,3,%}triazine
was synthesised by Richter . He reported that aromatic

isocyanates underwent addition to the "-C=N-" moiety of fully



substituted amidines in a 2:1 ratio to give hexahydrotriazine
derivatives; reaction of the amidine (10) gave the 8a-dimethyl-
amino-2 ,4-dioxo-1 ,3-diaryl—perhydro-pyrrolo]:l ,2—-3_:[1, 3 ,5:]

triazines (11—13).-

_ R —E |
N{Me) ? NiMe)

2

P +2RQNCO ‘e OT\E/Nb
o £ LY

(1M)R=H
(12)F{= p-Cl

(13)R=m-~Cl

The benz-derivatives mentioned.in the literature are
both derivatives of the isoindqlq[l,2—51[1,3,5]triazine
system, The triazinoisoindole (16) was obtained by treatment
of the acid (14) with strong acid or by heating the ester (15)
in refluxing benzonitrileg. ‘

_1,9—diimino-3-amino-isoindolo[Z,3-§][l,3,é]triazine
reacts with l-chloroanthraquinone derivatives to give dyés
of the type (17), where R is H, amino, or substituted aminolo

A synthesis of the ring system is not reported.
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(ii) Pyrrolo [1,2-1_3]11 2 ,4] triazine

Two similar methods to the synthesis of this system have
been reported, both of which involve the formation of a
"triazine ring' by cyclisation to a 2-aminopyrrole precurser.

1,3,5-triamino—3,4—dicyanop§rrole (18) readily condenses
with symmetrical diketones to give the pyrrolo[1,2-§1[1,3,5]

triazines (19-21)11.

CN

HoN 0 B
¢ @CN RC-CR I: ~ )CN
H N~ RN
(18) (18) R=H
(20)R=Me
RCCOE (21)R=Ph
" CN
0PN
H
(22)?=Me

(23)R=CO,Et



Ethyl pyruvate or ethyl oxomalonate react with (18) to
give the same ring system and only one compound is isolated
in each case, although there are two possible isomers. The
structures (22-23) were assigned on the basis that the most
reactive carbonyl group (the keto group) would react with the
most reactive amino group (the 2-amino group).

Reaction of the alkylidene malononitriles (24) with
dia zocarbonyl compounds (25) in the presence of triethylamine
afforded the 2-amino-N-substituted pyrroles (26) which under

basic aqueous conditions gave the pyrrolotriazines (27)12.

R CN | N
oo iy % N%‘N‘EH'[F-R:; __{Et)aN 3 2 // Rz
RC  CeN 0 RG-S AN

H) _ i oH R

(24) (25) (26)

KOH
B:| R R
-(CH,),~| Ph Ph l CN
_(CHZ)L'{-- PhNOZ(P) PhNOZ(p) | R\fN ¥ R2
Ho [ B PhNO, (p)| PhNO,(p) SN /1
—(CH2)4- OEt OH i




(iii) Pzrrolo[z ; l-c:l[: 152 ,4] triazine
Reaction of the amidrazone (30) with @-ketocarboxylic
acid esters (31-32) gave the 3-substituted-4-oxo-4,6,7,8-

tetrahydropyrrolo[Z,l—g][l,Z,Q]triazines (33-34)13.

HZNN (Nﬁwi:>
+ 4
HN RCH:COZR R’L/N

0 0
(30) (31) ReMe (33)R=Me
(32)R=Ph (34)R’= Ph

The aromatic bicyclic system is unknown but the benzo |
analogue pyrrolo[2,1-21[},2,Ajbenzotriazine (36) is readily
formed on diazotisation of 1-(2 —aminophenyl)pyrrole (35) in
aqueous acidic medialé.

The reactivity of this system to typical electrophiles
has been recently'investigated and compared to the pyrrolo-
quinoxaline system (37)15. The preferred site of halogenation
was found to be position 1, with C-3 the second most
favoured position, these experimentally determined values
agreeing with those predicted by molecular orbitél calculations.
Both systems underwent sulphonation at position 3, but the

pyrrolobenzotriazine required much more forcing conditions,

(concentrated sulphuric acid at 130°) than the
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pyrroloquinoxaline (concentrated sulphuric acid at ambient
temperature), thus demonstrating the deactivating effect of

the additional ring nitrogen atom in compound (36).

NHZ 7@%\ A

(35) (36)

6 )
g
8

X NN

S
(37)

(iv) Pzrrolo[l,Z-é][l,Z,ﬁ]triazine

The parent compound of this system (42) has been
synthesised from pyrrole-2-carboxaldehyde formylhydrazone (38)
by a base-catalysed cyclodehydration reaction. Various methyl

derivatives of the system (43-45) were similarly obtained

from the corresponding pyrroles (39—41)16.
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R2 : R2

'?*%\© LEN AR
E 1
HN, HN~/ 2 g 1 e it
P g aHR0 L5

]
07 R b
(38) R-R%RH (42) A 21
(39) H-R2H, RiMe (43) -EfH, R Me
(40) /.1, Rme (42) J: lu, v
(M) R]:Me‘i%;RB:H (45) = Me R%{__-\?:

Reaction of (42) with N-bromosuccinimide in dichloromethane
gave the 6-bromopyrrolo[l,Z—QJ[?,Z,4]triazine.

The 3E-pyrrolo[l,2—§][},2,%]triazin-&-ones (47~Si) were
formed by ring closure of N-carbethoxy-2-formylpyrrole (46)
with various substituted hydrazinesl7. In the case of the

less reactive hydrazines the intermediate hydrazones were

isolated and ring closure was effected under acidic conditions

(scheme 1).
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Scheme 1

H 0
H S'N"N{: NG HC R-H—N*E{\
N i =
J) oo TS, Mtk , T
Et0,C | Et0,C Et0,C
(46)
H NH,NHR! H*
N N U4
N 4 B g N al
N N N~ RNL N/
R N N
0 0 0
(47) (48) R =Me (50) R=Ph

(49) R =CH,CH0H
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B. The "raison d'étre"

The pyrrolotriazines so far synthesised have no recorded
biological activity although triazine derivatives have value
as antimetabolites as aza-analogues of nucleic acid

derivativeslg’lg’zo

, and dihydrotriazines have antibacterial
and antitumour activity in experimental system321. Perhaps
the best known dihydrotriazine is 4,6-diamino-1-(4 -chloro-
phenyl)-1,2-dihydro-2,2-dimethyl-1,3,5-triazine (53), the
active metabolite of the antimalerial drug proguanil (52)
which acts by depriving the malerial parasite of citrovorum
factor (scheme 2), the formyl derivative of tetrahydrofolic

acid22.

| M cl
% O\ Ne\C/He Me Me
NH N><N

NH in vivo
l L2 |
j:‘\‘NH oxidation H.ZN/kN J\N

(52) s (53)

Tetrahydrofolic acid is formed in the cell by enzymatic
reduction of folic acid via the 7,8-dihydroderivative, the
enzyme dihydrofolic reductase, also known as folic reductase,
catalysing‘both steps which are dependant on reduced
triphosphopyridine nucleotide (scheme 2). It is these

reduced forms of folic acid which take part in the biosynthetic

reactions in the cell leading to the formation of D.N.A.
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Scheme 2

0 |

A o e NH@LONHCHCO H

HN .\Aﬁ ‘irc ¢ 2

/L\\N N7 CH,CH,CO,H
Folic acid

/“’_TPNH

Folic Reductase \\_ﬂ__ﬁ>

/ij: H NH4<::>>CONHCHC02H
CF@CHZCOQH
7,8~ Dlhydrofollc acid
TPNH

Dihydrofolic Reductase
TPN

0
v H H 10
5y1_CH NH@CONHCHC H
HHN:IZ 2 | %
N H CH,CH COQH
N N 20
Tetrahydrofolic acid

—— Serine
Serine Aldolase
Glycine

CHO

'H s
cH2 @-‘:ONHCHCOZH
CHZCI-QCOZH

Citrovorum factor

TPN=Triphosphopyridine nucleotide
TPNH=Reduced triphosphopyridine nucleotide
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Any one of five different enzymes present in the cell can
then catalyse the attachment of a one-carbon fragment, at

the formaldehyde or formic acid oxidation level, at N5 or

Nlo or both, of tetrahydrofolic acid to give citrovorum
factor (scheme 2).

A further six enzymes are then able to interconvert
the oxidation level of the one-carbon fragment or its
position on tetrahydrofolic acid. Citrovorum factor is
involved in four one-carbon transfer reactions, three of
which occur in pyrimidine or purine biosynthesis, for
example the biosynthesis of 2'-Deoxythymine 5'-monophosphate
(dTMF) (55) from 2'-Deoxyuridine 5'-monophosphate (dUMP)(54),
which involves the methylation of the pyrimidine ring. The
enzyme thymidylate synthetase catalyses the conversion of
dUMP to dTMP with a concomitant oxidation of 5,l10-methylene -

tetrahydrofolic acid (5,10-CH -FAHA) to dihydrofolic acid

2
(FAHZ). In this reaction the hydrogen atom at C-6 of

5,10-CH —FAH4 is transferred to the methylene carbon to form

2
the methyl group of dTMP23.

Thus it can be seen that inhibition of dihydrofolic
reductase will lead to a blockage of D.N.A, synthesis and as
a consequence blockage of this enzyme has become an important
target for'the design of antimetabolites as active chemo-
therapeutic agents. There is also evidence to suggest that

there may be differences in the primary, secondary, and

tertiary structures of the enzyme in normal tissue in
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comparison with those of dihydrofolic reductase in a tumour
; : ; - 24,25
cell, particularly in the case of virus-induced cancers 5
The active-site-directed irreversible enzyme inhibitorsz6
take advantage of the similarity of the active-site for
reversible complexing,and also of the less functional parts

of the enzyme surface for irreversible covalent bond formation,

thus adding an extra magnitude of specificity.

dR-5-P ,LQ
P-0—H,C H
0

d R _SFHP

I

HO
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Close analogues of folic acid, containing a 4-amino
function, such as aminopterin (56) and methotrexate (57),
produce a reversible block of dihydrofolic reductase by

competing with folic acid for the enzyme21.

NHZ R
JTf%]:NjT/CHZN4<::>~CONH?HC02H
~

H N" NN
2 | CH,CH,CO,H

(56) R=H

(57) R =Me

A study of analogues of the pyrimidine base thymine
showed their action to be "antifolic" rather than "antithymine"
in nature27 and further studies on 5-substituted pyrimidines
and derivatives of condensed systems showed the main
criterion for inhibition to be the diamino pyrimidine nucleuszs.
The antimalerial drug pyrimethamine (58), for example, acts by
depriving the maleria parasite of citrovorum factor at a time
when this metabolite is most needed, that is, during diviéion
of the nucleuszg. With the discovery of the 1,3,5-triazine (53)

30,31 and that

as the active metabolite of proguanil (52)
1,2 ,4-triazines possessed similar properties32 the general
requirements for antifolic activity were further extended as

shown in formula (59),.
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Cl
i NH,
|
H, N7 N gy H2NJ*‘NfB<

A-B= C=C; C=N; N=C.

) B (59)

Studies on the comparative activities of several series
of pyrimidines, triazines, quinazolines and pyrido[?,3~g]
pyrimidines enabled Hitchings and Burchenall to construct a
schematic representation of the enzyme surface (figure 1)33.

Figure 1

.OIZI I

OiO

O binding sites common to all inhibitors

X binding sites where species differences have been detected

§:§§ geometrical limitations - any substituent positioned

here is detrimental to activity
—> the pteridine-6-position; this is relatively open and
optimum activity is obtained with sizable groups in this

position
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AIMS AND OBJECTS OF THE WORK

It was of interest to synthesise some potential
tnhitittors of dihydrefolic reductase modelled on the
biological data available. Much work has been carried out
on the simpler pyrimidines and triazines, the so-called
"small moleccule" inhibitors of dihydrofolic reductaseZG’B%
and in view of the limited knowledge of the pyrrolo[l,E-g
[1,3,§]triazine and pyrrolo[Z,1-§][1,2,4]triazine systems
it was decided to investigate synthetic routes to these.
Although both satisfy the requirements for binding if
substituted with amino groups in the 2- and 4- positions
of the triazine ring, the pyrrolo[},Z-g][l,3,S]triazine
system was of greater interest due to the biological

significance of the symmetrical triazines.
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SYNTHESIS OF PYRROLO[},Z-QJ[},3,§}TRIAZINES FROM SYMMETRICAL

TRIAZINE PRECURSORS

A. Extension of the Tschitschibabin Indolizine Synthesis

Alkyl and aryl indolizines can be prepared by

TSChitschibabin'834’35’36

method in which e-picoline or a
derivative is quaternised with @-halogeno-ketones and then
treated with aqueous alkali. This method has been extended
to other 5,6?bicyclic systems containing a pyrrole ring with
a bridgehead nitrogen atom, for example the pyrrolo[l,z—g]
pyrimidine37, the pyrrolo[},Z—g]pyrimidin638 and the pyrrolo

[},Z-g]pyridazine39 systems, and it was proposed to extend
the scope of this reaction to include the synthesis of the
pyrrolo[},2-3][1,3,$}triazine system,

(i) Synthesis, Properties, and Suitability of Potential

Precursors

(a) Alkyl-1,3,5-triazines

Symmetrical trialkyltriazines have been known for many
years and are usually synthesised by trimerisation of the
corresponding nitrile under extreme pressure40 but Schaefer
has recently reported an easier laboratory synthesis of
t:imethyl-l,3,5-triazine by treatment of ethyl,abetimidaﬁé
with glacial acetic acidal. Synthetic methods to mono- and
di-alkyl-1,3,5-triazines have long been sought after -
although of late preparations of these compounds have been

42-46

reported . Several of these methods are expensive if

workable amounts of starting materials are required42_45,
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and do not provide pure products42, while other methods
proved difficult to repeat42’44’46; in one case44 no
experimental details were given.

A comparison of various monocyclic nitrogen heteroaromatic
compounds shows a decreasing basicity in the order pyriding>
pyridazine>rpyrimidine>>pyrazine triazine*47, due.to the
insertion of extra ring-nitrogen atoms which have similar
inductive and mesomeric effects to those of similarly
positioned exocyclic nitro-groups both qualitatively and
quantitatively48. Thus 1,3,5-triazines would be expected to
undergo quaternisation only with extreme difficulty and in
fact no quaternary salts of this heterocycle or its derivatives
have been reported, although the more basic 2,4-diamino-6—_
methyl-1,3,5-triazine (60) does undergo N-oxidation at
position 349 (page24 ). Steric effects also play an
important role in quaternisation reactions50 and Taylor and
Wibberley used this to advantage in the synthesis of pyrrolo
[l,z-é]pyrimidines by blocking N-1 with a 6-phenyl substituent37.
2,4,6-Trimethyl-1,3,5-triazine would obviously suffer greatly
from steric effects although the quaternisation of 2,4,6-
trimethylpyrimidine - with phenacyl bromide and cyclisation
to 7-pheny1pyrrolo[},2«2]pyrimidine has been reportedBS;

Later work has not, however, substantiated this, although

51

the reaction does occur with ethyl bromopyruvate
l
% Albert, Goldacre and Phillips®’ could obtain no pK_
value for this very weak base which was almost completely

destroyed by water,
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From a biochemical viewpoint the alkyl-1,3,5-triazines
are not particularly interesting if one is considering
blockage of dihydrofolic reductase an& for this reason, and
the more obvious preparative and quaternisation difficulties
which are involved, it was decided to look for more readily
available starting materials.

(b) 2,4-Diamino-6-methyl (substituted methyl)-1,3,5-

" triazines

These triazines have received much attention, especially
in industry, due to their resin-forming properties. They
are readily prepared by reaction of biguanide with esters,
acid chlorides, acid anhydrides, lactones, imides, amides,
ortho-esters, and amidines, by reaction of cyanoguanidine
with nitriles or by miscellaneous methods from guanidines,
_tris(trihalomethyl)-1,3,5-triazines, halotriazines, and by
reaction of urea with nitriles, amides, and acids in the
presence of ammonia52

If the 2,4-diamino-1,3,5-triazines (60-61) could be
quaternised with a-halogeno-ketones at position 1, foilowed
by cyclisation to the reactive methyl substituent at position
6 then the compounds (66-67) obtained could prove to be very
interesting in the search for inhibitors of dihydrofolic

reductase., There are, however, several drawbacks in this

hypothesis which must firstly be considered.
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NH; o CHR NH,
(68) R=H (64) R=H (66)R=H
65) R=CN (67)R=CN

The quaternisation stage presents obvious difficulties
for although the diamino-1,3,5-triazines are more basic |
(2,4-diamino-1,3,5-triazine has PR 3.9153) than the
corresponding alkyl-1,3,5-triazines they too‘will suffer
from strong steric effects. 6-Methyl-2,4-diamino-1,3,5-

triazine (60) has been oxidised with perbenzoic acid to



25

give the N-3-oxide (68)49, which would indicate that this
triazine may possibly quaternise at N-3, but difficulties
could be expected as N-oxidation suffers much less from
steric effects than quaternisation54. Assuming that the
N-1 quaternary salts could be obtained then cyclisation to
the 2-amino function to give the imidazo[l,Z-g][1,3,§]
triazines (64-65) is much more likely to occur than
cyclisation to the 6-methyl (or substituted methyl) function
to give the pyrrolo[l,z-gj[},B,%]triazines (66-67).

Preliminary experiments were carried out by the author
to determine the validity or otherwise of the above theoretical
observations. The diamino-1,3,5-triazines (60) and (6.) were
synthesised by literature method555’56. Neither of these two
compounds could be made to react, under a variety of condigions,
with methyl iodide or dimethylsulphate to give quaternary
methiodides, nor could quaternary salts be obtained by
reaction of these triazines with phenacyl bromide or
etlyl bromopyruvate although in these latter cases hydrobromides
of the starting materials were obtained when the reactions
were carried out in the absence of any solvent. Reaction of
2 ,4~diamino-6-methyl-1,3,5-triazine (60), a similar reaction
using (61) was not carried out, with bromoacetaldehyde gave
an inseparable mixture of four (or possibly five) compounds
together with the starting material hydrobromide. The

mixture did not contain ionic bromine (AgNO,test) and it is

3

probable that this mixture did in fact contain all the
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bicyclic and tricyclic products possible. To overcome the
production of complex mixtures 6-methyl-2,4-dimorpholino-
1,3,5-triazine (69) was prepared by an adaptation of the

method of preparation of 6-amino-2,4-dimorpholino-1,3,5-
triazine (70)57, but this failed to react with bromoacetaldehyde,
ethyl bromopyruvate or phenacyl bromide. This was puzzling

since 6-amino-2,4-dimorpholino-1,3,5-triazine (70) had

recently been reported to react with bromoacetaldehyde to

give the imidazc[},Z-g][l,B,%]triazine (71)58.

(GQ)R:Me. (71)

(70) R=NH,

This reaction was repeated successfully but reaction of
6-amino-2,4~dimorpholino-1,3,5-triazine with other bromocarbonyl
compounds resulted in the formation of 2-amino-4,6-
dimorpholino-1,3,5-triazine hydrobromide only. 6-Methyl-

4 ,6-dimorpholino-1,3,5-triazine presumably did not react
because of the lower basicity of the ring nitrogen atom at

position 1, or because initial reaction may have taken place
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at the exocyclic nitrogen in the 6-amino compound. It may
be, however, that quaternisation of 2,4-diamino-6-methyl-
1,3,5~triazine, like N-oxidation, occurs at position 3, which
is very sterically hindered in 6-methyl-2,4-dimorpholino-
1,3,5-triazine and thus no reaction would be expected. If
this were the case the complex mixture of products obtained
by reaction of bromoacetaldehyde and (60) would not be
expected to contain any pyrrolotriazine,

It is perhaps worthy of note that both 2,4-diamino-
6-methyl-1,3,5-triazine and 6-amino-2,4-dimorpholino-1,3,5-
triazine underwent quaternisation and subsequent cyclisation
with bromoacetaldehyde but siﬁilar reactions with otherx
a-halogeno-ketones gave only the unchanged starting materials
or their hydrobromides.,

The drawbacks mentioned above made these compounds
_ﬁnattractive for immediate use as possible precursors of
the pyrrolo[l,2—3][?,3,§Jtriazine ring system.

(c) 6-Substituted-1,3,5-triazin-2,4(1H,3H)-diones

6-MEthy1-l,3,S-triazin—Z;4(1&,3&)-dione (72) was
prepared by an acid hydrolysis of 2,4-diamino—6;methyl-
1,3,5-triazine by the method of Neckisg. The infra-red
spectrumof this 1,3,5-triazindione was of interest due to
the high carbonyl absorption it exhibited (see table 1).
For this reason and for a later mass spectral study (page 98 )

and also as potential intermediates several other 1,3,5-

triazindiones were prepared.
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(72)R=Me
(73) R =Ph
(76) R = CH,Ph
(75) R = CHyPhCl(0)
(76) R=H

6-Phenyl- (73) and 6-benzyl- (74) 1.3,5-triazin-2,4
60,61

(1H,3H)-diones were prepared by literature methods by
treatment of the corresponding acyl biguanides with aqueous
baseg this method was extended to include the preparation of
6-(2 —chlorobenzyl)-1,3,5-triazin-2,4(1H,3H)-dione (75) and

- is a good general method for the synthesis of 6 (substituted)
phenyl- and 6(substituted) benzyl-1,3,5-triazin-2,4(1H,3H)-
diones., This method, however, camnot be used for the
preparation of 6-meth§1- (72) and 6-unsubstituted- (76)1,3,5-
triazin-2,4(1H,3H)-diones due to their greater susceptibility
to hydrolysis, a finding which was later explained by the low
electron density at C-6 due to the simultaneous influence of
the uracil configuration and the presence of the nitrogen atom
at C-562. 1,3,5-Triazin~2,4(1H,3H)~-dione (5-azauracil)(76),

an antimetabolite the mechanism of action of which has been

studied in detail,63 is prepared by the reaction of ethyl
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orthoformate with urea in the presence of acetic anhydrid864
6-Methyl-1,3,5-triazin-2,4(1H,3H)~dione (72) is very
water soluble and amphoteric énd forms a variety of metal
salts and salts with mineral acids. The fact that the metal
salts contained only a single equivalent of a metal atom led
Ostrogovich and Cadariv65 to propose that the structure was
mainly in the monoenolic form(77). A survey of the literature
revealed that a group of Czech workers had published much
ultra-violet and infra-red data on 1,3,5-triazindiones and

66,67,68

related compounds which confirmed that these compounds

did, in fact, exist in the diketo-form (72-76).

5 R | ﬁ6R1 1
Fﬁ /m%]5 ﬁf’ &0 i B
oj:\Nl'f’ i A O&J\a’;’?{ko
H 0
(79) - (80)R=H (82) R = REH,R-Me
(81) R=Me

(83)R=R-H, FoMe
(84)R-H, R=FEMe
(

85)R=R=R% Me

Table 1 gives a comparison of the carbonyl stretching
frequencies of some 1,3,5-triazin-2,4(1H,3H)-diones and related

compounds .,
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azauracil(85)

Compounda va0cm-l(Dibxan) quOcmﬂl(Nujol)
Uracil(79) 1722 ,1694¢ 1730-1715,1670
6-azauracil(80) 1731,1703°
5-methyl-6-azauracil(81l) | 1728,1708° 1720,1675
5,6-dih¥dro-5-methyl~6- 1723
azauracil.
Seagetractl(ib) 1753,1721° 1740,1710°
6imethyl-5-azauracli(12). [1745,1720%45 1760,1705
6-phenyl-5-azauracil(73) 1740,1690
6-berzyl-5-azauracil(74) 1750,1670
5,6~dih¥dro-6-methy1—5- 1727b
azauracil
1-methyl-S-azauracil(82) | 1746,1721°
3-methyl-5-azauracil(83) | 1749,1696°

~ 1,3-dimethyl-5-azauracil 1739,1692b

(84)

1,3,6-trimethyl-5- 1720,1670

Ref., 66

Ref, 67

Ref. 66 gives 1753, 1730cm”

Shoulder at 1695cm"1

£ Shoulder at 1690cm-l

1

The trivial 'azauracil' nomenclature is used, together with
the uracil numbering for easier comparison.







