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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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HzNTrN\YCHZRBrCHéoRH N CHQR it
N‘f” : N\(N\CHZ
NH, o
(6 ) (62) R=H
(61) R=CN (63)R=CN

R

N Hy NN HoN N
2 I\Y 2 2 - = / Zf\}é',
R R
/"“/ \}- i N\N/

0 .

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
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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.
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The occurrence of two frequencies in the carbonyl
stretching region of these compounds has been explaihed by an
inequality of the two cérbonyl groups69 although the Czech
workers have suggested that a better interpretation may be
presented by taking into account a possible "coupling effect"
between bqth carbonyl groups in the molecule (because of the
weak-coupling effect in the dihydrocompounds the two C=0
bands are superimposed). The infra-red spectra of the aza-
analogues of uracil differ from the spectrum of uracil in that
the carbonyl stretching frequencies are displaced to higher
wave numbers. This is explained by differing electronegativities
of the carbon and nitrogen; the more electronegative nitrogen
atom drawing electrons away from the carbonyl grouping, thus
increasing the bond order and causing an increase in theICﬁO
stretching frequency. This is a general effect for all types
of carbonyl groups70. i

It is concluded that the CO-N(R)-CO moiety acts toward
electronic changes in its vicinity as an internally
compensating system67. A mass-effect is shown when alkyl
groups are substituted at N-1 and N-3 which leads to
frequency changeé, ofteﬁ in individual bands .

Substitution of a pheﬁyl group at the 6-position of
1,3,5-triazin-2,4(1H,3H)~-dione causes a lowering of the
frequency of absorption of the C=0 grouping due to conjugation,
but it is unclear as to why the benzyl group, in the 6-benzyl
derivative, should cause a lowering of the position of

absorption of the lower C=0 band.
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Ostrogovich7l claimed that reaction of the silver salt
6-methy1-1,3,5ftriazin-2,A(IEJBE)-diome (72) gave the N-3
methyl derivative (86), he presented no evidence.for this,
however, and later workers showed that reaction of (72) with
one equivalent of diazomethane gave the N-1 methyl compound

(87), identical to that obtained by Ostrogovich68

- Me
A

Me Y
N NH Mel on Ag+ salt

Er
O*N Q0 or Diazomethane \

H

(72) | | ;\N’L (87)

The above experimental findings have been confirmed by
a determination of the dissociation constants of uracil and
its 6-aza and 5-aza analogues and their derivative566’72
(table 2). It has been shown that the hydrogen aﬁom ét
position 1 ionises first, followed by that at position 3
Ifor uracil (79) and 1,3,5-triazin-2,4(1H,3H)~-dione(5-aza-
uracil) (76) but follows the reverse order for 1,2,4-triazin-
3,5(2Hgﬁﬂ)-diome(6—azauracilj (80). These results were later
supported by theoretical calculations62, although a

consideration of the contributing canonical forms of the

anion indicates that the proton at position 1 would ionise
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first., For the removal of a proton at position 1 four
structures, with the negative charge spread over five atoms, °
can be drawn compared with the anion produced by removal of

a proton at position 3 for which only three contributing forms

can be drawn (scheme 3).

Scheme 3
R
N%l— S N
AR N
0. N""0 0" >N"0
H H

R
N NS
| e 2o
0 N’ko“ 0 N’LO
H H
(d) (c)

The infra-red spectrum of the potassium salt of 6-methyl-
1,3,5-triazin-2,4(1H,3H)~dione; obtained as a stable white

solid by the action of alcoholic potassium hydroxide on an
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alcoholic solution of the free base, shows striking differences
from the spectrum of the free base. The high carbonyl
absorptions at 1760 and 1705 cmhl(Nujoi) of the free base are
absent, but are replaced by a broad carbonyl stretching
frequency at 1640-1660 cmnl, indicative of a conjugated
carbonyl grouping adjacent to a negatively charged nitrogen
atom, and the C=N absorbance due to the localisation of this
bond in the free base is absent. A study of the spectra of
the sodium salts of pyridinones and pyrimidinones has shown
the carbonyl stretching frequencies of these compounds to
occur near 1600 cm—l 73.

From a study of the ultra-violet spectrum of 1,2,4-
triazin-3 ,5(2H,4H)~-dione Jonas and Gut74 found it impossible
to decide whether the negative charge produced by dissociation
of a proton resides largely or wholly on the oxygen or
nitrogen atoms. The anion of 6-azauracil was, however, stable
and did not undergo hydrolysis in alkaline media, indicating
that stabilisation of the anion through pseudo-aromatic
structures had occurred. Preliminary results.of a Raman-
spectra study favoured structures with the negative charge
on the oxygen atoms. It may be expected that of the canonical
forms possible for the structure of the anion of 1,3,5-
triazin-2,A(lﬂ,Bﬁ)-diones (Scheme 3) (c¢) and (d) should make
a greater contribution to the overall structure than forms
(a) and (b) due to the electron affinity of oxygen being

higher than that of nitrogen75. This is supported by
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experimental observations in the 2- and 4-hydroxypyrimidine
series since a spectral study of the anions of these compounds
showed them to have essentially structures in which the
negative charge resided on the oxygen atoms
6~Methyl-1,3,5-triazin-2,4(1H,3H)-dione hydrochloride
was prepared for a comparison of its infra-red 3pectru£?. The
general outline of the spectrum is quite different from that
of the free base, the most notable feature being a change in
the position of the carbonyl stretching vibrations. These
are shifted to higher frequencies and occur at 1780 and 1725cm_1
(20cm-l higher than the free base) and the lower of the two
bands is much smaller. Similar results were found for the
cations of 2- and 4-hydroxypyrimidines78 and previous ultra-
violet work on these compounds has shown that they are
'preferentially protonated on the nitrogen, rather than the

oxygen, atomyg.

Scheme 4

R R
H-RP HN"S-H
H H

() (b)

That the infra-red spectrum of the hydrochloride changes
quite markedly from that of the free base indicates that
changes have occured in the molecule or bond orders of the
molecule. This suggests that the cation formed is

preferentially protonated at N-5 (rather than N-1 or N-3)
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and,if so,would exist as a resonance hybrid of the two
canonical forms (a) and (b) (Scheme 4).
Russian authors have discussed the changes in the infra-

red spectra of amino- and oxo-amino-1,3,5-triazines on salt

formaticm8
Table 2

Compound® K K
i PRa1 PRa2
Uracil (79) 9.43 13.2
6-azauracil (80) 7.00 12.9
5-methyl~6-azauracil (81) 7.84 13.4
5-azauracil (76) 6.73 12.2

| 6-methyl-5-azauracil (72) 721

i -

‘a The 'azauracil' nomenclature is used, together with the
uracil numbering system. '

Table 2 clearly shows that the additional ring nitrogen
atom in the aza analogues causes an iﬁcrease in acidity of
these compounds when compared to uracil. This increase has
been explained in terms of the inductive effect of tﬁe extra
ring-nitrogen which disturbs the amide (acid-weakening)
resonance by drawing upon electrons necessary for its
operation47. The aza analogues of uracil thus have both a
greater acldity and a higher carbonyl absorption than uracil;
effects which have been explained by the differing

electronegativities of carbon and nitrogen. Acidity and

carbonyl stretching frequency both follow the order
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5-azauracil ) 6-azauracil) uracil which, if the above
hypothesis were true, is the expected order since the third
nitrogen atom in 5-azauracil has to exert its inductive
effect through one bond only, compared to two bonds in
6-azauracil.

Calculations of the electronic structure of uracil and
its 5-aza and 6-aza analogues using the MO LCAO method62
have confirmed thgt the third ring nitrogen.atom alters the
distribution of eléctron density around the molecule.

Crystal sfructures of uridine81 and 6-azauridine82 (the
N-1 ribose derivatives of uracil and 6-azauracil respectively)
have been determined and qonfirm the dilactam structure of
these éompounds. Schwalbe and Saenger82 investigated the
electronic properties of' 6-azauridine by the extended Huckel
molecular orbital method, taking co-ordinates for the molecule

from the crystal structure analysis, and compared them with

similar' calculations for uridine83 (table 3 ).

Table 3
Position Miliken net charges (electrons)
Uridine 6-Azauridine
1 e s L o.00
5 : -0.25 +0.24
6 +0.28 -0.47

These results agreed, in general, with the pattern obtained

by the MO LCAO method, the most notable differences in
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electron density between uridine and its 6-aza analbgue
occuring at position 6, where the third nitrogen atom of the
aza derivative has replaced a -CH-, and positions 1 and
5 adjacent to this extra ring nitrogen.

Unfortunately no similar studies have been reported for
any 5-azauracil derivatives although at the present time work
is being carried out in this laboratory on the crystal and
electronic structure of 6-phenyl-1,3,5-triazin-2,4(1H,3H)-
dione(6-phenyl-5-aéauracil) (73)84.

Another, potentially useful, triazindione mentioned in
tﬁe literature is 6-carboxymethyl-1,3,5-triazin-2,4(1H,3H)-

dione (89). This was synthesised by Kolb in 189485

by the
hydrolysis and decarboxylation of 6-dicarbethoxymethyl-1,3,5-
tfiazin—Z,&(lEJBQ)-dione (88) with strong hydrochloric acid
at 130°.

6-Dicarbethoxymethyl-1,3,5-triazin-2,4(1H,3H)-dione was
prepared by the reaction of 2,4,6-trichloro-1,3,5-triazine
(ecyanuric chloride) with one equivalent of sodium diethyl
malonate, but atteﬁpted hydrolysis of this éompound with
varying concentrations of hydrochloric acid led either to
isolation of the starting méterial (88), or to the production
of 6-methyl-1,3,5-triazin-2,4(1H,3H)-dione hydrochloride (90).

Reaction of cyanuric chloride with three equivalents of
sodium diethyl malonate afforded 2,4,6-tris(dicarbethoxymethyl)-

1,3,5-triazine (91), although when two equivalents of sodium

diethyl malonate were used only the tris(dicarbethoxymethyl)-
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triazine (91) was obtained and no 2,6-bis(dicarbethoxymethyl)-

1,3,5-triazin-4(3H)-one (92) could be isolated.

CH,CO,H
NZNH

OJ\N/LO

Et0,C_ CO,Et \
NZNH G
o0 | .
H \HMH\H\HHHM\\\H““w\hﬁ Me
S | HN)‘l.Hm
OJ\E 0

v
o i

Mo

)

(90)

S e Et0,C_ CO,E
CH 2754
| o of
10, 3
EtOzC-—-;é NZNE —~COEE 0 H/Lé\ Ot
E10,C  ©  COf COLE!

Examination of the spectra of 6—dicaibethoxymethyl-
l,3,5-triaéin-2,4(i§,3g)-dione and 2,4,6-tris(dicarbethoxy-
methyl)-1,3,5-triazine showed, in fact, that the formulae
(88) and (91) did not represent the true structures of these

compounds which were better represented by the structures
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(93) and (94), namely 6(1H)-dicarbethoxymethylene-1,3,5-
triazin-2,4(3H,5H)~-dione and 2,4,6(1H,3H,5H)-tris(dicarbethoxy-

methylene)-1,3,5-triazine respectively (93,94).

EtOZC\ /COZEt EtQZC\C/COZEt
HNj\/NLH HN)\NH
0 itl{ o) EtO2C-~CJ\N/J%C_-—C02Et
Hooo\
E’fQZC COJEt

(93) | (94)

The n.m.r. spectra of 6-dicarbethoxymethylevetriazindione
(93) and 2,4,6-tris(dicarbethoxymethylene)triazine (94)
showed no evidence of any resonance which could be attributed
to the methine protons of the carbétnoxymethyl-l,3,5~triazine
structures (91) and (92). Examination of the structures (93)
ana (94) suggests that intramolecular hydrogen-boﬁdimg would
be favoured in these compounds and indeed the marked
downfield shifts of the N-H protons in the n.m.r. spectra
of (93) and‘(94) indicates that this does occur. The N-H
pfotons'of 2,4,6(1H,3H,5H)~tris(dicarbethoxymethylene)-1,3,5-
triazine (94) are equivalent and occur as a broad singlet at
©-3.8, but the N-H protons of the dicarbethoxymethylene-
l,3,5~triazind10ne'(93) are not equivalent, the two N-H
protons adjacent to the dicarbethoxymethylene grouping
occuring at ¢-2.22, whilst the proton at the 3-position,

that is the proton not involved in intramolecular hydrogen-
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bonding, absorbs at v 1.18.

Evidence for the structures 6(1H)-dicarbethoxymethylene-
1,3,5-triazin-2,4(3H,5H)-dione (93) and 2,4,6(1H,3H,5H)-
tris(dicarbethoxymethylene)-1,3,5-triazine is also afforded
by their infra-red spectra in the region 1600-1800cm“1.

The dicarbethoxymethylene-1,3,5-triazindione (93) shows an
ester C=0 stretch at 172Ocm-1, although in the Spectru@ of
the tris(dicarbethoxymethylene)triazine (94) the ester C=0
stretching ban& is shifted to lower frequencies and absorbs
at 1680cm-l, presumably due to strong intramolecular hydrogen-
bonding as well as conjugation. The carbonyl st&etching
frequency of methyl anth;anilite, for example, which exhibits
a similar N-H---0 chelation occurs at ].685c:rn"1 86.

The amide C=0 stretching vibration of the dicarbethoxy-
&ethylene-l,3,5-triazindione (93) occurs as a single, well
defined band at 1760§m—;; Comparison of this witﬁ the
6-substituted-l,3,5~triézin—2,4(1§,3§)-diones, which exhibit
two carbonyl stretching bands (page 30 ), would suggest that
the carbethoxymethyl-1,3,5-triazin-2,4(1H,3H)-dione structure
(88), which contains a C=N bond, is incorrect.

The dicarbethoxymethylene-1,3,5-triazines (93-94) also
exhibit strong, broad C=C stretching bands although the
positions of these‘differ in the two compounds. The inf;a-
red spectrum of 6(1H)-dicarbethoxymethylene- '
1,3,5-triazin—2,4(3@,5ﬂj—dione (93) shows a C=C stretching

vibration at 1635(:[11"1 but in the tris(dicarbethoxymethylene)-
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triazine (94) this band is shifted to lower wavelengths
due to conjugation, and occurs at 16050m"l.

The méss spectral breakdown of these compounds are
quite different from the 1,3,5-triazindiones (page 105) and
show no positive ion fragment corresponding to cleavage of a
diethyl malonate grouping, as might be expected from the
carbethoxymethyl-1,3,5-triazine structures (88) and (91).

The potassium salt of 6(1H)-dicarbethoxymethylene-
1,3,5—triazin—é,&(3@,5ﬂ)~dione was stirred with benzyl bromide
in dimethylformamide to give a mono-benzylated compound. The
n.m.r, spectrum of this compound showed that the ester protons,
and the protons at N-1 and N-5 absorbed at identical 4 values
to those same protons in the non-alkylated compound (93).

The resonance assigned to the proton at N-3 in the non-
alkylated compound was, however, absent and thus it was
concluded that the benzyl derivative was, in fact,

3-benzyl-6(1H)-dicarbethoxymethylene-1,3,5-triazin-2,4

(BH,5H)-dione (95).

Et
EtOZC\C L0,

HNJXH
O‘l“N 0
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The potassium salt of the 3-benzyl derivative (95) could
not be induced to react with a further molecule of benzyl
bromide, nor could the potassium saltlof 2,4,6(1H,3H,5H)-
tris(dicarbethoxymethylene)-1,3,5-triazine (94). These
failures are possibly due to steric hindrance by the dicar-
bethoxymethylene groupings.

Attempts to extend this study by the synthesis of
similar Eriazine derivatives using other active methylene
compounds, such as ethyl cyanoacetate and ethyl phenylacetate
were unsuccessful since these compounds failed to react with
cyanutic chloride and only 1,3,5-triazin-2,4,6(1H,3H,5H)~dione,
(cyanuric'acid) formed by the ready hydrolysis of the chlorine
atoms of cyanuric chloride, was isolated.

- After completion of the above work a report was published87
which confirmed the findings of the author regarding the
structures of 6(1lH)-dicarbethoxymethylene-1,3,5-triazin-
2,4(3H,5H)~dione (93) and 2,4,6(1H,3H,5H)~-tris(dicarbethoxy-

methylene)-1,3,5~triazine (94).

(ii) Reaction of 6-methyl-1,3,5-triazindiones with

a-halogeno-ketones

The methyl, or substituted ﬁethyl, groups of 6-alkyl-

1,3,5-triazin-2,4(1H,3H)-diones are very reactive and may

be induced to condense with aldehydes, in the presence of

56’88. It is known

‘base or acid, to give styrl compounds
that 6-methyl-1,3,5-triazin-2,4(1H,3H)~-dione undergoes

alkylation at position 1 (page 32) so that it should be
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possible to prepare compounds of type (96). If such
compounds, or the quaternary salts (97), can be synthesised
it seems reasonable to suppose that Ehese could be induced
to ring close to the active methyl group at position 6 to
give 7-substituted pyrrolo[l,Z—g][?,B,%]triazin~2,4(1§,3§)-

diones (93).

N\'CIJ/N\CHchR1 s
(56) HNYNW}RT
0N CHR / 0
H:[\l_/ \Il\lrf\ i 1 RP- - (98)
Y CH00R
(97)

(a) Synthesis of pyrrolo[?,Z-gJ[l,3,%]triazin-2,4

(1H,3H)-diones via quaternary salts of type (97).

6-Methyl-(72) or 6-benzyl-(74) 1,3,5-triazin-2,4(1H,
3H)-dione failed to react with phenacyl bromide when the
reaction was carried out under reflux in a variety of polar
solvents (acetone, methanol, ethanol, and 2-ethoxyethanol).
6-Methyl-1,3,5-triazin-2,4(14,3H)~-dione, however, did react
- with phenacyl bromide in refluxing dimethylformamide to
give a dark brown product which decomposed slowly above

300° and which could not be further purified. The infra-
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red, n.m.r,, and mass spectral data of the crude product
were consistent with the structure 3-, or l-phenacyl-7-
phenylpyrrolo[},2-a}[?,3,?]triazin—Z,4(1&,3&)-dione (99a,b).
Variation of the reaction conditions in attempts to obtain

a purer product, and consequently a more useful method,
failed, yielding either a similarly crude product or often
onlf the starting materials.

Ethyl bromopyruvate (I00) reacted with 6-methyl-(72) and
6-benzyl-(74) 1,3,5-triazin-2,4(1H,3H)-dione in refluxing
ethanol or refluxiné 1,2~dimethoxyethane (6-benzyl-1,3,5-
triazin-2,4(1H,3H)~dione undergoes alcoholysis in ethanol
or methanol) respectively, over three days, to give the
corresponding pyrrolo[l,Z«aJ[l,3,%]triazin-Z,4(1&,3E)-diones

(101-102).

R2 " H R

DS - 0 N\@
. A

R’NYN Vil HjN/ N/R
0

N

0
(99 a. R! = CH,COPh,R?<H (101) R=H, R=CO,Et
b. R = H,R% CH,COPh (102)R= Ph,R=CO,Et

The mechanism for the synthesis of indoiizines from
a-picolines and a-halogeno-ketones, outlined by Bragg and
‘WibberleyBg’is also pertinent to this reaction (scheme N
The initial step is the formation of the quaternary salt (103);

loss of a proton from this gives the carbanion-betaine (104)
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which can cyclise by an intramolecular aldol-type reaction.
Alternatively the cyclisation can be visualised as proceeding
via the eneamine resonance structure (105) as shown on page 47.
Removal of water from the product (106) gives the cation
(107) from which pyrrolotriazine (108) is liberated. A
second molecule of the triazindione is used as a catalyst
in Ehe removal of a proton from the quaternary salt. The
quaternary salts (103) were not isolated in.this synthesis.
In the synthesis of indolizines from ethyl 2-pyridyl-
acetate and ethyl bfomopyruvate no quaternary salts were
isolated, although in this case the authors were able to
show that the heterocyclic base did form quaternary salts
with alkyl halidessy.

. 2- and 4-Pyrimidone are more basic than pyrimidinego,
the basic centre being the nitrogen atom not involved in
‘tautomerism. Thus 6-methyl-1,3,5-triazin-2,4(1H,3H)~-dione
(72) could be expected to have a higher basic strength than
1,3;5-triazine and perhaps be more basic than the alkyl-
1,3,5ftriazines, since its basic strength will also be
increased by the +I effect of the 6-methyl substituent and
by resonance stabilisation (scheme 4, page 35). The
availability of the lone pair on the nitrogen atom at
position 5 of 6-methyl-1,3,5-triazin-2,4(1H,3H)-dione (72)
‘is still, however, very low, i

It is suggested that 6-methyl-1,3,5-triazin-2,4(1H,3H)-

dione (72) and ethyl bromopyruvate (100) do react to form a
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Scheme 5

(100)

W

R

0N
HNY?\I/\/}CO?E
0

(108)R =H,and Ph
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quaternary salt, though perhaps to a very small extent, but
that any intermediate salt so formed rapidly cyclises due to
the highly reactive keto-carbonyl of the pyruvate moiety.

In the attempted preparation of pyrrolo[},Z-g][1,3,%]
triazin-2,4(1H,3H)~dione (109) no reaction occurral between
bromoacetaldehyde and 6-methyl-1,3,5-triazin-2,4(1H,3H)-
dione (72). Reaction did, however, occur between the moré
reactive 6-benzyl-1,3,5-triazin-2,4(1H,3H)-dione (74) and
bromoacetaldehyde to give an unstable ﬁurple compound. This
was identified from its infra-red spectrum and mass spectrum
i, 227.068941, C,,HgN,0,) as 8-—pheny1pyrrolo[l,2-&_][1,3,5]

triazin-2,4(1H,3H)-dione (110).

H R
0N~ =
HNYN Va
(109) R=H
R=Ph

Reaction of 6-methyl-1,3,5-triazin-2,4(1H,3H)~-dione (72)
with either phenacyl bromide or ethyl bromopyruvate in the
absence of any solvent gave good yields of the hydrobromide
salt of the starting material., This is not unprecedented and
-is known to occur in the reactions of other N-hétefoarOmatic

91,92

compounds, such as quinaldine and 2,4,6-trimethyl-

pyrimidine51, with phenacyl bromide. This reaction may be
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due to elimination of hydrobromic acid from the a-halogeno-
ketone rather than the required substitution, at least in the
cases where no other nucleophiles are present (i.e. in the
absence of any solvent).

It is interesting to note that the reaction of
2,4,6-trimethylpyrimidine with phenacyl bromide results in
the-production of 2,4,6-trimethylpyrimidine hydrobromide
whereas a similar reaction using ethyl bromopyruvate results
in the isolation of the required pyrroloPyrimidinéSI. These
results are consistant with the above findings regarding the
reactivity of the ohalogeno-ketones.

For a spectroscopic study of the pyrrolo[},Z-é][l,B,%]
triazin-2,4(1H,3H)~-diones (page79 ) it was necessary to
synthesise several derivatives of the system, especially t@e
compound (109) whicﬁ is unsubstituted in the pyrrole ring. It
"has been previously noted that this compound could not be
prepared directly by fhe action of the bromoacetaldehyde on
-6-methyl-1,3,5-triazin-2,4(1H,3H)-dione (page 48 ) but an
alternativg route to this compound would be an hydrolysis
and decarboxylation of the pyrrolotriazine ester (101).

On warming with 6N hydrochloric acid the ester readily gave
pyrrolo[},Z—g][?,3,%]triazin—Z,&(lH,3H)—dione-7-carboxylic
acid (111) which proved difficult to decarboxylate. This was
finally achieved by sublimation from a mixture 6f &he acid

and copper bronze (1:1) at 280°.
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0N HoE s o
= Oy NN =
J)COR —= 1 \QCO R
s A MeoH HN N~ 772
0 0
(101)R= Et (111)

(112)R= Me - l

Pyrrolu[l,Z-g_][lJ,S] triazin-Z,&(lﬁ,Sﬂ)-dior;e (109) was
extremely unstable, being very sensitive to air and organic
solvents, so that a n.m.r. spectrum of the compcund could
not be obtained., The structure of the compound was
formulated by consideration of its infra-red spectrum (lack
of carboxylic acid OH and C=0 absorptions) and mass spectrum
", 151.038092, C.HN,0,).

The difficulty experienced in decarboxylating the
pyrrolotriazine-7-carboxylic acid (111), or indeed the fact
that the pyrrolotriazine (109) could not be prepared by the
more direct method may be related to the inherent instability
of pyrrolo[l,Z-iH:l,B,%]triazin-Z,&(lﬂ,Bﬂ)—dione (109).

Pyrrolo[l,Z-%][l,B,%}triazin-Z,4(lﬂ,3ﬂ)—dione—?—carboxylic
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acid (111) was re-esterified to give the methyl ester (112)
by refluxing in methanol containing a little concentrated
sulphuric acid.

Addition of an alcoholic potassium hydroxide solution,
containing two equivalents of potassium hydroxide, to an
ethanolic solution of ethyl pyrrolo[l,z-g][?,3,5]triazin—
2,4(lﬂ,3g)~dione~7-carboxylate (101) gave the dipotassium
salt (113)Iwhich was isolated as a stable colourless solid.
This was stirred with two eduivalents of methyl iodide in
dimethylformamide, a solvent known to increase the yields
and shorten reaction times of SNZ reactions of thiis type93,
to give ethyl 1,3-dimethy1pyrcolo[l,2~%][1,3,%]triazin-2,4

(1H,3H)-dione-7-carboxylic acid (114).

\l/ DCOZE" el o 7/ OCOZEt
Me- NYN
-_\JlO

(113) (114)

Bromination of the ethyl pyrrolo [1,2@][1,3,5]
triazindione carboxylate (114) with N—brémosuccinimide in
chloroform afforded a mixture of the 8-monobromo- (115) and
6,8~dibromo~ (116) derivatives. Chromatographic analysis of
the crude material showed no other brominated derivatives to
be present. The structures of these compounds were assigned

on the basis of their n.m.r. spectra (page 79 ).
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l‘gje Br Me g
@) 0N
oy i @coza
0 0 Br
(115) (116)

Similar studies on related pyrrolotriazines have shown
that in these cases bromination occurs at the position
adjacent to the bridgehead nitrogen atom (Scheme 13),5"16
although bromination of 3,6—diphenylpyrrolo[l,2*_]pyrimidine
(117) with N-bromosuccinimide in chloroform gave a mixture of
5- (118) and 7-monobromo- (119) and 5,7-dibromo derivatives

137 -
(120), in the yields 15.5, 11.1, and 397% respectively.

Scheme 13

2 =
N // _NBS N //
NN oHeE,” Ny N
Br

~ P N:;‘

L =— (X
Nb HZSOZ. NN

PhoA N~ Ph
N N CHCI,

(117) (118) R=8r, R=H
)

-
720\
<Z
3:0
"
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It was hoped that ethyl 2,4-diaminopyrrolo[1,2—§}[1,3,5]
triazine-7-carboxylate (122) could be prepared from ethyl
pyrrolo[},Z—g][},3,S]triazin—Z,&(1HJ3§)—dione—?—carboxylate

(101) via the dichloro compound (121).

R
(121) R=Cl
(122) R =NH,,

Attempts to prepare (121) were, however, unsuccessful
since the action of phosphorus oxychloride or phosphorus
oxychloride and dimethylaniline under reflux, and thionyl
chloride and dimethylformamide at 800, gave only intractable
tars. Milder conditions resulted in recovery of the starting
material.

As a useful synthetic method to the pyrrolo[},Z-g}
[},3,%]triazin-2,4(1§,3§)—dione-system the one-step reaction
between an a-halogeno-ketone and a 6-methyl-, or substituted
methyl-1,3,5-triazin-2,4(1H,3H)-dione is thus rather
restricted by the availability of suitable 1,3,5-triazindiones
and by the‘fact that ethyl bromopyruvate is the only
a-halogeno-ketone which is suffidently reactive. To increase
the scope of this reaction it was hoped that the 2,4-dialkoxy-

6-methyl-1,3,5-triazines (123) and (124) could be induced to
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react with ethyl bromopyruvate to give the pyrrolotriazines

(125-126).
RO
]/ Gcozﬁ
RO~~Ns CH (125)R=Me
T
Nl N 2 BrCH,COCO,Et (126)R =Ph
Sit 3 |
OR
123) R =Me A,
N
Yol gl/ﬁcozet
| 0
(101)

The compounds (123f124) are presumably sufficiently
basic to react due to tﬁe +M effect exerted by the -OR
grouping, but the reaction might well be hindered by steric
effects.

Reaction of 2,4-dimethoxy-6-methyl-1,3,5-triazine (123)
with ethyl bromopyruvate gave ethyl pyrrolo[},Z—g;]EWB,SJ-
2,4(1H,3H)~-dione-7-carboxylate (101) in 11% yield, with no
evidence of any ethyl 2,4-dimethoxypyrrolo[},3,S]triazin—
/-carboxylate (125). The mother liquors afforded 6-methyl-
1,3,5-triazin-2,4(1H,3H)-dione (72) in 25% yield and

spectroscopic evidence of the starting material, although



55

this was not isolated.

A similar result was obtained for 6-methyl-2,4-diphenoxy-
1,3,5-triazine (124). I

The absence of any 2,4-dimeth0xypyrrolo[l,2—@]{1,3,5]
triazine and the recovery of 6-methyl-1,3,5-triazin-2,4
; (1H,3H)~-dione hydrochloride indicate that hydrol&sis of
2,4-dimetﬁoxy-6-methyl—l,3,5-triazine (123) occured prior to
cyclisation. The reaction was repeated in 1,2-dimethoxy-
ethane, a non-hydrolytic solvent, and afforded only 3% of
the pyrrolotriazindione (101), no evidence of the
dimethoxypyrrolotriazine (125) was found and the unreacted
2 ,4-dimethoxytriazine (123) was recovered. These facts
further substantiate that hydrolysis occured prior to
cyclisation and the lower yield of ethyl pyrrolo[l,Z-gJ[i,S,S]
triazin-2,4(1H,3H)~dione-7~carboxylate (101) obtained
when the reaction was repeated in the non-hydrolytic solvent
is explained by the lesser amouﬁt of 6-methyl-1,3,5-triazin-
2,4(1H,3H)~dione produced.

A similar hydrolysis waé observed in the synthesis of
the imidazo[},Z-g]{l,3,5]triazine ring systemsa. Reaction of
6-amino-2,4-bismethylthio~1,3,5-triazine (127) with bromo-
acetaldehyde in 1,2-dimethoxyethane gave 5,7-bismethylthio
[1,2-§J{1,5,ﬂ triazine (128) whereas the reaction in ethanol
afforded 7-methylthio imidazo[l,2~gJ[l,3,§]triazin—S(Gﬂ)—one
(129), although in this case prior formation of 6-amino-2-

methylthio-1,3,5-triazin-4(5H)-one was not necessary for
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cyclisation to occur.

MeS%N N
HN\(N Vi
0
E tOH (128)
MeS. ~Na NH '
T 24 BremocHo
NN CH30CH,),
SMe
Me S N~ _
(127) ¥ F
N\j/\N)
SMe
(129)

(b) Synthesis of pyrrolo[?,2-5:"},3,§]triazin-2,4(1§,3§)—

diones via N-1 alkylated compounds of type (96)

Reaction.of 6-methyl-1,3,5-triazin-2,4(1H,3H)~dione (72)
with excess diazomethane, using dioxan as solvent, afforded
1,3,6-trimethyl-1,3,5-triazin-2,4(1H,3H)~dione (130) .
Chromatographic analysis of the crude product showed no
evidence of any other methylated triazines. The infra-red
. spectrum of the compound exhibited two carbonyl absorptions
.at 1720cm-1 and 167Ocm_1 and the general outline of the
spectrum was very similar to that of the starting matéfial,
indicating that O-methylation had not taken place., The two
sets of N—CH3 protons appeared as two singlets in the n.m.r.

spectrum at ¢ 6.60 andg 6,55.
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Me = SR
N” "N-Me T\%\I\I-Me
0 N 0 ' 0 N‘/LO
Me bl/le
(130) (131)

When.the reaction was carried out in ether suspension
much stafting material was recovered and only 22% of the
trimethylated product (130) was obtained. A chromatographic
analysis of the crude material showed the presence of a
second,.very minor, component and a mass spectrum of the
crude product showed a very small peak at m/e 169. It is
suggested that this compound may be 6-ethyl-1,3-dimethyl-
1,3,5-triazin~-2,4(1H,3H)~dione (131) and that replacement of
all the acidic protons in the molecule had occured.

95 and

Methylation of uracilgﬁ S-azauracilﬁs, 6-azauracil
their derivatives using diazomethane similarly yielded only
N-methylated products in non-polar solvents, although in the
presence of small amounts of polar solvents varying amounts
of O-methylated derivatives were also obtained.

The potassium salt of 6-methyl-1,3,5-triazin-2,4(1H,3H)-
dione (132) and methyl iodide refluxed in methanol afforded
1,3,6-trimethyl-1,3,5-triazin-2,4(1H,3H)~dione (130),
identified by comparison Qith anauthentic sample, as the major

product and 1,6-dimethyl-(133) and 6-methyl-(72)-1,3,5-

triazin-2,4(1H,3H)-diones as the minor products.



58

Reaction of the same potassium salt with phenacyl
bromide in dimethylformamide at room temperature also
afforded a mixture of compounds. Thelmajor products were
6-methyl-1,3,5-triazin-2,4(1H,3H)-dione (72) and 6-methyl-
1,3-diphenacyl-1,3,5-triazin-2,4(1H,3H)-dione (135). A
third minor component which was Qnidentified showed a single
broad carbonyl absorption at l']OOcm-1 in its infra-red
spectrum and protons at v7.75(3H) and 16.58(3H), possibly
C--CH3 and N-CH3 respectively, at 1 5.18(1H) and tv5.08(1H),
and at 12.28 and 11.90, possibly benzoyl protons. The mass
spectrum of this compound showed a large peak at m/e 161,
possibly phenacyl isocyanate (PhCOCHZNCO), but was generally

poorly defined and showed smaller peaks at highe;'values

than this, up to m/e 280.

Bty Me Me
: ZN-R
N//LR : l U . le
Vg et 0"™N""0 0"N-"0
H R H
(133)R=Me (130) R=Me (72)-

(134)R=CH,COPh  (135) R=CH.COPh
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The reaction was repeated, using two equivalents of
phenacyl bromide, to give a similar mixture, although the
minor product in this case was identified as l-phenacyl-
6-methyl-1,3,5-triazin-2,4(1H,3H)~dione hydrobromide (134-HBr).

The infra-red spectra of these N-alkylated compounds
- were of interest in view of the previous discussion regarding
the carbonyl stretching frequencies of the 1,3,5-triazin-
2,4(1H,3H)-diones (page 29);

The infra-red spectra of 6-methyl-1,3,5-triazin-2,4(1H,
3H)-dione (72) and its 1,3-diphenacylated and 1,3-dimethylated
derivatives showed striking differences in the region
1600-1800cm™ - (fig.2), the most notable being a change in
the intensities of absorption of the two carbonyl bands.

The spectrum of the monophenacylated-6-methyl-triazin-
2,4(1H,3H)~dione hydrobromide shows the expected shift of
the carbonyl stretching frequencies to higher values (page 35 )
but no alteration in the intensity of the absorptions.
Previous workers have drawn attention to the mass-effects
of N-alkyl groups on the carbonyl stretching frequencies of
1,2,46?- and 1,3,566~triazin-diones and have shown that
substituents at the 3- position cause considerable changes
in the relative intensities of the carbonyl stretching
frequencies. Examination of the spectrum of the monophenacyl-
ated derivatives (fig.2 ) suggests, therefore, that the
phenacyl substituent is sited at position -1, Further,

though far from conclusive, evidence that this is so is given
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by the mass spectral breakdown pattern of the compound.

This shows a very small molecular ion at m/e 245, consistent
with the assigned structure (134), which by loss of water
affords the base-peak at m/e 227 (012H9N302). One of the

ways this compound could lose water is, in fact by cyclisation,

in the envisaged manner to the pyrrolotriazine (137).

- -4 . - -1+
H
HN_ _N H N
R ORLeD N
0 2@ 2 0

(136) : : (137)
The n.m.r. spectrum of 6-methy1—1,3«diphénacyl-1,3,5—
triazin~2,4(1ﬂj3§)-diéne showed that the two sets of»CH2~
protons were not equivalent, one —CHZ- occuring at < 5.03,
and the other atx 4.60 (CDClS); the mos£ deshielded of the
protons being attributed to the phenacyl grouping at N-3.
The CEQCOPh protons of 6-methyl-l-phenacyl-1,3,5-triazin-
2,4(1H,3H)~-dione hydrobromide occured as a singlet at
t4.12 (CF3COOH).
The reasons why mixtures of compounds are obtained in
these reactions are now discussed.
If as is expected, (page 32) the 1lst alkylation occurs
ét N-1 to give the species (ii) (scheme 6) then both species
(i) and (ii) will be present during reaction. The differences

in acidic pKa value between (ii) and (iii) is approximately

1 pK, unit, (iii) having the most easily removed proton.
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Scheme 6
Me Me
55\ =
N ji— EE\ R
0 0 D7SN0

Me Me Me

N7 NH N7 NR NPWR
0 H 0 OJ\QO 0] rlg /LO
(iii) (iv) | (v)

For example the PK, of 6-methyl-1,3,5-triazin-2,4(1H,3H)-
dione is 7.23;compared to a value of 8.27 for the 1,6;
dimethyl-l,B,S-triazin-Z,4(1&,3&)-di0ne68. Thus presumably
an equilibrium will exist between the anion (i) and the
anion (iv), (i) being in the greater concentration. However
(iv) might be expected to be the more basic and therefore
possibly the most nucleophilic anion since although its
basicity will be decreased by the inductive effect of N-5,

it will be increased by +I effect of the l-alkyl substituent,
whereas the basicity of (i) will be decreased by both the
inductive effect of the nitrogen atom at N-5 and mesomerism
with N-5. The anion of 6-methyl-l-substituted-1,3,5-triazin-
2,4(1H,3H)~dione (iv) will therefore rapidly react with any

alkyl halide present causing production of a 1,3-disubstituted
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product (v) and an unsubstituted product (iii) and causing
the equilibrium between the 1- (i) and 3-anions (iv) to
shift. |

Other factors must also be involved. For example in
scheme 6 the negative charges are depicted as residing on the
nitrogen atoms, and in fact only N-alkyl compounds are

- isolated, whereas presumably the negative charge will be
delocalised and will reside mainly on the oxygen atoms
fpage 33 ). The percentage of any N-3 anion present
would have to be considered and also the steric effects of
the 6-methyl group as well as such factors, as for example,
the choice of solvent.

A comparable finding has been reported in the electron-
ically similar S-nitrouraciISQG, where a 1,3-di-anion (138)
was preferentially alkylated at position 3 to give (13%9).
This was explained by the greater nucleophilicity of the

N-3 anion compared to the N-1 anion.

R R
0 NP - R-X 0,N v H
1 vEReT R G
R!
(138) | (139)

Cyclisation of 6-methyl-l,3-diphenacyl-1,3,5-triazin-
2,4(1H,3H)~-dione (135) to 3-phenacyl-?—phenylpyrrolo[l,2—3]
[1,3,%}triazin—Z,4(1&,3ﬂ)~dione(140) in the presence of

refluxing glaéial acetic acid showed that this method does
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provide a route to the pyrrolo[l,Z-g]ﬁ,S,é]triazines.

O« Ny Me
[1/ \f AcOH :
PhGH,C” Y CHyGPh N Dph
O O PhQH G

(135) (1 40)
The infra-red spectrum of the 3-phenacyl-7-phenyl-

pyrrolotriazindione (140) was very similar to that exhibited
by its diphenacylated triazine precursor (135) in the
carbonyl stretching region, but showed the presence of an

N-H stretching frequency at SOSOCm-l and a C=C band at
164Ocm-1. The spectrum was generally much more complicated.
The structure of the pyrrolotriazine (140) was further proved
by analysis and an accurate mass determination of its

’ s
molecular ion (M , 345.111598, 020H15N303).
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B. Intramolecular Cyclisation of Suitably Substituted

3-(1,3,5-triazin-6~yl)propane derivatives

Treatment of 3-(2,4-diamino-1,3,5-triazin-6-yl)propiontirile

(141), 3-(2,4-diaﬁino—l,3,5-triazin-6-y1)propiOnic acid (142)
and 3-(2,4~-diamino-1,3,5~triazin-6-yl)propan-2-one (143) with
reagents such as acetic anhydride, phosphorus oxychloride, or
polyphorphorus acid afforded none of the required pyrrolo-
;riazineé (144-146).

This type of reaction depends on the availability of the
lone pair of electrons on the attacking nitrogen atom and |
thus previous workerslo5 have found that the lesser basicity
of pyrimidines compared to pyridinés ren&ers the preparation
of pyrrolo[l,Z»g]pyrimidines from 3-pyrimidin-4ylpropan-1-ols
much more difficult than that of indolizines from 5-2'-
pyridylpropan-l—olsl Taylor and Wibberley37 coﬁld not effect
the cyclisation of diethyl di-(6-phenylpyrimidin-4-ylmethyl)
malonate or 4-(2-acetylethyl)-6-phenylpyrimidine to the
corresponding pyrrolo[l,Z-Qprrimidines with acetic anhydride.

‘In the attempted synthesis of the pyrrolo[l,Z—g][l,B,%
triazine system the 2- and 4-amino-substituents of the
precursors might be expected to enhance the basicity of the
ring nitrogen atoms although it is probable that prior
reaction of the cyclising agent with the exocyclic amino-
group will reduce the electron donating effects of these
groups, and in fact, in the attempted cyclisation of the

triazinylpropionic acid with acetic anhydride, the diacetyl
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derivative was obtained in good yield.

N <
H NT/ \r’ H2 CH2 HZNT/ \T
\Y’ CN \Y/N

NH, NH,

(141 (144)

2\ - HoN N
H NT/JQ“T/’ 2 *Tf =
COZH - N N (.

NH2 | NH,

(142) | | (145)

H\

HZNT/ \T/C o HZNT/N\r::>
C- CH

NH2 0 | ”*b e

(143) (146)

Mackenzieg? was unable to cyclise 2,4-diamino-6{2-
cyanophenyl)-1,3,5-triazine to the corresponding 1,3,5-
friazino[2,l—§]isoindole by treatment of this compound with
ethanol containing piperidine, with glacial acetic acid, or
by sublimation but when the triazine was boiled in 2N

hydrochloric acid and allowed to stand for 1 week phthalimide
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(149) was obtained.

Initial hydrolysis of the cyano group to give 2-
(4,6-diamino-1,3,5~-triazin-2-yl)benzoic acid (147) was
thought to occur and the l,3,5—triazino[?,l-é]isoindolone

(148) was proposed as a possible intermediate.

N {N\KO HNg NS

Nkﬁ,N 002 N§%/N
NH, NH, 0
(147) - (148)
0
L8P
0

(149)
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SYNTHESIS OF PYRROL0[1,2~§][;,3,QJTRIAZINES FROM 2-AMINO-

PYRROLE PRECURSORS

The pyrrolo[l,Z-é}[?,l—gJ, and[l,Z-QJ{?,Z,&]triazine

systems have been synthesised from various substituted

pyrrole derivatives, as discussed in the introduction, and
the 8a-dimethylamino-2,4-dioxo-1,3-diaryl-perhydro-pyrrolo
.[},Z-QJ[},S,é]triazines have been synthesised from 2-dimethyl-
amino- A-pyrroline (page 5 ). A possible route from pyrrole
derivatives to the pyrrolo[l,Z-g][l,B,%]triazine system (151)
would involve the prior synthesis of a 2-aminopyrrole (150)

and addition of a C-N-C moiety to this.
H Ns 5
(l: + 2" Cah ST R |r GR
N HN N N
N .
S ]
(150) (151)

(1) Synthesis of 2-aminopyrroles

2-Aminopyrrole itself is unknown and 2-aminopyrroles,
in general, are unstable compounds; the most stable being
those substituted derivatives containing electron-withdrawing
groups, especially the di- and tri-phenyl compounds. The
few 2-aminopyrroles that are known have been prepared by
treatment of 5-pyrrolecarboxylic acid azides with hot 507%
écetic aciég8’99, or by catalytic reduction of nitroso-loo,
or nitro-102 pyrroles.

101

Gewald , however, has reported a one-step synthesis of

substituted 2-aminopyrroles by reaction of an w-aminoketone
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with malononitrile (153) in the presence of base, and this

was repeated, using ukaminoacetOPhenOne (152) to afford 2-
amino-3-cyano-4-phenylpyrrole (155). In order to provide a
variety of 2-aminopyrrole precursors, benzyl cyanide, acetonit-
rile and ethyl cyanoacetate were used in this reaction, but
only benzyl cyanide (154), which afforded 2-amino-3,4-di-
phenylpyrrole (156), reacted. The other nitriles yielded

only 3,6-diphenyl-1,4-dihydropyrazine, formed by self-

condensation of w-aminoacetophenone.

B b g Ph R
Fﬁé\N; 2(EEN AR QNHz
- 3
(153)R=CN (155)R=CN
(154)R=Ph (156)R=Ph

The 2-aminopyrroles (155-156) are stable when dry but
decompose in warm organic solvents.

(ii) Reaction of 2-aminopyrroles with isocyanates

Isothiocyanates react with 2-aminopyrazoles, 2-amino-
triazoles, 2-aminothiazoles and 2-aminooxazoles to give the
1,3-disubstituted ureas (157), which on heating with pyridine
or triethylamine afford fhe corresponding bicyclic systems
éontaining a triazine ring and a bridgehead nitrogen atom
(158)103. 2-Aminobenzimidazole (159) and benzoyl isothio-

cyanate gave the benzimidazolotriazine (160).
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S H
H-N Cc-N
2Ny Et0,CNCS O e
H;l\l/:/ W TNy
0=C
OEt
(157)
A | CsHgN
H
ST/N "
o HN N\/x
HN j =5-membered heterocycle \10/
=N, S,or 0
X=N, S,or (158)
Ph

\ NHz PhCONCS, mN
N H
(159) | (160)

The reaction has not been.reported to occur with 2-amino-
pyrroles.

The final step of this reaction involves cyclisation
to a ring nitrogen atom and thus involves the prior formation
of the heterocyclic anion. 1In the pyrrole series this step
will be ﬁuch more difficult than the corresponding step in
the five-membered di- or tri-azaaminoheterocycles since the

extra-ring heteroatom will exert inductive and mesomeric
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effects and thus make proton removal easier. This, plus the
fact that 2-amino-4-ethyl-3,5-dimethylpyrrole and 2-amino-
3,4-diethyl-5-methylpyrrole could not be acetylated, benzo-

ylated or diazotised98

(although it is not clear whether
these failures were due to an inability to react or to
instability) suggests that an analogous reaction with 2-amino-
pyrroles may present difficulties.

Reaction of 2-amino-3-cyano-4-phenylpyrrole (155) with
methyl, or ethyl isocyanate in dry, refluxing pyridine afforded
the corresponding 3-a1ky1~8-cyano-7-phenylpyrrolo[l,2~§]
[l,B,S]triazines (161-162).

The yields were low (ca:ZO%)Iand much tarry material,
from th2 decomposition of the aminopyrrole, was obtained.
N,N'-dialkylureas, formed by the action of water on the
isocyanates, were als§ isélated even when dry, freshly
distilled solvents were used.

Reaction of 2-amino-3-cyano-4-phenylpyrrole (155) and
2-amino-3,4-diphenylpyrrole (156) with phenyl isocyanate
afforded the corresponding pyrrolotriazines (163-164) in
low yield (ca:10%).

1-Phenyl-3-(3-cyano-4-phenylpyrrol-2-yl)urea (165) was
prepared by reaction of 2-amino-3-cyano-4-phenylpyrrole and
phenyl isocyanate in benzene. When heated under reflux with
phenyl isocyanate in dry pyridine this afforded 3,7-diphenyl-
pyrrolo[l,2—&}[1,3,5]triazin-2,4(1&,35)—di0ne (163), and thus

it is probable that such pyrrolylureas are intermediates in
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the one-stage synthesis of pyrrolotriazines from 2-amino-

pyrroles.
H R
R
HzN\@Ph 2RNCO R?N ) ~ )Ph
HN S e
- 0
(155) R=CN (161) R=CN,R'=Me
(156)R=Ph (162) R=CN, R=Et
RNCO (163) R=CN,R'=Ph
RNCO

(164) R=Ph,R'=Ph

. : R
R'HNgHN]T}Ph
HN -/
(165) R=CN,R= Ph
(166) R=Ph,R'= Ph

(167 R= Ph,R'= Et
(168) R= Ph,R'=H

1-Phenyl-3(3,4-diphenylpyrrol-2-yl)urea (166), could not
be induced to react with phenyl isocyanate in refluxing
pyridine. 1-Ethyl-3-(3-cyano-4-phenylpyrrol-2-yl)urea could
not be obtained, the reaction of ethyl isocyanate with the
corresponding pyrrole giving only an intractable tar. Ethyl
isocyanate and 2-amino-3,4-diphenylpyrrole in benzene

afforded an unidentified mixture of compounds (&+, 319.169030,
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020H21N30;E+ 519.132921 , 019H1?N302) the infra-red spectra of
which showed no C=0 absorption. However, an attempted
synthesis of 3-etbyl-7,8—diphenylpyrrolo[1,Q-QJ[?,B,5]triazin-
2,4(1H,3H)~-dione by reaction of 2~amino—3,a—diphenylpyrrole
in.refluxing pyridine afforded a low yield of l-ethyl-3-
(3,4-diphenylpyrrol-2-yl)urea (167), together with the above
unidentified mixture of compounds, but none of the required
pyrrolotriazine.

Reaction of 2-amino-3,4-diphenylpyrrole (156) with
potassium cyanate afforded 3-(3,4-diphenylpyrrol-2-yl)urea
(168).

The mechanism outlined in scheme 7 is postulated for
the synthesis of pyrrolq[1,2~§][l,3,5}triazindiones from
2-aminopyrroles.

The reaction can'proceed via pathways 1 or 2 both of
which involve the removal.of a pyrrolyl N-H proton by the
pyridine solvent, to give the reactive anions ( v or vi ).
This step in the reaction sequence will be aided by the
electron-withdrawing substituents on the pyrrdle nucleus.

The steps (iii— iv) and (vii— viii) will depend upon
the nucleophilicity of the attacking émide nitrogen atom, and
thus this would explain the lower yields obtained when phenyl,
rather than ethyl, or methyl, isocyanate is used, since this
amide nitrogen atom will be less reactive in the phenyl
substituted compounds than the alkyl substituted compounds.

No pyrrolopyrimidines of type (169) are isolated in the
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Scheme 7

H5N
Pl o !
R ;
H\@ 4 RN‘CO

(i) l (ii)

=0
RHNCHN |
AR
\ 92

HN._ /
Pathway 1 ‘ (“0 y Pathway 2
RNy \
O%(H o R%NgHN I
i\ :&;:>* ,;K:}r
TCNHR
0
(iv) | | (vi)
.tH+ lRN?O
0 N RhNgHN+H
Y Gy i ;o YR
RN_ *“,/ - RHN\C;Eijy
%NHR | b
(v) (vii)
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reaction of 2-amino-3-cyano-4-phenylpyrrole (155) with isocyarn-
ates, and in the attempted synthesis in these laboratories of
the pyrrolopyrimidine (170), the pyrrolotriazine (171) was
formed 104. It is possible that the pyrrolopyrimidines could
be formed by an intramolecular cyclisation of the pyrrolylurea

intermediates as indicated below.

Ny
JCRFh TR
RHN:—" ) _
1 / \ \ L RN [\
95 IZ 5 e
O HN "N ' OJ\N
H | H H
R = Me, Et, or Ph (169)
O okt
Ph—l | \
0 SN-N
thse

EtG:,0°  E0Et
ZQ - PhNCO / (170)

H,N N | \
H o COEL
N 2

0 =
: / COzEt
Ph N\(‘;N

(171)

These findings suggest a deactivation of the reactive
groups at the 3 position of the pyrrole ring which may
possibly be attributed to the contributing forms (172) and

(173) in the hybrid structures of the corresponding pyrroles.
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Ph g?fnﬁl Ph, £
N““NHCNHR {7 NHCNHR
H H 0
(172)
03 .
Et0,C g; OEt €058, 0 ~0F}
Z/ A R, Z/ 5
N NHQNHR N7 NHCNHR
H H 0
| (173)

Reaction of 2-amino-3,4-diphenylpyrrole (156) with
- N-acetylurea, or p-nitrobenzoylurea, afforded the correspond-
ing pyrrolylurea derivatives (174-175) but no evidence of the
pyrroldtriazines (176-177). A similar reaction between
2-amino-3-cyano-4-phenylpyrrole (155) and acetylurea afforded
a quantitative recovery of the acetylurea and alpurple ail,
suggesting the decomposifion of the pyrrole occured faster
than reaction with the urea.
1—(4-Nitr0benzoyl)~3—(3,4-diphény1pyrrol—2-yl)urea also
failed to cyclise on treatment with triethylamine, diethyl-
aniline or polyphosphoric acid, although treatment with
triethylamine in acetic anhydride afforded l-acetyl-2-

acetylamino—B,ﬁ—diphenylpyrrole (178).



&

“ Ph lh-]{ Ph

Gt e Sl = »Ph

| /
HN\;N Ny N7

R

(174) R=COMe ~ (176) R=Me
(175) R=COPhNOp (177) R =PANO,(d
g : _,,Ph Ph_ Ph
HEI/\(N Yl Z/ N\&NHCOMe

0 éOMe

(179) O (178)

The failure of these pyfrolylurea derivatives to cyclise
may be due to the difficulty of anion formation, or to the
lack of reactivity of the formed pyrrole anion. Cyclisation
would involve an intramolecular nucleophilic attack by the
pyrrolyl anion and the subsequent loss of water. However,
the cyclisation step in the formation of the pyrrolétriazin-
diones from 2—aminopyrroies and isocyanates involves the
loss of an amine (NHZR) (page 74 ), which being a better
leaving gr;up than water will make cyclisation easier. The
fact that reaction of 2-amino-3,4-diphenylpyrrole (156)
with biuret in pyridine afforded an impure compound, the

spectra of which were consistent with the pyrrolotriazine
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structure (179), affords further evidence for this. As
discussed in the introduction (page 10 ) pyrrole-2-carboxalde-
hyde formylhydrazones have been cycliéed, by base-catalysed
dehydration to give pyrrolo[l,z-g][l,2,4Jtriazines. The
pyrroles used, however, contained no electron—withdréwing
groups and their anions would therefore be more reactive

- than the pyrrolyl anions under consideration here.

The above facts indicate that it is anion reactivity
which is the most important factor in cyclisatiors of this
type, although ease of anion formation must also be involved.

Other attempted preparations of pyrrolo[l,Z-g][i,3,5]
triazines from 2;aminopyrroles were treatment of 2-acetyl-
émino-S«cyano-&—pbenylpyrrole with formamide, and reaction
S0k 2-amino-3,4-diphenylpyr£ole with dicyandiamide. 1In all

cases the starting material was recovered unchanged.
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SPECTROSCOPIC PROPERTIES OF THE PYRROLO[I,Z—QJ[l,3,5]TRTAZIN~

2,4(1H,3H)-DIONES

(i) Nuclear magnetic resonance spectroscopy

The 60MHz spectrum of ethyl l,3~dimethylpyrrolo[1,Z—QJ
[},3,%]triazin-2,4(lﬂ,Bﬂ)—dione—6-carboxy1ate (114) in CDCl3,
is given in figure 3 (page 80 ).

The pyrrole protons at positions 6 and 8 of 7-substituted
pyrrolc[},Z-Q][i,B,5]triazindiones occur as two doublets at
approximately ©2.0 and 4.0, although these occur at more
deshielded positions (ca. ¢ 1.95 and 4 3.5 respectively) in
trifloroacetic acid. The lower of these two resonances is
attributed to the 6-H proton because of the deshielding éffect
of the adjacent pyrrolic nitrogen, and an examination of the
spectra of ethyl 8-pheny1pyrrolo[l,2—3][1,3,5]triazin-2,4 )
(1H,3H)~dione-7-carboxylate (102) and ethyl pyrrolo[l,2~g]
[1,3,%]triazin-Z,4(1&,3@)-dione-?-carboxylate (101) confirms

this assignment (values determined in CF,COOH).

3

9 ﬁ H 1352 H Ph
0N
Hl/ @C O-Et 1/ @Coza
~ Mo
0 H <194 0 H <196
(101 (102)

The coupling constant between the 6-H and 8-H protons is

2Hz (see figure 3), which is larger than the expected coupling



20 | 3. ol 40 e S0 PR e 80
Me
Oy NN—=
MeN_N /) COE
0
Tl
()
G
3
w
FI ‘Jd&vw\]
ENRVITA W s TR L*WMM”‘%M
L, | 5 e e g 1 Dt % S T e e e
80 70 60 50 PPM [S) 40 30

.._2:0....._

99 HARESL

08



S R Y e SRR 80 .. .. .90 10

Me Br M

OYN\‘_,/:> ol/Ne e
COEt + =
MeN Vil Me Q‘COZ
5 T

7 aunbiy
%

M*D‘{;MMW#MMW«W - Ww LU LWWW JL

‘8¢ 20 &0 R RePP) | e T M g P PR el 0

- 18



82

constant of the ap' protons of pyrroles which lie within the
range 1.35-1.5Hz. A comparison of the n.m.r. spectra of
pyrrolo[},2-gJ]},3,5]triazin—2,4(1@,3&)-dione-?-carboxylic
acid (111), indoliiine—Z—carboxylic acid (180), and 3-ethoxy-
carbonylpyrrole (181) shows differences in both the coupling
constants of the relevant protons, and the chemical shift
positions of these protons. These effects can be explained
by the differing degrees of electron delocalisation in the
various heterocycles, and previous workers have stated that
it is not possible to predict coupling constants between ring
hydrogen nuclei in condensed pyrroles from a knowledge of

analogous values in pyrroleleG.

1341 ' H =330 . + 343
Gy Sk o O L
COH COH
\,)‘\/> %2 G\Z{} % HN—// O
0 H 25 H 205 H 256
]['5‘8= 2Hz : J";=1HZ ]5/.'“—“1'[' E’é
(111} (180 (181)"

(a) Values determined in[(CD3)ZSdJ

(b) Values determined in 26% solution in dioxan.

(c) Reference 107

(d) Reference 108

The n.m.r. spectrum of a mixture of mono- and dibromin-
ated produ;ts produced by treatment of ethyl 1,3-dimethyl-
pyrrolo[l,Z—é][l,B,%]triazin—Z,4(1&,3&)-dione—7-carboxylate
(114) with N-bromosuccinimide in chloroform for 1h is given

in figure 4. The presence of a resonance at < 2.19, now
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uncoupled, attributed to the 6-H proton and the absence of
the 8-H proton which absorbs atTt 4.0 in the unbrdminated
compound indicates that the mixture is composed of ethyl
8—brom0-1,3—dimethy1pyrrolo[l,Z-QJ[1,3,%]triazin—Z,é(lﬂ,3ﬂ)_
dione-7~-carboxylate (115) and ethyl 6,8-dibromo-1,3-dimethyl-
pyrrolo[},z-gj[1,3,§]triazin—2,4(1&,33)—dione~7~carboxy1ate
(116).

The hethyl protons at position 1 of the unbrominated
pyrrolotriazindione occur as a singlet at © 6.54 but are
deshielded by the presence of a bromo-group at position 8
and in ethyl 8-brom0-l,3-dimethy1pyrrolo[},2-3][},3,ﬁ}triazin-
2,4(1H,3H)~dione-7~-carboxylate (115) absorb at % 6.16. The
methyl protons at the 3- position are unaffected. The
introduction of a second bromo-group, into the 6 position,
causes a small downfieid shift, of 1.5Hz, of both the N-1
and N-3 methyl protons.

A similar deshielding effect has been observed in the

109

pyrroloquinoxaline series The 9-H proton of the

unsubstituted compound (182) is deshielded by the presence

of a chloro substituent (183) at position 1.

=20 H — 097 H

(182) (183)
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(ii) Infra-red spectroscopy

The infra-red spectra, in the region 1600—1800cm—%=of
the pyrrolo[l,2—é][l,3,é]triazin—2,4(13,3§)~diones,
containing a carbonyl function in the 7- position show a
broad, ill-defined, carbonyl stretching band at 1690-
17300m_1. No carbonyl absorbances as high as those of the
1,3,5~triazin-2,4(1H,3H)~diones (page 30 ) are exhibited.
The ester carbonyl stretching vibration which absorbs at
ca. 1690cm"1, this value being obtained by comparison with
the spectrum of pyrrolo[},Z-gJ[1,3,§]triazin-2,4(1g,3ﬂ)—
dione (109), cannot be distinguished from the amide C=0
stretches. The low frequency of this absorption can be
explained by the presence of contributing forms such as (184)

in the hybrid structure.

H H 5
Oy N co 03N~ = e
Qc | . =C
HN 2 /7 "\OEt HN N Noet
0 0
(107) (184)

Similar observations have been made in the pyrrole
seriesllo. The 3-alkyl(aryl)-8-cyano-7-phenylpyrrolo
[I,Z—QLH},B,5Jtriazin-2,4(1&,33)-diones exhibit two carbonyl
~ stretching bands at ca. 17400m-1 and 1690cm_1. The lower
of the two bands is the most intense, as in the 3-substituted-

1,3,5-triazin-2,4(1H,3H)~-diones (page 31 ).

Ethyl 1,B—dimethylpyrrolo[l,2-3][1,3,é]triazin—Z,&
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(1H,3H)-dione-7-carboxylate (114) also exhibits two carbonyl
bands B A A5eh"Y aHd L1100 L The higher, less intense,
band is associated with an amide C=0 stretch, and the lower
band consists of both ester C=0 and amide C=0 stretches,

The pyrrolotriazindiones also exhibit bands which may
be attributed to pyrrole-ring stretching vibrations. Thus
the pyrrolo[l,Z-Q][i,3,5]triazin—2,4(1@,3&)-diones containing
an acid or an ester function at position -7 show bands at
ca. 15500m—1 and 1500cm-1. Previous workersllo have ‘reported
that pyrrole esters show ring vibration bands at ca. 1565 and
1550cm“1. Pyrrolo[i,2-giu},3,5]triazin-2,4(1&,3&)—dione (109)
exhibits two bands, in the region 1500-16000m_1, at 1560(:{11-1
and 1525cm-1. The remaining pyrrolotriazines studied,
containing phenyl- or cyanosubstituents in the pyrrole ring,
exhibit small bands at 1580(::11-1 and 1560cm—1, and a larger

1

band at ca. 1510cm .

(iii) Ultra-violet s pec toscopy

The u.v. spectra of some pyrrolo[1,2-§1[1,3,%]triazinw
2,4(1H,3H)-diones are given in Table 4.

All the compounds show an intense absorption band at
ca. 220-240nm., which is unaffected by the addition of acid,
but shows a slight bathochromic shift (2-3nm) on addition of
- base in all but the N,N'-dimethyl compound. This absorption
is attributed to the pyrrole moiety. Pyrroles containing
carbonyl groups at the 3 position show a bathochromic shift

of the pyrrole absoprtion of ca. 30-50nm (from 208nm) with
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the appearance of a second intense absorption band in the
1
region 240-280nm 11, which shifts to longer wavelengths

with increasing conjugative power of the substituent.

Table 4
Compound Amax'(nm) € Amax.(nm) €
(102)R'=R*=H R=Ph,R*=CO, Et 227 15,5091 267 [1,430
(112)R'=R®=R=H,R*=CO, Me 219 |4,056] 288.5 | 367
(114)R1=R2=Me,R3=H,R4=002Et 221 |8,638] 284 |1,000
(162 )R =Et ,R®=H,R>=CN ,R*=Ph 237 |8,035] 279 |2,679
|(185)*R"=ph,R%=H,R7>=R"=co,Ee| 222 |8,194| 267 |2,783

* TFor preparation of this compound see Ref. 104.

The pyrrolotriazines show a small band at ca. 250-

- 260nm which appears as a shoulder of the larger absormption .

This band is most obvious in the N,N'-dimethyl compound (114 ).
Addition of base causes a large bathochromic shift

(ca. 15-25n0m), accompanied by an increase in intensity, of the
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longer wavelength, less intense band, for all but the
N,N'-dimethyl cdmpound , thus indicating this band to be
associated with the triazine ring amiae groups. In the
presence of acid the 1oﬁger wavelength band is shifted slightly
to shorter wavelengths (2-3nm) with an increase in intensity
for those compounds having N-alkyl substituents (i.e.

compounds 114, 162, and 185).

The mass spectra of the pyrrolo[i,Z-gJ[l,3,é]triazin—

2,4(1H,3H)~-diones are discussed elsewhere (page 109).
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ATTEMPTED SYNTHESIS OF PYRROLO[?,1—£][},2,4]TRIAZINES FROM

ASSYMETRICAL TRIAZINE PRECURSORS

Several alkylaryl-1,2,4-triazines have been quaternised112

and it waslintended to extend the scope of these reactions

to include quaternisation by a-halogeno-ketones. Subsequent
cyclisation of the products to pyrrolo[2,1—£J[l,2,4]triazines,
by an extension of the Tschitschibabin indolizine

34,35,36

synthesis , was envisaged.

(i) Quaternisation of 1,2,4-triazines with alkyl halides

Reaction of 3~amino—5,6-dimethy1-l,2,4—triazineIwith
methyl iodide, in refluxing methanol, afforded a low yield
(13%) of a yellow quaternary salt (186), and much dark green,
unidentified material. Milder conditions resulted in the
- recovery of the starting material. Previous workers113
have shown that 1,2,4-triazines, with a 3-amino function
form N-2-oxides, and thus it is suggested that quaternisation
will also occur at N-2, Later work, describing the synthesis

of the imidazo 1,2-&][#,2,4]triazines (page 91 ), showed

that quaternisation with phenacyl bromide occurs at N-2.

Me Me 1-
Me ] \f\‘i 1= Mel \,\7_Me
N\%N"-Me N /l\{
NH, R
(186) (187) R = SMe
(188) R= Ph

The quaternary salts (187-188) were obtained in good

yields as red-bronze coloured compounds by the action of
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methyl iodide on 5,6-dimethyl-3-methylthio~- and 5,6-dimethyl-
3-phenyl-1,2,4-triazine, respectively. N-oxidation of 3-
unsubstituted- and 3-methoxy-1,2,4-triazines occurs at
position 1113, and thus the quaternary salts were assumed

to have the respective formulae (187-188).

Atkinson and Cosseyllz, working on the quaternisation
of 1,2,4-tria;ines containing alkyl and aryl substituents,
made the observation that compounds quaternised at N-2 are
colourless,‘whilst the corresponding N-1 substituted isomers
are red compounds. Their attempts to confirm this hypothesis
were inconclusive, though the results would seem to agree with
the findings of the present work.

. The reaction conditions for the synthesis of the
- quaternary salts (187-188) are critical since, in the presence
of air, organic solvents, or heat, the reaction mixtures
rapidly darkened and became oily.

The triazinylmethiodides (187-188) whilst being fairly
stable crystalline solids, decomposed in warm organic
sdlvents, but even in the crystalline state 1,5,6~-trimethyl-
3-methylthio-1,2,4-triazinium iodide (187) smelt strongly of
methyl mercaptan. |

Melton and Wibberleyl14 have shown that indolizines
can be prepared by an intramolecular aldol-type condensation
of a suitably substituted acyl- or ethoxycarbonyl-methine.

It was thus hoped that this method could be extended to the

synthesis of the pyrrolo[é,1~§][l,2,4]triazine ring system (190).
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Me Me
Me
o S PR s g
RSN Me Rcocl RSN Me O
R=SMe,Ph ' (189)
ACZO
Me Ac
B
N/\’%\>R'
RN\
(190)

No methines of type (189) could be isolated by the action
of base on the quaternary salts. However, a recent publicat-
ion, giving no experimental details, claims that the

triazoles (192), are formed by the action of base on the

quaternary salts (191)115.
2 1
R
3 R Me
Nﬁﬁ\\rR %‘ﬂi
e N1 — N
R N~ "Me 2
R
() S (192)
R'= OMe, SMe,H
R*= H, Me,Ph
R’= H, Me,Ph

6-Methyl-1,2,4-triazin —3,5(2H,4H)~-dione failed to

react with methyl iodide in dimethylformamide, or with
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phenacyl bromide, or ethyl bromopyruvate in refluxing
alcoholic solvents.

(ii) Reaction of 1,2,4-triazines with a-halogeno-ketones

3-Amino-5,6~dimethyl-1,2 ,4-triazine (193) and phenacyl
bromide, in the presence of base (NaHCO3), afforded 2,3-
dimethyl-G—phenylimidazo[l,Z—E][l,Z,A}triazine (194).
In the absence of base the imidazotriazine hydrobromide
was obtained. This reaction has been well investigated and
the imida;o{l,Z-h][l,Z,&]triazines are the subject of many
116-117 118-121

papers and patents . An independant synthesis

of the system from 2-amino-l-acetamido-4-phenylimidazole

(198) confirmed the structure of the compound5116,
N~ NH ' ;
Me]i T2+ BrCH,COPh
Me SN \
(193)

(197) R= Ph, R= H

Reaction of 3-amino-5,6-dimethyl-1,2,4-triazine (193)
with ethyl bromopyruvate, however, gave a tricyclic product

which was identified on the basis of its infra-red, mass
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and n.m.r. spectra, and analytical data, as a pyrroloimidazo-

triazine of structure (199) or (200).

1#COZE’( 2E’c
g o108
Et02C7/ |\ EtOC</N
“ZMe “N Z.Me
6 5
(199) (200)

The n.m.r. spectrum of the tricyclic product (199) or
(200) is given iﬁ figure 5.

It is interesting to compare the coupling constan: of
the 1-, and 3-protons (J=1.2Hz), which is in the accepted
range for the coupling constant of the equivalent protons
of pyrrole8106, with that of the 6-, and 8-protons of the
pyrrolo[};2-§:H},3,%]triazin-2,4(1§,3E)-diones (J=2Hz)

(page 79 ). Whether isomer (199) or (200) is produced in
the reaction cannot, however, be determined by the information
gained from the n.m.r. spectrum.

The reaction is vigorous and occurs at room temperature
in organic solvents,.accompanied by the production of
intractable material. 1In the absence of solvent,deep blue,
presumably polymeric, oils are obtained.

When two equivalents of ethyl bromopyruvate were used

in an attempt to improve the yields less of the tricyclic
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product was obtained, and no other identifiable products
were isolated. 1In the presence of sodium bicarbonate none.
of the pyrroloimidazotriazine was isoiated.
2-Amino-5,6-dimethyl-1,2,4-triazine and two equivalents
of phenacyl bromide afforded only the imidazotriazine (194)
and the reaction of the aminotriazine and ethyl bromopyruvate
became even more intriguing with the discovery that 2,3-dimet
hy1—6-phény11midazo[l,2-§][},2,&]triazine (194) did not
react with‘ethyl bromoPyruvéte in refluxing organic solvents.
2,3-Dimethy1-6—§henylimidazo[l,Z—g][l,Z,é]triazine (194) was
however quaternised, in low yield (10%), with methyl iodide
in refluxing methanol, though it was not possible to show
the position of substitution.
No producté could be isolated from the reaction of
bromoaéetaldehyde with 3-amino-5,6~dimethyl-1,2,4-triazine.

It has been suggested117_119

that quaternisation of

the imidazotriazine system occurs at position 1, and that
styrylation of the methyl group at position 2 is possible.
These facts would support the structure (199) for the tricycle,
although the absence of any bicyclic products in the

reaction, and the rapidity of the reaction compared to

the difficulty of quaternisation of the imidazotriazines,
suggest th;t prior formation of a bicyclic intermediate is
unlikely.

A more reasonable explanation can be envisaged by a

consideration of the possible intermediate (203-204),



formed by the removal of HBr from the quaternary salt (201-
202). A second molecule of the triazine will help by acting
as a catalyst for this, but the attemﬁted use of sodium
bicarbonate as a catalyst resulted in the recovery of the
starting material, presumably since this base reacted
preferentially with ethyl bromopyruvate. Such an intermediate
could cyclise to give (194-205), or react with a second
molecule of a-halogeno-ketone to give the quaternary salts

(206-207).

:
HN“ SN Me Hle\
(" 9) - (200 R = Ph
(202)R =CO,£t
~HBr
Q
N= 7 Me HNJ\N"ME
(194) R=Ph (203)R =Ph
(205) R=CO.E (204) R=CO.Et |
J+BrCI—12COR
0
o CH2C R
’N ¢ -HBr, 2H0 L ”N:[
"Me HNJ\~
(208)R = Ph (206)R = Ph

(1 99)R = COEt (207)R =COEt
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Cyclisation of (203) to 2,3-dimethyl-6-phenylimidazo
[l,Z—h][l,Z,éJtriazine (194) is the faster reaction, but in
view of the greater reactivity of ethyl bromopyruvate both
cyclisation of (204) and further quaternisation of (204)
will be faster than the comparable reactions with phenacyl
bromide. It is also possible that quaternisation to give
(207) may occur more ;apidly than cyclisation, thus resulting
in a tricyelic product (199).

The site of quaternisation of the N-pyruvyl- compound
(204) must decide the final structure of the campoundf The
intermediate (204) has a fixed bond structure and the
relative basicities of the N-1 and N-4 atoms will.deﬁend on
the inductive effects of the various substituents. It may
be supposed that the inductive effect of the C=N moiety will
render the nitrogen atom at position 4 the least basic, and
«thus.quaternisation may.be predicted to occur at N-1 to
give diethyl A—methylpygrolo[é,l—g]imidazo[l',2'-2][1,2,4]
triazine—Z,7-dicarboxyléte, (199) rather than the isomeric
diethyl 4~methylpyrrolo[l,2-é]imidazo[l',2'-@]{1,2,4]triazine—
2 ,8-dicarboxylate (200).

It must be noted that no tricyclic products have been
reported in the synthesis of imidazo[},2-§]pyridazines from
3-amino—G—methyipyridazine and «-halogeno-ketones or

br0moacetaldohyde123.

Ethyl bromopyruvate has not been
used in this synthesis, but this may suggest that the

quaternisation of the imino compound (204) occurs at N-4.
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5,6~Dimethyl-3-methylthio-1,2,4-triazine (209) and
phenacyl bromide did not react when stirred in ether at room
temperature, but when stirred in the absence of solvent the
starting material (30%) was recovered and much polymeric
material was formed. All other attempts to prepare l-methyl-
3-methy1thio-?-phenylpyrrolo[Z,1—2][1,2,{]triazine (211) by
the above reaction, or the 7-carbethoxy-derivative (212),

resulted in the formation of intractable oils.

Me Me
A~ Me BrCH,00R N%\G
| v , {
RLN,N K2 N
(209) R = SMe (211) R=SMe,R=Ph
(210) R = Ph (21 )R SMe,R=CO,Et
(213) R=R=Ph :
~ (216 R=Ph , R=CO,Et

The reaction of 5,6-~dimethyl-3-phenyl-1,2,4~-triazine
(210) with ethyl bromopyruvate or phenacyl bromide similarly
gave none of the required pyrrolotriazines (213-214). The
starting materials (209-210) were recovered, or when stronger
reaction conditions were used, intractable oils.

Atkinson and Cossey112 have shown that 3-methyl-5,6-
diphenyl-l,Z,@—triazine (215) undergoes quaternisation with
methyl iodide to givé 2 ,3-dimethyl-5,6-diphenyl-1,2 4-triazine

(216) as a stable colourless compound,

»
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Ph , N Me
.
Ph AN me
MeI | (216)

]: WMe
N éN )
BrCH2(:OR

(215) i
(217) R= Ph
(218) R=COf£t

Reaction of the triazine (215) with ethyl bromopyruvate

or phenacyl bromide might thus be expected to give the
| 7-su58tituted pyrrolo[l,Z«Ej”},Z,4]triazines (217-218).
I Phenacyl bromide and 3-@ethy1—5,6-dipheny1-1,2,4-triazine,
however, afforded a mixture of the unreacted triazine, its
hydrobromide salt, phenacyl bromide, and an unidentified red
oil, the infra-red spectrum of which indicated the presence
of a C=N grouping and a carbonyl function. In the presence
of sodium bicarbonate the starting gaterial was recovered in
quantitative yield. The attempted synthesis of the pyrrolo-
triazine (218) also afforded a mixture of the starting
material and its hydrobromide salt, although an n.m.r.

spectrum of the remaining brown mother liquors, though poorly




9

resolved, indicated the presence of ester protons and aromatic
protons, but no resonance attributable to the 3-methyl protons

of the starting material was observed.
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MASS SPECTRA

The mass spectra of several 1,3,5-triazines, pyrrolyl-
ureas, pyrrolo[},2-§L}E,3,S]triazines, and 1,2 ,4~triazines
and their derivatives are recorded and an attempt is made to
show possible common pathways of fragmentation for all these
classes of cbmpounds. Postulation of fragmentation patterns
is in several cases based upon ion source determinations and
accurate mass measﬁrements.

Relative'aﬁundances are quoted to 3 7% of the base peak
unless ions of less than that intensity are importént in the
fragmentation. Transitions supported by metastable peaks are

denoted by an asterisk.

(i) 1,3,5-Triazin-2,4(1H,3H)~-diones and related compounds

- : H . X 0
100+ m}-{ ' 1 “3(M+)
' 0"~N"0
80- H
e (219)
Bs.
. 60- (223
j2
=
2 40-
g s (20
5 .
9 (2 (22} (222)
‘ ' (225)
04— T l 'I"L v I ! | ’ :
0 20 40 60 80 © 100
m/e '

(Figures in breckets refer to the fragment ions, scheme 8)
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1,3,5-Triazin-2,4(1H,3H)~-dione (76) (fig 6 ) decomposes
via a retro-Diels-Alder reaction with the expulsion of
neutral isocyanate to give the ion radical (219,R=H), see
scheme 8, which may lose carbon monoxide and a hydrogen atom
in the Sequence: (219 )—> (220)—= (221) or (219)—> (222)— (221)
(R=H). Species (219)(R=H) caﬂ also decompose by ejection of
HCN to give the ionised isgcyanate (223), or by loss of the

‘NCO radical and formation of the protonated nitrile (224,R=H).

Scheme 8
—l-h + .

) ~HNCO FE s R

T\ /LH =5 HNeC-Nsfs0, ————— RCNH
0 ﬁ 0 (219) (224)
(72) R:Me -RCN
(73) R=Ph 4
(76) R:CH.Ph 13
(75) ReCH,CHy (e s pag
(76) R:H o (29

-R
R +

~CO | * ! ——|
C E\NH HN:(;:N-C50+

\ N(;ZO) (222)

L -

N;%TFH ,gk\\x -CO

o :
HN 0 ¢

i C

(223) IL@N
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A minor loss of carbon monoxide from the parent gives a

small peak (10%) at m/e 85, corresponding to the ion radical

(225,R=H).

The triazindiones (72-75) also show a similar fragmenta-

tion pattern, although the relative intensities of the

fragment ions vary.

Table 5

gives the relative intensities of the ions

(219-224) for various triazindiones and differences in the

fragmentation patterns of these compounds, compared to

1,3,5-triazin-2,4(1H,3H)~dione, are discussed.

Table 5

Fragment ion

Relative Intensity (%)

i
219
220
221
222
223

224

R
i Me Ph CH,Ph* | CH,PhC1(0)*
100 51 70 38 :
70 | 23 3 4
13 6 4 25 .
17 16 - 7 5
17 40 15 25 10
59 22:°1 29 18 31
19 100 100 10 -

* M-1 is the base peak.

L3

The individual variations

m/e 125 is the base peak.

shown in the table result

according, to the nature of the R group, thus the major
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pathway when R=Me or Ph is a retro-Diels-Alder reaction to
give (219,R=Me or Ph), followed by ejection of ‘NCO to give
the protonated nitrile (224,R=Me or Ph),
6-Phenyl-1,3,5-triazin-2,4(1H,3H)~-dione (73) shows a
peak at m/e 130 (33 7 of the base peak), corresponding to
the isoindolone structure (226) formed by ejection of'NH2

from the ion radical (219,R=Ph), the mechanism presumably

involving a hydrogen transfer from the phenyl substituent.

6-Benzyl-(74) and 6-(2-chlorobenzyl)-(75)1,3,5-triazin-~
2,4(1H,3H)~dione both show significantly different spectra
from ﬁhg other derivatives, and this can be attributed to
the favourable geometry of the compounds, which allows for
interation between a nitrogen atom of the triazine ring and
the benzyl substituent. Thus the base peak in the spectrum
of 6-benzyl-1,3,5-triazin-2,4(1H,3H)-dione (74) is the M-1
peak for which the structure (227) is proposed.

This fragments to give peaks at m/e 159 (228) and m/e
132 (229 ).

5—(2—Chldrobenzy1)-1,3,5-triazin—2,4(1@,3&)-dione (75)
shows no molecular ion, but a peak at m/e 202, corresponding

to the triazinoindole ien (227). The base peak is the

protonated o-chlorobenzylcyanide ion and the peak at m/e 134
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has been shown by accurate mass measurements to have the
formula CSHBNO; an ion source determination has shown this

to arise from the ion (227).

HN 7 -~HNCO /T
ool |
0 >N"TQ > N
H C=0
(227) (226)
% |-HCN
W
N-Cz0
(229)

é-Methyl—Z,4-diphenoky—1,3,S-triazine (124) also shows
a similar intramolecular interaction, this time between a
ring nitrogen atom and an -OPh substituent, and loss of H
affords the tricyclic ion (230). Similarly many 6-substitu-
ted-2,4-diamino (or substituted amino)-1,3,5-triazines
exhibit an interaction between a suitably placed substituent

and a nitrogen atom of the heteroringlza’lzs.
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1,3,5-Triazin-2,4,6(1H,3H,5H)-trione (cyanuric acid)
shows a breakdown pattern similar to that of the triazindiones,
although it differs from the spectrum of barbituric acid in
exhibiting a peak at m/e 44, corresponding to protonated
isocyanate; barbituric acid shows no equivalent peak126

6-Methyl-1-phenacyl-1,3,5-triazin-2,4(1H,3H)-dione
hydrobromide (134+HBr) shows a very small molecular ion at

m/e 245 (7%), which, by loss of water, gives the pyrrolo-

triazindione (231).

+-
Pg*w _H20

OT/N\TMe

’/ Ph
HN‘m/}LCH‘/ | HN\W/N
0
(13 1) ' (231)
| IHNCO

N
PhCZ0" e ‘Tfi>>ph
| HN—/

(235») , : (2 32)

#1CO l

| A
Ph" pthcéj
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Evidence for the pyrrolotriazindione structure (231) is
afforded by the presence of a peak at m/e 102_(233), since
phenylacetylene (233) is present as a fragment ion in the
spectra of 2-aminopyrrole derivatives containing a phenyl
substituent. The base peak of the spectrum is given by the
benzoyl ion (234),

The mass spectrum of 6-methyl-1,3-diphenacyl-1,3,5-
triazin-2,4(1H,3H)~dione (135) is dominated by the benzoyl
ion, but does again show peaks corresponding to pyrrolo-‘
triazine structures. Loss of 18 mass units from the molecular
ion affords the 3-phenacyl-?-phenylpyrroio[},2»@][},3,5]
triazin-2,4(1H,3H)-dione radical ion, which fragments
further to give the pyrrolotriazine (231).

1,3,6-Trimethyl-1,3,5-triazin-2,4(1H,3H)-dione (130)
fragments in the expected.manner (scheme 9 ). The losses.
of CO and ‘NHMe from the molecular ion give the ions (235) and
(236) respectively. The iow relative intensities of these
ions and the 1érge metastable peaks shown for these losses,
confirm that they require a high activation energy. The
mechanism of ejection of ‘NHMe is obscure, but must presumably
require initial ring opening, followed by proton transfer.
Loss of carbon monoxide, accompanied by ring contraction,

is more obvious.
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Scheme 9
+ 4o
e o
f\\l’/)\N—Me 3 -CO T\//NL'M" ‘NHMe NHMe NO+
Me-N— ¥ 0o 57522
e
(236) (130) (235)
*| =MeNCO
. Me w +'-H
Me-N=C-N=C:0 ———=(H NéNc :0
-NCO
. Sl +
~ MeNzCMe Me N=C=N-C=0
~Me -NCO
MeCN

The spectra of the dicarbethoxymethylene-1,3,5-triazines
show no fragments corresponding to the breakdown of the
triazine r}ng, or to the loss of a malonyl grouping.

6(1H)-Dicarbethoxymethylene-1,3,5-triazin-2,4(3H,5H)-

dione (93) shows no ejection of HNCO from the molecular ion,

as might be expected on comparison with the other triazindiones.
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el
The molecular ion fragments by loss of CHZCHZCOO or ejection
of'OEt3, and the ion (239) can thus be formed by routes
(93)— (237)— (239) or (93)— (238)— (239). Loss of

ethylene from (237) by a McLafferty rearrangement affords the

acid (240) which decarboxylates to give the triazindione (241)

which can also be formed by a second CH,CH,COO loss from

L
(237)%
0-Cy, /COZEt "0=C, CO,Et
5
g GO X
2 it i CBE % N
O">N"0 Ol\wq/lO
H | b
(93) (238)
' ' B
a *® -
jay L
CHCOzEt CHC~
HN H - «OFt * HN jf4
,T ;
(237) | ' (239)

GHoOH e
i b
0" >N-0
H
(21.0) (2t1)

The major peaks in the spectrum of 2,4,6(1H,3H,5H)-

tris(dicarbethoxymethylene)-1,3,5-triazine (94) are similarly



Fig. 7
100, (2“) Ph_ “Ph
Z/ N\B‘NHCONHz (2:3)
H
801
260
G (246)
9
/
= (249
240
k)
@
o
| 277(M*
oM‘thIAJLHII ,_,NL_U
20 100 140 180 . 220 - 260
m/e
(Figures in brackets refer to the fragment ions, scheme 10) ’
Scheme 10
+ | +
Ph__Ph | Ph h—]
[ \ > ]
o NHCONHR * ! NCO
: H
166)R Ph (248)
167R = Et
168)R = H NH R *l—co
( R COMe 247
¥ Ph
. @
21.3
2"8 PhC=CH!
NRCO _ (244)

110

(249)
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due to fragmentations involving the ester moieties.

The spectrum of 3-benzyl-6(1H)-dicarbethoxymethylene-,
1,3,5-triazin~2,4(34,5H)~dione (95) ekhibits a large peak
at m/e 91 (tropylium ion).

(ii) Pyrrole derivatives

The mass spectrum of 2-amino-3,4-diphenylpyrrole (156)
shows a large molecular ion (base peak). The stability of
this species can be explained by'stabilisation of the radical
through the conjugated aromatic system.

The molecular ion shéws an M-1 peak (242) (20%) and a

large M-2 peak due to the species (243) (58%).

o -
Ph__pr | 0
T\ H’ PR Nn
ik ; \NJ
H .
(156) | o (2462)

44
= oy
I
)

T

& | ~ Ph
Ph
Ph-CC-H | | f’\j

(242) (243

~Phenylacetylene (244) is the only other peak of signifi-
cant intensity in the spectrum.
The mass spectrum of 3-(2-amino-3,4-diphenylpyrrol-2-yl)

’

urea (156) is given in figure 7.
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The pyrrolylureas all show a small molecular ion,
which fragments as shown in scheme 10, although the relative
intensities of the various fragment ions differ (table 6).
Loss of an amine radical to afford the isocyanate (246)
can involve fransfer of a hydrogen atom from either the

pyrrolyl nitrogen atom, or the amide nitrogen atom.

Table 6
Relative Intensity (%)
Fragment ion I
R=H '|R=Ph | R=Et™; R=COCH, | R=COPhNO, (p)

M 0.6 7 | 18 8 :
246 59 8 52 100 100
243 95 - - 9 7
244, 100 7 30 28 " 30
247 - {100 24 22 35
258 A 13 o 16 6 76 9
249 44 | 25 4 6 -

¥ The base peak of this compound is m/e 30.

1-Phenyl-3-(2-amino-3-cyano-4-phenylpyrrol-2-yl)urea (155)
shows a similar decomposition to the'3-pheny1 analogue.
(111) Pzrrolo[},Z-g][l,B,é]triazin—Z,4(1&,33)—diones
The mass spectrum of 7-cyano-3-methyl-6-phenylpyrrolo
[l,Z-g][l,S,é]triazin-2,4(lﬂ,3H)~dione (161) is given in
figure 8 . The 3-ethyl derivative shows a similar spectrum.
The compounds exhibit a large molecular ion (base Eeak),

which decomposes by loss of RNCO to give (250).
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207
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(Figures in brackets refer to fragment ions » below)

112

m/e

Fig. 8
H +
e o 266(M')
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The lack of any double bond in the 'triazindione moiety'
of the pyrrolo[l,2-g]l:1,3,S]triazin-z,4(1ﬂ,3u)-diones wiil
block decomposition by a retro-Diels-Alder reaction and would
thus account for the stability of the molecular ion. The ion
(250) further fragments by loss 6f carbon monoxide (251)
then ejection of two molecules of HCN. An ion source
determination confirmed that (252) also arises directly from
(250).

The spectrum of the 3-phenyl derivative (R=Ph) (163)
shows the same correspohding‘peaks but the molecular ion is
much smaller (only 14%?0f the base ﬁeak) and the base peak is
the ion (252). This must be due to the easier loss of PhNCO
from fhe molecular ion as compared to loss of Alkyl
isocyanate. An additional peak at m/e 164 (30%) has not
been identified but its formation must involve a complex
mechanism.

3,7,8-Tripheny1pyr;olo[1,2-51[1,3,{ltriazin—Z,&(lﬂ,3ﬂ)-
dione (164) shows no visible molecular ion. The base peak
of the spectrum m/e 83 (254), must presumably arise by loss

of diphenylacetylene from (253).

+. 4o
| 0CN _I e
G ~PhNCO™ > T},:,h -PhCCPh , 3+, N0

(164) (253) (254)
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The base peak of the spectrum of 3-phenacyl-7-phenyl-
pyrrolo [1,2—5][1,3,5]“1%111—2,4(11_1,31_;)-dione (140) is due to
the 7-phenylpyrrolo[l,2—§][l,3,5]triazin-2,4(1ﬂ,3§)—dione
radical ion (231) (page 104).

The spectrum of pyrrolo[l,2—§1[1,3,é]triazin—2,4(1§,3g)_
dione-7-carboxylic acid (111) exhibits a large molecular ion.
This ion is very stable and none of the other peaks in the
spectrum are of any significant size. The stability of this
compound to fragmentation can be explained by a consideration
of two factors:.lack of a double bond in the triazindione
moiety, which is necessary to initiate ejection of HNCO, and
the fragmentation mechanism of pyrrole-carboxylic acids. No
information is available for pyrrole-3-carboxylic acids, but
pyrrole-Z-aéids fragment mainlf by loss of «OH, H20 or H20+q02,
all of which require participation by the pyrrolyl N-lez,
and it is thus likely that pyrrole-3-carboxylic acids and the
pyrrolotriazindione-7-carboxylic acid will be stable to
electron impact.

The molecular ion ejects HNCO and CO, to give the ions

2
(255) and (256), loss of HNCO being the most favourable.
Tﬁe ion (257), which ejecfs CO to give (258), can be
formed by either route (111)—> (255)—> (257) or (111)—>
(256)—> (257). The radical ion (255) also fragments by

loss of ‘OH and HCN as indicated.



" (255)

-HCN

A%

4 N 9
HN--C=C=CHCO2I-1—1 @

The mass spectrum of ethjl 1,3—dimethy1pyrrolo[1,Z-QJ
[1,3,SJtriazin-Z,4(1H,3H)~dione—7~carboxy1ate (114) is given
in figure '9 . The molecular ions of all the esters are the
base peaks, and the major fragmentations involve the ester
grouping. In the ethyl esters peaks are seen at M-28, loss

of CéHa, presumably by McLafferty rearrangement, and at
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M-45, loss of '‘OEt. The spectrum of methyl pyrrolo[l,Z—g]
[1,3,% triazin-2,4(1H,3H)-dione-7-carboxylate (112) shows a

peak at m/e 178 (loss of ‘OMe).

L
_ Me 251(M7)
100[ 0 N _—
80- O
2
£
@ 60-
(]
= 179
e
E 407
¢
20- |
0 Y l | ”IT | !l T T = 1
20 60 100 140 180 220 260

mje

The most interesting feature of the above spectrum is
the ion at m/e 179. All fhe esters in fact exhibit a peak
of relatively large intensity, corresponding to a loss of
: (6ﬁ57;660 from the molecular ion, comfirmed by metastable
peaks, accurate mass and ion éource determinations. Pyrrole-

carboxylic acid esters do not show this lossl2?

Jones and Stanyer127 noticed a similar loss in the spectra

, although

of ethyl indolizine-3-carboxylates and ethyl indolizine-4-
carboxylates, and since this was not shown by ethyl

3

indolizine-6-carboxylates suggested that initial transfer
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of \H to the peri position took place. Such a transfer,
however, cannot occur in the ethyl pyrrolo[l,Z-g][i,3,5}
2CH COO must be

ejected by a cyclic mechanism as indicated (scheme 11 ).

triazindione -7-carboxylates and thus CH

Scheme 11

B, 0 M o
07’4q E;] —._—_r OT/“f ,,.—1
Me Na N /S\\ P R U
0

/ | X
m/e 251 m/e 179
*l—MeCN
| W +
MeN \_‘ -CO Me N—= !
N ol (fL:jgj:;>
m/e 94 mye 122 .

The M- cﬁ"ﬁab ion of methyl pyrrolo[} 2- a]{} 3 S]tria21n—
2,4(1H, 3H) dione-7-carboxylate (112), however, is much
reduced (7% of base peak) and this would be expected if a
cyclic mechanism similar to that shown above is involved. An
accurate mass determination on the peak at m/e 151 in the

spectrum of the methyl ester in fact showed it to consist

of two ions, one of which had arisen by loss of CH2COO from
the molecular ion, and the other from the M-OMe ion.

The remaining fragmentations of ethyl 1,3-dimethyl-
pyrrolo[l,2-&][1,3,5]triazin-2,4(1&,3&)-dione—?—carboxylate

are outlined below (scheme 12 ).
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(iv) 1,2,4-Triazines and related compounds

6-Methyl-1,2,4-triazin-3,5(2H,,H)-dione (6-azauracil)
(81) decomposes by loss of HNCO in a similar manner to its
1,3,5-triazindione isomer (72). The molecular ion of the
1,2,4-triazindione is much more stable to fragmentation,
however, and forms the base peak of the spectrum.

The remaining 1,2,4-triazines for which mass spectra
have been determined follow straightforward fragmentation
pathways as described in the literatureizg.

The mass spectrum of 2,3—dimethyl-6-phenylimidazo[},2-5]
[?,2,§]triazine (194) affords evidence for its assigned
structure, since, unlike the 1,2,4-triazines it does not show
a loss of N2’ confirming the nitrogen atom at position 4 to
be the bridgehead atom.

The tricyclic diethyl 4-methy1pyrrolo[2,1-é]imidazo I
EL',2'—E][I,Z,4]triazine~2,7—dicarboxylate (199) or its
isomer (200) gives a mass spectrum, the main peaks in which
are due to fragmentations of the ester groupings. Loss of
éﬁg&ﬁgﬁﬁa is again exhibited and ejection of this from the
molecular ion affords the base peak. This loss may well
occur from the imidazoyl ester and the greater importance

of the loss may be due to the involvement of the adjacent

imidazoyl nitrogen atom.
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Infra-red spectra were determined, unless otherwise
stated, as Nujol mulls, with a Unicam SP 200 spectrophoto-.
meter.

Nuclear magnetic resonance spectra were measured, unless
otherwise stated, with tetramethyl-silane as internal
standard, on a Varian A60-A spectrometer. All the peaks are
assigned in terms of « values. Abbreviations used in the

interpretation of n.m.r. spectra are:

s-= singlet; d = doublet; t = triplet; g = quartet;

m = multiplet; J = coupling constant; a = removed on
deuteration.

Mass spectra were determined on an A.E.I. MS9 spectro-
meter, operating at 100 pa and 70‘eV. ﬁ+ signifies the
molecular ion peak. Abbreviations used in the results of y
ion source determinations are v = very; s = small; m = medium;
1 = large to describe the size of the deflection of the
collector meter. The figures refer to the value of the scan
kv.

Melting pointé are uncorrected. Reactidn temperatures
are those of an external oil bath.

Light petroleum refers to the fraction boiling at 60° -

o :
80", unless otherwise stated.
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2,4-Diamino-6-methyl-1,3,5-triazine (60)

This was prepared by the method of American Cyanamid Co?5

colourless needles, m.p. 272—274D (lit., 271-273°) (from
methanol).

£ 3500, 3400, 3340 and 3150(N-H)em L.

" (CF,COOH) 7.25(3H,s,CHy), 2.17(2H,broad s,NH,).

2,4-Diamino-6-cyanomethyl-1,3,5~-triazine (61)

56

3

This was prepared by the method of Hickmott
colourless needles, m.p. 276-278° (lit., 275-277°) (from
methanol).

b 3480, 3360 and 3150(N-H), 2300(C=N)em .

T©F3COOH) 6.24(2H,S,CHZCN), 2.82(4H,broad s,2~- and A-NHZ).

Reaction of 2,4-diamino-~6-methyl-1,3,5-triazine with various

a-halogeno-ketones

(i) With phenacyl bromide:

(a) The diaminotriazine (2g) and phenacyl bromide (3.2g)
were heated under reflux in ethanol for 66h to affordla
quantitative yield of the starting material.

(b) Phenacyl bromide (4g) and the diaminotriazine.(l.Bg)
when heated at 800, in the absence of solvent, afforded
2,4-diamino-6-methyl-1,3,5-triazine hydrobromide, m.p..315O
decomp.,

(ii) With ethyl bromopyruvate:

The diaminotriazine (1.25g) and ethyl bromopyruvate

(0.98g) were heated under reflux in ethanol for 40h to give
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the starting material in quantitative yield.

(iii) With bromoacetaldehyde:

A mixture of bromoacetaldehyde diethyl acetal (0.5g),

3, d = 1.38) and water (lcmB) was

hydrobromic acid (1.0cm
heated under reflux for 0.5h. Ethanol (20cm3) was added to
the cooled mixture which was then neutralised with sodium
bicarbonate, The precipitated salt was removed by filtration
and the filtrate, diluted to IOOCm3 with ethanol, was heated
under reflux with 2,4-diamino-6-methyl-1,3,5-triazine (2.5g).
After 24h the insoluble material (0.43g) was collected and
shown to consist mainly of 2,4-diamino-6-methyl-1,3,5-
triazine hydrobromide. The mass spectrum of this crude
material showed the presence of a peak at m/e 143; however
this was a very minor component of the mixture and could not
be separated.

The remaining ethanolic mother liquors were evaporated
to dryness to give a dafk brown solid (2.6g) which could not
be decolourised by heating under reflux in methanol containing
animal charcoal. Thin layer chromatographic analysis of this
product [Silica with propanol-ethanol (4:1) mixed solvent;
Alumina with ethanol containing 5% acetic acid] showed the
presence of four (or possibly five) very closely running
components. No pure compounds could be isolated from this

mixture,
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Attempted reaction of 2,4-diamino-6-cyanomethyl-1,3,5-triazine

with phenacyl bromide

(1) The diaminotriazine (0.5g) and phenacyl bromide (0.35g)
were heated under reflux in ethanol (30cm3) for 20h to give
starting material only, ‘

(ii) The above reaction was repeated,using dimethylformamide
as the solvent and a refluxing time of 0.5h., Starting
material only was isolated but intractable oily material was

also produced.

2-Amino-4,6-dimorpholino-1,3,5-triazine (70)

This was prepared by the method of Kaiser et al57 .

colourless needles, m.p. 174-175° CliE. 17041720) (from

ethanol),
v 3400, 3300 and 3200(N-H)em™ L.
max .,
T(CDCI3) 6.28(16H,S,4- and G”NCHchZOCHZCHZ)f

4.89(2H, broad s, 2-NH,),

4,6-Dichloro-2-methyl-1,3,5-triazine

This was prepared by the method of Hirt, Nidecker and
129
Birchtold , colourless plates, m.p. 97-98° 6 0O 980)

(from light petroleum b.p. 60-80°).

2-Methyl-4,6-dimorpholino-1,3,5-triazine (69)

A slurry of 2-methyl-4,6-dichloro-1,3,5-triazine (1.lg)

in water (1Ocm3) was added to morpholine (1.2g) and the
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resulting mixture refluxed for 2h, during which time one
equivalent of aqueous sodium hydroxide was added to keep the
mixture just alkaline to phenolphthalein. After cooling the
mixture the deposited 2~methy1-4{6~dimorpholin0~l,3,5-triazine
(1.65g, 93%) was collected, colourless needles, m.p. 137-138°

(lit., 143-145°%) 199 (£ron ethanol).

7(CDC1,) 7.73(3H,s,CHy), 6.26(16H,s,2- and 4-NCH CH,OCH CH

2 9CHy)

Reaction of 2-methyl-4,6-dimorpholino-1,3,5-triazine with

various g-halogeno-ketones

(i) With ethyl bromopyruvate

The 1,3,5-triazine (0.7g) and ethyl bromopyruvate (0.25g)
were heated under reflux in methanol (or acetone) for 40h.
Removal of the solvent afforded a quantitative recovery of
triazine.

(ii) With bromoacetaldehyde:

2-Methyl-4,6~-dimorpholino-1,3,5-triazine (1.3g) and
bromoacetaldehyde (from 1.3g bromoacetaldehyde diethyl
acetal) were heated under reflux in ethanol for 8h. The
cooled mixture was concentrated to 3cm3 and diluted with water
(15cm3) then neutralised with sodium bicarbonate, and
extracted with chloroform. Removal of the chloroform, after
drying, gave the starting material.

(iii) With phenacyl bromide:

2-Methyl-4,6-dimorpholino-1,3,5-triazine (0.28g) and

phenacyl bromide (0.lg) in acetone (lOcm3) were heated under
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reflux for 70h to give a quantitative recovery of the

starting material.

imidazo
5,7-Dimorpholin%4§,2-§][l,3,SJtriazine (71)

This was prepared by the method of Kobe, Stanovnick and
Tislerss, m.p. 230° (1its, 234—2360) (from wrrer),
Imicc -0
The n.m.r. spectrum of 5,7-dim0rpholinq&&,Z-QJ[I,S,Q]

triazine has been recorded elsewheresa.

Reaction of 2-amino-4,6-dimorpholino-1,3,5-triazine with

various o~bromo-ketones

(i) With phenacyl bromide:

(a) The aminotriazine and phenacyl bromide heated under
reflux in ethanol for 68h did not react.

(b) Phenacyl bromide and 2-amino-4,6-dimorpholino-1,3,5-
triaziné heated at 80° in the absence of solvent gave the
triazinylhydrobromide (81%), m.p. 202-206° decomp.
Basification of this with aqueous sodium bicarbonate gave the
free base.

(ii) With ethyl bromopyruvate

The triazine and ethyl bromopyruvate were heated under
reflux inlacetone for 43h and,after removal of the solvent,
gave a yellow oily solid. Trituration of this with water gave
the triazinylhydrobromide (41%). No-further products could be

extracted from the aqueous solution.
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6-Methyl-1,3,5~triazin-2,4(1H,3H)~-dione (72)

This was prepared by the method of Neckisg.

2 ,4~diamino-6-methyl-1,3,5-triazine (30g) was added
slowly to a mixture of concentrated sulphuric acid (1340m3)
and water (400m3) so that the temperature remained below

apY.

The mixture was then heated at 150° for 2h with

stirring, cooled, poured into water and neutralised with
calcium carbonate. After removal of the precipitated calcium
sulphate the aqueous filtrate was taken to dryness to give a
colourless solid, which was extracted with hot methanol. The
extract was evaporated to dryness and.the residue re-extracted
with methanol. This procedure was repeated several times

until all of the inorganic material had been removed. The

final methanolic extract gave the triazine (60%), colourless
needles, m.p. 273-275° decomp. (lit., 276-2770) (from methanol).
Vot 1760 and 1705(C=0), 1600(C=N)em T,

¢(CF3COOH) 7.10(3H,s,CH3).

1[(CD3)ZSé] (dimethylsulphoxide, 7 7.38, internal standard).

7.75(3H,s,CH,), -1.85(2H,broad s,1- and 3-NH)2.

Potassium salt of 6-methyl-1,3,5-triazin-2,4(1H,3H)~-dione

Potassium hydroxide (0.23g), in the minimum of ethanol,
was added to a solution of the triazindione (0.5lg) in ethanol
(50cm3). The colourless precipitate was collected and dried
in vacuo to give the potassium salt (0.56g, 85%).

1

TN 3180(N-H), 1660 and 1640(C=0)cm .
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6-Methyl-1,3,5-triazin-2,4(1H,3H)-dione hydrochloride

This was prepared by the method of Ostrogovich77 .

colourless needles, m.p. 280-281° decomp. (lit., 2?6—2770)(fr0m
water). )

" 1780 and 1725(C=0), 1600(C=N)cm
max.

1,3,5-Triazin-2,4(1H,3H)~-dione (76)

This was prepared by the method of Piskala and Gut64,

colourless prisms, m.p. 280° (from watér)'
The infra-red spectrum of this compound is recorded

elsewhere63.

6-Phenyl-1,3,5~triazin-2,4(1H,3H)~dione (73)

This was prepared by the method of Ostrogovich and

Tanislavsl, colourless needles, m.p. 293-294° decomp. (from

water).

B -1
Ve 1740 and }690(0—0)cm -

b6-Benzyl-1,3,5-triazin-2,4(1H,3H)~dione (74)

This was prepared by the method of Ostrogovich and

Tanislav61, lustrous plates, m.p. 254-255° % 251-252°)

(from ethanol).

(Found : M", 203.069202. €, HN,0,
requires M, 203.069472).
y 1750 and 1670(C=0), 1605(C=N)cm -

max.

% (CF4COOH) 5.58(2H,s,CHCH,), 2.54(5H,s,CHCH,).
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1-(2 —Chlorobenzyl)-1,3,5~triazin-2,4 (1H,3H)~dione (75)

o-Chlorophenylacetylchloride (1.9g) and biuret (0.7g) .
were heated slowly to 140° and this teﬁperature was
maintained for lh. The mixture was then cooled and washed
with ethanol to give 1-(2 —chlorophenyl) acetylbiuret (1.2g,
69%), colourless solid, m.p. 228-237°.

The crude biuret was added to an aqueous potassium
hydroxide solution (250m3, containing 6.8g KOH) and the
mixture stirred for 6h. Acetic acid was then added to

precipitate the triazindione (0.5g, 45%), colourless needles,

m.p. 268-269° decomp .

(Found: G053 B, 3 iy Bo17.7. 010H801N302
requires €,;50.5; H,3.45 N, 17.7%).

v 3120(N-H), 1750 and 1670(C=0)cm L.

© (CF4COO0H) 5.43(2H,s,C1CH, CH,), 2.51(4H,s,C1C H,CH,).

Attempted reaction of 6-methyl-1,3,5-triazin-2,4(1H,3H)-dione

with phenacyl bromide

(1) Methyl-1,3,5-triazin~2,4(1H,3H)-dione (1.27g) and phenacyl
bromide (2.0g) were heated under reflux in methanol (1000m3)
for 2 weeks. The triazine was recovered unchanged.

(ii) Methyltriazindione (1.3g) and phenacyl bromide (2.0g)

were heated together, in the absence of solvent, for 17h at

80°. The resulting oil was triturated with acetone to give
the triazindione hydrobromide (1.5g, 72%) as a pale yellow
solid, m.p. 280-283°.

o 1780 and. 1725(C=0)em™
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None of the required pyrrolotriazine could be gained

from the mother liquors.

(iii) The 1,3,5-triazindione (2.6g) and phenacyl bromide
(2.2g) were heated under reflux in 2-ethoxyethanol for 45h.
Removal of the solvent under reduced pressure gave a black

tar from which only phenacyl bromide could be recovered.

(iv) 6-Methyl-1,3,5-triazin-2,4(1H,3H)-dione (0.7g) and
phenacyl bromide (0.6g) were refluxed in dimethylformamide
(5cm3). After 8h removal of the solvent,under reduced
pressure,gave a dark brown oil,which on trituration with

2N hydr>chloric acid afforded a dark brown solid. This was
washed with ether and treated with animal charcoal in refluxing
methanol to give 3-phenacyl-7-pheny1pyrrolo[1,Z-QJH},3,5]
triazin-2,4(1H,3H)-dione*as a mauve-brown powder, m.p.

decomp. slowly above 300°.

An analytically pure sample could not be obtained.

(Found : M", 345. C,gH, N30,

requires M, 345).

o 1750 and 1690(C=0), 1620(C=C)cm”

©(CF,CO0H).  4.28(2H,s,3-CH,COCGH,), 2.30(12H,m,3-CH,COC M,

7-—C6H5

* Or the isomeric 1—phenacyl—?-phenylpyrrolo[l,2-§][1,3,5]

and 6- and 8-H).

triazin-2,4(1H,3H)~dione.
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Attempted synthesis of 7,8—dipheny1pyrrolo[l,2—5][1,3,5]

triazin-2,4(1H,3H)~-dione
6-Benzyl-1,3,5-triazin-2,4(1H,3H)-dione (2.0g) and

phenacyl bromide (1.0g) were heaéed under reflux in 1,2-

dimethoxyethane (1000m3). After 24h removal of the solvent

gave a quantitative recovery of the starting material.

Ethyl pyrrolo[i,Z-g][;,B,%]triazin-Z,4(1@,3@)~dione—7-

carboxylate (101)

6-Methyl-1,3,5-triazin-2,4(1H,3H)-dione (1.3g) was
heated under reflux with ethyl bromopyruvate (0.9g) and
etharol (100cm3) for 70h. Removal of the solvent under
reduced pressure gave a yellow solid which was washed with

2N hydrochloric acid to yield the pyrrolotriazine. Extraction

of the acidic washings with ether yielded a further quantity
of the pyrrolotriazine, total yield (0.5g, 48%), fawn needles,

m.p. 260-1° decomp. (from ethanol).

(Found: C,48.6; H,4.2; N,18.7%; M', 223.059300. CgliN,0,
requires €,48.4; H4,15 N,lé.B%; M, 22305907108
B 3450 and 3250(N-H), 1740 and 1700(C=0),
1630(c=C), 123o(c-o)cm'1.
7 (CF5COOH) 8.53(3H, t,J=6Hz,COOCH,CH,), 5.48(2H,q,J=6Hz,

COOCH,CH,), 3.52(1H,d,J=2Hz,8-H),

1.94(1H,d,J=2Hz,5-H)
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Ethyl 8-phenylpyrrolo E,Z-g}[l,B,é}triazin-Z,4(lﬂj35)—dione_

7-carboxylate (102)

6-Benzyl-1,3,5-triazin-2,4(1H,3H)~dione (2.03g),
ethyl bromopyruvate(l.95g) and l;Z-dimethoxyethane (SOcmB)
were refluxed together for 24h. Removal of the solvent under
reduced pressure gave a brown residue which was washed with a

little methanol to give the pyrrolotriazine (l.4g, 47%),

colourless needles, m,p. 277+2178° decomp. (from methanol).

(Found : C,60.1; H,4.2; N,13.8%; MY, 299.091534.
Cistigia0,

requires C,60.2; H,4.3; N,14.1%; M, 299.090598).

. 3200 and 3100(N-H), 1745and 1720(C=0),

1620(Cc=C), 1200(0-0)cm'1.
7 (CF3COOH) 8.73(3H,t ,H=7Hz ,COOCH,CH,), 5.62(2H,q,
J=7Hz,CO0CH,CH,), 2.60(5H,s,8-C,H,),

1.96(1H,s,6-H).

Attempted synthesis of pvrrolori,Z-QJ[l,B,S]triazin-2,4
L .

(1H,3H)-dione from 6-methyl-1,3,5-triazin-2,4(1H,3H)-dione

Bromoacetaldehyde, from 1.3g bromoacetaldehyde diethyl
acetal, and 6-methyl-1,3,5-triazin-2,4(1H,3H)~-dione (0.64g)
were heated under reflux in ethanol for 30h. Removal of the
solvent afforded a quantitative yield of the triazindione

starting material.
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8-Pheny1pyrrolo[i,2—§][1,3,%]triazin—2,4(lg,3§)-dione 110)

6-Benzyl-1,3,5-triazin-2,4(1H,3H)~dione (1.0g), bromo-
acetaldehyde (from 1.5g bromoacetaldehyde diethyl acetal) and
1,2-dimethoxyethane (60cm3) wereiheated under reflux for 5h.
Removal of the solvent under reduced pressure gave a purple
oily solid which on trituration with ethanol afforded the
pyrrolotriazine as a purple-brown solid (0.65g, 58%), m.p.
slowly decomp. above 300°.

On standing the compound quickly changed colour to a

deep red-purple and an analytically pure sample could not be

obtained.
o
(Found: M, 227.068941. 012H9N302
requires M, 227.069472).
el 3400 and 3200(N-H), 1735-1680(C=0), 1630(C=C)cm T,

No suitable solvent was available for the determination

of an n.m,r. spectrum.

Ezrrolo[i,Z-é]{l,3,%]triazin-2,4(1@,3@)-dione-?—carboxylic
acid (111)

Ethyl pyrrolo[l,2-%“;,3,ﬂtriazin~2,4(lﬂJ3ﬁ)-dione—7-
carboxylate (0.lg) was warmed with 2N hydrochloric acid

(ScmB) on a steam bath for 2h., The carboxylic acid separated

from the hot solution as colourless needles (0.06g, 69%),
m.p. 289-291° decomp.
The acid was washed with water and cleaned by dissolution

in sodium hydroxide followed by precipitation with hydrochloric
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acid, but no suitable solvent could be found for recrystallisa-

tion.
(Found: MT, 195.028001. C,HN,0,
requires M, 195.026674). i
el o 3300(bonded OH), 3150(N-H),1725 and 1700(C=0),
1630(c=c>cm“1.
TECD3)2Sé] 4.25(1H,d,J=2HzﬁkQ3.41(2H,broad,s,1~ and

3-NH)?, 2.52(1H,d,J=2Hz,6-H).

Pzrrolo[},2-2][1,3,S}triazin-Z,4(1§)3§)-dione (109)

Pyrrolo[l,Z-gJ[i,3,%]triazin-Z,4(1&,3@)-dione-7-
carboxylic acid (0.lg) and copper bronze (0.05g) were
intimately mixed and heated to 280° in a closed flask fitted
with a cold finger. The flask was then evacuated (lmm Hg)
and the pyrrolotriazine collected on the cold finger (0.04g,
52%), colourless powder, m.p. 208-210° decomp.

The pyrrolotriazine rapidly decomposed on contact with

air or organic solvents.
+

(Found: M, 151.038092. C6H5N302
requires M, 151.038173). -
v 1710(C=0), 1630(C=C)cm .

max.

Methyl pyrrolo[1,2—§1[1,3,5]triazin-2,4(1&,3&)-dione-7—

carboxylaté CEE2)7

The pyrrolotriazine-7-carboxylic acid (0.2g) was heated
in refluxing methanol containing a little concentrated

sulphuric acid for 16h. Concentration of the solvent to 10cm3
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gave a brown solid which was refluxed with methanol and

animal charcoal to give the methyl ester (0.l7g, 79%),

colourless plates, m.p. 288° decomp. (from methanol).

(Found : C,45.93 H,3.7; N,20.1%; M ,209. C.H.N.O
| g 873"

requires C,45.93 H,3.45 N,20.1%5 M, 209).

B 3200 and 3100(N-H), 1740, 1720, and 1700

(C=0), 1630(C=C), 1220(C-0)cm -
¢[}CD3)25§] (dimethylsulphoxide, ©7.38, internal standard)
6.15(3H,s,C00CH, ), 4,20(1H,d,J=2Hz,8-H)

2.42(14,d,J=2Hz,06-H).

Ethyl l,B-dimethylpyrrolo[?,Z-QJ[i,3,5]triazin-2,4(1§J3§)—

dione-7-carboxylate ( 114)

To a solution of the ethyl pyrrolo[i,Z-g}[i,3,5]triazin-
2,4(1H,3H)-dione-7~-carboxylate (0.5g) in ethanol (20cm3) was
added potassium hydroxide (0.2g) in the minimum of ethanol
and the dipotassium salt which repidly separated was collected
and dried in vacuo (0.5g, 75%). The potassio derivative was
then stirred with methyl iodide (0.5g) in dimethylformamide
(5cm3)'for 21h and the mixture poured onto water (20cm3) to

yield the dimethylpyrrolotriazindione (0.5g, 83%), colourless

needles, m.p. 178-178.5° (from ethanol).

%, 1o
(Found : G020 "H, 552 Lo 16 10 M JA8T CllH13N304
requires C502.35 Hy0.2¢ Nk .0%; M. 25E8),
Bl 1735 and 1700(C=0), 1620(C=C) ,

1200((:—(:1)cm“1
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+(CDC1Ly) 8.63(3H, t,J=7Hz,COOCH,CH,), 6.55(6H,s,1-and 3-

CHy), 5.65(2H,q,J=7Hz,CO0CH,CH,), 4.00(1H,d,

J=2Hz,8-H), 2.24(1H,d,J=2Hz,6-H).

Attempted synthesis of Ethyl 2,4-dichloropyrrolo|il,2-§j“;1,3,5}

triazine-7-carboxylate (121)

(i) The following methods all gave intractable oils or tars:

(a) Ethyl pyrrolo[l,Z—g][l,B,S]triazin-Z,Q(IEJBQ)—dione-
7-carboxylate (0.3g) and phosphorus oxychloride were heated
under reflux for 3h,

(b) To a suspension of ethyl pyrrolo[l,Z-g][l,B,é]triazin-
2,4(14,3H)~-dione~7-carboxylate (0.34g) in chloroform was
added thionyl chloride (1.1l4g) and dimethylformamide (O.2cm3)
and the mixture heated at 80° for 1lh.

(c) Ethyl pyrrolo[l,Z—g][i,S,5]triazin-2,4(1&,3&)-dione_
7-carboxylate (0.2g), phosphorus oxychloride (12cm3) and
dimethylaniline (0.4g) were heated at 120° for 6h.

(ii) The following methods, outlined below, gave the startiﬁg
material as the sole product:

(a) Ethyl pyrrolo[i,Z-g]{i,B,é]triazin-z,4(1&,3@)-dione-
7-carboxylate and thionyl chloride (507% excess) were heated
together at 80° for 1.5h.

(b) Ethyl pyrrolo 1,2—§][1,3,5]triazin-2,4(1@,3g)-dione-
7-carboxylate (0.3g) and phosphorus oxychloride (1cm3) were
heated under reflux for 1h.

(c) Ethyl pyrrolo[l,2-_5_1_]{1,3,5]triazin-Z,4(11_1,3}_1_)—dione-—
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7-carboxylate (0.28g), phosphorus oxychloride and phosphorus

pentachloride were heated at 120° for 5h.

Bromination of Ethyl 1,3-dimethy1pyrrolo[i,Z-QJ[l,B,5]triazin-
L

2,4(14,3H)~-dione-7-carboxylate

The pvrrolotriazine (0.26g) and N-bromosuccinimide
(0.18g) were heated under reflux in chloroform (4cm3) for
10min. The cooled mixture was filtered, washed with sodium
hydroxide solution (10%) and water and dried (MgSO4). The
resulting solution was concentrated and applied to a 20cm
preparative t.l.c. plate (0.lcm silica gel with CaS0, binder)
and the chromatogram was developed with benzene containing
IOZ.ethylacetate. Under u.v. light two bands were visible,

these were removed and extracted with chloroform. The

fastest running fraction was ethyl 8-bromo-1,3-dimethylpyrrolo

[1,2-_@_][1,3 ,5] triazin-2,4(1H,3H)~-dione-7~-carboxylate (115 )

(0.06g, 17.5%), colourless needles, m.p. 169-170° (from

ethanol).

[found: © 039,83 B, 3.7; N, 1261 ﬁ+(79Br isotope),329.
G111 00508

requires C,40.05 H.3.,6¢ N, 12788 ﬁ(79Br iSOtOpe),329].

The second fraction was ethyl 6,8-dibromo~-1,3-dimethyl-

Ey_rrolo[l ,2-—3__”:1 534 5] triazin-2,4(1H,3H)~-dione-7~carboxylate

(116 (0.02g, 5%), colourless needles, m.p. 115° (from

ethanol),
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N,O, Br

+.79 L
[%ound. M (" “Br isotope), 406.911491. CllHll 30,B1,

requires M(''Br Lsotope), 406.911?29].
A similar reaction using 0.36g of N-bromosuccinimide and
a refluxing time of 1h gave approximately equal amounts of the
mono- and di-brominated products as shown by the n.m.r.
spectrum of the crude mixture.

7(CDCLy) 8.62(3H, t,J=7Hz,COOCH,CH, )*,

2
8.59(3H,t,J=7Hz,COOCHZC§3)E,
6.57(3H,5,3-CHy)*, 6.55(3H,s,3-CH,)*,
6.16(3H,5,1-CHy )%, 6.14(3H,s,1-CH,)*,
5.66(2H,q,J=7HZ,COOC§20H3)*,
5.60(2H,q,J=7HZ,COOC§2CH3)E,
2.19(1H,s ,6-H)* .

* Protons assigned to the 8-bromoderivative,

Protons assigned to the 6,8-dibromoderivative.

2-Methyl-4,6-diphenoxy-1,3,5-triazine (24)

31

This was prepared by the method of Forbes and Gouldl :
fawn needles, m.p. 79-80° (from the minimum of methanol).
(Found: ﬂ+, 279, Cy6H13N30,

requires M, 279 ).
Vi 1580 (skeletal vibration), 1220(C—0-Ph)cm_1.
T(CDC13) 7.51(3H,S,CH3), 2.83(10H,m,2~ and 4-OCGH51.
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2,4-Dimethoxy~6~methyl-1,3,5-triazine (23)

132

This was prepared by the method of Grundmann and Mini
colourless needles, m.p. 67° tfrom petroleum ether b,p.

40-60°) (1it., 67=6%°).

+
(Found: M3 155, 06H9N302
requires M, 155}
" ; -1
il 1580 (skeletal vibration), 1210(C—O-CH3)cm
T (0014) : 7.65(3}1,3,033), 6.07(6H,s,2~ and 4-OCH3).

Reaction of 2,4-dimethoxy-6-methyl-1,3,5-triazine with

ethyl bromopyruvate

(i) The triazine (0.31lg) and ethyl brombpyruvate(O.Zg) were
heated under reflux in absolute ethanol (15cm3) for 683.

After removal of the solvent the remaining oily solid was
triturated with dilute hydrochloric acid to give ethyl pyrroio
[i,an][l,3,5]triazin-Z,4(1§,3§)-dione-?-carboxylate (0.05¢g,
11%), identical to an aufhentic sample, A chloroform extract
of the aqueous washings was dried (Mgso4) and the solventl
removed to afford a brown oil, the n.m.r. spectrum of which
showed the presence of ethyl protons, and a small amount of
starting material, but no evidence of any pyrrolotriazine.

The aqueous mother liquors were taken to dryness to give
6-methyl-1,3,5-triazin-2,4(1H,3H)-dione hydrobromide (0.lg,
25%) as a fawn solid.

(ii) The above reaction was repeated using 1,2—dimeth0xyethaﬁe

as the refluxing solvent. After 68h removal of the solvent
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gave a brown oil which was taken up in chloroform and the
insoluble ethyl pyrrolo[i,Z-g][},3,ﬁ]triazin-Z,4(1&,3@)—diqne-

6-carboxylate collected (0.01l5g, 3.5%). After being dried,
(MgSOa), the chloroform extract was taken to dryness to yield
a brown oil. N.m.r. spectroscopic and chromatographic

analysis of this material showed it to consist entirely of the

starting materials,

Reaction of 2-methyl-4,6-diphenoxy-1,3,5~triazine with

ethyl bromopyruvate

Ethyl bromopyruvate(0.2g), diphenoxytriazine (0.56g) and
etharol (10cm3) were refluxed for 76h.| Removal of the solvent
under reduced pressure gave an orange oil, which on |
trituration withlmethanbl-yielded ethyl pyrroloﬁq2r§1[l,3,ﬂ
Eriazin—Z,4(1&,3@)—dione-?-carboxylate > identical to the

authentic sample.

1,3,5-Trimethyl-1,3,5-triazin-2,4(1H,3H)-dione (130)

An ethereal solution of diazémethane (containing
approximately 6g of diazomethane, 3.5 fold excess) was added
dropwise to a stirred suspension of 6-methyl-1,3,5-triazin-
2,4(1H,3H)~-dione (2.54g) in dioxan (100cm3) and the mixture
was stirred for a further 48h. After removal of the small
amount of insoluble material the solvents were distilledioff

under reduced pressure to give a yellow oil which was washed

with light petrol and recrystallised from carbon tetrachloride
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to give the trimethyltriazindione (2.8g, 90%), pale yellow

prisms, m.p. 89-91°,

Chromatographic analysis of the crude yellow oil showed

no evidence of any other products.
(Found : C,46.2; H,5.8; N,27.1%; M ,155.069085. CeHgN,0,
requires C,46.5; H,5.8; N,27.4%; M,155.069472).
b 1720 and 1670(C=0), 1600(C=N)cm™
T(CDCI3) 7.55(3H,s,6-CH3), 6.68(3H,s,1—QH3),
6.55(3H,s,3-CH3).

When ether was used as the sole solvent for the above
reaction a much poorer yield (22%) of the dimethylated
producted was obtained and in this case chromatographic
analysis of the crude oil showed the presence of a small
amouﬁt of a secpnd componént. The peak at m/e 169 in the
mass spectrum of the crude oil showed that this minor component
was probably 6-ethyl-1,3-dimethyl-1,3,5-triazin-2,4(1H,3H)-

dione.

Reaction of the potassium salt of 6-methyl-1,3,5-triazin-2,4

(1H,3H)~-dione with methyl iodide

The potassium salt of the triazindione (0.lg) and methyl
iodide were heated under reflux in methanol (10cm3) for 2h
and the solvent was then removed to give a yellow oil. This
oil was dissolved in water and the resulting solution :

extracted with chloroform and the extract dried (NgSOQ) and

concentrated to yield a pale yellow oil, the n.m.r. spectrum
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of which was identical to that of 1,3,6-trimethyl-1,3,5-

triazin-2,4(1H,3H)-dione.

The aqueous solution was taken to dryness and the
resulting oil triturated with acetone. The precipitated
potassium iodide was separated and the acetone soluble
fraction evaporated to dryness to gilve a pale yellow oily
solid, the n.m.r. spectrum of which indicated a mixture of
6-methyl-1,3,5-triazin~2,4(1H,3H)~dione and.l,6-dimethyl-
1,3,5-triazin-2,4(1H,3H)-dione in a 1:1 ratio.

T[(CD3)ZSOJ (dimethylsulphoxide, +7.38, internal standard).
7.72(3H,s ,CH,)*, 7.50(3H,s,e-ca3)5; |
6.60(3H,5,1-CH,) ", 4.40(3H,broad s N-H)**E,

* Protons assigned to 6-methyl-1,3,5-triazin-2,4(1H,3H)-dione.

2 Prétons assigned to 1,6-dimethyl-1,3,5-triazin-2,4(1H,3H)-

dione.

Reaction of the potassium salt of 6-methyl-1,3,5-triazin-

2,4(1H,3H)-dione with phenacyl bromide

The potassium salt of the triazindione (0.56g) and
phenacyl bromide (0.7g) were stirred at room temperature in
dimethylformamide (lOcm3) for 15h. The mixture was then

poured into water to give 6-methyl-1,3-diphenacyl-1,3,5-

triazin-2,4(1H,3H)-dione (0.4g, 32.5%), colourless prisms,

-

m.p. 103—105O efferves. (from carbon tetrachloride-chloroform).
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[?ound: C,00.73% H, 5.7 N, 10.23%; ﬂ+(-2H20), 363,
Cagt17s0, 250
requires: C,00.15; B, 5.3% N,10,5%: u(-2H20), 363}.
v 1740, 1690, and 1680(C=0)cm™ T,
) max, 3
1(00013) 7.69(3H,S,CH3), 5.03(2H,s,1-Q§2COCGH5),

4.60(2H,s,3-CH,COCH.),
2.52(6H,m,1- and 3-CHZCO£E,Q, and p protons),
2.05(4H,m,1- and 3-CH200£h,g.protons).

On standing the aqueous mother liquors afforded an un-

identified compound (0.07g), colourless prisms, m.p. 234.5-

235.5° decomp. (from aqueous dimethylsulphdxide),

(Found : Gl Lo B . 9% N, 15 .5%8).
-1
Vg 1695(C=0)cm .
[(CD )SO] (dimethylsulphoxide, %7.38, internal standard).

7.75(3H,8), 6.58(3H,8), 5.15(1H,8), 5.08(1H,8),
2.28(3H,m), 1.90(2H,m).
Evaporation of the remaining mother liquors to dryness gave
6-methyl-1,3,5-triazin-2,4(1H,3H)-dione (0.32g, 74%), identical

to an authentic sample.

Reaction of the potassium salt of 6-methyl-1,3,5-triazin-

2,4(1H,3H)~dione with two moles of phenacyl bromide

The potassium salt of 6-methyl-1,3,5-triazin-2,4(1H,3H)-
dione (3.3g) and phenacyl bromide (8g) were stirred in
dimethylformamide (30cm3) for 96h and the mixture then poured

into water. Extraction of the aqueous solution with
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chloroform gave a yellow oil, which after being triturated
with the minimum of chloroform gave 6-methyl-1-phenacyl-
1,3,5-triazin-2,4(1H,3H)-dione hydrobromide (0.08g, 1.6%),

pale yellow solid, m.p. 281-283° decomp.

T T
[Found. M 245, M'(-H,0), 227.068941. C,H) N,0,.H,0
requires M 245, M(-H,0), 227.06947{].

o A
BBt 1780 and 1700(C=0), 1600(C=N)cm .
T (CF,CO0H) 7.02(3H,s,CHy), 4.12(2H,s,1-CH,COPh),

2.33(3H,CH200P§,E and p protons), 1.92(2H,
CHZCOPE,Q protons).
The chloroform washings,after removal of the solvent,
yielded 6-methyl-1,3-diphenacyl-1,3,5-triazin-2,4(1H,31)-

dione (0.62g, 8.6%), identical to the previous sample.

3-Phenacy1—7-phenylpyrrolo[},2-§J[},3,%ytriazin-Z,A(lE,Sﬂ)-

dione (140)

6—Methyl-1,3-diphenacyl-l,3,5—triazin-2,4(1&,33)-d10ne
(0.1g) and acetic acid (5cm3) were refluxed for 15h and then

cooled to yield the pyrrolotriazine (0.25g, 26.5%), fawn

needles, m.p. 280° (from aqueous dimethylformamide).
q

[Found: C,67.7; M,4.95 N,11.6%; M' (-}H,0), 345.111598.
@ \ oL
o0 153 %21, 0
requires C,68.1; H,4.6; N,11.9%; ﬁ(-g‘éHzO), 345.111334].

e 1740 and 1685(C=0), 1640(C=C)em L.
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6 (1H)-Dicarbethoxymethylene-1,3,5-triazin~-2,4(3H,5H)~dione(93 )

A solution of sodium diethylmalonate in ethanol,
prepared from sodium (2.3g) and diethyl malonate(l6g), was
added dropwise to a suspension of cyanuric chloride (18.4g)
stirring in ether. After the addition was completed the
mixture was heated on a water-bath for 0.5h and then filtered
hot. The filtrate was evaporated to dryness and the residue
extracted with acetone. Removal of the acetone gave the

triazindione (16.5g, 61%),colourless needles, m.p. 181-

182° (1., 181°)° % (Frow ethanbl )y

+
(Found: M, 27L.079317. CIOH13N306
requires Mt 271.080427).
i 2 1760(C=0, amide), 1720(C=0 , ester),
1

1640(C=C)em
1(CD013) 8.70[6H,t,J=7Hz,(COOCHzcga)z], 5.75[4H,q,
J=7Hz,(COOC}ich3)2], 1.18(1H, broad s,3-NH)?,

-2.22(2H, broad s, 1- and S-NH)a.

Attempted Synthesis of 6-carboxymethyl-1,3,5-triazin-2,4

(1H,3H)-dione (89)

(1)6-Dicarbethoxymethylene-l,3,5-triazin-2,4(1&,33)—dioﬁe
(1.4g5 and concentrated hydrochloric acid were heated at 130°
for 4h to give a quantitative yield of 6-methyl-1,3,5-triazin-
2,4(1H,3H)-dione hydrochloride. ;

(ii) Use of 8N hydrochloric acid in the above reaction gave

the triazinyl hydrochloride as above.
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(1ii)6-Di carbethoxymethylene-1,3,5-triazin-2,4(1H,3H)-dione
(1.4g) and 2N (or 4N) hydrochloric acid were heated at 130°
for 15h. A quantitative recovery of the starting material

was obtained.

3-Benzz1—6(13)-dicarbethoxymethylene-l,3,5-triazin-2,4

(3H,5H)~-dione ( 95)

Potassium hydroxide (0.28g), in the minimum of ethanol,
was added to a solution of ﬁégarbethoxymethylene—l,3,5-triazin~
2,4(1H,3H)-dione (1.36g) in ethanol. The precipitated
potassium salt was collected, and dried in vacuo, then stirred
with benzyl bromide (0.86g) in dimethylformamide (25cm3).

After 12h the mixture was poured into water (100cm3) to

yield the N-benzyltriazindione (1.8g, 99%), colourless needles,

m.p. 135-136° (from ethanol).

(Founad: C,56.2; H,5.3; N,11.7%; M', 361.129259.
U17"19%306
requires C,56.5; H,5.3; N,11.6%; M, 361.127375).
Y 1745(C=0, amide) 1705(C=0, eéter),
1645(C=C)em™ L,
 (CDC1,) 8.70[}H,t,J=7Hz,(c00ca2cgs)2],

5.76[%H,q,J=7Hz,(COOCHQCH3)2],

5.03(2H,s 3-CH,

-2.26(2H, broad s, 1- and 3-NH)Z.

CgHg), 2.68(5H,m,3-CH,C H

2CgHs)
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Attempted synthesis of 1,3-dibenzyl-6(1H)~dicarbethoxy-

methylene-1,3,5-triazin~2,4(3H,5H)~dione

The potassium salt of 3-benzyl-6;#hrbethoxymethylene-
1,3,5-triazin-2,4(1H,3H)-dione,obtained as a colourless solid
by the addition of an ethanolic solution of potassium
hydroxide to a solution of the 3-benzyltriazindione in
ethanol, was stirred with benzyl bromide in dimethylformamide
for 15h but, on pouring into water, afforded 3-benzyl-6-di-
carbethoxymethylene-1,3,5~triazin-2,4(1H,3H)~-dione as the

sole product.

2,ﬁ,6(1§,3§,5§)—tris(dicarbethoxymethylene)-1,3,5-

triazine (94 )

This was prepared, using three equivalents of sodium
diethyl malonate, by the method used for the preparation
of 6(1H)-dicarbethoxymethylene-1,3,5-triazin-2,4(3H,5H)~
dione, éolourless needles, m.p. 182-183° (from ethanol).
e 1680(C=0), 1605(C=C)em ",
©(cDCl,) 8.63[i8ﬂ,t,J=7Hz,(COOCHZCH3)3],
5.66[12H,q;J=7Hz,(coocHZCH3)3],
-3.83(3H,broad s,1-,3-, and 5-NH)?.
The potassium salt of this compound when stirred with

benzyl bromide in dimethylformamide for 15h afforded only

2,4,6(1H,3H,5H)~tris(dicarbethoxymethylene)-1,3,5-triazine.
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Attempted synthesis of 2,6(1H,3H)-bis(dicarbethoxymethylene)-

1,3,5-triazin~4(5H)-one

Attempts to prepare this by the méthod used for the
preparation of 6(1lH)-dicarbethoxymethylene-1,3,5-triazin-
2,4-dione, but using two equivalents of sodium diethyl.malo-
nate, or by the method of Reynolds, Berner & BoutwellB7 gave

the tris(dicarbethoxymethylene)-derivative only,

3-(2,4-diamino-1,3,5-triazin-6-yl)propionic acid(142)
33

This was prepared by the method of Nagyl , colourless

solid, infusible.

yi 3350 and 3160(N-H), 1700(C=0)cm™’.

% (CF,CO0H) 6.86(4H,s ,CH,CH,O0H), 2.5(2H,broad s,NH,).

3—(2,4—diamino-1,3,5-triazin—é-yl)prqpionitrile (141)

This was prepared by the method of American Cyanamid Co??

colourless needles, m.p. 246-248° (43 1 N e 247-2480) (from

methanol).
AN 3500, 3400, 3350, and 3100(N-H), 2250(C=N)cm
“(CF4COOH) 6.88(4H,m,CH20H20N), 2.50(2H,broad s,NH,).

3-(2,4-diamino~1,3,5-triazin-6-yl)propan-2-one (143)
This was prepared by the method of Thurstonlsa,
colourless plates, m.p. 185-186° (1lit., 184-185°) (from

ethanol).



149

3350 and 3150(N-H), 1710(C=0)cm T,

v
max.

© (CF4COOH) 7.56(3H,s,~CH,CH,COCH, ), 6.79(4H,m,~CH,CH,COCH,),

2.25(4H,broad s,2- and 4—NH2).

Attempted synthesis of 2,4-diaminopyrrolo[i,2-§][1,3,5]
triazin-6(7H)-one (145)

(i) 3-(2,4-diamino-1,3,5-triazin-6-yl) propionic acid (0.5g)
and phorphorus oxychloride (1Ocm3) were.heated under reflux
for 5h. Removal of the excess of phorphorus oxychloride
under reduced pressure gave a dark tarry solid which was
poured into ice water and neutralised with sodium carbonate.
No organic material could be extracted from the aqueous
solu;ion.

(ii) 3-(2,4-diamino-1,3,5-triazin-6-yl) propionic acid
(0.5g), acetic anhydride (4Ocm3) and a little concentrated
sulphuric acid were heated at 70° for 0.5h. The mixture was
concentrated under reduced pressure and neutralised with
aqueous potassium hydroxide (10%). Further concentration

of the mixture gave a crystalline mass, which, when washed
with the minimum of water, afforded the starting material.

No further products could be isolated.

(iii) 3-(2,4-diamino-1,3,5-triazin-6-yl) propiohic acid (0.5g)
and polyphosphoric acid (5g) were heated at 100° for &4h. No

identifiable products could be isolated from the resultant

mixture.
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Attempted synthesis of 2,4,6-triaminopyrrolo[?,ZfQCHF,S,5}

triazine (144)

2-(2,4~-diamino-1,3,5-triazin-6-yl) propionitrile (0.5g)
and acetic anhydride (5cm3) were refluxed for 1lh to yield
2-(2,4-diacetamido-1,3,5-triazin-6-yl) propionitrile,
(0.7g, 94%), colourless needles, m.p. 214-216° (£rom methanol).
. -1
Vs 3400 and 3330(N-H), 2250(C:N)cm

©(CF4COOH) 7.45(6H,s,2- and 4-NHCOCH,), .

6.6 (2H,m,6-CH,CH,CN), 6.9(2H,m,6-CH,CH,CN).

=2 iy
The same product was obtained when the refluxing time

was extended to 60h.

Attempted synthesis of 2,4-diamigg-6-methy1pyrrolo[i,2-g_]

[1 3 5] triazine (146)

(i) 2(2,4-diamino-1,3,5-triazin-6-yl)propan-2-one (O. 15g)

and polyphosphoric acid (l.5g) were stirred at 100° for 20min.
The mixture was then cooled, poured into ice-water and the
resultant solution neutralised. No organic material could

be obtained from this aqueous solution.

(i) The above reaction was repeated with ethyl polyphosphoric
acid but afforded no identifiable products.

(iid) 2(2,4—diamino-l,3,5-triazin-6-y1)propan—Z;one (0.5g)

and acetic anhydride (250m3) were heated under reflux for

12h, No identified products were isolated.
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2-Amino-3,4-diphenylpyrrole (156)

w-Aminoacetophenone hydrochloride (2.57g) in ethanol
(70%, 30cm3) was added dropwise over iS min to é mixture
of bénzylcyanide (2.34g) and sodium hydroxide (l.lg) which
was stirred and vigorously refluged in ethanol (70%, 50cm3).
The mixture was refluxed for a further 0.5h after the
addition was completed then quickly cooled and poured onto
crushed ibe. The pfecipitate was filtered and washed well

with water to yield the aminopyrrole (1.45g 427%), colourless

plates, m.p. 279-280° (from methanol).

. et
(Found: C,81.8; H ;12,15 N,6.0%: M 234.1147?2 C16H14N2
requires C.82.1: H,12.0; N, 6.085 M 234 ,115693).
-1
Vo 3420 and 3220(N-H), 1605(C=C)ecm "..

2-Amino-3-cyano-4-phenylpyrrole (155)

This was prepared by the above method from W-amino

acetophenone hydrochloride and malononitrile, (58%), grey

ﬁlates m.p. 175° (from benzene, sublimation) (Gerwald 101

quotés Mmoo 172-174%).
3380 and 3250(N-H), 2200(C=N), 1640(C=C),

1600(c=c)cm'1.

vy
max.

Attempted synthesis of 2-amino-4-phenylpyrrole

An adaptation of the previous method using W-amino-
.acetophenone hydrochloride and acetonitrile yielded 2,5-

diphenyl-1,4~dihydropyrazine as the sole product.
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Attempted synthesis of 2-amino-3-ethoxycarbonyl-4-phenyl
pyrrole

The procedure was repeated with w-aminoacetophenone
hydrochloride and ethylcyanoacetate. 2,5-Diphenyl-1,4-

dihydropyrazine was the only product isolated.

8-Cyano-3—methyl-?—phenylpyrrolo{1,2~§][1,3,é]triazin-2,4

(1H,3H)-dione (161)

2-Amino-3-cyano-4-phenylpyrrole (1.83g), methyl
isocyanate (1.2g), and dry pyridine (15cm3) were refluxed with
stirring for 5h. Removal of the pyridine under reduced
pressure gave a dark brown oil, which on trituration with

chloroform yielded the pyrrolotriazine (0.58g, 22%),

colourless needles, m.p. 338-340° decomp. (from dimethylformam-

ide).
(Found: C,62.5; H,4.2; N,21.0%; M 266.079989.
C14%10M4 %
requires c,63.2; H,3.8; N,21.1%; M 266.080370).
dpes 3400(N-H), 2250(C=N), 1740 and 1680(C=0),

1640 (C=C)em™ ",

No suitable sol?ent was available for the determination
of a n.m,r. spectrum.

The chloroform filtrate was chromatographed on a neutral
alumina column and the eluate decolourised with animal

charcoal to yield dimethylurea, colourless needles, m.p.

107° (from light petroleum).
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S-anno—B-ethyl-?-phenylpyrrolorl,2-a}[1,3,5]triazin-2,4
L & Brisain

(1H,3H)- dione (162 )

Ethyl isocyanate (l.5g), 2-amino-3-cyano-4-phenylpyrrole
(1.83g), and dry pyridine (lOcm3) were refluxed together for
15h. Removal of the pyridine under reduced pressure and
trituration of the resulting oil with chloroform gave thé

pyrrolotriazine (0.4g, 14.5%). Recrystallisation from

methanol gave green needles (0.25g, 9%), m.p. 292-2940,
concentration of the solution afforded a second crop of
colourless needles (0.l5g, 5.5%), m.p. 291-293°2,
Both sets of crystals gave similar spectra and
analytical results and a mixed melting point determination
was undepressed.
Found:(green needles) C,64.0; H,4.5; N19.8%; ﬁ+,280.095719.
(colourless needles) C,64.0; H,4.5; N,20.1%; M,280.095167.
51700
requires C,64.0; H,4.3; N,20.0%; M,380.096019
Wi (green needles) 3140(N-H), 2225(C=N),1755 and 1710(C=0),
1640(C=C)em™t.
(colourless needles) 3130(N-H), 2250(C=N), 1740 and 1695(C=0),
1630(C=C)cm™ |
¢|}CD3)28é] (dimethylsulphoxide,r?.38; internal
standard).
8.70(3H, t,J=7Hz,3-CH,CH,),
6.02(2H,q,J=7Hz,3-CH,CH,),

2.53(5H,s,8—C6H5), 2.32(1H,s,6-H).
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S-Cxano-B,?-diphenylpgrrolo[i,Z—g][l,B,é]E;iazin-2,4(1§,3ﬂ)_

dione (163)

2—Amin0~3-cyano~4-phenylpyrr01e (0.58g) and phenyl
isocyanate (1:Og),in dry pyridine (IOcmS),were heated under
reflux for 3h. Remo§a1 of the pyridine under reduced pressure
and trituration of the oily brown soiid obtained with
chloroform yielded diphenylurea (0.6g),as colourless needles,
m.p. 242-2430 (from ethanol). Evaporation of the filtrate
to dryness and trituration of the resulting oil with ethanol
gave a fawn powder (0.35g) which after being sublimed and
crystallised from ethanol and acetone mixture gave the

pyrrolotriazine (0.08g, 8%), pale yellow plates, m.p. 205°

decomp. (from ethanol-acetone),

[Found: C,66.150,3:72 N,16.2%: &+(-H20); 328.09471.
C19H12N402.H20

requires €,66.0; H,4.0; N,16.2%; M(-HZO), 328.096019].

I 3400(N-H), 2250(C=N), 1745 and 1690(C=0),
1640(C=C)cm™ L.

3,7,8-Triphenylpyrrolo[i,2-§][1,3,%]triazin-Z,4(1&,3&)-dione(l6é)
2-Amino-3,4~-diphenylpyrrole (0.47g) and phenyl

isocyanate (0.96g) were refluxed in dry pyridine solution

(10cm3) for 3h, Rem0vallof the pyridine under reduced

pressure gave a brown oil which yielded diphenylurea,

colourless needles, m.p. 242 -243° (from ethanol) (1lit.,

237-237.50)135 on trituration with chloroform. The chloroform
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washings were taken to dryness and the resulting orange oil
triturated with ethanol, whilst cooling in a solid carbon
dioxide and acetone bath, to give the pyrrolotriazine (0.08g,

10.5%), colourless solid, m.p. 210-212°,

+ n
[Found. M ,.379. M (-PhNCO), 260.095294, C24H17N302.
requires M, 379. M(-PhNCO), 260.094958].

1 3350(N-H), 1700 and 1660(C=0), 1595(C=C)cm .

The n.m.r. spectrum was poorly resolved and the pyrrole

proton could not be distinguished in the aromatic multiplet.

T(CDCIB) 3.O[ﬁ,(C6H5)3,pyrrolic—H].

1-Phenyl-3-(3~cyano-4-phenyl pyrrol-2-yl)urea (165)
2-Amino-3-cyano-4-phenyl pyrrole (0.28g), phenyl
isocyanate (0.18g), and dry benzene (10cm3) were refluxed

together for 0.5h and the mixture was then cooled and filtered

to give the pyrrolylurea(0.23g, 50%), mauve needles, m.p.

269-271° decomp. (from dimethylformamide).

(Found : C,70.5308,4 83 W18, 5%; M, 308, | 6, 0,10

requires c,71.5; H,4.6; N,18.5%; M, 302),
i 3400(N-H), 2250(C=N), 1700(C=0), 1640(C=C)em™ ",

1-Phenyl-3-(3,4~diphenyl pyrrol —2-yl)urea (166)

2-Amino-3,4~-diphenylpyrrole (0.23g), phenyl isocyanate
(0.13g) and dry benzene (10cm3) were heated together under
reflux for 5min to yield the urea (0.32g, 92%), colourless

needles, m.p. 204-205° (from ethanol).
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[Found: C,76.3; H,5.8; N,11.2%; gf(-nzo), 353.153147.

C, 4H; gN,0. 3H,

requires 76425 Hy 8.0 Hedl .67 ‘M (—HZO), 353.15280@ -

0

o 3300(N-H), 1660(C=0)cm’ L,

1-(3,4-Diphenylpyrrol-2-yl)urea (168)

2-Amino-3,4~-diphenylpyrrole (0.23g) in a little ethanol
was added to water (2cm3) containing potassium cyanate (0.08g)
and concentrated hydrochloric acid (0.1cm3) and the resultant
mixture stirred for 2h at room temperature to yield the-

pyrrolylurea,m.p. 149-1510, colourless needles, (from

ethanol),
+
: s
(Found: M . 277.121682, J17H15N30
requires M, 277.121505).
¥ 3450,3400 and 3220(N-H), 1660(C=0)em L.

Synthesis of 8-cyano-3,7-diphény1pyrrolo[},2-3][1,3,5]triazin“

2,4(1H,3H)~dione (163) from l-phenyl-3-(3-cyano-4-phenylpyrrol-

2-y1)urea (165)

The pyrrolylurea (0.6g), phenyl isocyanate (0.25g), and
' dry pyridine (1Ocm3) were heated together under reflux for
15h. Removal of the pyridine under reduced pressure gave a
dark brown oily solid which on trituration with chloroform
yielded the starting material (0.35g, 58%). The chloroform
washings were evaporated to dryness to give a dark green

solid (0.2g) which could not be decolourised by boiling with
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ethanol containing animal charcoal. Thin layer chromatographic
examination of this material (alumina with acetic acid, or
silica with ethanol) showed the presence of two components
the pyrrolylurea as a minor component, and a component with
the same Rp. value as the authenfic pyrrolotriazine as the
major component. Repeated recrystallisation of the green
solid from the minimum of ethanol gave the pyrrolotriazine
(0.03g, 4.5%) as off-white plates with identical m.,p.,i.r.
spectrum,and RF‘ value to the authentic sample.

A third product (0.00Sg),which formed as a colourless
sublimate in the condenser during the course of the reaction,

was shown to be diphenylurea.

Attempted synthesis of 3,7,8-triphenylpyrrolo[1,2-3][1,3,5J

triazin-2,4(1H,3H)-dione from the corresponding pyrrolylurea

1-Phenyl-3-(3,4~diphenylpyrrol-2-yl)urea (0.53g), phenyl
isocyanate (0.18g), and dry pyridine (1Ocm3) were heated under
reflux for 15h. Removal of the pyridine under reduced
pressure gave an oily brown solid which on trituration with
* chloroform yielded diphenylurea (0.06g, 18.7%). The
chloroform washings, after removal of the solvent, gave a
brown oil from which was obtained the unchanged pyrrolylurea

(0.47g, 89%) on trituration with light petroleum.
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Attempted synthesis of l-ethyl-3-(3-cyano-4-phenylpyrrol-2-yl)

urea

(i) 2-Amino-3-cyano-4-phenylpyrrole (0.92g) and ethyl
isocyanate (0.35g) were refluxed in &ry benzene (20cm3)
(or petroleum ether). After 4h ﬁ quantitative yield of the
starting material was recovered.
(ii) 2-Amino-3-cyano-4-phenylpyrrole (0.58g), ethyl isocyanate
(0.22g) and pyridine (10cm3) were heated under reflux for
10h. Removal of the pyridine under reduced pressure gave a
dark brown intractable tar.
(iii) 2-Amino-3-cyano-4-phenylpyrrole (0.58g), ethyl
isocyanate (0.22g), and pyridine (10cm3) were heated under
reflux for 2h. Removal of the pyridine under reduced
pressﬁre gave a brown tar which, after being triturated
with chloroform, afforded diéthylurea (0.12g, 67%), colourless
needles, m.p. 216-218° (from methanol).

No further identifiable products could be obtained from

the mother liquors.

Attempted Synthesis of 3~ethy1-7,8-diphenylpyrrolo[},2-5][1,3,%]
 triazin-2,4(1H,3H)-dione

2-Amino-3,4-diphenylpyrrole (1.17g), ethyl isocyanate
(0.89g), and dry pyridine (150m3) were refluxed for 16h, then
cooled to yield l-ethyl-3-(3,4-diphenylpyrrol-2-yl)urea

(0.1g, 6.5%), colourless needles, m.p. 328-330° (from ethanol).
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+

(Found: M, 305.153371. 019H19N30
requires M, 305.152804).

v 1660 (C=0)cm .
max. !

Removal of the pyridine under reduced pressure and
trituration of the resulting oil with ether gave an
unidentified mixture of compounds, {0.44g), colourless

needles, m.p. 198-200° (from methanol).

+
(Found : M, 319.169030, Cy oty N30
requires M, 319.168453.

+
Found : M, 319.132921. C;gH,_N,0,
requires M, 319.132069).

These compounds were not separated.

The n.m.r. spectrum of the mixture was only poorly
resol&ed but indicated the presence of an ethyl grouping and
two phenyl moieties. -

An identical mixture of compounds was obtained from an
attempted preparation of l-ethyl-3-(3,4-diphenylpyrrol-2-yl)
urea by reaction of 2-amino-3,4-diphenylpyrrole with ethyl
isocyanate in benzene.

The ethereal washings were taken to dryness and
" chromatographed on a neutral alumina column with chloroform
as eluting solvent to give a pale yellow oil. This was
washed with petrol to give a small amount of an unidentified
pale yellow solid, m.p. 60° efferves.

Vi 3300(N-H), 1695(c=0)cm“l
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1-Acetyl-3-(3,4-diphenylpyrrol-2-yl)urea (174)

2-Amino-3,4-diphenylpyrrole (0.48g), pyridine (50m3),
and acetylurea (0.21g) were refluxed for 2h. After removal
of the solvent under reduced pressure the remaining oiiy
brown solid was washed with chloroform to give the

pyrrolylurea (0.43g, 66%), colourless needles, m.p. 248-

249° decomp. (from methanol).

A
(Found : Caflel: H.5.3: N, 13.2%;: M 319, 019H17N302
requires C,71:5; H,5.3; N,13.2%; M 319),
M -1
] 3300(N-H), 1710 and 1670(C=0)cm .

Attempted synthesis of l-acetyl-3-(3-cyano-4-phenylpyrrol-

2-yl)urea

2-Amino-3-cyano-4-phenylpyrrole (1.22g), acetylurea

(0.68g), and pyridine (10cm3) were refluxed together for 3h.
The deep purple solid, obtained after removal of the pyridine,
was washed with chloroform to‘give a quantitative recovery
of N-acetylurea., No unchanged pyrrole could be recoveéed

from the chloroform washings.

 1-(4-Nitrobenzoyl)-3-(3,4-diphenylpyrrol-2-y1l)urea (175)

2-Amino-3,4-diphenylpyrrole (0.88g), p-nitrobenzoylurea
(1.0g), and pyridine (10cm3) were refluxed together for 16h.
Removal of the solvent under reduced pressure gave a brown
solid which was washed with chloroform to yield the

pyrrolylurea, (1.48g, 96%), orange needles,
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m.p. 230-231° (from dimethylformamide).

s . 5 . 1 1
(Found : C,65.9; H,4.5; N,12.9.  C,,H N0, 30
requires C,66.2; H,4.4: N,12.9%).

e 3400 and 3300 (N-H), 1695 and 1660 (C=0),

1530 and 1350(N02)cm‘1

Attempted ring closure of 1-(4-nitrobenzoyl)-3-(3,4-

diphenylpyrrol-2-yl)urea

The following methods gave only unchanged starting
material:
(i) The pyrrole (0.19g) was stirred in dichloromethane
(lOcm3) with triethylamine (0.05g) for 20h.
(ii) The pyrrolylurea (0.21lg), diethylaniline (0.075g), and
xylene (50m3) were refluxed together for 3.5h.
(iii) Polyphosphoric acid and the pyrrolylurea were stirred

together for several hours.

l-Acetyl-2-acetylamino-3,4-diphenylpyrrole (178 )

1-(4-Nitrobenzoyl)-3-(3,4-diphenylpyrrol-2-yl)urea
(0.1g) and triethylamine (0.04g) were heated together fsr
 0.5h in acetic anhydride (5cm3) on a steam bath, and the
mixture then refluxed for lh. The cooled mixture was
triturated with aqueous ethanol to yield the pyrrole
(0.07g, 98%), mauve needles, m.p. 196-198° (from methanol).

The compound was unstable and darkened on contact with

warm organic solvents.
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+

(Found : C,74.6; H,5.8; N,8.7%; M , 318.136820
Cootl18N503
requires C,75.5; H,5.7; N,8.8%; M, 318.136023).
3 3300(N-H), 1725 and 1705(C=0)cm L.

max.

T[(CDS)ZSé] 6.23[6H,s,(OCH3)2], 2.24(11H,m,3~- and 4-

CﬁHS’ and 6-H).

Synthesis of 7,8-dipheny1pyrrolo[},2-3][1,3,5]triazin-
2,4(1H,3H)-dione (179)

2-Amino-3,4-diphenylpyrrole (0.47g), biuret (0.21g),
and pyridine (5cm3) were heated under reflux for 15h.
Removal of the pyridine under reduced pressure gave a fawn
solid which was washed with water, ethanol,and acetone to
give the pyrrolotriazine, colourless solid (O.S?g; 947%),
m.p. 303-305° decomp. .

No suitable solvent was available for recrystallisation
of the product. |

Spectroscopic evidence showed this compound to be impure.
N :

(Found: M, 303.101349, CISHISNBOZ
requires M, 303.100770).
g 3400, 3300 and 3230(N-H), 1700-1680(C=0)cm™*

2-Acetamido-3-cyano-4-phenylpyrrole

2-Amino-3-cyano-4~-phenylpyrrole (0.5g) in acetic
anhydride (2.50m3) was warmed on a steam bath for 0.5h and the

solution cooled to yeild the pyrrolylamide, (0.32g, 52%),
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pale grey plates,-m.p. 286-288° (Iit., 2900)104, (£rom
methanol).
s 3320(N-H), 2250(C=N), 1670(C=0), 1620(C=C)em -
The pyrrolylamide was recovered unchanged after being

heated with formamide in refluxing pyridine for periods of up

to 24h.

1,5,6-Trimethyl-3-methylthio-1,2,4-triazinium iodide (187)

5,6-Dimethyl-3-methylthio-1,2 ,4-triazine (1.55g) and
methyl iodide (7.6g) were shaken in a sealed flask* for 16h.

Addition of ether to the mixture gave the quaternary iodide

(2.2g, 74%), copper plates, m.p. 199-200° decomp. (from
ethanol).

The product decomposed Fapidly on contact with warm
organic solvents to give dark green/red floreécent solutions
accompanied by release of methyl mercaptan. Concentration

of these solutions gave only dark green intractable tars.

(Found: C,28.5; H,4.1; NDB.9. C7H12NSS
requires £,28.3: Hy4.05 Nold.17).
T(DZO) 7.33(3H,s,5-CH3), 7.16(3H,s,6-CH3),

7.10(3H,S,SCH3), 5.58(3H,s,2—CH3).
* The reaction mixture immediately turned dark green on
contact ;ith air.
When acetone or dimethylformamide was used as a solvent
for the above reaction poorer yields (4%-247%) were obtained,

accompanied by the formation of much florescent, probably
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polymeric material.
Under refluxing conditions, using methanol as the
solvent, the reaction afforded a black intractable tar.
Reaction of 5,6-dimethyl-3-methylthio-1,2,4-triazine
with dimethylsulphate, under a variety of conditions, in an
attempt to form the quaternary methyl compound, afforded only

intractable tars.

1,5,6-Trimethyl-3-phenyl-1,2,4~triazinium iodide (188)

5,6=Dimethyl-3-phenyl-1,2,4-triazine (0.93g) was
shaken with excess methyl iodide (2.16g) for 15h in a closed

flask. The solid was then collected and washed with ether

to yield the triazinium iodide (0.93g, 57%), red-bronze
needles, m.p. 195-197° decomp. (from ethanol). -
(Found: C,44.13 H,4.4;.N,12.7. 012H141N3
requires C,44.0% H,4.3; N,12.87).

No suitable solvent was available for the determination
of an n.m.r. spectrum.

The ethereal washings, on concentration, afforded the

triazinyl starting material (0.36g, 39%).

3-Amino-2,5,6-trimethyl-1,2,4~triazinium iodide (186)

3-Aminho-5,6-dimethyl-1,2,4-triazine (0.62g) and
methyl iodide (1.3g) were heated under reflux in methanol
(60cm3) for 15h. Concentration of the methanolic solution

gave the quaternary methiodide (0.17g, 13%), yellow needles,
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m.p. 224-225,5° (from ethanol).

(Found: Cyal-3% H 4,2y N;2%.0, C6H111N4
requires C,27 .15 H,4.1; N, 21.17%).
' -1
! 3300, 3200(N-H)ecm
T(Dzo) 7.32(6H,s,3- and 4-CH3), 5.78(3H,s,1—CH3).

Further concentration of the methanolic solution
afforded a dark orange oil, which, on standing, decomposed
to give an o0il which exhibited a green-red florescence in
solution.

The starting material was recovered, in a quantitative
yield, when the aminotriazine and excess methyl iodide were
refluxed in absence of solvent for 15h. When the above
reaction was carried out in dimethylformamide at room
temperature, only a dark green intractable oil, which
showed a green-red florescence in solution in both organic

and aqueous solvents, was obtained.

Attempted synthesis of 1, 5 — dimethyl-6-methylene-3-

methylthio-1,2,4-triazine

To 1,5,6~trimethyl-3-methylthio-1,2,4-triazinium iodiae
(0.2g) in a vigorously stirred mixture of water and carbon
tetrachloride, was added 0.1N NaOH (7cm3). The carbon
tetrachloride layer was separated but rapidly became dark

red, and no identifiable products could be isolated.
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Attempted synthesis of 1,5-dimethyl-6-methylene-3-phenyl-

1,2,4-triazine
The above method was repeated, but afforded only a
dark brown solid, from which no identifiable products could

be isolated.

Attempted synthesis of 6-benzoylmethylene-1,5-dimethyl-3-

methylthio-1,2,4-triazine

1,5,6-trimethyl-3-methylthio-1,2,4-triazinium iodide
(0.3g), water (3cm3), carbon tetrachloride (10cm3), and
benzoyl chloride (0.17g) were vigorously stirred under an
atmosphere of nitrogen whilst 0.IN NaOH (10cm3) was added.
The garbon tetrachloride layer was separated and taken to
dryness to give a dark intractable oil.

6-Methyl-1,2,4-triazin-3,5(2H,4H)-dione (81)
This was prepared by the method of Gut136 colourless
needles, m.p. 210° (lit., 212°).

e -1
Y 1720 and 1675 (C=0)cm

~ Attempted reaction of 6-methyl-1,2,4-triazin-3,5(2H,4H)-

dione with:

(1) Methyl iodide

6-Methyl-1,2,4-triazin-3,5(2H,4H)~dione (0.38g) and

methyi iodide (0.65g) were stirred in dimethylformamide (5cm3)
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for 24h. The solvent was removed under reduced pressure and
the resulting gum triturated with light petroleum to afford
a quantitative recovery of the starting material.

(ii) Phenacyl bromide

The 1,2,4-triazindione (0.64g) and phenacyl bromide
(1.0g) were heated under reflux in methanol (60cm3) for 72h.
Starting materials were recovered in quantitative yield.

(iii) Ethyl bromopyruvate

6-Methyl-1,2,4~triazindione (0.76g), ethyl bromopyruvate
(0.6g) and ethanol (8Ocm3) were heated under reflux for 50h.
Concentration of the mixture afforded a quantitative recovery

of the starting material.

2,3-Dimethyl-6—Phenylimidazo{i,Zdﬂ[1q2,%]triazine (194)

3-Amino-5,6-dimethyl-1,2,4~triazine (1lg), phenacyl
bromide (l.6g), and sodium bicarbonate (1.0g) were heated
under reflux in methanol (40cm3j for 1h. The mixture was
then concentrated and the yellow precipitate collected,
digested with a mixture of ethanol and ether (l:1) and the
insoluble inorganic material removed by filtration. Removal

of the solvent gave the imidazotriazine (1.62g, 90%),

yellow needles, m.p. 215-216° (lit., 213)

ay
(Found: C,69.45 H,5.5: N,24.87;: M, 224. CIBHIZNA
requires C,69.6; H,5.4; N,25.0%; M,224).
(CDC1,) 7.50(3H,5,2-CHy), 7.44(3H,s,3-CH,),

2.67(3H,m,6-Ph,m-and p-protons),
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2.01(2H,m,6-Ph,0-protons), 2.02(1H,s,7-H).

The above reaction, in the absence of sodium bicarbonate,
afforded the imidazotriazine hydrobromide (85%), m.p.
300-303° decomp. An aqueous solution of the hydrobromide
was basified and extracted with ether, dried (MgSOA) and the

solvent removed to give the free base.

Diethy1-4~methy1imidazo[i,2-%]pyrrolo[Z',1'-%“;1,2,4 triazine-

2,7-dicarboxylate (199), or isomer (200).

3-Amino-5,6~-dimethyl-1,2,4-triazine (0.5g) and ethyl
bromopyruvate (0.8g) were heated under reflux in ethanol
(5Ocm3) for 1h. Removal of the solvent gave a dark brown
oily solid which was triturated with ether to yield the
imidazopyrrolotriazine hydrobromide (0.82g,51%). An aqueous
solution of the hydrobromide was basified with 2-N sodium
hydroxide and then extracted with ether and the ethereal
solution dried (MgSOa). Removai of the solvent gave the

pyrroloimidazotriazine, colourless needles, m.p. 199-200°

(from ethanol).

. g
(Found: C,50. 75 8. 5.0 NYT . T%hs M ;-316.217146., 015H16N404
requires C,56.9; H,5.15 N, 17.7%: M, 316.117106Y.

\ - = = ' -1
Vit 1710(C=0), 1615(C=N), 1575(C=C)cm
(CDCL,) 8.60(3H, t,J=7Hz, 2-COOCH,CH, ) ,

8.58(3H, t,J=7Hz, 7-COOCH,CH,),
7.43(3H,s,4-CHy), 5.64(2H,q,J=7Hz,2-COOCH,CH,),

5.57(2H,q,J=7Hz, 7-COOCH,CH,), 2.8(1H,d,J=1.2Hz,

3)’
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1.p), 2.03(1H,s5,8-H), 1.65(1H,d,J=1.2Hz, 7 -H).

The above reaction was repeated with twice the amount of
ethyl bromopyruvate to give the pyrroloimidazotriazine
(15.8%) . No hydrobromide of the product was isolated, nor
could any identifiable products be obtained from the dark red
oily mother liquors.

To the aminotriazine (0.31g) in ethanol (20cm3) at room
temperature was added ethyl bromopyruvate (lg). Fumes of
HBr were immediately produced. After stirring for 12h the
precipitated tricycle was separated by filtration (0.12g,

A

1,2,3-Trimethy1-6—gheqylimidazo[i,2—@1{1,2,%}triazinium]iodide
6-Pheny1—2,3-dimethylimidazo[l,2,éltriazine (0.12g) and

methyl iodide (0.4g) were heated under refqu for 20h.

Concentration o? the mixture afforded the starting‘material-

(0.08g, 67%) and addition of ether to the mother liquors

gave the methiodide, (0.02g, 10%), yellow needles, m.p. 250-
251° decomp.(from methanol-ether).

A - - 3
(Found: C,44.9; H,4.5; N,14.7. Cy,H) JIN, .5H,0

requires Co44.8; H,4.65 N,14.9%).

Attempted synthesis of 4-methy1—2,7-diphenylpyrrolo[ﬁ,l-g]

imidazo[l',E'—Q][l,Z,&}triazine{20@
3~Amino-5,6-dimethyl-1,2 ,4~triazine (lg), phenacyl

bromide (3g), sodium bicarbonate (2g), and methanol (SOcmB)
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were heated under reflux for i.5h. The inorganic material
was separated and the mixture concentrated to afford 2,3-
dimethyl—é—phenylimidazo[l,2~h][1,2,4]triazine (0.83g, 467%).
The remaining o0il was shown, by spectroscopic and chromato-
graphic evidence, to consist of a mixture of the imidazo-

triazine and the starting material.

Attempted reaction of 2,3—dimethyl-G-phenylimidazo[i,2-@]
L

[i,Z,{]triazine.with ethyl bromopyruvate

(i) The imidazotriazine (0.45g), ethyl bromopyruvate (0.4g),
and ethanol were heated under feflux for 6h and the mixture
cooled to afford 2,3—dimethyl*ﬁ-phenylimidazo[l,2—9][1,2,ﬁ]
triazine hydrobromide (0.07g, 11.5%), identicallwith an
authentic sample. Concentfation of the remaining mixture
gave the unréacted imidazotriazine.

(ii) The above reaction, was repeated in the presence of
sodium bicarbonate to afford a quantitative recovery of the

starting material.

Reaction of 3-amino-5,6-dimethyl-1,2,4~triazine with

bromoacetaldehyde

The aminotriazine (1.6g) and bromoacetaldehyde (from
6g bromoacetaldehyde diethyl acetal) were heated under reflux
in ethanol (SOcmS) for lh. Concentration of the mixture

gave a dark brown solid which could not be. further purified.
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Reaction of 5,6-dimethyl-3-methylthio-1,2,4-triazine with

o —halogeno-ketones

(i) With phenacyl bromide

(a) The 1,2,4-triazine (0.39g) and phenacyl bromide
(0.5g) were stirred for 15h in ether at room tempefature.
No reaction occured.

The following methods all gave dark oils from which no
identifiable products could be gained.

(b) The reaction (a), above, gently heated on a sfeam
bath.

(e) 5,6-Dimethyl-5-methylthio-l,2,A-triazine (1.55g)
and phenacyl bromide (1.99g) were heated under reflux in
acetone 15h.

(d) The triazine (0.78g) and phenacyl bromide (lg)
were stirred at room temperature for 1;5h. Starting material
(0.23g, 30%) was recovered from this reaction.

(e) 5,6-Dimethyl-3-methylthio-1,2,4-triazine (0.47g),
phenacyl bromide (0.6g) and dimethylformamide were stirred
at room temperature.

(ii) With ethyl bromopyruvate

No identifiable products were isolated from the following
reactions.

(a) 5,6-Dimethyl-6-methylthio-1,2,4-triazine (0.62g)
in acetone (20cm3) was heated under reflux with ethyl
bromopyruvate (0.4g).

(b) The triazine and ethyl bromopyruvate were stirred
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at room temperature in the absence of any solvent.
(c) 5,6-Dimethyl-6-methylthio-1,2 ,4~triazine and the

a -halogeno-ketone were shaken, at room temperature, in ether.

Attempteé synthesis of ethyl l—methyl—B—phenylpyrrolo[é,1-f1
L =

[I,Z,é]triazine—?—carboxylate (210)
(i) 5,6-Dimethyl-3-phenyl-1,2,4-triazine (0.56g), ethyl
bromopyruvate (0.3g) and acetone were heated under reflux
for 18h. Concentration of the resultant solution afforded
a dark brom tar, which on being washed with ethanol and
ether, gave the hydrobromide of the starting material as
a deliquescent grey solid (0.6g, 89%). Treatment of this
with sodium bicarbonate in 5C% ethanol gave the free base,
The original ether and ethanol washings were taken to
dryness to give the starting material.
(ii) Ethyl bromopyruvate (0.8g) and 5,6-diméthy1»3-pheny1—
1,2 ,4-triazine k0.38g) were shaken for lh to give a deep
blue o0il, from which no identifiable products were obtained.
(iii) 5,6-Dimethyl-3-phenyl-1,2 4-triazine (0.37g), ethyl
bromopyruvate (0.4g), sodium bicarbonate (0.5g) and ethanol
(3Ocm3) were heated under reflux for 12h. Removal of the
solvent gave a quantitative recovery of the starting material.
(iv) The above reaction was repeated, using proton sponge in
place of sodium bicarbonate. Starting material (55%) was

the only identifiable product obtained.
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Attempted synthesis of 1,3—dimethyl-?-phenylpyrrolo[é,1~£]

[1,2,%]triazine (213)

(i) 5,6-Dimethyl-3-phenyl-1,2,4-triazine (0.18g) and phenacyl
~iodide (0.25g) were refluxed in acetone (lOcmB) for several
hours. No reaction occured.

(ii) The above reaction was repeated{ using methanol as the
solvent, to afford a dark intractable oil.

(iii) 5,6-Dimethyl-3-phenyl-1,2,4-triazine (0.18g) and
phenacyl iodidé (0.25g) were warmed together on a steam bath
for several hours. No identifiable products could be

isolated from the reaction.

Attempted synthesis of ethyl 2,3-diphenylpyrrolorl,z-g]
L

[1,2,4]triazine-6-carbdxylate (218)

(i) 3-Methyl-5,6-diphenyl-1,2,4~triazine (0.25g), ethyl
bromopyruvate (0.2g) and ethanol (150m3) were refluxed for
15h, and the solvent then removed. Trituratioa of the
resultant oil with chloroform gave 3-methyl-5,6-diphenyl-
1,2,4-triazine hydrobromide (0.12g, 36%). The chloroform
washings afforded a brown oil from which no identifiable
products could be obtained, although the poorly resolved
n.m.r. spectrum indicated that the required pyrrolotriazine
might be present.

3)’
2.67(12H,m,2~ and 3—C6H5 and pyrrolic-H's).

(CDC1,) 8.73(3H,m,COOCH,CH,), 5.83(2H,m,COOCH, CH

The reaction was repeated using two molecules of the
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base to one of the ohalogeno-ketone, but afforded only the
starting material and its hydrobromide.

(ii) Reaction (i) above, was repeated, with a reflux period

of 45h to give the triazinyl hydrobromide (0.2g, 30%).
Concentration of the mother liquors, and trituration of the
resulting oil with light petroleum, gave a dark brown solid
(0.65g). When chromatographed on a column of neutral
alumina with carbon tetrachloride as eluting solvent the only
identifiable prﬁduct obtained was 3-methyl-5,6~diphenyl-1,2,4-

triazine,

Attempted synthesis of 2,3,7—triphenylpyrrolo[i,Z-E]:1,2,@

triazine (217)

(i) 3-Methyl-5,6-diphenyl-1,2,4~-triazine (0.25g), phenacyl.
bromide, and methanol (150m3) were heated under reflux for
20h. Removal of the solvent gave a yellow oil, which, on
trituration with ether afforded the hydrobromide of the
starting material (0.04g). Thin layer chromatographic
analysis (alumina with ether) of the remaining oil indicated
the presence of 3-methyl-5,6-diphenyl-1,2,4-triazine and its
hydrobromide. A fourth component (RF. 0.65) was also
present.

The oil was chromatographed on a column of neutral
alumina, with chloroform as the eluting solvent, and the
starting material collected as the first fraction. The

second, dark red, fraction, afforded an o0il, which was not
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identified.
= = -1
e 2250(C=N), 1695(C=0)cm
T(CDC13) 3.0(8), 2.8(d,J=28z), 2.,65(d,3=2H2), '2.5(8),

2.18(d,J=3Hz).
(ii) 3-Methyl-5,6-diphenyl-1,2 ,4-triazine (0.5g), phenacyl
bromide (0.4g), sodium bicarbonate {0.2g), and methanol (30cm3)

were refluxed together for 15h. A quantitative recovery of

the starting material was obtained.
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MASS SPECTRAL TABLES

(1) 1;3,5'TfiaZin~2,4(1@,3@)—diones and related compounds

1,3,5-Triazin-2,4(1H,3H)~dione (76)

m/e  113(M") 85 70 69 45 - 44 T T
1% 00 10 70 17 4 25 59 13
mfe 41 32 29 28

T 17 9 12 19

mc 64(113— 85).

Accurate mass measurement:
m/e Found Empirical Formula Required
85 85.028001 CzH3N3O 85.027610

6-Methyl-1,3,5-triazin-2,4(1H,3H)~-dione (72)

ofe ¥28 0 127(M ) 110 85 84 70 69 64
1% G 58 " g R 8" %0 4
m/ e 63 56 55 54 53 L4 43 42
1% 3 6 4 4 6 st 22, “100
n/e 41 5o 39 38 29 28 27 26
1% 16 14 6 4 6 11 7 4

m* 55.6(127—>84).
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6-Phenyl-1,3,5-triazin-2,4(1H,3H)~-dione (73)

wle ) ame e 180T 1885 187046 1A saa0. - 318

1% 9. - Myp 11 R 5 e 4

m/e 105 104 103 102 91 78 77 76
5 9 100 49 RN ORI

s e FOL %69 . - Bh NES 62 52

1% 12 8 AT 5 8 g 4p

m/e 51 50 b4 43 42 40 39

1% B3 SiSELGT0 30 Taae T il 4 19

i 116(146— 130), 112.5(189— 146), 74(146— 104),
57(1046— 77).

Accurate mass measurement:

m/ e Found Empirical Fgrmula Required

130 130.029531 Cgh, O 130.029287

6-Benzyl-1,3,5-triazin-2,4(1H,3H)~dione (74)

wfe . 204:7. 20364 ) 202+ .201 160 159 133 132

1% 7 38 100 3 B 10 5 25
m/e 131 129 118 117 116 92 91 90
I% 9 20 10 38 12 15 43 18
m/ e 89 86 78 T 70 69 66 65
1% 13 3 3 10 7 25 R
m/e 64 63 62 52 2% 50 b4 43
1% 5 10 s S 5 12 7 12 18
m/ e 42 41 46 39 38 36 32 28

1% 3 7 3 15 3 12 8 30
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m* 201(203— 202), 125.1(202— 159), 109.6(159— 132).

Accurate mass measurements on selected ions:

m/ e Found Empirical Formula Required
203 203.069202 C10H9N302 203.69472
132(a) 132 .045054 CgHNO 132.044936
132(b) 132 .068502 C8H8N2 132 .068745

The ratio of 132(a) to 132(b) is ca: 5:1
Ion source determination. Meta-stable scan at 4-8 kv.
m/e 132
159—> 132(0.206)

202— 132(0.529)

6-(2-Chlorobenzyl)-1,3,5-triazin-2,4(1H,3H)~dione (75)

mfe T 203 X ATV 1Ok FIIT0EY L A0 6T 4 B0l 15k
iz 3 19 AR 3 11 3 8
mfe " 154 353 “ 57 ¢ a5y " 1857 134 4133, Ciap

1% 8 4 23 3 15 63 3 17
mfe 128 L7 126 198 W46, 0 iod 99 98
1% 7 33 23 100 10 3 11 3
n/e 92 91 90 89 88 87 86 83
1% 26 69 26 43 3 o £5 15 3
m/e 77 76 75 74 73 70 69 65
1Y% 5 3 6 3 6 5 10 T
m/e 64 63 62 T 6t 56 55 51 50
1% 6 26 11 4 16 3 11 9

m/ e 45 L4 43 42 41 40 39 38

1% 5 37 31 8 5 3 a4l 5
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m/ e 36 32 29 28
1% 11 9 9 43
m 89(202— 134).

Accurate mass measurements on selected ions:

m/ e Found Empirical Formula Required
202 202 .062538 ClOHSNBOZ 202 .061647
134 134.060366 CgHgNO 134.060585

Ion source determination. Meta-stable scan at 4-8 kv.
m/e 134
201/202— 134(m 0.504)
190— 134(vw 0.415)
180— 134(m 0.341)

161— 134(w 0.199)

1,3,6-Trimethyl-1,3,5-triazin-2,4(1H,3H)-dione (130)

mfe 456 155(M) 89 - 98 . . 97 .. 83, ..70 - 58
1% g8 91 PR e 8 8
n/e 57 rse T e R S L S S T SR
1% 7 100 11 LAY Y T T it | U
it 104.1(155—> 127), 100.9(155— 125), 62(155— 98),

32(98~=> 56).
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6-Methyl-1, — phenacyl-1,3,5-triazin-2,4(1H,3H)-dione (134)

m/e 245(M') 228 227 18 183 157 156 155

% 7 8 51 8 5 8 4 9
m/e 130 129 128 106 105 103 102 101
17 7 8 4 9 100 % 5 24 4
m/e 82 80 78 77 76 75 70 56
1% 4 5 5 37 5 4 4 11
m/e 51 50 43 42 39
1% 16 3 4 4 4
e 149(227— 184), 56.5(105— 77).

Accurate mass measurement on selected ions:
m/e Found Empirical Formula Required
227_ 22?.068941 012H9N302 227 .069472

6-M€th21-1,3-diphenacy1—1,3,5-triazin—2,4(1&,3&)-dione (135)

me 363(M) 345 227 184 161 156 156 118

I% " 50,5 3 16 4 3 3 A 4
m/e 106 105 102 78 77 56 51 A
1% 9 100 10 5 37 10 13 16
m/ e 38 36 32 28
1% 3 6 5 28

i 56.6(105— 77), 149(227— 184).



181

3-Phenacyl—7—pheny1pyrrolo{},2-2}{1,3,%}triazin—Z,ﬁ(lﬁ,Bﬂ)-

dione (140)

mfes 346 « . 345 D87 228 37 Vi8S 184 483
1Y% 6 18 6 16 100 4 14 10
YO - R o S Wy Y € TR | S L S
1% 6 4 8 4 8 4 6 4

m/ e 129 128 120 108 107 106 105 104

1% 6 4 6 6 4 10 66 4
m/ e 103 iOZ 91 78 77 51 50 b
1% 4 12 4 6 20 = 10 6 8
m/ e 43 39 28
1% 6 6 10

m* 564(105— 77)

Accurate mass measurements on selected ions:

m/e Found Empirical Formula Required
345 345.111598 020H15N303 345.111334

1,3,5-Triazin-2,4,6(1H,3H,5H)~trione

sl T 180 129 ) (BT 86 gD 6 T TeaT 5
1% 3 — 96 A S 8 96 100
mie - RS m39: JLBB  BEiE AL, 2y g
1% 10 4 5 o0k 7 P oy

m* 57.3(129—> 86) .
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6(1H)-Dicarbethoxymethylene-1,3,5-triazin~2,4(3H,5H)~dione(93)

wfe 272 271(M') 227 226 225 201  200. . 199

T4 VS 4 26 8 4 34 8
m/ e 182 181 1805 T4 155 v 15k 153 129
1% 10 4 10 20 B4 28 22 4
m/e 128 127 112 381 110 94 87 85
¥ 6 A 8 6 18 4 6 6
m/e 70 69 68 67 65 55 54 53
I% 130 020 40 | 20 4 6 4 4
m/e 46 ° 45 4k 43 42 41 40 39
1% 12 34 24 24 i 8 12 8
m/e $l %0 29 28 27 26

1% Sh ey 100 40 48 8

m 146(271—*-199), 147(199— 291), 80.9(199— 127),

119.2(199— 154).
Accurate mass measurement on selected ion:
m/ e Found Empirical Formula Required
2711 271.079377 ClOH13N306 271.080427

2,4,6(1H,3H,5H)-Tris(dicarbethoxymethylene)=-1,3,5-triazin(94)

mfe 463 ' 4620V 4370 4184 411 390 - 393 - 372
1% 3 F 4 7 3 6 13 6
mfe 365 346 345 © 320 293 2% .- 27% 247
i 12 8 28 18 4 5 14 19
mfe 838" 9227 302, 30F ., 13500 185 148 o118

1% 3 4 . 4 10 4 6 3 3
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m/e 112 ' 105 94 93 78 69 68 63

1% 3 3 10 19 4 6 2 7
n/e 467 BB ek 43 0 41 31 30
1% 19 56 26 13 5 GO 7
m/ e 29 28 27 26

1% e TR Sl o)

e 330(463— 391), 305(391— 345), 262(391— 320),

233(320— 273), 216(345— 273), 191(247— 320),

148(273— 201).

3-Benzyl-6(1H)-dicarbethoxymethylene-1,3,5-triazin-2,4(3H,5H)-

dione (95)

/e 362 361 317 316 270 243 240 183

1% 2 8 7 22 9 5 3 8
mfets o 1705 LI aots SnetTh Ak " Lok 92 91
1% g, g 12 3 4 4 6 64
m/e 78 77 70 69 68 67 65 51
1% 3 7 3 5 7 3 9 5
m/ e 46 45 bt 43 42 41 40 39 .

19, 7 20 8 8 3 4 3 5
m/e 31 30 29 28 27 26
1% 100 3 28 16 16 3
% 276.2(361— 316), 229(361—% 270), 230.5(316—> 270).

Accurate mass measurements on selected ions:
m/ e Found Empirical Formula Required

361 361.12925% 361.127375

C17H119MN40
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2 ,4-Dimethoxy-6-methyl-1,3,5-triazine (123)

mfe 156 155(M') 154 141 126 125 111  1lo

T 7 80 16 3 10 69 3 39
m/e 99 98 85 84 83 72 70 69
1% 4 3 3 29 8 4 18 94
m/e 68 67 66 58 ' - By 56 55 54
% 7 19 3 31 10 63 5 4
m/e 8% L h3 42 41 40 39 30 29
T% 5 5 100 i (NS, 4 5 b
m/ e 28 27

1% 22 8

m 100.8(155— 125), 96.8(125— 110), 56.5(125— 84),

56.5(84— 69), 25.1(125— 56).

2-Methyl-4,6-diphenoxy-1,3,5-triazine (124)

m/e 279(M') 278 186 185 169 168 . 161 160

1% 6 11 8 60 8 6 8 36
m/e 145 119 118 117 111 105 95 94
1% 19 14 100 3 3 3 11 3
m/e 92 78 77 76 70 67 66 65
1% 4. 8 93 /A 8 11 4 21
m/ e 64 63 59 57 56 52 51 50
1% 3 4 5 5 7 3 370 8
m/ e 43 42 41 40 38 32 28 27

1% 7 9 7 5 4 6 31 8
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e 278(279—> 278), 113.6(185—> 145), 113(186—> 145),
91.8(279— 160), 87(160— 118), 50.3(118—> 77).

Accurate mass measurements on selected ions:

m/ e Found Empirical Formula Required

145 145.040609 CgHeN,0 145.040185
169 169.089030 CypHy 4N 169.089145
118 118.065738 CBHSN 118.065671

Ion source determination. Meta-stable scan at 4-8 kv.
m/e 145
264 — 145(w 0.819)
238.5—> 145(vs 0.645)

186 — 145(vs 0.284)

(ii) 2-Aminopyrroles and derivatives

2-Amino-3,4-diphenvlpyrrole (156)

mle. 235 254(M') 237 . 2320 Tlg3l 2o . “206’ Al

1% 19 100 20 58 5 5 5 10
m/ e 1354130 129 128 117 116 104 103
I% 4 3 5 5 10 11 8 14
m/e 102 77 76 75 74 73 71 70
1% 65 14 12 4 4 TR 3
m/ e 69 64 60 57 56 55 52 51
I 5 5 12 10 4 8 7 10
m/e 45 44 43 41 39 32 31 29

5 5 (S T . | 8 7 10 8 v
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m/ e 28 27
T /e 46 8
m 230(234— 232).,

Accurate mass measurement on selected ion:
m/e Found Empirical Formula Required

234 234,114551 234.115693

C16%14M0

3-(3,4-Diphenylpyrrol-2-yl)urea (168)

mfe. w277¢M ) 261 ' 2600 234 <233 - 232 .231 . 204

1% 0.6 13 59 13 19 935 i1 8
m/e 130 129 116 115 105 104 103 102
1% 6 i § 6 4 4 6 18 100
m/e 101 78 Vil 76 75 74 63 50
1% 4 4 15 15 8 4 6 a
m/e 52 51 50 b4 43 42 39 32
1% 8 13 8 8 44 10 6 4
m/ e 29 28 27

1% 6 23 8

% 207(260— 232).
Accurate mass measurement on selected ion:
m/ e Found Empirical Formula Required

277 277.121682 Cl7H15N30 277.121505
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1-Phenyl-3~-(3,4-diphenylpyrrol-2-yl)urea (166)

m/e 353(M) 260 235 234 © 233 130 120 119

1% 7 8 4 16 3 8 3 25
m/e 102 g4 - .93 o I 78 77 76
1% 7 1. 100 14 19 6 11 5
m/e 67 66 65 64 63 62 e 60
1Y% 14 64 1182 32 22 12 6 4
m/e 54 53 52 51 50 49 G iR
1% 19 5 14 18 12 5 16 4
m/e 42 41 40 39 38 37 28 27
1% 5 14 26 50 34 16 27 14
¥ 155(353—> 234), 46.8(93— 66).

Accurate mass measurement on selected ion:
m/ e Found Empirical Formula Required
353 353.153147 C23H19N30 353.152804

1-Ethyl-3-(3,4-diphenylpyrrol-2-yl)urea (167)

m/e 305(M') 261 260 235 234 204 130 129

1% 18 10 92 it 6 9 15 7
m/e 128 3 o 116 115 105 104 103 102
1% 3 3 < 4 3 /] 8 30
m/e 78 77 76 71 63 56 52 51
I% b 14 6 4 3 6 4 8
m/e 50 45 bt 43 42 41 40 39

1% 4 24 28 5 10 6 5 5
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m/ e 31 30 29 28 27 26
1% 5 100 12 21 16 6
e 179 ,5(305~ 234, ' 207 (260—> 232).

Accurate mass measurement on selected ion:

m/ e Found Empirical Formula Required

905 305.153371 C, H..N.O . 305.152804

197193

1-Acetyl-3-(3,4-diphenylpyrrol-2-y1)urea (174)

wle. 3190 0261 L 260 235 994 ZABu-- 233 951

1% 8 20 100 35 76 11 9 9
m/e 207 205 130 129 128 117 116 115
1% 5 8 20 9 6 6 6 5
m/e 104 103 102 85 7 76 70 29
1% 8 5 28 6 14 5 55 22
m/e 57 51 50 44 43 42 41 39
1% 6 6 6 20 55 12 Seb L Z 5
m/ e 28 27

1% .9 5

% 212(319— 260).

1-(4-Nitrobenzoyl)-3-(3,4-diphenylpyrrol-2-yl)urea (175)

m/ e 261 260 234 232 231 204 167 166
1% 20 100 9 2 10 6 3 35
m/ e 181 150 130 129 120 115 104 102

1% b 50 9 9 3 4 19 30
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'ﬁ/e k. 77 76 75 5 A8 63 52 51
1% 6 10 12 9 4 3 8 8
m/ e b4 28

1% 4 6

e 135,5(166—> 150).

Accurate mass measurement on selected ion:

m/ e Found Empirical Formula Required
260 260.095550 017H12N20 : 260.094958

1-Phenyl-3-(3-cyano-4-phenylpyrrol-2-y1l)urea (165)

/et S02(H ) 2105 009 . BBk w183 180 155 156

1% 2 65 g SO &5 9b, )
mfe LBl A 110, L d0D gk a8~ i gk Y4 cod
1% R LA, S 4 87 30025 ek 1)
sifait. 78 IR TR D TR T R
1% 9 7 TR T 9 7 4
nfe 52 Bl N0, ks PRy U B
1% 4 9 7 7 9 6 = iy B R
mfe | - 38 32 28

5 e e 7 4 h il
w*  46.8(93—> 66).

1-Acetyl-2-acetylamino-3,4~-diphenylpyrrole (178)

m/e 318 277 276 235 234 233 232 208

I% 8 3 13 5 24 7 7 12
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wiE . Poz ieaNRne s Ag T jans R CiaeT 15T Lkl
17 R 3 12 17 9 7 5 5

m/e 149 138 137 130 121 120 105 104

1% 3 3 4 3" A 5 3 24
mfe ) 1037102 92 77 76 75 74 65
1% 13 8 9 8 25 17 * B LS
m/e 64 63 60 52 51 50 45 44
1% 4 4 3 3 B s 5 6
m/e 43 . 42 39 30 ¥ 08

1% 100 9 3 5 6

mk 239(318—> 276), 198(276—> 234), 55.5(104— 76).

(iii) Pzrrolo[i,Z-gJ[l,S,%]triazig;—Z,4(1&,3@)-diones

8-Cyano-3-methyl-7-phenylpyrrolo 1,2-a 1,3,5 triazin-2,4

(1H,3H)-dione (161)

m/e 267 266(ﬁ+) 210 209 208 181 180 135

1% 18 100 FAR- 8 11 7 7
wfer s B8k w158 .. 4ONTITeE . i B) YRS I0L Th100
1% 26 5 4 g% " "33 6 PR
mfe 99 77 76 75 73 78 T8 e ~ ks
1% 3 1o 5 4 8 3 oy
m/e 56 52 51 50 Ly 42 41 39
1% § . % 8 5 7 4 3 5
n/e 36 32 28

1% 4 10 50
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m*  © 164(266— 209), 156.6(209— 181), 131(181— 154),
113.2(209— 154), 104.5(154— 127).

Accurate mass measurement on selected ions:

m/ e Found Empirical Formula Required

266 266.,079989 014H10N402 266 ,080370
|

154 154 .052750 C10H6N2 154 .053096

Ion source determinations, Meta-stable scan 4-8 kv.
m/e 154
181— 154(0.175vs)
209— 154(0.356vs)
222 .5— 154 (0.445vw)

265—> 154(0.721vw)

8-Cyano-3-ethv1-7-pheny1pyrrolo[},2—5][i,3,?]triazin-2,4

(1H,3H)-dione (162)

m/e 281 280@") 252 210 209 208 191 182

1 19 100 5 9 47 9 4 7
m/ e 181 180 177 1750 155 =154 k53 148
i 9 7 4 A 9 25 R SRt
m/e 141 140 134~ 133 132 128 . 127 -« 426
% 9 5 5 4 4 9 40 - 5
- m/e 103 100 93 77 76 75 72 70
1% 4 5 5 9 5 4 4 26
n/e 647 63 56 52 51 0 48 . G4

1% 7 ) 2 4 7 4 A 5



192

m/ e 43 42 41 39 36 32 31 29
1% 7 4 4 9 7 7 ] 9
m/ e 28 27

1% 35 9 /

- 156.2(280— 209), 156.6(209—> 181), 131(181—> 154),

104 5C154—> 127 ).
Accurate mass measurement on selected ion:
m/ e Found Empirical Formula Required

280 280.095167 280.096019

Ci5190M) 9
8~Czano-3,7~diphenylpyrrolo[?,2-5][1,3,5]triazin—Z,&(lE,SE)_

dione (163)

mle - 329, 328(M%) 210 209 ‘-.182 - 181 180 " 167

12 LAk 4 20 3 5 6 2
m/e 166 165 Wbk o 356 0055 - RGE %a 153, 152
I% 6 14 30 5= 735 <+ "1g0 14 4
mle 140 128 17 AP0 EIEY A0S e ey
s 2 35 4 20 10 55 5 15 7
m/e 73" 64 63 52 51 50 b 43
I% 9 g S 3 6 A 12 7
‘m/e MFhas 38 32 28 18

Iy 3 5 3 5 27 30

e 156.7(209— 181), 133.2(328— 209), 69.2(119— 91).

Accurate mass measurement on selected ion:
m/e Found Empirical Formula Required

328 328.09471 019H12N402 328 .096019



153

3,6,7-Tripheny1pyrrolo[i,Z—g][},3,5}priazin—2,4(13,3&)—

dione (164)

m/ e 260 240 234 197 130 120 119 118

I% 4 3 4 3 3 5 41 4
m/ e 117 106 105 103 94 93 v . 92 91
1% 3 3 3 4 SHET R, ey
m/e 90 87 86 85 84 83 82 79
1% 3 13 3 67 4 100 Sl 3
m/e 78 | 77 76 66 65 64 63 62
S 3 5 3 8 8 o 65 3
m/e 61 60 52 51 50 49 48 47
1% N2 4 5. K'6.5 5 10 14 26

m/e G s AR RS s ARENCAD B0 ek

1% 4 fo 25 A8 L5 5 3 9 5
m/e 37 36 35 32 S R31 sShag 28 27
1% 8. V6.5 9 9 - Tl i 42 5
m/e 26
17, 3

Accurate mass measurement on selected'ion:
m/e Found Empirical Formula Required

260 260.095294 024H17N302 _ 260.094958



19/

Ethyl pyrrolo [1 ,2—-2} [1 s I 5] triazin-2,4(1H,3H)-dione-7-

carboxylate (101)

mfe’ 224 -223M") 208 %07 187 | 196 195 180

e S e 3 3 7 3 7 14
m/ e 179 178 165 153 152 151 150 149
1% 3 4 ik 33 7 5
m/e 136 135 LR0ME 125 A0 Toa e 120 119
1% Qb sy o A 10 7 3 3 3
/e 118 117 il S o BRI ) % 95 9%
1% 16 19 10 3 5 7 3 3
m/e 91 85 84 83 81 79 78 77
1% 3 3 7 3 10 10 16 7
m/e 71+ o 69 68 67 65 64 58
1% 30" 16 7 7 3 7 7 7
m/e g% 258 55 54 53 52 51 50
1% 9 3 9 5 26 36 14 3
mle 45 4k e ik el S (s UG S
e 10 57 48 5 8 3 8 8
e LT 36 35 32 31 29 28 27
1% 5 1 7 10 7 33 96 29
lm/e 26

1% 12

ik 170(223—> 195), 143(223—> 178), 102.5(178—> 135),

RORGZCAZ23—> 151 )%
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Accurate mass measurement on selected ions:

m/e Found Empirical Formula Required

223 223.059071 CQHQNBO& 223.059300
151 151.038093 C§H5N302 151.038173
135 135.019097 C6H3N202 \ 135.019450

'

Mefhvl pyrrolo[i,2~g][1,3,§}triazin—2,4(1&,3&)-di0ne—7—

carboxylate (112)

m/ e 211 210 209(M+) 179 178 166 165 152

1% 3 11 .100 4 29 4 4 3
m/e 157 150 139 138 136 135 134 123
1%, 9 6L ~io 3 3 31 B9 e
m/e 111 108 107 106 86 81 80 79
11 4 67 =90 9 3 G it 7
m/e 78 77 70 69 68 64 59 58
o 9 4 9 3 3 A 3
m/e 54 53 52 51 A 43 39 38
1% R R 9 T 3 3
m/e 31 29 28

1% 3 4 3

e 151.5(209— 178), 109(209—> 151), 102.5(178—> 135),

85(135— 107).

Accurate mass measurement on selected ions:

m/e Found Empirical Formula Required
151 151.037793 C6H5N302 151.038173
151 151.013794 C.H,N,O - 151.014364

S



Ion source determination.

m/e 151

178— 151(0.181v1)

165— 151(0.094s)

192— 151(0.271vs)

196

Meta-stable scan at 4-8 kv.
207—> 151(0.371vvl)

220— 151(0.460vs)

Ezrrolo[},Z-g][l,B,%ytriazin—Z,4(lﬁ,3&)—dione—7-carboxylic

acid (111)
mn/e 196
1% 10
m/e 108
1% 6
m/e b &)
1% 3
m/e 44
1% 11
m

195017 152

100
107
8

70

10

43
5

7
106
10
69
3

38

3

135

7
97
9
658
4
37
3

134

9 .

96
6
53
10
28
14

125
9
80
15
52
28
27
4

124

4
79
A

51

110
3
78
8
45

119.8(152—> 135), 118.8(195—> 152), 80(195— 125).

Ethyl 1,3-dimethylpyrrolol},Z-g}[l,B,é]triazin-Z,&(lg,3ﬂ)-

dione-7-carboxylate (114)

m/e

252
16
179
51
121

14

251(M") 238

100
178

6
111

3
166
12

95

10

237

23 -

149
19

13

224
4

138

93
14

223

30

137

92

206
35
134

.83

180
10
122
13

82 -



197

n/e 80 79 78 67 66 65 64 56
1% 3 R 4 16 20 6 6 6
n/e By g 51 39 38 29 28 27
1% 11 8 4 GRS 4 7 5
e 198.5(251— 223), 170.9(251— 207), 123.5(223—> 116),

127.5(251—> 179), 114.9(166--> 138), 107.9(206—> 149),
98.4(149— 121), 89.3(138—> 111), 83(179— 122),

72.3(122—94) .

Pyrrolol},z-g}[l,s,%]triazin-z,aclg,sg)-dione (109)

m/e . 152 +'151(M"y 108 . 107 105 _ 95 83 82
%" 5 16 6 5 S gl 3 5
m/ e gie .80 79 77 73 71 70 69
17 P o 3 5 3 4 4 4
m/e 68 67 60 58 57 56 55 54
e 3 3 12 4 5 3 7 5
m/e 53 * 52 51 45 44 43 42 41
1% 14. 9 5 8 100 77 17 8
‘m/e 39 38 37 36 35 32 31 29
% 5 27 e 15 4 6 18
m/e 28 27

1% 29 9

Accurate mass measurement on selected ion:
m/e Found Empirical Formula Required

151 151.038092 C6H5N302 151.038173
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Ethyl 8-bromo 1,3—di_methy1pyrrolo[1,2-3}[1,3 ,5] triazin-2,4

(1H,3H)~-dione (115)

m/e
1%
m/e
1%
m/e
IZ
m/e
1%
m/e

1%

332
8
259

12

178

110
;
60

6

278(331— 303), 275(329— 301), 247(331— 286),

331

98

37

13
165
26
92
6
56
7

330
13
229

10

160

5
91

5

29

10

245(329— 284),

141(193— 165).

329

100

227
10
158
5
90
3
42
4

203(331—=>259),

(iv) 1,2,4-Triazine derivatives

303

15

206

150

80

301

16

201

139

10

77

286

13

199

121

66

6-Methyl-1,2,4(1H,3H)-triazin-3 »3(2H,4H)~dione (81)

m/ e
17
.m/e
1%
m/ e
1%

wly

me

128
6
52
4
28

22

127
100
b
11
27
33

84

10

- 43

18

70

4

42

20

20 -

16

55.6(127— 84),

o
3

41

58.2(84— 70).

56-

FiE

40

55

8

39

3

284
13
193
18

120

64

200.5(329—> 257),

54
3
29

12
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3-Amino-5,6-dimethyl-1,2,4-triazine (193)

YL e DU S S U o 51
1% g 38 5 R R Y e 5 5
wle O R L . R LT R
1% 3 e s 00 14 8 6 28" 12 15

m* 74.3(124— 96), 28.2(54— 39), 19.3(96— 43).

5,6~Dimethyl-6-methylthio-1,2,4~triazine (209)

e 186 N TRE e 1s LM L T PR
1% L 3 50 M ams 6
a/fe 72 B SE L s s NS g e
1% 7 c (o) 4 77 22 Bl 06 3
mife AT S LR IR Rl e S ag
1% 7 R 3 4 7 R
mfe 28 27

Ih 12 21

m 104(155— 127), 98.9(127— 112), 28.2(54—> 39).

1,5,6—Trimethy1~3—phenyl-l,2,4-triazinium iodide (188)

m/e 200 199 198 186 172 157 128 127

17 5 21 3 4 4 8 9 6
mfe 117 105 104 103 102 89 78 77
A 7 7 75 3.5 3 3 5., [ img
m/e 76 75 74 64 63 56 55 54

1% 20 L. okt 6 g R0t g



200

m/e 53 52 al 50 44 43 42 41
1% 42 16 26 17 4 6 6 7
m/e 40 39 38 36 35 30 29 28
1% 4 24 11 35 6 A 4 22
m/ e 27
1% 40

Accurate mass measurement on selected ion:
m/ e "~ Found Empirical Formula - Required

199 199.110558 C

12H13N 1991110942

2,3—Dimethy1-6~phenv1imidézo[i,z-g][i,Z,é]triazine (194)
m/ e 225 224 223 197 196 18440183 182
| A 17 100 4 10 17 5 36 26

m/e 142 129 £y 116 115 114 112 104

I% 4 8 4 17 18 8 6 18
m/e 103 102 94 - 93 92 90 89 . 88
1% 18 12 3 6 4 6 15 9
m/ e 79 78 77 76 75 67 64' 63
I% 4 6 12 10 5 6 | 5 11
‘m/e 62 54 53 52 51 | 50 43 42
1% 6 4 11 11 14 8 5 12
mle o AL TEAD $.t80 438 4 35 4157

1% 12 6 16 4 5 19
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Accurate mass measurement on selected ions:

m/e Found Empirical Formula Required
224 | 224 ,106160 C13H12N4 224.,106191
196 196.087269 : C12H10N3 196.087468_

Diethyl 4-methv1pyrrolo[ﬁ,1-§]imidazo[}‘,2‘—@][1,2,4}tr1azin—

2 ,7-dicarboxylate (199) or isomer (200)

ofew 317 316 1988 . 273 272 411 l9g0 ¢ 243
% 18 88 10 3 13 74 3 16
w/elandtn, 943 Cona -l gnell gis nSoaa Jalq | igg
23 4 6 7

2
w

1% 100 38
m/e 198 197 172 171 170 .85 50 145
1% 10 3 10 23 15 fc i - 4 3
m/e 144 143 142 133 130 129 120 119
1% A 6. 6 L1 3 SLr 4 9

m/e 118 117 116 115 113 106 105 104

1% 22 6 7 4 18 4 6 6
mfe 103 102 100 93 92 91 . 90 89
1% 8 14 7 G e L 12 7
wet -~ Bo 79 g T e 67
1% 4 5 9 23 17 g %t 3 9
m/e 66 65 64 63 62 57 55 53
1% 10 17 28 15 4 4 4 7
m/e 52 51 8O- %5 RNk ERs gD 41
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m/ e 40 39 38 36 32 29 28 27
794 3 9 4 3 5 30 26 17
m/e; 26

1% 5 ’

¥ 262.2(316— 288), 232(316— 271), 218(271— 243),

196.5(243— 171), 188.5(316— 244), 121.2(244— V723"
Accurate mass measurement on selected ion:
m/e T Found Empirical Formula ‘Required

316 316.117106 015H16N4O4 316.117146
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