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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[1,2-a |[1,3,5] triazines 

and the attempted preparation of pyrrolo 2,1-£]/ 1,2,4] 

triazines. The synthesis of the pyrrold 1,2-a]/ 1,3,5] 

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(dicarbethoxymethy1)-1,3,5- 

triazine are re-assigned, on the basis of spectroscopic 

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

(3H,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 

(1H,3H)-dione with ethyl bromopyruvate gave ethyl pyrrolo 

[1,2-a ][1.3,5] eriazin-2,4(1H,3H)-dione-7-carboxylate and 

ethyl 8-phenylpyrrolo[1,2-a [1,3,5] triazin-2,4(1H,3H)-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[1,2-a ][1,3,5] triazin-2,4(11,3H)-dione. 

Plausible mechanisms for, and the limitations of, the 

above reactions are discussed. 

Bromination of ethyl 1,3-dimethylpyrrolof 1,2-a][1,3,5] 

triazin-2,4(1H,3H)-dione-7-carboxylate afforded a mixture of 

the 8-bromo-, and 68-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| 1,2-a]] 1,3,5] triazin- 

2,4(1H,3H)-diones. A possible mechanism for, and the 

limitations of, the reaction are discussed and 1l-alkyl 

(or aryl)-3(3,4-disubstitutedpyrrol-2-yl)ureas are shown 

to be intermediates. 

The caeetenedonic properties of the pyrrold 1,2-a] 

[1.3,5] triazin-2,4(1,3H)-diones are discussed. 

The synthesis of the pyrrolo[ 2, 1-£ [1,2,4] 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-methylpyrrolo{2,1-£] imidazo[1',2' -p]| 1,2,4] eriazine- 

2,7-dicarboxylate or the isomeric diethyl 4-methylpyrrolo 

[2 2-4] imidazo[',2+b 1 52 4] triazine-2,8-dicarboxylate. 

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[ 188 |, or s-, triazine system, 

the pyrrolo[1,2-a[1,3,5] triazines (1). There are, however, 

four different pyrrolo[1,2,4 |, or as-, triazine systems which 

contain a bridgehead nitrogen atom. These are the pyrrolo 

[2.1-£][1,2,4] triazines (2), the pyrrolo[1,2-b ][1,2,4]eriazines 

(3), the pyrrolo| 2,1-¢ [1.2.4 ]eriazines (4) and the pyrrolo 

[1.2-a][2.2.4] triazines (5). The pyrrolo[2,1-£][ 1,2,4] 

triazine system is the only one which is completely unknown. 

| 

a NAS ak, J 

(2) 

1 

hd, thst, ate oo ioe ; 
7a “Ay J NAN 

(Gi) Pyrrolo(1,2-a |[1,3,5] triazine 

The fully saturated derivative and 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 viomycin’. The structure (6) was proposed for 

this dipeptide and it was believed to be responsible for the 

ultra-violet absorption of the eutitiotic’: The compound was 

claimed as the first example of the pyzrolo[1,2-a][1,3,5] triazine 

ring system and the structure (7) proposed for viomycin, a 

structure which was later reproduced in a standard text”, 

eye 
HN AN = CH)0C-CH,CHCH,CH,CHyNH> 

C-NHCH-CNHC HC-NHC-NH 
: 0 0 | 0 0 

0 CH,0H 

2 

(7)



Later work has, however, shown "peptide A" to be a 

mixeaned and based on much spectroscopic, including X-ray, 

data the structure of viomycin has been elucidated as the 

5,6 
quinazahexadecane (8) and the moiety responsible for the 

ultra-violet chromophore as the dehydroserine ureide (9)>??, 

CH20H 

HONSG \ wi 
Z ~oig eet are 0 2 

of 90 S ba GH, LH. 7 NH 
x : R ns CH, J 

HON, H Ht ie cH ri 

GN, Ze “No-¢/ 

pe OR a He Sy 
H 0 

H NH 

“OH 

The first authenticated pyrroto[1,2-a ][1,3,5] 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 44~dioxo-1,3-diaryl-perhydro-pyrrold 1,2-a]| 1,3,5] 

triazines (11-13). 

NiMe)> on tyNMee 
\S +2 £ Sco —— i. 

Oo R “ 
(10) - 

(11)R=H 

(12)R= p-Cl 

(13)R=m-Cl 

The benz-derivatives meceieneditt the literature are 

both derivatives of the isoindold 1,2-a][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 Benzonitrile’. c 

1,9-diimino-3-amino-isoindold 2,3-a|[1,3,5] triazine 

reacts with 1-chloroanthraquinone derivatives to give dyes 

of the type (17), where R is H, amino, or substituted Baines” 

A synthesis of the ring system is not reported.



COR = O 

AX 0 Nee 10) 

A a Rae 2 NUN 

re reo 
(14) R=H (16) 

(15)R=Me 

NH O
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(ii) Pyrrolo [12-2 ][t 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-dicyanopyrrole (18) readily condenses 

with symmetrical diketones to give the pyzrolo| 1,2-b [1.3.5] 

triazines (19-21)! 4 

CN 
HN 99 RON 2 fm ee 7 eas 

HN7 R 

(18) (19) R=H 

j (20)R=Me 

RICCO (21)R=Ph 

CN 

ON 
H 

(22)R':Me 

(23)R=COEt



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 Ce. 

CN 
RCN HoN eee . ReN-CH-C-R? LEtN 3 De Nee R2 

i R-C-Ca, NA R f C=N 0 HSN 

(26) (25) ( 26) 

  

  
  

      

KOH 

R| R? R? Rt 
~(CHy )y- Ph Ph L CN 

-(CHy),,- | PhNO,(p)] PhNO, (p) Le ee 

H | Pa| PANO, (p)| PANO, (p) SN {, 
-(CH,),-| OEt OH R    



(444) Byrrolo{ 2 : 1-elf 1,2 4] triazine 

Reaction of the amidrazone (30) with “-ketocarboxylic 

acid esters (31-32) gave the 3-substituted-4-oxo-4,6,7,8- 

tetrahydropyrroto| 2,1-c][1,2,4]triazines (2a-30 

HNN oe nae 
HN RECOR lsh 

0 0 

(30) (31) RiMe (33)R'=Me 

(32)R=Ph (34)R’: Ph 

The aromatic bicyclic system is unknown but the benzo , 

analogue pyrrolo{2,1-c |[1,2,4] benzotriazine (36) is readily 

formed on diazotisation of 1-(2 —aminophenyl)pyrrole (35) in 

aqueous acidic media’ 

The reactivity of this system to typical electrophiles 

has been recently investigated and compared to the pyrrolo- 

quinoxaline system GIL. 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 orbital 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). 

NH) PONS 

“as CY \ NN 
i) 

(35) (36) 

6 ies 

era \ 

8 yoNN-N 
ee 

(37) 

(iv) Byrrolol 1,2-d][1,2,4] 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 G3-41)22,



Ad 

R2 Re 
Na a NAN= 

4 I Nas PrgEtn I Z 
Ny Senne NN 
oe Bia 2 mR 

(38) plRz 8H (02) dere eH 

(39) RR2H, R2Me (43) RerEH, = Me 

(40) ger, Rae (46) lerhn, heme 

(41) Ree, EREH (45) Re Me eH 

Reaction of (42) with N-bromosuccinimide in dichloromethane 

gave the 6-bronopyrrolo[ 1,2-d |[1,2,4 Jeriazine. 

The 3Hl-pyzrolo| 1,2-d][1,2,4 ]triazin-4-ones (47-51) were 

formed by ring closure of N-carbethoxy-2-formylpyrrole (46) 

with various substituted hydraginess In the case of the 

less reactive hydrazines the intermediate hydrazones were 

isolated and ring closure was effected under acidic conditions 

(scheme 1).



12 

Scheme 1 

Hone He 
I NHoNHCHO ie NHDNHR 

EtO.c EtO,C 

(46) 

Ht NHONHRY 

So oo HN. n~F RIN, NJ 
ie ae 
0 0 

(47) (48) R =Me 

(49) @ =cH CH OH 

(50) R=Ph 

(51) R=co,et
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B. The "raison d'étre" 

The pyrrolotriazines so far synthesised have no recorded 

biological activity although Cale netcneies ee have value 

as antimetabolites as aza-analogues of nucleic acid 

devivatives$°? 12220 » and dihydrotriazines have antibacterial 

and antitumour activity in experimental systems-, 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 

22 
acid™”. 

cl Me Cl Oh Hs 
NH NH ; N 

| j in vivo ae ike 

oxidation S 

HN7’ Sy? SNH Hee he 
H 

(52) (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, 

edtaiyeide bout 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 
2 H ni) consicrco H 

Nz CH,CHyCO)H 

ae 

Folic Reductase 
aie 

0 
ny tHe) contcHco,H 

LH 
HoN Ay NAY CHCH)CO,H 

H 
7,8-Dihydrofolic acid 

TPNH 

Dihydrofolic Reductase ee 

TPN 

Rs Hoon RH) consche H 
ee 2 he 

S H CH)CH CO>H NSN rea ai) 
HN 4H 

Tetrahydrofolic acid 
——— Serine 

Serine Aldolase 
Glycine 

  
CHO 

ee F 
see CHON nS 

SN H CHyCH)CO5H 
ase HH 

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 Ww or 

yl? or both, of tetrahydrofolie 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 

(dTMP)(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 5,10-methylene - 

tetrahydrofolic acid (5,10-CH ~FAH, ) to dihydrofolic acid 
2 

(FAH, ) In this reaction the hydrogen atom at C-6 of 

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

the methyl group of amMp?>, 

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 Ravatie 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 

; 5 ; 2 24,25 
cell, particularly in the case of virus-induced cancers ey 

The active-site-directed irreversible enzyme fakibitore.” 

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. 

5,10-CH, FAH4 

  

AR-5-P 1). 
P-O—H»C H 

cae 

dR-5-P = 

HO



Li? 

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 engvne 

ai i { preorseic, H 

CHCHCO>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 nature?! and further studies on 5-substituted pyrimidines 

and derivatives of condensed systems showed the main 

eriterion for inhibition to be the diamino pyrimidine mene ace 

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 division 

of the mtenaene oy With the discovery of the 1,3,5-triazine (53) 

as the active metabolite of proguanil (52920931 and that 

1,2,4-triazines possessed similar properties:— the general 

requirements for antifolic activity were further extended as 

shown in formula (59).
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Cl 
ae NH, 

i = NK 
I 

Ho N N a Et Ho N Ay BC 

A-B= C=C; C=N, NEC, 

(58) (59) 

Studies on the comparative activities of several series 

of pyrimidines, triazines, quinazolines and pyrido[2,3-d | 

pyrimidines enabled Hitchings and Burchenall to construct a 

schematic representation of the enzyme surface (figure iy 

Figure 1 

5 & xX 

we 
adil 

  

      

Q binding sites common to all inhibitors 

& 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 

inhibitors of dihydrofolic reductase Rodelied on the 

biological data available. Much work has been carried out 

on the simpler pyrimidines and triazines, the so-called 

"small molecule" inhibitors of dihydrofolic reductaces 

and in view of the limited knowledge of the pyrrolo{1,2-a] 

[1,3,5]eriazine and pyrrolo{ 2,1-£] 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[1,2-a][1,3,5]triazine 

system was of greater interest due to the biological 

significance of the symmetrical triazines.
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SYNTHESTS OF pyrroto(1,2-a |[1,3,5]zexazines FROM SYMMETRICAL 

TRIAZINE PRECURSORS 

A. Extension of the Tschitschibabin Indolizine Synthesis 
  

Alkyl and aryl indolizines can be prepared by 

Tech iteebigabinves 30° 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[1,2-¢ | 

pyetmidine oe the pyrrolo[ 1,2-a] pyrimidine™® and the pyrrolo 

[1.2-a] pyetdazine®? systems, and it was proposed to extend 

the scope of this reaction to include the synthesis of the 

pyrrolo[1,2-al[1,3,5] 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 Peeeetnen) but Schaefer 

has recently reported an easier laboratory synthesis of 

trimethyl1-1,3,5-triazine by treatment of ethyl acetimidate 

with glacial acetic acid’. 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 mequived’s 125



22 

and do not provide pure products **, while other methods 

proved difficult to eepeatie te tO. in one cadets no 

experimental details were given. 

A comparison of various monocyclic nitrogen heteroaromatic 

compounds shows a decreasing basicity in the order pyridine) 

pyridazine> pyrimidine) pyrazine > triazines?” 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 

queneitativelyi oe 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 39 (page24 ). Steric effects also play an 

important role in quaternisation reactions”? and Taylor and 

Wibberley used this to advantage in the synthesis of pyrrolo 

[1,2-e]pyrimidines by blocking N-1 with a 6-phenyl subati uene 

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-phenylpyrrolo| 1,2-a] pyrimidine has been reported’. 

Later work has not, however, substantiated this, although 

the reaction does occur with ethyl bromopyruvate?+, 

* 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 and 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 ammonia’. 

If the 2,4-diamino-1,3,5-triazines (60-61) could be 

quaternised with a-halogeno-ketones at position 1, followed 

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.



24 

  

BrCH,coR’ a Br 
NVAN Crea “cHyc-R’ 

NHp NH, 0 

(60)R=H (62) R=H 

(61) R=CN (63)R=CN 

HoNv Na CHR Ho NVZN NUN i A ea ele ane gs a aus he De or honey | 
Om Se 

NH> 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 pK, 3.91-°) 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)"?, 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 quaternisation>*. Assuming that the 

N-1 quaternary salts could be obtained then cyclisation to 

the 2-amino function to give the imidazo[1,2-a][1,3,5] 

triazines (64-65) is much more likely to occur than 

cyclisation to the 6-methyl (or substituted methyl) function 

to give the pyzrolo[ 1,2-a |[1,3,5] 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 (61) were 

synthesised by literature methods?>?°°, Neither of these two 

compounds could be made to react, under a variety of conditions, 

with methyl iodide or dimethylsulphate to give quaternary 

methiodides, nor could quaternary salts be obtained by 

reaction of these triazines with phenacyl bromide or 

ethyl 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 

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)>, 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 imidazo[1,2-a][1,3,5] triazine Gi. 

(69) 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 similar reactions with other 

a-halogeno-ketones gave only the unchanged starting mater‘als 

or their hydrobromides. 

The drawbacks mentioned above made these compounds 

unattractive for immediate use as possible precursors of 

the pyrroto[ 1,2-2 ][1,3,5]eriazine ring system, 

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

6-Methy1-1,3,5-triazin-2,4(1H,3H)-dione (72) was 

prepared by an acid hydrolysis of 2,4-diamino-6-methyl- 

1,3,5-triazine by the method of Necki>?, 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.



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

(1H,3H)-diones were prepared by literature methodsoc304 by 

treatment of the corresponding acyl biguanides with aqueous 

base; 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, cannot be used for the 

preparation of 6-methyl- (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 ee 1,3,5-Triazin-2,4(1H,3H)-dione (5-azauracil)(76), 

an antimetabolite the mechanism of action of which has been 

studied in deratlaes is prepared by the reaction of ethyl
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orthoformate with urea in the presence of acetic anhydnide’ 

6-Methy1-1,3,5-triazin-2,4(1H,3H)-dione (72) is very 

water soluble and amphoteric and 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 Gadariv’> 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). 

a : HN AH osnsko 
H 0 

(79) (80) R= H (82) R= REH,ReMe 

‘ (81) R=Me 

R R 0 : 

: “sy pA 0 Rav a 

(g3)R=R-H, ReMe 

(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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Table 1 

  

  

  

Compound® Wesden uC dioxen) yCs0em = (Nujol) 

Uracil(79) 1722 ,1694° 1730-1715,1670 

6-azauracil(80) 1731,1703° 

5-methy1-6-azauracil(81) | 1728,1708° 1720,1675 

5,6-dihydro-5-methy1-6- 1723° 
azauracil 

5-azauracil(76) 1753,1721° 1740 ,1710* 

6-methy1-5-azauracil(72) '1745,1720%°° 1760,1705 

6-phenyl-5-azauracil(73) 1740,1690 

6-benzy1-5-azauracil(74) 1750,1670 

5,6-dihydro-6-methy1-5- 1727? 
azauracil 

Tomethy15-azauveeti(s7z))=|1746,17210 

3-methy1-5-azauraci1(83), | 1749,1696" 

1,3-dimethyl-5-azauracil 17391692” 

(84) 

1,3,6-trimethyl-5- 1720 ,1670 
azauracil(85)     
  

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

Ref. 66 

Ref, 67 

Ref. 66 gives 1753, 1730cm 

Shoulder at 1695en0- 

£ Shoulder at 1690em"* 

1 
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The occurrence of two frequencies in the carbonyl 

stretching region of these compounds has been explained by an 

inequality of the two carbonyl ecoupee. although the Czech 

workers have suggested that a better interpretation may be 

presented by taking into account a possible "coupling effect" 

between both 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, taus 

increasing the bond order and causing an increase in the Cx0 

stretching frequency. This is a general effect for all types 

of carbonyl groups/°, ; 

It is concluded that the CO-N(R)-CO moiety acts toward 

electronic changes in its vicinity as an internally 

compensating Byaten’ A mass-effect is shown when alkyl 

groups are substituted at N-1 and N-3 which leads to 

frequency changes, often in individual bands. 

Substitution of a phenyl 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=O 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=O band.
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Oseresorleh claimed that reaction of the silver salt 

6-methy1-1,3,5-triazin-2,4(1H,3H)-dione (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 Osecogovich’> 

    

  

Me 

NZ -NH_ Mel on Ag’ salt 

O7-N~*0 or Diazomethane 

H 

(72 | ele se?) 
H 

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 devivacivess 26 

(table 2). It has been shown that the hydrogen atom at 

position 1 ionises first, followed by that at position 3 

for 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 (2H,4H)-dione(6-azauracil) (80). These results were later 

supported by theoretical eeinulaeranee 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 

ee yn 
Fe oN 0 0 No 

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 en 1(NaioL) of the free base are 

absent, but are replaced by a broad carbonyl stretching 

frequency at 1640-1660 cna 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 omy 72k 

From a study of the ultra-violet spectrum of 1,2,4- 

triazin-3 ,5(2H,4H)-dione Jonas and Gara 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 occured, 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- 

eriazin-2,4(1H,3H)-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 nitrogen’”. 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 spectrum ’, 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 Tesene 

(20em™* 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 bohydroxyeyrinidines! © and previous ultra- 

violet work on these compounds has shown that they are 

preferentially protonated on the nitrogen, rather than the 

oxygen, atom’. 

Scheme 4 

R R 

HANH HNSI-H 
Saat ono 

H 

(a) (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 

  

  

        

formation” 

Table 2 

a 
Compound PKoy PK 5 

Uracil (79) 9.43 1322 

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) 7.21 
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 increase in acidity of 

these compounds when compared to uracil. This increase has 

been explained in terms of the inductive effect of the extra 

ring-nitrogen which disturbs the amide (acid-weakening) 

resonance by drawing upon electrons necessary for its 

Ecc acronis The aza analogues of uracil thus have both a 

greater acidiey 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 mertadae 

have confirmed that the third ring nitrogen.atom alters the 

distribution of electron density around the molecule. 

Crystal Bigacrures of uridine?! and 6-azauridine (the 

N-1 ribose derivatives of uracil and 6-azauracil respectively) 

have been determined and confirm the dilactam structure of 

these compounds . Schwalbe and Sueneerae 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 caletiations forvdridine (canes )s 

  

  

Table 3 

Position Miliken net charges (electrons) 

Uridine 6-Azauridine 

1 Boel to.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 analogue 

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-azauracil) G33" 

Another, potentially useful, triazindione mentioned in 

the 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- 

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

(cyanuric chloride) with one equivalent of sodium diethyl 

malonate, but Berens hydrolysis of this compound with 

varying concentrations of hydrochloric acid led either to 

isolation of the starting material (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(dicarbethoxymethy1)- 

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

diethyl malonate were used only the tris (dicarbethoxymethy1)-
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triazine (91) was obtained and no 2,6-bis(dicarbethoxymethy1)- 

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

CH,CO2H 

N7-NH 

Bo Et0,c CO,et N 
CH 

NZ NH (89) 

0 no ; 
H —— Me 

. (88) hy Sy Hel 
oN 0 

(90) 

EtO,C CO,Et NG EtO,C. ,CO,Et 
cH 

La I a 

Et0,0~¢ N7NG COLEt oN oo 

Eto ye. eet CO>Et 

i) (92) 

Examination of the spectra of 6-dicarbethoxymethyl- 

1,3,5-triazin-2,4(1H,311)-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). 

EtO,C. £OEt BLOC, 00,8 

“ HN NH 
o7N~S0 Et0,0~cAyAo—co.et 

H (eke aa 
E1007 CO.Et 

(93) (94) 

The n.m.r. spectra of 6-dicarbethoxymethylewetriazindione 

(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 carbethoxymethyl-1,3,5-triazine 

structures (91) and (92). Examination of the structures (93) 

and (94) suggests that intramolecular hydrogen-bonding 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 

pectore 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- 

1,3, Scteiaataaione (939 are not equivalent, the two N-H 

protons adjacent to the dicarbethoxymethylene grouping 

occuring at 7-2.22, whilst the proton at the 3-position, 

that is the proton not involved in intramolecular hydrogen-
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bonding, absorbs at +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 1600-1800em"+, 

The dicarbethoxymethylene-1,3,5-triazindione (93) shows an 

ester C=O stretch at 1720cm ~, although in the spectrum of 

the tris(dicarbethoxymethylene)triazine (94) the ester C=0 

stretching band is shifted to lower frequencies and absorbs 

at tecOcames presumably due to strong intramolecular hydrogen- 

bonding as well as conjugation. The carbonyl stretching 

frequency of methyl anthranilate, for example, which exhibits 

a similar N-H---0 chelation occurs at 1685em7> con 

The amide C=O stretching vibration of the dicarbethoxy- 

methylene fles,S-tefesind{one (93) occurs as a single, well 

defined band at T76dede" = Comparison of this with the 

6-substituted-1,3,5-triazin-2,4(1H,3H)-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 dieser in the two compounds. The infra- 

red spectrum of 6(1H)-dicarbethoxymethylene- : 

1,3,5-triazin-2,4(3H,5H)-dione (93) shows a C=C stretching 

vibration at Te35cmi but in the tris(dicarbethoxymethylene)-
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triazine (94) this band is shifted to lower wavelengths 

due to conjugation, and occurs at 1605em “, 

The mass 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-2,4(3H,5H)-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 , 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-benzy1-6(1H)-dicarbethoxymethylene-1,3,5-triazin-2 ,4 

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

t co Lae 

Hy 
on 0 

| 
CH, 

(39)
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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 salt of 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 triazine derivatives using other active methylene 

compounds, such as ethyl cyanoacetate and ethyl phenylacetate 

were unsuccessful since these compounds failed to react with 

cyanuric 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 punished 

which confirmed the findings of the author regarding the 

structures of 6(1H)-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 methyl, 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 

‘base or acid, to give styrl compounds: 26 It is known 

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

alkylation at position 1 (page 32) so that it should be



44 

possible to prepare compounds of type (96). If such 

compounds, or the quaternary salts (97), can be synthesised 

it seems reasonable to suppose that tose could be induced 

to ring close to the active methyl group at position 6 to 

give 7-substituted pyrrolof 1,2-a][1,3,5] triazin-2,4(1H,3H)- 

diones (98). 

R R 

(36) thie : Oo 

ae 0 H 
ON -ChDR ee 
HN. ONS 1 Reo Sy CH,COR 

0 

(97) 

(a) Synthesis of pyrrolo{1,2-a][1,3,5]exiazin-2,4 

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

6-Methyl-(72) or 6-benzy1-(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(1H,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 1-phenacyl-7- 

phenylpyrrolo[1,2-a |[1,3,5] triazin-2,4(1H,3i)-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 

only the starting materials. 

Ethyl bromopyruvate (100) reacted with 6-methyl-(72) and 

6-benzy1l-(74) 1,3,5-triazin-2,4(1H,3H)-dione in refluxing 

ethanol or Pectunine 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 pytrolo[1,2-a][1,3,5] triazin-2,4(1H,3H)-diones 

(101-102). 

. — A 

1D y IO 
0 

(99), RI = aoe @ H (101) R=H, R=CO,Et 

b. R= H,R&CH2COPh (102) R= Ph, R=CO5Et 

The mechanism for the synthesis of indolizines from 

a-picolines and a-halogeno-ketones, outlined by Bragg and 

89 ‘Wibberley “, is also pertinent to this reaction (scheme 5). 

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 the 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 PEanonTeaTace 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 halides®’. 

_ 2- and 4-Pyrimidone are more basic than pyrimidine”. 

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 

‘en seeciaeiae and perhaps be more basic than the alkyl- 

1,3,5-triazines, 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. 

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 
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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(1,2-al[ 1,3,5] 

triazin-2,4(1H,3H)-dione (109) no reaction occunrel between 

bromoacetaldehyde and 6-methyl-1,3,5-triazin-2,4(1H,3H)- 

dione (72). Reaction did, however, occur between the more 

reactive 6-benzyl-1,3,5-triazin-2,4(1H,3H)-dione (74) and 

bromoacetaldehyde to give an unstable pacele compound. This 

was identified from its infra-red spectrum and mass spectrum 

+ Qi", 227.068941, C,,HoN,0,) as 8-phenylpyrrolo{ 1,2-a]|1,3,5] 

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

H R 
Oy N\A 

HNN 4G 

0 
(109 

(110 

R=H 

R=Ph 

un 
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S
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as 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-heteroaromatic 

91,92 compounds, such as quinaldine and 2,4,6-trimethyl- 

pyrimidine”, 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 pyrrolopyrimidine’-. These 

results are consistant with the above findings regarding the 

reactivity of the #halogeno-ketones. 

For a spectroscopic study of the pyrrolo[1,2-a]/1,3,5] 

triazin-2,4(1H,3H)-diones (page79 ) it was necessary to 

synthesise several derivatives of the system, especially the 

compound (109) whieh is unsubstituted in the pyrrole ring. It 

has been previously noted that this compound could not be 

prepared directly by the action of the bromoacetaldehyde on 

-6-methyl-1,3,5-triazin-2,4(1H,3H)-dione (page 48 ) but an 

alternative 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[1,2-a |[1,3,5] triazin-2,4 (1H,31)-dione-7-carboxylic 

acid (111) which proved difficult to decarboxylate. This was 

finally achieved by sublimation from a mixture of the acid 

and copper bronze (1:1) at 280°.
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(101)R= Et (411) 

(112)R= Me | 

yrrolo[1,2-a][1,3,5] triazin-2,4(1,3H)-dione (109) was 

extremely unstable, being very sensitive to air and organic 

solvents, so that an.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=O absorptions) and mass spectrum 

Qi", 151.038092, C,H,N30,). 

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[1,2-al[ 1,3,5] triazin-2,4(1H,3H)-dione (109). 

Pyrrolo|1 2-3] [2 a 5| triazin-2,4(1H,3H)-dione-7-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 pycrola{1,2-a |[1,3,5]eriazin- 

2,4(1H,3H)-dione-7-carboxylate (101) gave the dipotassium 

salt (113) which was isolated as a stable colourless solid. 

This was stirred with two equivalents of methyl iodide in 

dimethylformamide, a solvent known to increase the yields 

and shorten reaction times of Sy2 reactions of this ae, 

to give ethyl 1,3-dimethylpyrcolo[ 1,2-al| 1,3,5| triezin-2,4 

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

Daze 
Melina ae CO.Et en Et 

aro 1 

(113) as 
Bromination of the ethyl pyrrolo[1,2-a][1,3,5] 

triazindione carboxylate (114) with N-bromosuccinimide 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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(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 yee 

although bromination of 3,6-diphenylpyrroto| 1,2-¢ [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 39% respectively. 

Scheme 13 

oa GP 
N a ) _ NBS N foe. 

NN CHCl, NN ¢ 
r 

11 ae R=H 
(119) R=H, R+6r 
(120) R= R'=Br:
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It was hoped that ethyl 2,4-diaminopyrrolo| 1,2-a]] 1,3,5] 

triazine-7-carboxylate (122) could be prepared from ethyl 

pyrrolo[1,2-a |[1,3,5]eriazin-2,4(1H,3H)-dione-7-carboxylate 

(101) via the dichloro compound (121). 

RN we 
Ne NP” OO2Et 

R 

(121) R= Cl 

(122) R =NHp 

Attempts to prepare (121) were, however, unsuccessful 

since the action of phosphorus oxychloride or phosphorus 

oxychloride and dimethylaniline under reflux, and thionyl 

chloride and dimethyl formamide at 80°, gave only intractable 

tars. Milder conditions resulted in recovery of the starting 

material. 

As a useful synthetic method to the pyzrolo|1,2-a| 

[1,3,5] eriazin-2,4(1H,31)-dione system the one-step reaction 

"between an a-halogeno-ketone and a 6-methyl-, or substituted 

methy1-1,3,5-triazin-2,4(1H,3H)-dione is thus rather 

restricted by the availability of suitable 1,3,5-triazindiones 

and by EnoneaGe that ethyl bromopyruvate is the only 

a-halogeno-ketone which is sufficently 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 ic foe 

mie eee. 
= 

bd > BrcHCOCO.Et (126)R=Ph 
ne 
OR 

(123) R=Me 4 

+ Os NV wz (124) R=Ph a PCO.Et 

0 

(101) 

The compounds (123-124) are presumably sufficiently 

basic to react due to the +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 pyrroto{1,2-a ][1,3,5]- 

2,4(1H,3H)-dione-7-carboxylate (101) in 11% yield, with no 

evidence of any ethyl 2,4-dimethoxypyrrolo| 1,3,5]triazin- 

7-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
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this was not isolated, 

A similar result was obtained for 6-methyl-2,4-diphenoxy- 

1,3,5-triazine (124). = 

The absence of any 2,4-dimethoxypyrroto{ 1,2-a][1,3,5] 

triazine and the recovery of 6-methyl-1,3,5-triazin-2,4 

(1H,3H)-dione hydrochloride indicate that hydrolysis of 

2,4-dimethoxy-6-methy1l-1,3,5-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[1,2-a ][1,3,5] 

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 needs of 6-methyl-1,3,5-triazin- 

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

A similar hydrolysis was observed in the synthesis of 

the imidazo[1,2-a |[1,3,5] triazine ring systems Reaction of 

6-amino-2 ,4-bismethylthio-1,3,5-triazine (127) with bromo- 

acetaldehyde in 1,2-dimethoxyethane gave 5,7-bismethylthio 

[2.2-a][2.3,9 triazine (128) whereas the reaction in ethanol 

afforded 7-methylthio imidazo[1,2-a] 1,3,5] triazin-5(6H)-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. 

MeSSAN N 

HN UN Y 

0 

EtOH (128) 
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YoY 24 prctycuo 
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MeS.2N (127) ie le 
Nw ? 

SMe 

(129) 

(b) Synthesis of pyrrolo[1,2-a |[1,3,5]triazin-2,4(1H,3H)- 

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)* and ieycem= = and the general outline of the 

Spectrum was very similar to that of the starting material, 

indicating that O-methylation had not taken place, The two 

sets of N-CH, protons appeared as two singlets in the n.m.r. 

spectrum at + 6.60 andz 6.55.
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(130) (131) 

When the reaction was carried out in ether suspension 

much starting 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. 

Methylation of mraciie* Beazagrectl es 6-azauracil?” and 

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 with anauthentic sample, as the major 

product and 1,6-dimethy1-(133) and 6-methyl-(72)-1,3,5- 

triazin-2,4(1H,3H)-diones as the minor products.
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Reaction of the same potassium salt with phenacyl 

bromide in dimethylformamide at room temperature also 

afforded a mixture of compounds. The major 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 watdeetdied showed a single 

broad carbonyl absorption at 1700em™* in its infra-red 

spectrum and protons at 17.75(3H) and 16.58(3H), possibly 

C-CHy and N-CH, respectively, at 1t5.18(1H) and 15.08(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 (PhCOCH,NCO), but was generally 

poorly defined and showed smaller peaks at higher values 

than this, up to m/e 280. 

  

  
(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 1-phenacyl- 

6-methy1-1,3,5-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 

1600-1800em™! (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 

Tao ae! = and 1350 °ctriaeinadiones 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 (C N.,0,). One of the ee 22 
ways this compound could lose water is, in fact by cyclisation, 

in the envisaged manner to the pyrrolotriazine (137). 

ae fs 

Dan He 4.0 ort Z 
Hy eae | AS Ph 

0 arn 0 

(136) (137) 

The n.m.r. spectrum of oemethy 1-1. 3edipnenaeei=i. 3452 

triazin-2,4(1H,3H)-dione showed that the two sets of£-CHy - 

protons were not equivalent, one ~CH, - occuring at 75.03, 

and the other atz 4.60 (CDC1,) 5 the mOsE deshielded of the 

protons being attributed to the phenacyl grouping at N-3. 

The CH,COPh protons of 6-methyl-1-phenacyl-1,3,5-triazin- 

2,4(1H,3H)-dione hydrobromide occured as a singlet at 

«4.12 (CF.,COOH) . 

The reasons why mixtures of compounds are obtained in 

these reactions are now discussed. 

If as is expected, (page 32) the lst alkylation occurs 

at N-1 to give the species (ii) (scheme 6) then both species 

(i) and (ii) will be present during reaction, The differences 

in acidic pK, value between (ii) and (iii) is approximately 

fe pK, unit, (iii) having the most ‘easily removed proton.
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Scheme 6 
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(iii) (iv) (v) 

For example the pK, ce 6-methyl-1,3,5-triazin-2,4(1H,3H)- 

dione is 7.23,compared to a value of 8.27 for the 1nG= 

dimethy1-1,3,5-triazin-2,4(1H,3H)-dione™’, 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-1l-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 

(eam 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 5-nitrouracils?° » where a 1,3-dianion (138) 

was preferentially alkylated at position 3 to give (139). 

This was explained by the greater nucleophilicity of the 

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

Ro ' R 
ON A - R-X ON yy 

eh Mel,NCHO : oN 0 (Mel)NCHO ono 
R' 

(138) : (139) 

Cyclisation of 6-methyl-1,3-diphenacy1l-1,3,5-triazin- 

2,4(1H,3H)-dione (135) to 3-phenacy1-7-phenylpyrrold 1,2-a | 

[1,3,5] eriazin-2,4(1H,31)-dione(140) in the presence of 

refluxing glacial acetic acid showed that this method does
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provide a route to the pyzrolo| 1,2-a]1,3,5 triazines. 

Ov Nx Me 

ek ACOH 

PhCH oN cH crn N 2D ae 0 b ate Ga 

(135) ; 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 

71 and a G=C band at N-H stretching frequency at 3050cm 

1eiCemes 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 

+ oe 
molecular ion (M , 345.111598, Coty 5 N303)-
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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-diamino-1,3,5-triazin-6-yl)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- 

triazines (144-146). 

This type of reaction depends on the availability of the 

lone pair of electrons on the attacking nitrogen atom and 

; us 
thus previous workers o ° have found that the lesser basicity 

of pyrimidines compared to ppetdince renders the preparation 

of pyrroto[ 12-2] pyrimidines from 3-pyrimidin-4y1propan-l-ols 

much more difficult than that of indolizines from 3-2'- 

oY could not effect pyridylpropan-1l-ols. Taylor and Wibberley 

the cyclisation of diethyl di-(6-phenylpyrimidin-4-ylmethy1) 

malonate or 4-(2-acetylethyl)-6-phenylpyrimidine to the 

corres ponding pyrroto[1,2-c] pyrimidines with acetic anhydride. 

‘In the attempted synthesis of the pyrrolof1,2-a][ 1,3,5] 

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. 

H aN ee “CH os oe 

ree ON 
NH NHp 

(141) (144) 

"oH H5N ZN H Gag 2 . eS 

NAN ge NSN ; 
NH NHp 

(142) (145) 

H. 

\- C-CH NN 
Nag ty . 

(14,3) (146) 

Mackenzie’! was unable to cyclise 2,4-diamino-6({2- 

cyanophenyl)-1,3,5-triazine to the corresponding 1,3,5- 

triazind 2,1-a fisoindole 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 1,3,5-triazino[2,1-a] isoindolone 

(148) was proposed as a possible intermediate. 

mS HNN 

NH> NH 9 

(147) * (448) 

0 

"CD 
0 

(149)
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SYNTHESTS OF pyrroLo(1,2-a ][1,3,5|rezazines FROM 2-AMINO- 

PYRROLE PRECURSORS 

The pyrrolo{1,2-b}[2,1-<], and[1,2-d ][1,2,4] 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 

[2.2-a][1,3,5] triazines have been synthesised from 2-dimethyl- 

amino- A-pyrroline (page 5 ). A possible route from pyrrole 

derivatives to the pyrrolo{1,2-a] 1,3,5] eriazine system (151) 

would involve the prior synthesis of a 2-aminopyrrole (150) 

and addition of a C-N-C moiety to this. 

cH INyA CTR 
Nn” HN NONS 

c : 
(150) (151) 

(i) 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-pyrrolecarboxylie acid azides with hot 50% 

98,99 100 
acetic acid » or by catalytic reduction of nitroso- > 

or nieros pyrroles, 

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 W-aminoacetophenone (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. 

en Wee Ph R 

He ais parE : Cave 
2 H 

(153) R=CN (155)R=CN 

(154)R=Ph (158)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 ne corresponding bicyclic systems 

containing a triazine ring and a bridgehead nitrogen atom 

(158)293 , 2-Aminobenzimidazole (159) and benzoyl isothio- 

cyanate gave the benzimidazolotriazine (160).
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SH 
HN C-N aNvry EtO,CNCS ay 

Tila Pe ee ees UG tas 7 
O-G 

OEt 
(157) 

A | CoHeN 

H 

Ss 

ff te iO oe = 5-membered heter ee 

bo X=N, S,or 0 io ° = r as (158) 

‘ NH, _PhCONCS, aly 
N 

(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. In the pyrrole series this step 

will be eee 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 diazotised’® (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-alkyl-8-eyano-7-phenylpyrrolo|1,2-a| 

[1.3.5] triazines (161-162), 

The yields were low (ca:20%) and much tarry material, 

from the decomposition of the aminopyrrole, was obtained. 

N,N'-dialkylureas, formed by the action of water on the 

isocyanates, were give daolated 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| 1,2-a [1,3,5]eriazin-2,,4(1H,3H)-dione (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 oR R 
2 2RNCO Ph Ph —ae > FP 4 HN 7 RN 

0 
(155) R=CN (161) R=CN,R'=Me 

(156)R=Ph (162) R=CN, R'=Et 

RNCO (163) R=CN,R'=Ph 
dq 

RNCO (164) R=Ph,R’=Ph 

0 R 
ae 

HN. / 

(165) R=CN,R= Ph 

(166) R= Ph,R=Ph 

(167) R= Ph,R'= Et 

(168) R= Ph,R’=H 

1-Pheny1-3(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 a, 319 .169030,



  

ZS 

Co lly :NgOsXt 319132921, Cy gly 7N30) the infra-red spectra of 

which showed no C=O absorption. However, an attempted 

synthesis of 3-ethyl-7 ,8-diphenylpyrrolo| 1 2a] [2 3 »5 Jertazin- 

2,4(1H,3H)-dione by reaction of 2-amino-3,4-diphenylpyrrole 

in refluxing pyridine afforded a low yield of 1l-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 pyrrolo[1,2-a][ 1,3,5]triazindiones from 

2-aminopyrroles. 

The reaction can proceed via pathways 1 or 2 both of 

which involve the Perigva ls 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 pyrrole nucleus. 

The steps (iii— iv) and (vii— viii) will depend upon 

the nucleophilicity of the attacking amide 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 

HN NN = i 
R 

slags sige 

(i) | (ii) 

0 
RHNCHN 

wt iD 
iii 

R 

Pathway 1 Pathway 2 

H ; 
ney RHNGHN eal 

Ry HNA 7s a 
C-NHR’ 
0 

(iv) 7) 
{" |RNCO 

H ' Rt 

Os.-N~ RENGEN 
! yy R ! FAR 

RN ees RUNS ON U 
C-NHR’ 6 
0 

(v) vii) 
+H 

~RNH2 ARNH, 

oN Z R ie 
RN JN
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reaction of 2-amino-3-cyano-4-phenylpyrrole (155) with isocyan- 

ates, and in the attempted synthesis in these laboratories of 

the pyrrolopyrimidine (170), the pyrrolotriazine (171) was 

formed sO It is possible that the pyrrolopyrimidines could 

be formed by an intramolecular cyclisation of the pyrrolylurea 

intermediates as indicated below. 

  

N 
i> P i NH Ph 

aac h Pa Ry A 
wee | \ Ay 

O07 HN” SN 0 
H H oH 

R=Me, Et, or Ph (169) 

O covet 
meee | \ 

0O7SN 
H H 

Et0,Q__COLEt 2 
\ PhNCO (170) 

HJN N 

H ~ CO>Et 
Lg = 

PhN ON CO,Et 

0 
(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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a 

  

Ph__¢ 
ae ES i 

7 NHONHR 
.H 0 

(172) 

0% ? 
Et0,¢ c— Ot Et056. 0 -OEt 

[ ~\ aS / 
ae cul 

Hei so 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 

pyrrolotriazines (176-177). A similar reaction between 

2-amino-3-cyano-4-phenylpyrrole (155) and acetylurea afforded 

a quantitative recovery of the acetylurea and a purple oil, 

Suggesting the decomposition of the pyrrole occured faster 

than reaction with the urea. 

1-(4-Nitrobenzoy1)-3-(3,4-diphenylpyrrol-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-3 ,4-diphenylpyrrole (178).



a 

(174) R=COMe 

(175) R=COPhNO,(¢) 

H Ph 
v Ph H LH 

ye 
(179) 

H oP feerh 
were Ph 

R 

(178) R=Me 

(177) R =PHNO4(p) 

0 

Pooh 

l, Sawoore 

COMe 

(178) © 

The failure of these pyrrolylurea 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 eters 

diones from 2-aminopyrroles and isocyanates involves the 

loss of an amine (NHR) (page 74 ), which being a better 

leaving group 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 cyclised, by base-catalysed 

dehydration to give pyrroto{1,2-d][1,2,4]eedazines. The 

pyrroles used, however, contained no electron-withdrawing 

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 pyrroto[ 1,2-a][1,3,5] 

triazines from 2-aminopyrroles were treatment of 2-acetyl- 

amino-3-cyano-4-phenylpyrrole with formamide, and reaction 

of Oe an do-3 4-41 phony ipyacole with dicyandiamide. In all 

cases the starting material was recovered unchanged.
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SPECTROSCOPIC PROPERTIES OF THE pyrRouo[1,2-a][ 1,35] mrazmn- 

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

(i) Nuclear magnetic resonance spectroscopy 

The 60MHz spectrum of ethyl 1,3-dimethylpyrrolo| 1,2-a] 

[1.3.5] exiazin —2 ,4(1H,3H)-dione-6-carboxylate (114) in CDCl, , 

is given in figure 3 (page 80 ). 

The pyrrole protons at positions 6 and 8 of 7-substituted 

pyrrolo[1,2-a ][1,3,5]triazindtones occur as two doublets at 

approximately +2.0 and 74.0, although these occur at more 

deshielded positions (ca. 71.95 and < 3.5 respectively) in 

trifloroacetic acid. The lower of these two resonances is 

attributed to the 6-H proton because of the deshielding peter 

of the adjacent pyrrolic nitrogen, and an examination of the 

spectra of ethyl 8-phenylpyrrolo| 1,2-a | 1,3,5 |eriazin-2,4 , 

(1H, 3H)-dione-7-carboxylate (102) and ethyl pyrrolo| 1,2-a] 

[1.3.5] eriazin-2,4(1H,3i1) -dione-7-carboxylate (101) confirms 

this assignment (values determined in CF,COOH). 

ot #382 ea ee 
ON 

a Toon i. Dee 
~ FiNe 

0 H «194 0 H «1:96 

(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
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constant of the of' protons of pyrroles which lie within the 

range 1.35-1.5Hz. A comparison of the n.m.r. spectra of 

pyrrolo[1,2-a |[1,3,5]triazin-2,4(1H,3H)-dione-7-carboxylic 

acid (111), indolizine-2-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 pyrroles !6, 

* , 734i é H 4330 + 3h3 

once re, LCOH OY cot oe HN 2 ed oer NS Pees 
2 H 2-05 H *256 

ea Sete Jat 
(ay (180) (181) 

(a) Values determined in| (CD,),80] 

(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 Sbeaiets produced by treatment of ethyl 1,3-dimethyl- 

pyrrolo[1,2-al| 1,3,5] triazin-2,4(1H,3H)-dione-7-carboxylate 

(114) with N-bromosuccinimide in chloroform for lh 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 att4.0 in the unbrominated 

compound indicates that the mixture is composed of ethyl 

8-bromo-1 ,3-dimethylpyzrolo| 1 ,2-all ilps) 5] triazin-2 ,4(1H,3H)- 

dione-7-carboxylate (115) and ethyl 6,8-dibromo-1,3-dimethy1- 

pyrrolo [: ,2-al]1 50 .5| triazin-2 ,4(1H,3H)-dione-7-carboxylate 

(116). 

The Rete 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-bromo-1,3-dimethylpyrrolo[1,2-a ][1,3,5]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 downfield shift, of 1.5l%, 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. 

=~ 

S 
«20 H — 7097 

(182) (1
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(ii) Infra-red spectroscopy 

The infra-red spectra, in the region 1600-1800cm™ bof 

the pyrroto 1,2-al| 1,3,5] triazin-2,4(1H,3H)-diones, 

containing a carbonyl function in the 7- position show a 

broad, ill-defined, carbonyl stretching band at 1690- 

1730em >. 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. 1690em “, this value being obtained by comparison with 

the spectrum of pyrrolo{1,2-a]1,3,5] triazin-2,4(1i,3H)- 

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 0 
a = Go a SF a Io: fc 
HN YF Noet HN\ NSS \oet 

0 0 

(101) (184) 

Similar observations have been made in the pyrrole 

series) °, The 3-alkyl(aryl)-8-cyano-7-phenylpyrrolo 

[1,2-a |1,3,5]eriezin-2,4(1H,3H)-diones exhibit two carbonyl 

stretching bands at ca, i7ioeni - and 1690cm -. 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 1,3-dinethylpyrrolo[ 1,2-2][ 1,3 ,5| triazin-2,4
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(1H,3H)-dione-7-carboxylate (114) also exhibits two carbonyl 

bands aesU7ssemie and al 7loen eh e higher, less intense, 

band is associated with an amide C=O stretch, and the lower 

band consists of both ester C=O and amide C=O stretches. 

The pyrrolotriazindiones also exhibit bands which may 

be attributed to pyrrole-ring stretching vibrations. Thus 

the pyrroto[ 1,2-a][1,3,5]triazin-2,4(1H,3H)-diones containing 

an acid or an ester function at position -7 show bands at 

cas 1550em + and Sona Previous workers! 10 have ‘reported 

that pyrrole esters show ring vibration bands at ca. 1565 and 

1550em: "4 Pyrrolo|1,2~a ][1,3,5]eriazin-2,4(11,3H)-dione (109) 

exhibits two bands, in the region 1500-1600em™+, at Tsecena. 

and 152 Genin The remaining pyrrolotriazines studied, 

containing phenyl- or cyanosubstituents in the pyrrole ring, 

exhibit small bands at 1580emr = and pleat and a larger 

band at ca. ioiden™ | 

(iii) Ultra-violet spectroscopy 

The u.v. spectra of some pyrrolo| 1,2-a][ 1,3,5] triazin- 

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 

region 240-280nm"*!, which shifts to longer wavelengths 

with increasing conjugative power of the substituent. 

  

  

Table 4 

; Compound Amax .6D™) € Amax ,6P™ € 

(102 r=R”=H,R*=Ph,R'=Co, Bt 2078 5 Sige eee (1.430 

(112)R*=R”=R?=H,R"=CO,Me 219 |4,056| 288.5 367 

(114 )Rt=R?=Me pH, R'=CO, Et 221 |8,638| 284 {1,000 

(162 )Rt=Et ,R7=H,R°=cN ,R“=Ph 237 |8,035| 279 |2,679 

(185)*R=ph R?=H,R?=R"=co, Be 222 |8,194/ 267 |2,783             

* For 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 absorption. 

This band is most obvious in the N,N'-dimethyl compound (114). 

Addition of base causes a large bathochromic shift 

(ca. 15-25nm), accompanied by an increase in intensity, of the 
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longer wavelength, less intense band, for all but the 

N,N'-dimethyl compound , thus indicating this band to be 

associated with the triazine ring anide groups. In the 

presence of acid the longer 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 pyrroto[1,2-a]1,3,5] triazin- 

2,4(1H,3H)-diones are discussed elsewhere (page 109).



  

88 

ATTEMPTED SYNTHESIS OF pyrrowo[? ,1-£ |[1,2,4|serazives FROM 

ASSYMETRICAL TRIAZINE PRECURSORS 

Several alkylaryl-1,2,4-triazines have been poeteuniced 54 

and it was intended to extend the scope of these reactions 

to include quaternisation by a-halogeno-ketones. Subsequent 

eyclisation of the products to pyrrote[2 ,1-£][1,2,4] triazines, 

by an extension of the Tschitschibabin indolizine 

gynthesie 17°? ?2° » was envisaged. 

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

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

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 workers <-> 

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-b ][1,2,4]eriazines (page 91 ), showed 

that: quaternisation with phenacyl bromide occurs at N-2. 

Me Me I" 
Me Ny 1G Me SHMe 

NVAN“Me i oe 

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 ey and thus the quaternary salts were assumed 

to have the respective formulae (187-188). 

Atkinson and Gossey =a) working on the quaternisation 

of 1,2,4-triazines 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 Eriavidyinetnisendee (187-188) whilst being fairly 

stable crystalline solids, decomposed in warm organic 

solvents, 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 Wipberley +" 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 pyrrole? 1-£ [1,2,4Jeriazine ring system (190).
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(189) 

Acz0 

Me Ac 

N* = 1 
R oO 

) (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) 

a 
3 

A7~R wy ? 

RSv we ! 

(191) 

R'= OMe,SMe,H 
R’= H, Me,Ph 
R®= H, Me,Ph 

LS: 

6-Methy1-1,2,4-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 o-halogeno-ketones 

3-Amino-5,6-dimethyl-1,2,4-triazine (193) and phenacyl 

bromide, in the presence of base (NaHCO, ), afforded 2,3- 

dinette seneayl imidazo| 1,2-b][ 1,2 ,4ertazine (194). 

In the absence of base the imidazotriazine hydrobromide 

was obtained. This reaction has been well investigated and 

the imidazo[ 1,2-b ][1,2,4] triazines are the subject of many 

116-117 118-121 
papers and patents . An independant synthesis 

of the system from 2-amino-1l-acetamido-4-phenylimidazole 

(198) confirmed the structure of the compounds! 16 | 

N\ NH : eee ‘To 2+ BrCH,COPh 
ery eat 

(193) oe eene e 
R a AR on 
any 7 1 ] 

a 
i 

Me-c a te (195) l= Re uaa C=0 R=R = H 

OR 
(198) (196) R= R= Ph 

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). 

fet Se 

Bo! 

Eto,c WV EtO ery 
é AA Me oN~ 4Me 

6 5 

(199) (200) 

The n.m.r. spectrum of the tricyclic product (199) or 

(200) is given in figure 5. 

It is interesting to compare the coupling constant of 

the 1-, and 3-protons (J=1.2Hz), which is in the accepted 

range for the coupling constant of the equivalent protons 

Oo with that of the 6-, and 8-protons of the of pyrroles 

pyrrolo [1,2-a i 335 5| triazin-2,4(1H,3H)-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. In 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. In the presence of sodium bicarbonate none. 

of the pyrroloimidazotriazine was isolated. 

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 

hyl-6-pheénylimidazo| 1,2-b | 1,2,4] triazine (194) did not 

react with ethyl bromopyruvate in refluxing organic solvents. 

2,3-Dimethyl-6-pheny limidazol 1,2-b |[1,2,4] 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 products could be isolated from the reaction of 

bromoacetaldehyde with 3-amino-5,6-dimethyl-1,2,4-triazine. 

It has been supecsted. 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 that 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 ateenpeed 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). 

No Me Re HoCi-Ns Nw S +BrCH COR 2 
A ae ie on N Hp ( H> ZMe 

("3 93) ° (201) R= Ph 
(202)R = CO,Et 

~HBr 

0 
“Nx Me -H50 RC-H Gs “Nx Me 

rev A ocr EES ZN 

N7Sy7 Me HN\y7 Me 

(194) R=Ph (203)R = Ph 
(205) R= COE (204) R=CO,Et 

|srrycon 
Q 

R of CHEER a 
Br 5 Fae 7 -HBr, -2H,0 no eye 

N= n7 Me HN2\y 

(208)R = Ph (206) R = Ph 
(199)R = COLEt (207)R =CO,Et
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Cyclisation of (203) to 2,3-dimethyl-6~-phenylimidazo 

[1,2-p][ 1.2.4] triazine (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 rapidly than cyclisation, thus resulting 

in a tricyclic product (199). 

The site of quaternisation of the N-pyruvyl- compound 

(204) must decide the final structure of the eonpodnd. The 

intermediate (204) has a fixed bond structure and the 

relative basicities of the N-i and N-4 atoms will .depend 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 

rial qdacereaneion may be predicted to occur at N-1 to 

give diethyl -methylpyrrolo[2,1-£]imidazo| 1',2'-b ][1,2,4] 

triazine-2,7-dicarboxylate, (199) rather than the isomeric 

diethyl 4-nethylpyrrolo[1,2-d]imidazo[1",2'-b][ 1,2,4] triazine- 

2 ,8-dicarboxylate (200). 

It must be noted that no tricyclic products have been 

reported in the synthesis of imidazo[1,2-b |pyridazines from 

3 canine 4b meeAplegebadlus and «-halogeno-ketones or 

bromoacetaldehyde!?>, 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 1-methyl- 

3-methy1 thio-7-phenylpyrrold| 2,1-£]| 1,2,4] triazine (211) by 

the above reaction, or the 7-carbethoxy-derivative (212), 

resulted in the formation of intractable oils. 

Me Me 

7~Me BrCH,COR NZ = 
ak, A Ee Oe 
(209) R = SMe (211) R=SMe ,R=Ph 

(210) R= Ph (21 a SMe,R=CO,Et 

(213) R=R=Ph . 

(214) 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 Coasey ss have shown that 3-methyl-5,6- 

diphenyl-1,2,4-triazine (215) undergoes quaternisation with 

methyl iodide to give 2,3-dimethyl-5,6-diphenyl-1,2,4-triazine 

(216) as a stable colourless compound. 

,
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Ph Nx Me 
rs 

Ph vAeve 

Mel (216) 

Ph -Nx_Me 

eel 
PhAyeN 

BrCH,COR 
(215) 

PhaAviz 

Ph Pe Syy 

(217) R= Ph 

(218) R= CO,£t 

Reaction of the triazine (215) with ethyl bromopyruvate 

or phenacyl bromide might thus be expected to give the 

7-substituted pyrrolo[1 ,2-b |i 2 4] triazines (217-218). 

Phenacyl bromide and Beret eo c-dion carina eeeer tac ines 

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 operat 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



99 

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[1,2-a ][1,3,5]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 compounds. Postulation of fragmentation patterns 

is in several cases based ain ion source determinations and 

accurate mass measurements. 

Relative abundances are quoted to 3 % of the base peak 

unless ions of less than that intensity are important 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 
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(Figures in brackets 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) = also decompose by ejection of 

HCN to give the ionised eae (223), or by loss of the 

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

Scheme 8 

ey 
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ts Digs NEC Nae 2 ee REN 
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(72) ReMe -RCN 
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: R a 
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R : 

NH a\ -CO renee 

i CH 9 (225) ox
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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 
  

Relative Intensity (%) 
  

  

  

  

        

Fragment ion R 

H | Me Ph CHyPh* | CH, PACL(o)* 

wt 100 51 70 38 : 

219 70 41 23 3 4 

220 13 6 4 25 : 

oot 7 16 : 7 5 

222 17 40 15 25 10 

225 59 Ope 29 18 31 

224 19 | 100 | 100 10 Z       

* M-1l is the base peak. 

z 

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 (53 % of the base peak), corresponding to 

the isoindolone structure (226) formed by ejection of *NH, 

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 the 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). 

6-(2-Chlorobenzy1)-1,3,5-triazin-2 ,4(1H,3H)-dione G5) 

shows no molecular ion, but a peak at m/e 202, corresponding 

to the triazinoindole ion (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 CgHeNO; an ion source determination has shown this 

to arise from the ion (227). 

Pitty this HN Swi -HNCO ‘! 
ot | ee : . 

e Ceo" 
(227) (228) 

«*|-HCN 

Cee N-C:0 
(229) 

6-Nethyl-2 ,4-diphenoxiy-1,3,5-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 heteroring!242145
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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 peek oe 

6-Methy1-1-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). 

: we 
eyed mr -Hy0 0 N A = 

HN Ahoy FO Se gs aN ENG 
F 0 0 

(134) (231) 
“ae 

a 
Ph 

PhCzO" oO 

HN 

(234) ; (232) 

«kco | 
\ a 

Ph” Phe=cu | 

(233)
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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 ton (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 eyerotae 

triazine structures. Loss of 18 mass units from the molecular 

ion affords the 3-phenacy1-7-phenylpyrrolo[1,2-a ][1,3,5] 

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 tdeeze 

of CO and+NHMe from the molecular ion give the ions (235) and 

(236) respectively. The low relative intensities of these 

ions and the large 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 
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The spectra of the dicarbethoxymethylene-1,3,5-triazines 

show no fragments corresponding to the breakdown of the 

triazine rine: 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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The molecular ion fragments by loss of CH, CH, C00, or ejection 

of 0Et,, 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 
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The major peaks in the spectrum of 2,4,6(1H,3H,5H)- 
, 

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



110 

        

BLS. 7 

100 Ph._=Ph 
(244) l \ oa 

N7~ NHCONH, (243 
80 i 

60 (246) 
5 
i 

ie 249 
$40 : 
§ 
@ 

20 tas) 

a thud bid LL | 200 
  

400 440 180 220 260 
mye 

(Figures in brackets refer to the fragnent ions, scheme 10) . 

Scheme 10 

ra + 
Ph_ph| Ph n | 

Soya ee NHCONHR NCO 
H 

166) Ph (248) ” 
167R = Et 
168R = H Sa es 
(12)R = COMe (240) 

(1)R = COPhNO.Jp) y Phe 
* Ph 

pr_mt OC} 
\ SN 

NH (243) 

: a+ (248) PhcscH! 
NRCO (244) 

(249)



109 

due to fragmentations involving the ester moieties. 

The spectrum of 3-benzyl-6(1H)-dicarbethoxymethylene-. 

1,3,5-triazin-2,4(3H,5H)-dione (95) exhibits 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 shows an M-1 peak (242) (20%) and a 

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

+e 
Ph_Ph| th j \ -H Ph Oo NCH 

NH aes anaae Sy J 

156) 242) ( oe 

-H]° 

a ents Phe 
Ph-C=C-H ease Cy 

(248) (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 (4%) 
Fragment ion =] 

Reo) R=Pho | ReEC | R=COCH, R=COPhNO, (p) 

vt Orem lew 7m (me, 8 - 

246 a2 8 ae 100 100 

243 oo os - a c 

244 100 if 30 28 280 

247 = | |'L00 24 22 35 

248 ne 16 6 76 9 

249 44 25 4 6 =                 
E the base peak of this compound is m/e 30. 

1-Pheny1-3-(2-amino-3-cyano-4-phenylpyrrol-2-yl)urea (155) 

shows a similar decomposition to the 3-phenyl analogue. 

(441) Pyrrolo [2.2-a][1.3 3] triazin-2 ,4(1H,3H)-diones 

The mass spectrum of 7-cyano-3-methyl-6-phenylpyrrolo 

[1,2-a][1,5,5] ertezin-2,4(10,38)-dtone (161) is given in 

figure 8 . The 3-ethyl derivative shows a similar spectrum. 

The compounds exhibit a large molecular ion (base ce 

which decomposes by loss of RNCO to give (250).
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The lack of any double bond in the'triazindione moiety' 

of the pyrrolo[1,2-a |[1,3,5]eriazin-2,4(1H,31)-diones will 

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 of 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 perrecterdinc peaks but the molecular ion is 

much smaller (only 14% of the base peak) and the base peak is 

the ion (252). This must be due to the easier loss of PhNCO 

from che 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-Triphenylpyrrolo[1,2-al[ 1,3,5] trtaztn-2,6(1H,3H)- 

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). 

oe + 

i OCN ph | “i ph -PhNCO "A ~PHCCPh_, CHyN,O 
PhN ibe ; . oo 

(asd (253) (254) 
¢
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The base peak of the spectrum of 3-phenacyl-7-phenyl- 

pyrrolo(1,2-a][1,3,5]triazin-2,4(111,311)-dione (140) is due to 

the 7-phenylpyrrolo[1,2-a |[1,3,5] triazin-2,4(1H,311)-dione 

radical ion (231) (page 104). 

The spectrum of pyrroto[1,2~a][1,3,5]eriazin-2,4(11,31)- 

dione-7-carboxylic acid (111) exhibits a large molecular ior. 

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 

vicee ed oeel ak fragment aadaty by loss of -OH, H,0 or Hy OFCO, , 

all of which require participation by the pyrrolyl WH 

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 

(255) and (256), loss of HNCO being the most favourable. 

The ion (257), which ejects 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.



  

: 
HNC=C-CHCO,H | ar 

The mass spectrum of ethyl 1,3-dimethy1pyrroto| 1,2-a] 

[1.3.5] eriazin-2,4(1,31)-dione-7-carboxylate (114) is given 

in figure a) . 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 C, Hy» presumably by McLafferty rearrangement, and at
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M-45, loss of ‘Okt. The spectrum of methyl pyrrolo|1,2-a] 

[2.3.4 triazin-2 ,4(1H,3H)-dione-7-carboxylate (112) shows a 

peak at m/e 178 (loss of OMe). 

        1 
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The most interesting feature of the above spectrum is 

the ion at m/e 179. All the esters in fact exhibit a peak 

of relatively large intensity, corresponding to a loss of 

(CH, ),,600 from the molecular ion, comfirmed by metastable 

peaks, accurate mass and ion Estee determinations. Pyrrole- 

carboxylic acid esters do not show this loss)? 

Jones and Stanyer’-! 

» although 

noticed a similar loss in the spectra 

of ethyl indolizine-3-carboxylates and ethyl indolizine-4- 

carboxylates, and since this was not shown by ethyl 
‘ 

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{1,2-a ][1,3,5 | 

triazindione-7-carboxylates and. thus GH, CH COO must be 

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

  

Scheme 11 

Me Pe 0 Men eess |e 
Ga ae p! a | Oy-N oa 

KR, = ae, Me N\UN 4) 0 7 ® MeN, N-7 
0 amet 0 

H5C-CH, 

mye 251 me 179 

+[wecn 

MeN a a \ =CO Me oO 
N= ae ook 4 

mye 94 mye 122 : 

The M-CH, COO ion of methyl pyrrolo[1,2-a [1,3,5]eriazin- 

2,4(1H,3H)-dione-7-carboxylate (112), however, is much 

reduced (7% of base peak) and this would be expected if a 

eyclic 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 bee te fact showed it to consist 

of two ions, one of which had arisen by loss of CH, COO from 

the molecular ion, and the other from the M-OMe ion. 

The remaining fragmentations of ethyl 1,3-dimethyl- 

pyrrolo[1,2-a |[1,3,5] eriazin-2,4(1H,3H)-dione-7-carboxylate 

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

6-Methy1-1,2,4-triazin-3 ,5(2H,4H)-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 ieevatdre.: 

The mass spectrum of 2,3-dimethy1-6-phenylimidazo{ 1,2-b] 

[1.2.4] triazine (194) affords evidence for its assigned 

structure, since, unlike the 1,2,4-triazines it does not show 

a loss of Ny, confirming the nitrogen atom at position 4 to 

be the bridgehead atom. 

The tricyclic diethyl 4-methylpyrroto| 2,1-£] imidazo 

[1',2'-b][1,2,4] ertazine-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 

CH, CH, COO 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; q = 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 wa and JO ev. Mw signifies the 

molecular ion peak. Abbreviations used in the results of ‘ 

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 points are uncorrected. Reaction temperatures 

are those of an external oil bath. 

Light petroleum refers to the fraction boiling at 60° - 

° 7 
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?” 

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

methanol). 

» 3500, 3400, 3340 and 3150(N-H)cm™-, 
max. 

© (CF,COOH) 7.25(3H,8 ,CH,), 2.17(2H, broad s ,NH,). 

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

56 
> This was prepared by the method of Hickmott 

colourless needles, m.p. 276-278° OE Leer 275-277°) (from 

methanol). 

1 rae 3480, 3360 and 3150(N-H), 2300(C=N)cm. 

“CF, COOH) 6.24(2H,s,CH,CN), 2.82(4H, broad s,2- and 4-NH,). 

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

«-halogeno-ketones 

(i) With phenacyl bromide: 

(a) The diaminotriazine (2g) and phenacyl bromide (3.2g) 

were heated under reflux in ethanol for 66h to afford a 

quantitative yield of the starting material. 

(b) Phenacyl bromide (4g) and the diaminotriazine (1.3g) 

when heated at 80°, in the absence of solvent, afforded 

2,4-diamino-6-methyl-1,3,5-triazine hydrobromide, m.p. 315° 

decomp. 

(11) With ethyl bromopyruvate: 

The diaminotriazine (1.25g) and ethyl bromopyruvate 

(0.98¢) were heated under reflux in ethanol for 40h to give



123 

the starting material in quantitative yield. 

(iii) With _bromoacetaldehyde: 

A mixture of bromoacetaldehyde diethyl acetal (0.5g), 

hydrobromic acid (den. d = 1.38) and water (cae) was 

heated under reflux for 0.5h. Ethanol (20cm?) 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 Toceme 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 dark 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 [sitica 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 

(i) The diaminotriazine (0.5g) and phenacyl bromide (0.35g) 

were heated under reflux in ethanol Goem) 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) 

57; This was prepared by the method of Kaiser et al 

colourless needles, m.p. 174-175° Cites, 170-1720 (from 

ethanol). 

-1 re. 3400, 3300 and 3200(N-H)cm ~. 

————_ + (CDC1,) 6.28(16H,s,4- and 6-NCH,CH, OCH, CH) 

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 

i 
Birchtold zs colourless plates, m.p. 97-98° (1it., 98°) 

(from light petroleum b.p. 60-80°). 

2-Methy1-4 ,6-dimorpholino-1,3,5-triazine (69) 

A slurry of 2-methyl-4,6-dichloro-1,3,5-triazine (1.1g) 

in water (Oem?) 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-dimorpholino-1,3,5-triazine 

(1.65g, 93%) was collected, colourless needles, m.p. 137-138° 

(lit., 143-145°) 43° (érom ethanol). 

CH, OCH, CH. 
+(CDCL,) 7.73(3H,8,CH,), 6.26(16H,8,2- and 4-NCH,CH, Hy) 

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

yarious «-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. 

(Li) With bromoacetaldehyde: 

2-Methyl-4 ,6-dimorpholino-1,3,5-triazine (1.3g) and 

bromoacetaldehyde (from 1.3¢ bromoacetaldehyde diethyl 

acetal) were heated under reflux in ethanol for 8h. The 

cooled mixture was concentrated to ome and diluted with water 

(15em?) then neutralised with sodium bicarbonate, and 

extracted with chloroform. Removal of the chloroform, after 

drying, gave the starting material. 

(111) With phenacyl bromide: 

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

phenacyl bromide (0.lg) in acetone (1oem?) were heated under
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reflux for 70h to give a quantitative recovery of the 

starting material, 

imidazo 

5,7-Dimoxpholing,|1,2~a |[1,3,5]triazine (71) 

This was prepared by the method of Kobe, Stanovnick and 

tister°®, mp. 230° (1it., 234-236°) (€rom wever). 

The n.m.r. spectrum of 5,7-dimorpholingy1,2-a] 1,3,5] 

triazine has been recorded elaewhere>®, 

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

various orbromo-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- 

brietige 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 in pqerene 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 Necki??, 

2,4-diamino-6-methyl-1,3,5-triazine (30g) was added 

slowly to a mixture of concentrated sulphuric acid (gaeme) 

and water (400m?) so that the temperature remained below 

30°. 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. 973-275" decomp. (lit., 276-277°) (from methanol). 

vga 1760 and 1705(C=0), 1600(C=N)em™*. 

«(CF,COOH) 7.10(3H,8 ,CHy). 

«[(c0,),80] (dimethylsulphoxide, 7.38, internal standard). 

7.75(3H,8,CH,), -1.85(2H,broad s,1- and 3-NH)*. 

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 

(Goem>). The colourless precipitate was collected and dried 

in vacuo to give the potassium salt (0.56g, 85%). 

dl 
ise 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 Dstrogovicu 3 

colourless needles, m.p. 280-281° decomp. (lit., 276-277°)(£rom 
water). 1 

y 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 gut", 

colourless prisms, m.p. 280° (from water) 

The infra-red spectrum of this compound is recorded 

elecwhene ss) 

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

This was prepared by the method of Ostrogovich and 

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

water). 

a 
veer 1740 and 1690(C=0)cm ©. 

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

This was prepared by the method of Ostrogovich and 

Tanistave lustrous plates, m.p. 254-255° Clits, 251-252°) 

(from ethanol). 

(Found: Mi”, 203.069202. C, gHyN,0, 

requires M, 203.069472). 

mL 
ye 1750 and 1670(C=0), 1605(C=N)cm 

+(CF,COOH) 5.58(2H,s,CgH.CH)), 2.54(5H,s,C,H.CH,).
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1-(2 —Chlorobenzy1)-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 temperature 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. 228-232°. 

The crude biuret was added to an aqueous potassium 

hydroxide’ solution (sen containing 0.88 KOH) and the 

mixture stirred for 6h. Acetic acid was then added to 

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

m.pe 268-269° decomp. 

(Found: CL 50ra 3H sas Nha i. Cj oflgC1N, 0, 

requires €,50.5: H,3,.43°N517)..7%). _ 

y 3120(N-H), 1750 and 1670(C=0)em™. max, 

+ (CF.,COOH) 5.43(2H,s ,CLC(H,CH,), 2.51(4H,s ,C1CgH, CH). 

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

with phenacyl bromide 

(i) Methyl-1,3,5-triazin-2,4(1H,3H)-dione (1.27g) and phenacyl 

bromide (2.0g) were heated under reflux in methanol (lopen®) 

for 2 weeks. The triazine was recovered unchanged. 

(iL) 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°. 

Wie 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 

cen oe After 8h removal of the solvent,under reduced 

pressure,gave a dark brown oil,which on trituration with 

2N hydrochloric acid afforded a dark brown solid. This was 

washed with ether and treated with animal charcoal in refluxing 

methanol to give 3-phenacyl-7-phenylpyrrolo[ 1,2-a ][1,3,5] 

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: Mis=345.— (CaEHy ENO, 

requires M, 345). 

= 
Vina 1750 and 1690(C#0), 1620(C=C)cm ~. 

7 (CF,COOH). 4 .28(2H,8,3-CH,COCgHs), 2.30(12H,m,3-CH,COC.H., 

7-CoHe and 6- and 8-H). 

* Or the isomeric 1-phenacy1-7-phenylpyrrolo[1,2-al[ 1,3,5] 

triazin-2,4(1H,3H)-dione.
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Attempted synthesis of 7,8-diphen Lpyrroto{ 1,2-a][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 heated under reflux in 1,2- 

dimethoxyethane (1o0cm?). After 24h removal of the solvent 

gave a quantitative recovery of the starting material. 

Ethyl pyrrolo[1,2-a][1,3,5] trtazin-2,4 (11,3)-dione-7- 

carboxylate (101) 

6-Methy1-1,3,5-triazin-2 ,4(1H,3H)-dione (1.3g) was 

heated under reflux with ethyl bromopyruvate (0.9g¢) and 

ethanol CGoccn) 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: 

requires 

y 
max. 

+ (CF,COOH) 

C,48.6; H,4.2; N,18.7%; Mi, 223.059300. CollgN40,, 

C,48.4; H,4.1; N,18.8%; M, 223.059071). 

3450 and 3250(N-H), 1740 and 1700(C=0), 

1630(C=C), 1230(c-0)em™! 

8.53(3H,t, J=6Hz ,COOCH,CH,), 5.48(2H,q,J=6Hz, 

COOCH, CHa) 5 3.52(1H,d,J=2Hz,8-H), 

1.94(1H,d,J=2Hz, 5-H)
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Ethyl 8-phenylpyrrolo [i,2-a][ 1.3.5] ertazin-2,4(11,38)-dione- 

7-carboxylate (102) 

6-Benzyl-1,3,5-triazin-2,4(1H,3H)-dione (2.03g), 

ethyl bromopyruvate(1.95g) and 1,2-dimethoxyethane (50cm”) 

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 (1.4g, 47%), 

colourless needles, m.p. 277-278° decomp. (from methanol). 

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

Orgies 

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

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

1620(C=C), 1200(c-0)em™!. 

«(CF,COOH) 8.73(3H,t ,H=7Hz,COOCH,CH, ) , 5462020 oq; Z 

J=7Hz ,COOCH,CH,), 2.60(5H,s,8-C,H.), 

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

Attempted synthesis of pytrolo[1,2-a] 1,3,5]triazin-2 4 

(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-Phenylpyrroto| 1,2-a][ 1,3,5] triazin-2,4(1H,31)-dione 10) 

G-Beneplil a bveridei ee oaciw on yedtons (1.0g), bromo- 

acetaldehyde (from 1.5g bromoacetaldehyde diethyl acetal) and 

1,2-dimethoxyethane (60cm?) ee 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. 

= 
(Found: M , 227.068941. Cy gHoN 404 

requires M, 227.069472). 

vee 3400 and 3200(N-H), 1735-1680(C=0), 1630(c=C)em™>. 

No suitable solvent was available for the determination 

of an n.m.r. spectrum. 

Byrrolo{1,2-a][1,3,5] triazin-2 ,4(1H,3H) -dione-7-carboxylic 

acid (11 

Ethyl pyrrolol 1,2-al.,3, sferiazin-2,4 (111,3H)-dione-7- 

carboxylate (0.lg) was warmed with 2N hydrochloric acid 

(gem) 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: vit, 195.028001. CoH.N,O, 

requires M, 195.026674). 

oc 3300(bonded OH), 3150(N-H),1725 and 1700(c=0), 

1630(c+c)em™>, 

<{(co,), So] 4.25(1H,d,J=2Hz8H),3 .41(2H,broad,s,1- and 

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

Byrrolo[1,2-a][1,3,5] trtazin-2,4(11,3H)-aione (109) 

Pyrrolo{1,2-a][1,3,5] triazin-2,4(1,3H)-dione-7- 

carboxylic acid (0.1g) 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 (1mm 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. CEHN,0, 

requires M,, 151038173). 

7 1710(C=0), 1630(c=C)em™?. 
max. 

Methyl pyrroto[i,2-a[1,3,5]teiazin-2,4(1H,3H)-dione-7- 

carboxylate C2 

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 locm:
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gave a brown solid which was refluxed with methanol and 

animal charcoal to give the methyl ester (0.17g, 79%), 

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

ri a 
(Found: C545:.93 HH, 073-N; 20.173 M 209% CoHIN,0,, 

requires C4593) Hes 4 sN,20. Late Ms 209 D2 

ve 3200 and 3100(N-H), 41740, 1720, and 1700 

(C=0), 1630(C=C), 1220(C-0)em™+ 

«[(cD3),80] (dimethylsulphoxide, +7.38, internal standard) 

6.15(3H,s ,COOCH,), 4 ,.20(1H,d,J=2Hz ,8-H) 

2.42(1H,d,J=2Hz,6-H). 

Ethyl 1,3-dimethylpyrrolo [i.2-a ][2 3 5] triazin-2,4(1H,3H)- 

dione-7-carboxylate (114 

To a solution of the ethyl pyrrolo{1,2-a [1,3,5]eriazin- 

2,4(1H, 3H)-dione-7-carboxylate (0.5g) in ethanol (20cm?) was 

added potassium hydroxide (0.2g) in the minimum of ethanol 

and the dipotaseiam salt which rapidly separated was collected 

and dried in vacuo (0.5g, 75%). The potassio derivative was 

then stirred with methyl iodide (0.5g) in dimethylformamide 

Germ) for 21h and the mixture poured onto water (@ocw) to 

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

needles, m.p. 178-178 .5° (from ethanol). 

os afin (Found: €,52.05 Hy owcsulslOunes M y2ol. C1 Hy 35% 

requires C7523 pHs Ses sly Col M25) 

Wax. 1735 and 1700(C=0), 1620(C=C), 

1200(C-0)em™!
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o(CDCL,) 8.63(3H,t,J=7H2z,COOCH,CH,), 6.55(6H,s,1-and 3- 

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

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

  Attempted synthesis of Ethyl 2,4-dichloropyrrolo[1,2~al| 1,3,5] 

triazine-7-carboxylate (121) 

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

(a) Ethyl pyrroto{1,2-a][1,3,5 Jertazin-2,4(1,3H)-dione- 

7-carboxylate (0.3g) and phosphorus oxychloride were heated 

under reflux for 3h. 

(b) To a suspension of ethyl pyrrolo{ 1,2-a ][2,3,5] triazin- 

2,4(1H, 3H)-dione-7-carboxylate (0.34g) in chloroform was 

added thionyl chloride (1.14g) and dimethylformamide (O2em-) 

and the mixture heated at 80° for 1h. 

(c) Ethyl pyrrotd{1,2-a]1,3,5]ertazin-2,4(1H,3H)-dtone- 

7-carboxylate (0.2g), phosphorus oxychloride (zen) and 

dimethylaniline (0.4g) were heated at 120° for 6h. 

(ii) The following methods, outlined below, gave the starting 

material as the sole product: 

(a) Ethyl pyrroto[1,2-a ][1,3,5] triazin-2 ,4(1H,3H)-dione- 

7-carboxylate and thionyl chloride (50% excess) were heated 

together at 80° for 1.5h. 

(b) Ethyl pyrrolo 1,2-a[ 1,3,5]eriazin-2,4(11,311)-dione- 

7-carboxylate (0.3g) and phosphorus oxychloride Gen) were 

heated under reflux for lh. 

(c) Ethyl pytrolo[1,2-a |[1,3,5)eriazin-2,4(1H,311)-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-dimethylpyrrolo[1,2-a][1,3,5]eriazin~ 

2 ,4(1H, 3H)-dione-7-carboxylate 

The pyrrolotriazine (0.26g) and N-bromosuccinimide 

(0.18g) were heated under reflux in chloroform Cont) for 

lOmin. The cooled mixture was filtered, washed with sodium 

hydroxide solution (10%) and water and dried (Mgso, ). The 

resulting solution was concentrated and applied to a 20cm 

preparative t.l.c, plate (0.lem silica gel with CaSO, binder) 

and the chromatogram was developed with benzene containing 

10% 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-a][2,3,5] triazin-2,4(1H,3H)-dione-7-carboxylate (115) 

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

ethanol). 

; 9 oe o ; Found: C,39.8; H,3.7; N,12-625°M (BY isotope),329. 

Citrate es 
requires C40, 03 °0H,3).65eN 12.3725 uC px isotope), 329 |. 

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

pyrrolo[1,2-a |[1,3,5] tetazin-2 ,4(1H,3H)-dione-7-carboxylate 

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

ethanol).
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N,0,Br 
Hae Omer) aa [Found : wi(/"Br isotope), 406.911491. C,,H,,N,0,Br, 

requires ie Br isotope), 406 .911729]. 

A similar reaction using 0.36g of N-bromosuccinimide and 

a refluxing time of lh gave approximately equal amounts of the 

mono- and di-brominated products as shown by the n.m.r. 

spectrum of the crude mixture. 

=(CDC1,) 8.62 (3H, t,J=7Hz ,COOCH,CH, )*, 

8.59(3H,t,J=7Hz,COOCH, CH, )*, 

6.57(3H,8 ,3-CH,)*, 6 .55(3H,8,3-CH,)*, 

6 .16(3H,8,1-CH,)*, 6.14(3H,s,1-CH,)*, 

5 .66(2H,q,J=7Hz ,COOCH, CH, )*, 

5.60(2H,q,J=7z,COOCH, CH, )*, 

2.19(1H,s ,6-H)*. 

* Protons assigned to the 8-bromoderivative, 

z Protons assigned to the 6,8-dibromoderivative. 

2-Methy1-4 ,6-diphenoxy-1,3,5-triazine (124) 

This was prepared by the method of Forbes and Gould)? | 

fawn needles, m.p. 79-80° (from the minimum of methanol). 

(Found: Mw, 279% Cy 6H 1330 

requires Me E27 oa 

Vena 1580 (skeletal vibration), 1220(C-0-Ph)cm™*, 

+ (CDC1,) 7.51(3H,8,CH,), 2.83(10H,m,2~ and 4-0C;H,).
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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° (£rom petroleum ether b.p. 

40-60°) (lit., 67-69°). 
+ 

(Found: Mee 5D< CEHgN,0, 

requires M, 155). 

< 3 -1 See 1580 (skeletal vibration), 1210(C-0-CH, )em . 

(CCl) - 7.65(3H,8,CH3), 6.07(6H,s,2- and 4-OCH,). 

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

ethyl bromopyruvate 

(i) The triazine (0.31g) and ethyl bromopyruvate(0.2g) were 

heated under reflux in absolute ethanol (igen) for 68h. 

After removal of the solvent the remaining oily solid was 

triturated with dilute hydrochloric acid to give ethyl pyrrolo 

[1,2-2 ][1,3,5] ertecin-2,4(1H,3H)-dione-7-caxboxylate (0.05g, 

11%), identical to an authentic sample. A chloroform extract 

of the aqueous washings was dried (Mgso, ) and the solvent 

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 (0.1g, 

25%) as a fawn solid. 

(ii) The above reaction was repeated using 1,2-dimethoxyethane 

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[1,2-a |[1,3,5]eriazin-2 ,4(1H,31)-dione- 

6-carboxylate collected (0.015g, 3.5%). After being dried, 

(MgSO, ) 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 (oem?) were refluxed for 76h. Removal of the solvent 

under reduced pressure gave an orange oil, which on 

trituration with methanol yielded ethyl pyrrold,2-a][1,3,5] 

triazin-2 ,4(1H,3H)-dione-7-carboxylate A identical to the 

authentic sample. 

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

An ethereal solution of diazomethane (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 (100em?) and the mixture 

was stirred for a further 48h. After removal of the small 

amount of insoluble material the solvents were distilled off 

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. g9-91°. 

Chromatographic analysis of the crude yellow oil showed 

no evidence of any other products. 

(enna: €,46.2; H,5.83 N,27.1%5 M',155.069085. G,gN,0, 

requires C,46.5; H,5.8; N,27.4%; M,155.069472). 

vee 1720 and 1670(C=0), 1600(C=N)em™+ 

*(cDC1,) 7.55(3H,8 ,6-CH,), 6 .68(3H,s,1-CH,), 

6 .55(3H,s ,3-CH,). 

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 

enor of a second component. 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-methyl1-1,3,5-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 Coan) 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 (MgSO, ) 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 give a pale yellow oily 

solid, the n.m.r. spectrum of which indicated a mixture of 

6-methy1-1,3,5-triazin-~2,4(1H,3H)-dione and.1,6-dimethyl- 

1,3,5-triazin-2,4(1H,3H)-dione in a 1:1 ratio. 

=[(c03)980| (dimethylsulphoxide, +7.38, internal standard). 

7.72(3H,8,CHy)*, 7.50(3H,8,6-CH,)*, 

6.60(3H,s,1-CH,)*, 4.40(3H,broad 3 ,N-H)e*=, 

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

Z payed 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 (oem) 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. 103-105° efferves. (from carbon tetrachloride-chloroform).
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[Found C,60.7; H,4.7; N,10.23%; M'(-2H,0), 363. 

Co gly 730), -2H0 

requires: G60.05s Ho Soss N, LO.ons M(-2H,0), 363]. 

y 1740, 1690, and 1680(C=0)em™>. 
2, max. 

7 (CDC1,) 7.69(3H,s CH), 5.03(2H,s,1-CH,COC;H.), 

4 .60(2H,s ,3-CH,COC,H.), 

2.52(6H,m,1- and 3-CH, COPh,m, and p protons), 

2.05(4H,m,1- and 3-CH,COPh,o. protons). 
2 

On standing the aqueous mother liquors afforded an un: 

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

235.5° decomp. (from aqueous dimethylsulphoxide). 

(Found: @, 54.13 H,4.95 N,15257),. 

ad 
Fewest 1695(C=0)em ~. 

= [ ‘ep, )s0 | (dimethylsulphoxide, +7.38, internal standard). 

7.75(3H,8), 6.58(3H,s), 5.15(1H,s), 5.08(1H,s), 

2.28(3H,m), 1.90(2H,m). 

Evaporation of the remaining mother liquors to dryness gave 

6-methy1-1,3,5-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 

dimethyl formamide (30cm?) for 96h and the mixture then poured 

into water. Extraction ofthe aqueous solution with
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chloroform gave a yellow oil, which after being triturated 

with the minimum of chloroform gave 6-methy1-1-phenacyl- 

1,3,5-triazin-2 ,4(1H,3H)-dione hydrobromide (0.08g, 16%) 

pale yellow solid, m.p. 281-283° decomp. 
+ + [Founa: Mi 245, M'(-Hy0), 227.068941. C,)H, ;N,0,..H,0 

Pequices M 245, M(-H,0), 227 069472] . 
ii > ae 1780 and 1700(C=0), 1600(C=N)cm ~. 

 (CF,COOH) 7.02(3H,8,CH,), 4.12(2H,s,1-CH,CoPh), 

2 -33(3H, CH, COPh ,m and p protons), 1.92(2H, 

CH, COPh.,o protons). 

The chloroform washings, after removal of the solvent > 

yielded 6-methyl-1,3-diphenacyl-1,3,5-triazin-2 »4(1H,3H)- 

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

3-Phenacyl-7-phenylpyrrolo [:.2-a] [: AS} 5] triazin-2 ,4(1H,3H)- 

dione (140 ) 

6-Methy1-1,3-diphenacy1-1,3,5-triazin-2,4(1H,3H)-dione 

(O.1g) and acetic acid Gem) were refluxed for 15h and then 

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

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

[Founa: C,67.75 H,4.9; N,11.6%5 M'(-HH,0), 345.111598. 
A CooHty 5N30,%H,0 

requires C568.15 054.63 N19 7, M(-3H,0), 345.111334) 

, 1740 and 1685(C=0), 1640(C=C)cm™, max.
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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(16g), 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- 

192° (ite 1819) (ecom ethane) ye 
+ 

(Found: Ms 2712079377. Cy oy 3N 3% 

requires vt, 271.080427). 

ee 1760(C=0, amide), 1720(C=0 , ester), 

1640 (C=C )em™* 

+(CDC1,) 8.70[ 6H,t,J=7H2, (coocH, CH, )p |, 5.75[ 41,4, 

J=THz,COO0H, CH, )y | 1.18(1H, broad s,3-NH)*, 

-2.22(2H, broad s, 1- and 5-NH)*, 

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

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

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

  

(1.4g) 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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(iLi)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-Benzy1-6(1H)-dicarbethoxymethylene-1,3,5-triazin-2,4 

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

Potassium hydroxide (0.28g), in the minimum of ethanol, 

was added to a solution of Sapo aethasyuathy lene’lg 3y$-tedes ine 

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 (Gen ye 

After 12h the mixture was poured into water (1o0em?) to 

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

m.p. 135-136° (from ethanol). 

(Found: C,56.2; H,5.33; N,11.7%3 M’, 361.129259. 

Cr 719N3%6 
requires 556.55 H, 5.35 N,11.64; M, 361.127575).. 

ve 1745(C=0, amide) 1705(C=0, ester), 

z 
1645(C=C)em ~. 

+ (CDCL,) 8.70| 6H, ¢,J=7iz, (COOCH, CH, |, 

5.76[411,q,J-7Hz,, (GOOCH, CH, ), |, 

5.03(2H,8 3-CH) CH, 

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

CoH), 2.68(5H,m,3-CH, C,H.)
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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 bengy | -6carbethoxyuatiy iene 

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. 

2,4,6(1H, 3H, 5H)-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, colourless needles, m.p. 182-183° (from ethanol). 

vied 1680(C=0), 1605(G=C)em™>, 

*(cDC1, ) 8 .63[18H,¢ ,J=7Hz, (coon, CH, ), |, 

5 .66{ 1211,q,3=7Hz : (coocH, CH). | E 

-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 method used for the 

preparation of 6(1H)-dicarbethoxymethylene-1,3,5-triazin- 

2,4-dione, but using two equivalents of sodium diethyl.malo- 

nate, or by the method of Reynolds, Berner & Bogewei te! 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 Nagy + , colourless 

solid, infusible. 

ee 3350 and 3160(N-H), 1700(c=0)cm™!. 

<(CF,COOH) 6.86(4H,s,CH,CH,OH), 2.5(2H,broad s,NH,). 3 a) eo 

3-(2,4-diamino-1,3, 5-triazin-6-yl) propionitrile (141) 

This was prepared by the method of American Cyanamid Cone 

colourless needles, m.p. 246-248° (lit., 247-248°) (from 

methanol). 

Dew 3500, 3400, 3350, and 3100(N-H), 2250(C=N)em™>, 

*(CF.,COOH) 6.88 (4H sm, CH) CH, CN) , 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 Thurston noes 

colourless plates, m.p. 185-186° (lit., 184-185°) (from 

ethanol).
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3350 and 3150(N-H), 1710(C=0)em™?, v 
max, 

+ (CF,COOH) 7,56(3H,8,-CH,CH,COCH,), 6.79(4H,m,-CH,CH,COCH,), 
2 i eD. 

2.25(4H, broad s,2- and 4&-NHy). 

Attempted synthesis of 2,4-diaminopyrroto[1,2-a |[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 (en) 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 sodiun carbonate. 

No organic material could be extracted from the aqueous 

solution. 

(ii) 3-(2,4-diamino-1,3,5-triazin-6-yl) pron tanie acid 

(0.5g), acetic anhydride (40cm?) 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) propionic 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-triantnopyrroto[i,2-a ][1,3,5] 

triazine (144 

2-(2,4-diamino-1,3,5-triazin-6-yl) propionitrile (0.5g) 

and acetic anhydride (Sem?) were refluxed for lh to yield 

2-(2,4-diacetamido-1,3,5-triazin-6-yl) propionitrile, 

(0.7g, 94%), colourless needles, m.p. 214-216° (from methanol). 

vie 3400 and 3330(N-H), 2250(C:N) cm! 

+ (CF,COOH) 7.45(6H,8,2- and 4-NHCOCH,) 5.8 

6.6(2H,m,6-CH,CH,CN), 6-9(2H,m,6-CH,CH,CN). 
2 

The same product was obtained when the refluxing time 

was extended to 60h. 

  

Attempted synthesis of 2 ,4~diamino-6-nethylpyrrolo|1,2-a | 

[1.3.5] extazine (146) 

(i) 2:(2,4-diamino-1,3,5-triazin-6-yl)propan-2-one (0.15g) 

and polyphosphoric acid (1.5g) 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. 

(ii) The above reaction was repeated with ethyl polyphosphoric 

acid but afforded no identifiable products. 

(411) AC Gold selina 44 Ss eet nd ieee y Pyprepar st one (0.5g) 

and acetic anhydride (25am?) were heated under reflux for 

12h. No identified products were isolated.



2-Amino-3 ,4-diphenylpyrrole (156 

w-Aminoacetophenone hydrochloride (2.57g) in ethanol 

(70%, 30cm) was added dropwise over 15 min to a mixture 

of benzyleyanide (2.34g) and sodium hydroxide (1.1g) which 

was stirred and vigorously refluxed in ethanol (70%, Boca 

The mixture was refluxed for a further 0.5h after the 

addition was completed then quickly cooled and poured onto 

crushed ice. The precipitate was filtered and washed well 

with water to yield the aminopyrrole (1.45g 42%), colourless 

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

(Found: €,81.8; H,12.1; N,6.0%; M” 234.114782 Cy gly Ny 

requires G,82.12 H,12.0; N,6.0%; M 234.115693).. 

3420 and 3220(N-H), 1605(C=C)em™.. v 
max. 

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

This was prepared by the above method from G)-amino 

acetophenone hydrochloride and malononitrile, (58%), grey 

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

quotes m.p. 172-174) 

ee 3380 and 3250(N-H), 2200(C=N), 1640(C=C), 

T600(C=C ems, 

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 q)-aminoacetophenone 

hydrochloride and ethylcyanoacetate. 2,5-Diphenyl-1,4- 

dihydropyrazine was the only product isolated. 

8-Cyano-3-nethyl-7-phenylpyrrolo|1,2-a][1,3,5] triazin-2,4 

(1H,3H)-dione (161 

2-Amino-3-cyano-4-phenylpyrrole (1.83g), methyl 

isocyanate (1.2g), and dry pyridine Cte 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; 1,4.23 N,21.0%; mM 266.079989. 

AVA) er) 
requires C,63n29 H,3'.830N,21.1%3 M 266.080370). 

dues 3400(N-H), 2250(C=N), 1740 and 1680(C=0), 

1640(C=C)em™>, 

No suitable Bo lvene 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° (£rom light petroleum).
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8-Gyano-3-ethyl-7-phenylpyrrole[1,2~a][1,3,5] rriazin-2,,4 

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

Ethyl isocyanate (1.5g), 2-amino-3-cyano-4-phenylpyrrole 

(1.83g), and dry pyridine (10cm?) were refluxed together for 

15h. Removal of the pyridine under reduced pressure and 

trituration of the resulting oil with chloroform gave the 

pyrrolotriazine (0.4g, 14.5%). Recrystallisation from 

methanol gave green needles (0.25g, 9%), m.p. 292-294°, 

concentration of the solution afforded a second crop of 

colourless needles (0.15g, 5.5%), m.p. 291-29309 

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%3 vit 280.095719. 

(colourless needles) C,64.0; H,4.5; N,20.1%3 M ,280.095167. 

SEL) 
requires C,64.0; H,4.3; N,20.0%; M,380.096019 

rel (green needles) 3140(N-H), 2225(C&N),1755 and 1710(C=0), 

1640(c=C)em™, 

(colourless needles) 3130(N-H), 2250(C=N), 1740 and 1695(C=0), 

1630(c=c)em™), 

7 [cD »80] (dimethy1sulphoxide , 7.38, 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-C,H,), 2.32(1H,s,6-H).
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8~Cyano-3 ,7-diphenylpyrroto[1,2-a |[1,3,5] triazin-2,4(1H,3H)- 

dione (163) 

2-Amino-3-cyano-4-phenylpyrrole (0.58g) and phenyl 

isocyanate (1-0g),in dry pyridine (len) were heated under 

reflux for 3h. Removal of the pyridine under reduced pressure 

and trituration of the oily brown solid obtained with 

chloroform yielded diphenylurea (0.6g),as colourless needles, 

m.p. 242 -243° (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,66.1; H,3.73 N,16.2%3 vw (-1,0), 328.09471. 

Cig Ny 29 Hy? 
requires €366.05 Hj54.0: N16 .2%3 M(-H,0), 328 096019] . 

via 3400(N-H), 2250(C=N), 1745 and 1690(C=0), 

1640(C=C)em™!. 

3 ,7,8-Teiphenylpyrroto[1,2-a ][1,3,5] triazin-2 ,4(1H,3H)-dione( 164) 

2-Amino-3 ,4-diphenylpyrrole (0.47g) and phenyl 

isocyanate (0.96g) were refluxed in dry pyridine solution 

(locm?) for 3h. Removal of the pyridine under reduced 

pressure gave a brown oil which yielded diphenylurea, 

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

0) 135 
237-2375) 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 (0.08, 

10.5%), colourless solid, m.p. Piet 

4. t 
[Found M , 379. M (-PhNCO), 260.095294. C4 Hy 7N40p - 

requires M, 379. M(-PhNCO), 260.094958| . 

vee 3350(N-H), 1700 and 1660(C=0), 1595(C=C)em™/, 

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

proton could not be distinguished in the aromatic multiplet. 

*(CDC1, ) 3.0[m, (Celts), spysxolic-H]. 

1-Pheny1-3-(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 (oem?) 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,71.5; H,4.8; N,18.5%; M, 302. C, gil, ,N,0 

requires C, 71.253 1,463 Ni1825%2. M, 302). 

1 vee 3400(N-H), 2250(C=N), 1700(C=0), 1640(C=C)em ~~. 

1-Pheny1-3-(3,4-diphenyl pyrrol —2-yl)urea (166) 

2-Amino-3,4-diphenylpyrrole (0.23g), phenyl teneyaries 

(0.13g) and dry benzene (oem?) 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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[Founa: C,76.33 H,5.8; N,11.2%; M'(-H,0), 353.153147. 
a Cy gl gN40- Zp 

requires C,76.25 H,5.53; N,11.6%; M (-H,0), 353.152804| = 

0 

ws 3300(N-H), 1660(c=0)em™>, 

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

2-Amino-3 ,4-diphenylpyrrole (0.23g) in a little ethanol 

was added to water (Gea) containing potassium cyanate (0.08g) 

and concentrated hydrochloric acid (Olen) and the resultant 

mixture stirred for 2h at room temperature to yield the: 

pyrrolylurea,m.p. 149-151°, colourless needles, (from 

ethanol). 

ate 
(Found: M 5277'.121682:2 47H, N30 

requires My 2h ole 1505) 5 

tas 3450,3400 and 3220(N-H), 1660(C=0)em™>, 

Synthesis of 8-cyano-3,7-diphenylpyrrolo(1,2~a |[1,3,5] ertazin~ 

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

2-yl)urea (165) 

The pyrrolylurea (0.6g), phenyl isocyanate (0.25g), and 

: dry pyridine (oem) 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 uote de rhe 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 Rye value to the authentic sample. 

A third product (0.005g), 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-a ][1,3,5] 

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 Coen) 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 1-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 dry benzene (20em?) 

(or petroleum ether). After 4h A quantitative yield of the 

starting material was recovered. 

(ii) 2-Amino-3-cyano-4-phenylpyrrole (0.58g), ethyl isocyanate 

(0.22g) and pyridine (1ocm*) 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 (1ocm”) were heated under 

reflux for 2h. Removal of the pyridine under reduced 

preseune gave a brown tar which, after being triturated 

with chloroform, afforded deel ates (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-ethyl-7,8-diphenylpyrrolo(1,2-a][1,3,5]   

‘ triazin-2,4(1H,3H)-dione 

2-Amino-3 ,4-diphenylpyrrole (1.17g), ethyl isocyanate 

(0.89¢), and dry pyridine Gin) were refluxed for 16h, then 

cooled to yield 1-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: BM 5 305.153372)). Cy Hy N40 

requires M, 305.152804). 

y 1660(C=0)em!, 
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. CoH {N30 

requires M, 319.168453. 

+ 

Found: MS 319 ..132921, Cy gy 7830 

requires M, 319.132069). 

These compounds were not separated. 

The n.m.r. spectrum of the mixture was only poorly 

Veco but indicated the presence of an ethyl grouping and 

two phenyl moieties. ; 

An identical. mixture of compounds was obtained from an 

attempted preparation of 1-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. 

i Yasake 3300(N-H), 1695(C=0)cm™
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1-Acety1~-3-(3,4-diphenylpyrrol-2-yl)urea (174) 

2-Amino-3 ,4-diphenylpyrrole (0.48g), pyridine (Sem), 

and acetylurea (0.21g) were refluxed for 2h. After removal 

of the solvent under reduced pressure the remaining oily 

brown solid was washed with chloroform to give the 

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

249° decomp. (from methanol). 

aie (Geande €,71.1; H,5.33 N,13.2%5 MY 319. C,H, 530, 

requires C,71<93 H,5.33 Ny13.2%; M319). 

aa 3300(N-H), 1710 and 1670(c=0)em™!, 

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 (oem) 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 recovered 

from the chloroform washings. 

: 1-(4-Nitrobenzoyl)-3-(3,4-diphenylpyrrol-2-yl)urea CLT 5y! 

2-Amino~-3 ,4-diphenylpyrrole (0.88g), p-nitrobenzoylurea 

(1.0g), and pyridine (oem) 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). 

. . Be 1 (Found: C,65.95 54.5: N, 2.9% Co My gN,0, «2H 0 

requires G,66.2 5° H,4.4% N,12 9%). 

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

1530 and 1350(NO, Jem”. 

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

diphenyl pyrrol-2-yl)urea 

The following methods gave only unchanged starting 

material: 

(i) The pyrrole (0.19g) was stirred in dichloromethane 

(10cm?) with triethylamine ©.05g) for 20h. 

(ii) The pyrrolylurea (0.21g), diethylaniline (0.075g), and 

xylene (Sem?) were refluxed together for 3.5h. 

(iii) Polyphosphoric acid and the pyrrolylurea were stirred 

together for several hours. 

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

1-(4-Nitrobenzoy1)-3-(3,4-diphenylpyrrol-2-yl)urea 

(0.1g) and triethylamine (0.04g) were heated together oe 

' 0.5h in acetic anhydride (Sono) 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 

Cooly gNn% 
requires C5/5.55 H,5:75 N58.8%3 Ma 318.136023). 

a 3300(N-H), 1725 and 1705(c=0)em™!. 

*{ (cv,),89] 6.23{ 6H,s , (OCH), |, 2.24(11H,m,3- and 4- 

CoH, and 6-H). 

Synthesis of 7,8-diphenylpyrrolo(1,2-a][1,3,5]eriazin- 

2,4(1H,3H)-dione (179) 

2-Amino-3 ,4-diphenylpyrrole (0.47g), biuret (0.21g), 

and pyridine Gen) 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 (0.578, 94%) 

m.p. 303-305° decomp. , 

No suitable solvent was available for recrystallisation 

of the product. 

Spectroscopic evidence showed this compound to be impure. 

ote 
(Found: M , 303 .101349), C1 gH, N50, 

requires M,,_303:.100770). 

ae 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 @Sem) was warmed on a steam bath for 0.5h and the 

solution cooled to yeild the pyrrolylamide, (0.32g, S27)
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pale grey plates, m.p. 286-288° (1it., 290°)!°, (rom 

methanol). 

eye 3320(N-H), 2250(C=N), 1670(C=0), 1620(C=C)cm™!, 

The pyrrolylamide was recovered unchanged after being 

heated with formamide in refluxing pyridine for periods of up 

to 24h. 

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

5,6-Dimethy1-3-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 rapidly on contact with warm 

organic solvents to give dark green/red florescent solutions 

accompanied by release of methyl mercaptan. Concentration 

of these solutions gave only dark green intractable tars. 

(Found: Caz B5 ortigd. bs. N 3 69. ClHy N38 

requires €,28.3; H,4.03 N514.12). 

(D,0) 7 .33(3H,8 ,5-CH,), 7.16(3H,s,6-CH,), 

7.10(3H,s ,SCH,), 5.58(3H,s ,2-CH,). 

* The reaction mixture immediately turned dark green on 

contact with air. 

When acetone or dimethylformamide was used as a solvent 

for the above reaction poorer yields (4%-24%) 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-Dimethy1-3-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: Cs44.n3 H,4.45 N,12.7. Cy Hy, Ng 

requires C544 .03 H,4 .35 Ni, 12.8%). 

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-Amiho-5,6-dimethyl-1,2,4-triazine (0.62g) and 

methyl iodide (1.3g) were heated under reflux in methanol 

(60cm?) 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: Gy eie StH 54. 2s NGA 0; CoH, IN, 

requires C27. 1s BoA ls N21 317). 

-1 
Waa 3300, 3200(N-H)cm ~. 

7 (D,0) 7.32(6H,s,3- and 4-CH,), 5.78(3H,s,1-CH,). 

Further concentration of the methanolic solution 

afforded a dark orange oil, which, on standing, decomposed 

to give an oil 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, i 

Attempted synthesis of 1, 5 —dimethy1-6-methylene-3- 

methylthio-1,2,4-triazine 

To 1,5,6-trimethyl-3-methylthio-1,2,4-triazinium qodide 

(0.2g) in a vigorously stirred mixture of water and carbon 

tetrachloride, was added 0.1N NaOH ene 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 Gem carbon tetrachloride (oem ye and 

benzoyl chloride (0.17g) were vigorously stirred under an 

atmosphere of nitrogen whilst 0.1N NaOH (oem) was added. 

The carbon 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 Case colourless 

needles, m.p. 210° (1it., 212°). 

-1 1 1720 and 1675 (C=O)cem 

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

dione with: 

(i) Methyl iodide 

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

methyl iodide (0.65g) were stirred in dimethylformamide eben)
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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 (60cm) for /2h. 

Starting materials were recovered in quantitative yield. 

(iii) Ethyl bromopyruvate 

6-Methyl-1,2,4-triazindione (0.76g), ethyl bromopyruvate 

(0.6g) and ethanol (80cm?) were heated under reflux for 50h. 

Concentration of the mixture afforded a quantitative recovery 

of the starting material. 

2,3-Dimethy1-6-phenylimidazo(1,2-b]| 1,2,4] triazine (194) 

3-Amino-5,6-dimethyl-1,2,4-triazine (1g), phenacyl 

bromide (1.6g), and sodium bicarbonate (1.0g) were heated 

under reflux in methanol (oem) for Ih. The mixture was 

then concentrated and the yellow precipitate collected, 

digested with a mixture of ethanol and ether (1:1) and the 

insoluble inorganic material removed by filtration. Removal 

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

yellow needles, m.p. 215-216° (1it., 213) 

= st 
(Found: C,69.43°H, 5.5: Nj 24287; M, 224 Cig Hy oN, 

requires C,69.6; H,5.4; N,25.0%; M,224). 

(CDC1, ) 7.50(3H,s ,2-CH3), 7.44(3H,8,3-CH,), 

2.67(3H,m,6-Ph,m-and p-protons),
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2.01(2H,m,6-Ph,o-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 (Mgs0,,) and the 

solvent removed to give the free base. 

  

Diethyl~4-methylimidazo| 1,2-b] pyrroto{ 2" 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 

(soem) for lh. 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 (Mgso, ) . Renee! of the solvent gave the 

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

(from ethanol). 

eae (Found: C,56.7; H,5.1; NI7.7%3 M’, 316.117146. C, .H, .N,O, 

requires 56.93; H,5.13 N,17.7%3 M, 316.117106). 

ee 1710(C=0), 1615(C=N), 1575(C=C)em™) 

(CDC1, ) 8 .60(3H,t,J=7Hz, 2-COOCH, CH, ), 

8.58(3H,t,J=7Hz, 7-COOCH, CH, ), 

7.43(3H,8 ,4-CH,), 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, Me
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1-H), 2.03(1H,s,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 (20cm?) at room 

temperature was added ethyl bromopyruvate (1g). Fumes of 

HBr were immediately produced. After stirring for 12h the 

precipitated tricycle was separated by filtration (0.12¢, 

15.27% 

1,2,3-Beimethyl-6-phenylimidazo[1,2-b]| 1,2,4] triazinium todide 

6-Phenyl-2,3-dimethylimidazo|1,2,4] triazine (0.12g) and 

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

Concentration of the mixture afforded the starting material 

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

gave the methiodide, (0.02g, 10%), yellow needles, m.p. 250- 

piste decomp.(from methanol-ether). 

(Found: C4495 Hy4e DS NS ke « H, IN wy 0 
CIS ae 

requires Gy44.83, Hj 4.45 N14 92): 

  Attempted synthesis of 4-methyl-2,7-diphenylpyrrolo[2,1-£ | 

imidazo|1",2'-b | 1,2,4] triazine(208) 

3-Amino-5,6-dimethyl-1,2,4-triazine (1g), phenacyl 

bromide (3g), sodium bicarbonate (2g), and methanol (50cm?)
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were heated under reflux for 1.5h. The inorganic material 

was separated and the mixture concentrated to afford 2,3- 

dimethy1-6-phenylimidaze| 1,2-b |[1,2,4 Jertazine (0.83g, 46%). 

The remaining oil 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.-6-phenylimidazo[1,2-] 

[1.2.4] triazine with ethyl bromopyruvate 

(i) The imidazotriazine (0.45g), ethyl bromopyruvate (0.4g), 

and ethanol were heated under reflux for 6h and the mixture 

cooled to afford 2,3-dimethy1-6-phenylimidazo| 1,2-b]| 1,2,4| 

triazine hydrobromide (0.07g, 11.5%), identical!with an 

authentic sample. Concentration of the remaining mixture 

gave the peeeaeced 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 whack reflux 

in ethanol (50cm?) for th. 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 

« —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 temperature. 

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 steam 

bath. 

(c) 5,6-Dimethy1-5-methylthio-1,2,4-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 15h. 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 (0.622) 

in acetone (20cm?) 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. 

Attempted synthesis of ethyl 1-methyl-3-phenyipyrrolo[2,1-£] 

[2.2.4] triazine-7-carboxylate (210) 

(i) 5,6-Dimethy1-3-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 50% 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-dimethy1-3-phenyl- 

1,2 ,4-triazine (0.38g) were shaken for lh to give a deep 

blue oil, 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 

(oem) 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-dimethy-7-phenylpyrrolo|2, 1-£] 

[1.2.4] triazine (213) 

(i) 5,6-Dimethyl-3-phenyl-1,2,4-triazine (0.18g) and phenacyl 

  

iodide (0.25g) were refluxed in acetone (oem?) 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 (0.18¢) and 

phenacyl iodide (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-diphenytpyrroto| 1,2-b | 

[1,2,4] triazine-6-carboxylate (218) 

(i) 3-Methy1-5,6-diphenyl-1,2,4-triazine (0.25g), ethyl 

bromopyruvate (0.2g) and ethanol (sens) were refluxed for 

15h, and the solvent then removed. ie tdea thon of the 

resultant oil with chloroform gave 3-methy1-5,6-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. 

«(CDC1, ) 8.73(3H,m,COOCH,CH,), 5.83(2H,m,COOCH,CH,), 

2.67(12H,m,2- and 3-CeHe and pyrrolic-H's). 

The reaction was repeated using two molecules of the
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base to one of the ewhalogeno-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 product obtained was 3-methyl-5,6-diphenyl-1,2,4- 

triazine. 

Attempted synthesis of 2,3,7-triphenylpyrrolo[1,2-b] 1,24] 

triazine (217 

(i) 3-Methy1-5,6-diphenyl-1,2,4-triazine (0.25g), phenacyl — 

bromide, and methanol Gigene) were heated under reflux for 

20h. Removal of the soivent 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 (Rye 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 oil, which was not
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identified. 

-1 ee 2250(C=N), 1695(C=O)em ~. 

*(CDC1, ) 3.0(s), 2.8(d,J=2Hz), 2.65(d,J=2Hz), 2.5(s), 

2.18(d,J=3Hz). 

(ii) 3-Methy1-5,6-diphenyl-1,2,4-triazine (0.5g), phenacyl 

bromide (0.4g), sodium bicarbonate (0.2g), and methanol (30cm?) 

were refluxed together for 15h. A quantitative peeodaey of 

the starting material was obtained.
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MASS SPECTRAL TABLES 
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1,3,5-Triazin-2,4(1H,3H)-dione (76) 

m/e 

IZ 

m/e 

7, 

m* 

Accurate mass measurement: 

n/e 

85 

1130") 85 

100 10 

Al 32 

17 9 

64(113— 85). 

Found 

85 .028001 

70 

70 

29 

ays 

69 

Li 

28 

19 

Empirical Formula 

Sones 

45 

4 

0 

44 

2D 

6-Methyl-1,3,5-triazin-2,4(1H,3H)-dione (72) 

128 ©: 127(M) 110 m/e 

1% 

n/e 

17 

n/e 

IZ 

m* 

6 St 

63 56 

3: 6 

41 40 

16 14 

55.6(127—4 84). 

6 

55 

4 

By) 

6 

85 

4 

54 

4 

38 

4 

84 

41 

53 

6 

ao 

70 

8 

44 

11 

28 

Lt 

{SMeease 

59 13, 

Required 

85.027610 

69 64 

40 4 

43 42 

22 100 

ee 26 

i? 4 

1,3,5-Triazin«2 ,4(1H,3H)-diones and related compounds
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6-Phenyl-1,3,5-triazin-2,4(1H,3H)-dione (73) 

m/e 190 189(ti") 188 147 146 131 130 118 

1% 9 70 1s 4 23 5, 53 4 

m/e 105 104 103 102 91 78 77 76 

IZ. 9 100 49 es 3. 8 67 38 

m/e 75 74 70 69 64 63 62 52 

1% ibe, 8 7 LS: 5 8 5 18 

n/e bE 50 44 43 42 40 69) 

1% DS +35. 10 29) 6 4 19 

mt 116(146— 130), 112.5(189— 146), 74(146— 104), 

57(104—9 77). 
Accurate mass measurement: 

m/e Found Empirical Formula Required 

130. 130.029531 CoH, NO 130029287 

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

m/e 204 203 (ni") 202 201 160 159 133 132 

I% id 38 100 3 3 10 B) Zo 

m/e Lod 129) 118 117 116 92 oF, 90 

1% 5 20 10 38 12 1S 43 18 

m/e 89 86 78 77 70 69 66 65 

1% 13 3 3 10 in 25 ae 18 

m/e 64 63 62 52 51 50 44, 43 

1% 5 10 5 5 we, 7 2 18 

n/e 42 41 40 39 38 36 32 28 

1% 3 a 3 15 3 12 8 30 

ray



178 

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 Cy lo, 203 .69472 

132(a) 132 .045054 CH NO 132 .044936 

132(b) 132 .068502 CoHAN, 132 .068745 

The ratio of 132(a) to 132(b) is ca? 521 

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) 

m/e 203 202 194 170 lz 160 159 155 

ald 3 19 4 8.5 5 11 5 8 

nfe 154 153 152 151135 134 133 132 

1% 8 4 25 3 15 63 3 17 

m/e 128 127 126 1255016 107 99 98 

1% Z 33 23 100 10 3 11 3 

m/e 92 91 90 89 88 87 86 83 

1% 26 69 26 43 3 4 28 3 

m/e 77 76 1 74 73 70 69 65 

1% 5 3 6 3 6 5 10 Z 

m/e 64 63 62 61 56 55 51 50 

1% 6 26 11 4 16 3 lL 9 

m/e 45 44 43 42 4l 40 39 38 

1% 5) 37 oe 8 S S aL 5
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m/e 36 32 23 28 

1% 11 9 9 43 

m* 89(202—4 134). 

Accurate mass measurements on selected ions: 

n/e Found Empirical Formula Required 

202 202 .062538 Cy oHgN 40, 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) 

m/e 156 155(M‘) 99 98 97 83 70. 58 

1% Go on. (eS 50, ene 8 8 

m/e 57 SG oe Shea 4 28° a] 

1% 7 100 11 ic RM sae eye ee hee 

mt 104.1(155—> 127), 100.9(155—> 125), 62(155—9 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 «184 =< 183.Ss«a157,Ss«156. 155 

1% 7 8 51 8 5 8 4 9 

m/e 130 120 Peet Bi TOG mt 5s 18 0103) 4 2102 101 

Ih 7 8 4 SOO eer S 24 4 

m/e 82 80 78 eh ei 75 70 56 

1%, 4 5 5 37 5 4 4 11 

n/e 51 50 43 42 39 

I% 16 ae 4 4 4 

me 149(227—> 184), 56.5(105— 77). 

Accurate mass measurement on selected ions: 

n/e Found Empirical Formula Required 

227 227068941 Cy HNO, 227 .069472 

6-Methy1-1,3-diphenacyl-1,3,5-triazin-2 ,4(1H,3H)-dione (335), 

m/e 363(M") 345 227 184 161 156 154 118 

1% 50.5 3 16 4 3 3 4 4 

m/e 106 LOS 102 78 Ue 56 51 44 

1% 9 100 10 5 37 10 13 16 

n/e 38 36 32 28 

1% S 6 5 28 

m* 56.6(105—9 77), 149(227—+ 184).
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3-Phenacyl-7-phenylpyrrolo [1.2-a][1,3,5] extenin-2,4 (11,3H)- 

dione (140 

me 246. 345 1287 928 9997-185 184 “483 

Th ieee 6 ete Fedo fA 10 

ti/e eu Bi @egl 69 Sh157 mM IGeR ss) i152 150 130 

1% 6 4 8 ce s8 4 6 4 

m/e 129 128 120 108 107 106 105 104 

a 6 4 6 6 4 10 66 4 

m/e 103 102 91 78 ta 51 50 44 

1% 4 12 4 6 26h ee 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 Cy Hy N30, 345.111334 

1,3,5-Triazin-2 ,4,6(1H,3H,5H)-trione 

m/e 130 129 (ni) 87 86 70 64 44 43 

1% 3 96 3) 23) 13 8 96 100 

m/e 42 39 38 36 31 30 ee 28 

1% 10 4 5 16 7 7 tS 2) 

mi 57.30 129-986).
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6(1H)-Dicarbethoxymethylene-1,3,5-triazin-2 ,4(3H, 5H)-dione(93 

m/e 272 271(M') 227 226 225 201 200 ~~ 199 

ie ue) 4 26 8 4 34 8 

m/e 182 181 180) L7L eS oo 154 153 mae 99 

7, 10 4 10 20 6 28 22 4 

m/e 128° 127 112 Te Slay) 94 87 85 

a 6 44 8 6 18 4 6 6 

m/e 70 69 68 67 65 55 54 53 

1% 12 20 40 20 4 6 4 4 

m/e 46 45 44 43 42 41 40 39 

I% 123 24 24 12 8 12 8 

n/e S130 29 28 27 26 

I% 54 4 100 40 48 8 

m* 146(271—> 199), 147(199—> 291), 80.9(199—> 127), 

19. 2(199-> 154). 

Accurate mass measurement on selected ion: 

n/e Found Empirical Formula Required 

271 214 O09387 7 271.080427 iors 3¢6 

2,4,6(1H, 3H, 5H)-Tris(dicarbethoxymethylene)-1,3,5-triazin(94) 

m/e, 6/463) “4620 943755 416mm 411 9350 = ag 372 

17 3 Fs 4 7 3 6 13 6 

mie) 365. 346 345° 320. 293. 2740599735 aoa7, 

1% 12 8 28 18 4 5 14 19 

meee eoo8 9227 = .9020 201 | 175m dos ee Goes 

1% 3 Ge 4 10 4 6 3 3
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m/e L12. 105 94 93 78 69 68 63 

1% 3 3 10 19 4 6 24 7 

m/e 46 45 44 43 42 41 31 30 

1% Toes Sila 6) neaTS 5 3. 100 7 

m/e we UpeGaeeceerinen7 © 596 

1% Seopa ee eeSo ey 10 

m* 330(463—7 391), 305(391—9 345), 262(391—9 320), 

233(320-3 2730s 21 6(345—91273))so 191 (247 —> 320), 

148(273— 201). 

3-Benzy1l-6(1H)-dicarbethoxymethylene-1,3,5-triazin-2,4(3H, 5H)- 

dione (95 

in/e 362 361 317 316 270 243 -240 183 

I% 2 8 7 22 9 5 3 8 

meus 61705 © 1335ar1s2eye0on-e e105) | 104 92 91 

1% 3, 8 12 3 4 4 6 64 

m/e 78 77 70 69 68 67 65 51 

Ih 3 7 3 5 7 3 9 5 

m/e 46 45 44 43 42 41 40 Bo 

1% 7 20 8 8 3 4 3 5 

n/e Ba 30 29 28 27 26 

Ih 100 3 28 16 16 3 

mi 276 .2(361— 316), 229(361—9 270), 230.5(316—> 270). 

Accurate mass measurements on selected ions: 

m/e Found Empirical Formula Required 

361 361 -129259 861.127375 CTPHIgN3s¢ 6
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2,4-Dimethoxy-6-methyl-1,3,5-triazine (123) 

m/e 156 155(M) 154 141 126 125 LED 110 

I% 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 aes 56 55 54 

1% Ply) 3 3h 10 63 5 4 

m/e 53 43 42 41 40 39 30 29 

I% 5 5 100 1S: Beet 4 5 4 

m/e 2827 

1% 22 8 

ot 100.8(155—4 125), 96.8(125—> 110), 56.5(125—> 84), 

56.5(84— 69), 25.1(125— 56). 

2-Methy1-4 ,6-diphenoxy-1,3,5-triazine (124) 

n/e 279(M") 278 186 185 169 1683 6h 160 

if 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 lL 3 

m/e 92 78 77 76 70 67 66 65 

1% 4 8 93 4 8 11 4 21 

n/e 64 63 59 57 56 52 51 50 

1, 3 4 5 5 7 3 ees 70 8 

m/e 43 42 41 40 38 32 28 27 

I% Z 9 7 5 4 6 Ow 8
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m* 278(279-> 278), 113.6(185—> 145), 113(186—> 145), 

OT 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 CoH.NoO 145 .040185 

169 169 .089030 Cy 5H, 4N 169 .089145 

118 118 .065738 CoHgN 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-diphenylpyrrole (156) 

m/e 235 234(M") 233 232 231 204 206 149 

1% 19 100 20 58 5 5 a lo 

n/e 19. 130 129 128 Ay, 116 104 103 

1% 4 3 5 5 10 1 Bre te 

m/e 102 ne 76 75 74 Ue 71 70 

HY, Gig GUR 12 4 4 7 es 3 

m/e 69 64 60 57 56 55) 52 51 

Te 5 5 12 1o 4 8 7 1o 

m/e 45 44 43 41 39 32 31 29 

lia 5 epettt  At 8 7 10 8 7
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m/e 28 27 

Lh 46 8 

m* 230(234—> 232)) 

Accurate mass measurement on selected ion: 

n/e Found Empirical Formula Required 

234 234.114551 234 .115693 NGSURD 

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

n/e 277%") 261 260 234 233 232 231 204 

One 13 59 13 19 95 et 8 

m/e 130 129 116 1t5 105 = 104 103 102 

Me 6 11 6 4 4 6 18 100 

m/e 101 78 77 76 75 74 63 50 

1A 4 4 15 15 8 4 6 & 

n/e 52 51 50 44 43 42 39 32 

Ly 8 13 8 8 4h 10 6 4 

m/e 29 28 27 

1% 6 23 8 

m* 207(260— 232). 

Accurate mass measurement on selected ion: 

n/e Found Empirical Formula Required 

207 277 .121682 C1 7H) 5N30 2775121505
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1-Pheny1-3-(3 ,4-diphenylpyrrol-2-yl)urea (166) 

m/e 353(M") 260 235 234 223 130 120 119. 

1% I; 8 4 16 3 8 3 23 

m/e 102 94 - 93 92 91 78 Td. 76 

1% U 7 100 14 19 6 aL 5 

m/e 67 66 65 64 63 62 CooL 60 

1% 14 64032 a2 22 12 6 4 

m/e 54 53 52 ot 50 49 44 48 

1% Lg 3 14 18 12) 5 16 4 

m/e 42 4l 40 39 38 37 28 27 

1% a 14 26 50 34 16 27 14 

m* 155(353—> 234), 46.8(093=9 66). 

Accurate mass measurement on selected ion: 

m/e Found Empirical Formula Required 

353 353..153147 Cy Hy N40 353 .152804 

1-Ethy1-3-(3 ,4-diphenylpyrrol-2-yl)urea (167) 

m/e 305 (ai) 261 260 235 234 204 130 129 

1% 18 10 52 cE 6 5 U5 Z 

m/e 128 11? 116 115 105 104 103 102 

1% 3 3 B 4 2 i 8 30 

m/e 78 CE 76 71 63 56 52 Sr 

1% 4 14 6 4 3 6 4 8 

m/e 50 45 44 43 42 41 40 39 

1% 4 24 28 5 10 6 5 5
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m/e 31 30 29 28 257) 26 

1% 5 100 2 21 16 6 

m* 179 .59( 305-7 234), "207 (260—> 232). 

Accurate mass measurement on selected ion: 

m/e Found Empirical Formula Required 

30505 * 305.153371 Cy gH gN30 + 305.152804 

1-Acety1-3-(3,4-diphenylpyrrol-2-yl)urea (174) 

n/e 319 (a) 261 260 235 234 233 232 231 

ie 8 20 100 15 76 11 9 9 

m/e 207 205 130 129 128 117 116 5 

1% 5 8 20 9 6 6 6 5 

m/e 104 103 102 85 Le. 76 70 59. 

1% 8 9 28 6 14 5 15 22 

m/e 57 51 50 44 43 42 41 39 

ie 6 6 6 20 55 12 5 5 

n/e 28 27 

1% 9 5 

mv 212(319—> 260). 

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

m/e 261 260 234 232 230 204 167 166 

1% 20 100 9) at 10 6 3 3D 

m/e UST 150 130 129 120 115 104 102 

1% 4 50 9 9 3 4 19 30



m/e 92 77 76 

1% 6 10 12 

n/e 4h 28 

17 4 6 

m*. 135.5(166—» 150). 

Accurate mass measurement on selected ion: 

m/e Found 

260 260 .095550 

189 

75 65 

Empirical Formula 

STI 

1-Pheny1-3-(3-cyano-4-phenylpyrrol-2-yl)urea (165) 
  

m/e 302(M') 210 209 

i 2 6 39 

m/e 127 120. »=-:119 

Ie 6. 3 29 

m/e 78 77 67 

Is 9 Z 4 

m/e 52 51 50 

1% 4 9 7 

m/e 38 32 28 

ily 6 7 4 

m* 46 .8(93— 66). 

184 

3 

102 

66 

28 

46 

183 

18 

94 

8 

65 

afi 

44 

9 

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

m/e 318 297 276 

1% 8 iS 13 

235 

5 

234 

24 

63 52 aye 

3 8 8 

Required 

260094958 

180 155 154 

4 10 10 

93 82 91 

100 11 12) 

64 63 54 

9 i 4 

41 40 39 

6 "e5) 14 

233 232 208 

7 7 12
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m/e 207 192 IgE 180 179 167 Lot 150 

m/e 149 138 137 130 121 120 105 104 

1% 3 2 4 3 3 5 3 24 

m/e 103 102 92 77 76 75 74 65 

I% 3) 8 9 8 25 17° 8 5 

m/e 64 63 60 52 51 50 45 44 

Th 4 4 3 3 8 22 5 6 

n/e 43 42 Bo 30 28 

1% 100 9 3 5 6 

m* 239(S18—> 276), 198(276-> 234), 55.5¢104—=9.76)). 

(Gia) Byrzole [1.2-a][1.3,5] txiazin —2,4(1H,3H)-diones 

8-Cyano-3-methyl-7-phenylpyrrolo 1,2-a 1,3,5 triazin-2,4 

(1H,3H)-dione (161 

n/e 267 266(M) 210 209 208 181 180 155 

1% 18 100 6 36 8 ME 7 of 

n/e 156 153; 140 128 127 126 101 100 

1% 26 5 4 8 33 6 3S es 

m/e" yo tae 76 5 we 70 63 58 

1% 5 10 5 4 8 3 4 8 

nfe 56 52 51 50 44 42 41 39 

IZ 4 4 8 5 7 4 3 5 

m/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—9 154), 104.5(154-—> 127). 

Accurate mass measurement on selected ions: 

m/e Found Empirical Formula Required 

266 266 .079989 Cy By Ny 0 266 .080370 

\ 

154 154 .052750 Cy HN, 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-ethyl-7-phenylpyrrolo [2 2-3] E 53.5 5| triazin-2 ,4 

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

mle 281 280(M') 252 210 209 208 191 ~° 182 

1% 19 100 5 Chea 9 4 7 

nie ews W800 Miy7 6175)" 155 154. isdn es 

1% 9 7 4 4 Og Se 1 

t/a 141140 = 194 159 13) e126) 17 8 3G 

1% 9 5 5 4 4 940 5 

m/e 103 100 93 77 76 75 72 70 

1% 4 5 5 9 5 4 Lae 

nfe 6G G3 Bo anno) 51 Gay lA ae 

1% a 5 > 4 7 4 4 >
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m/e 43 42 41 39 36 32 oi 2g 

I% vi 4 4 9 7 7 1 2 

m/e 28 27 

1% 35 9 ’ 

m* 156.2( 280-7209), 156.6(209-—= 181), 131(18i—> 154), 

104.5(154—9 127). ; 

Accurate mass measurement on selected ion: 

m/e Found Empirical Formula Required _ 

280 280 .095167 280 .096019 oy so 4° 
8-Cyano-3,7-diphenylpyrrolo [1,2-a[1,3,5] ertazin-2,4(1H,38)- 

dione (163 

mie 329 328(M') 210 209 182 181 180 4167 

1% 4 14 4 20 3 5 6 2 

m/e 166 =165 164 156 155 154 153, a2 

1% Games 30 5 35 | 100 14 4 

m/e 140 128 127 Cee 9) 05 91 77 

1% 35 4 20 10 55 5 15 7 

m/e 73 64 63 52 51 50 44 43 

1% 9 8 5 3 6 4 ae 7 

“m/e Seed 38 32 28 18 

ry, 3 5 3 5 27 30 

mt 156.7(209-9 181), 133.2(328— 209), 69.2(119-> 91). 

Accurate mass measurement on selected ion: 

m/e Found Empirical Formula Required 

328 328 .09471 Cy Hy NA 328 .096019



LS 

3,6,7-Teiphenylpyrrolo|1,2-a][1,3,5]eriazin-2,4(1H,3)- 

dione (164 

m/e 260 240 234 197 130 120 ALY 118 

1% 4 3 4 3 3 5 4l 4 

n/ és 1t7 seesto6e | 105 2103 94 aii naa? 91 

1% 3 3 3 i openeeG See 15 

m/e 90 87 86 85 84 83 82 79 

L% 3 13 3 67 4 100 5 73 

m/e 78 77 76 66 65 64 63. 62 

1% 3 5 3 8 8 ih 88 3 

m/e 61 60 52 51 50 49 48 AT 

Th 3 5 5 6.5 5 10 14 26 

m/e 46 45 44 43 41 40 oo er oe 

I% 4 4 cls. 2 5 3 9 2 

n/e 37) 36 35 32 Seog 28 27 

I% 3 6.5 9 9 5 5 42 5 

m/e 26 

ch 3 

Accurate mass measurement on selected ion: 

m/e Found Empirical Formula Required 

260 260 .095294 Co Hy 750 : 260 .094958
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Ethyl_pyrrolo [1,2-a][1,3,5] tetazin-2,4(1H,31)-dtone-7- 

carboxylate (101) 

m/e 224 = 223(M i) 2088 207 197.9196 1195) 160 

LZ 14 100 3 3 7 3 7 14 

m/e 179) 1¥8 165 153 152 151 150-149 

7 12 57 3 3 14 33 7 5 

n/e 136 135 134 125 ee 124 123 120 119 

1% 9 (a a? 10 i 3 3 3 

m/e igen 117 116 115 97 96 95 94 

ie 16 19 10 5 5 7 3 3 

m/e 91-85 84, 83 81 79 78 77 

7s 3 i 7 3 10 10 16 iz 

m/e ji 10 69. 68 67 65 64 58 

1% 3 16 7 7 B 7 ii 7 

m/e 57 56 55 54 53 52 51 50 

Le 9 a 9 5 26 36 14 3 

n/e (ha oy 43 42 41 40 39 38 

Ie 10 ST 48 5 8 3 8 8 

n/e 37 36 35 32 31 29 28 27 

uy 5 as a 10 7 33 96 29 

m/e 26 

1% 12 

mm 170(223—> 195), 143(223-> 178), 102.5(178—> 135), 

O02 72 (223-—> 151).
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Accurate mass measurement on selected ions: 

m/e Found Empirical Formula 

223 223 059071 CoHoN..0,, 

UST 151.038093 Get eN3% 

135 135 .019097 CeH4N5 0, 

Required 

223 .059300 

151.038173 

135 .019450 

Methyl pyrrolo|1,2-a][1,3,5| triezin-2,4(1H,3H)-dione-7- 

carboxylate (112) 

n/e 211 210 209(M") 7a) 178 166 165 52: 

12% 5 11.100 4 ng 4 4 3 

m/e 157 OUT L39 138 136° 135 134 123 

Th 9 6 lo 3 3 31 1g 6 

n/e ot 108 107 106 86 81 80 79 

1% 4 6 10 2 3 6 19 7 

nfe op oni Ti > 10 69 68 64 59 58 

1% 9 4 9 S 5 3 3 5 

n/e 54 33 52 aE 44 43 39 38 

im oy eis. ale 9 Sa 3 3 

m/e 31 29 28 

1% 3 4 3 

me 15155( 209-1178)", 8109 (2099 15) 102751 78-9 9195), 

B5(135-—9) 107) 

Accurate mass measurement on selected ions: 

m/e Found Empirical Formula Required 

15! 151.037793 ChH.N,05 151.038173 

151 151.013794 C-H,N,O 151.014364 
C3728



Ion source determination. 

m/e 151 

178— 151(0.181v1) 

192— 151(0.271vs ) 

165— 151(0.094s) 

196 

Meta-stable scdn at 4-8 kv. 

207-4 151(0.371vv1) 

220— 151(0.460vs) 

Pyrrolo F ,2-a][1,3 5 triazin-2 ,4(1H,3H)-dione-7-carboxylic 

acid (111) 

w/e 196 195(M') 152 135:. 134 125 124 iio 

17 10 100 @ 7 9 9 4 3 

m/e 108 107 106 97 96 80 79 78 

7, 6 8 10 9 6 15 4 8 

m/e 77 70 69 68 53 52 51 45 

1% See 1Ou 3 eto) 28 7 3 

m/e 44 43 38 37 28 27 

1% 11 5 3 ain ie 

me 119 .8(152—9 135), 118.8(195—> 152), 80(195—> 125). 

Ethyl 1,3-dimethylpyrrolo [t.2-a [2.3 »5| triazin-2 ,4(1H,3H)- 

dione-~7-carboxylate (114) 

n/e 252 

Ih 16 

m/e 179 

1% 51 

m/e et 

I% 14 

251(M*) 238 

100 

178 

6 

TED 

3 

166 

12 

95 

10 | 

237 

23 

149 

19 

13 

224 

4 

138 

25 

14 

223 

30 

137 

92 

206 

BS 

134 

83 

180 

10 

122 

£3, 

62
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m/e 80 79 7B iohi67 cin G6 65 64 56 

1% Aye o4 4 16,5026 6 6 6 

n/e po ae52 Eeoo 3829 28 a7 

1% tigen 8 4 5 5 4 7 5 

mm 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), 

72,3122» 94), 

Pyxrolo [12-a][1,3,5] triazin-2,4(1H,3H)-dione (109) 

mien. D52°)151Gi) 108) 107, 105 «9s 8 82 

Tee 5 16 6 5 Olea 4 3 5 

n/e Sle 580) 79 77 73 71 70 69 

I% eto 3 5 3 4 4 4 

m/e 68 67 60 58 57 56 55 54 

17, 3 3 12 4 5 3 7 5 

m/e 53.52 51 45 4h 43 42 41 

I% eS, 5 8 100 77 17 8 

n/e 39 38 37 36 35 32 31 29 

7, Soe oT 5 77 15 4 6 18 

m/e 28 27 

ae as 
Accurate mass measurement on selected ion: 

m/e Found Empirical Formula Required 

15L 151.038092 C.H.N,0, 151 .038173
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Ethyl 8-bromo 1,3-dimethy1pyrroto|1 ,2-a ]fh Fc) 5] triazin-2 ,4 

(1H,3H)-dione (115) 

m/e 

1% 

m/e 

I% 

m/e 

1% 

m/e 

1% 

m/e 

1% 

m* 

332 

8 

259 

12 

178 

110 

a 

60 

6 

331 

98 

257 

iS) 

165 

26 

92, 

6 

56 

7 

330 

13 

229 

10 

160 

5 

91 

5 

29 

10 

278(331—> 3503')5 

245(329-—> 284), 

141(193-> 165). 

329 

100 

227 

10 

158 

5 

90 

5 

42 

4 

(iv) 1,2,4-Triazine derivatives 

6-Methyl-1,2,4(1H,3H)-triazin-3,5(2H,4H)-dione (81) 

m/e 

1% 

m/e 

1% 

m/e 

T% 

m* 

128 

6 

o2 

4 

28 

22 

127 

100 

4h 

re 

27 

33 

84 

10 

43 

18 

26 

16 

55.6(127— 84), 

70 

4 

42 

20 

58 .2(84— 

303 

25 

206 

150 

80 

275(329—> 301), 

203(331—>1259))5 

57 

3 

41 

8 

70). 

301 

16 

201 

139 

10 

Le 

56 

73 

40 

7 

286 

g13 

199 

121 

66 

247(331—> 286), 

35 

8 

39 

3 

284 

13 

193: 

18 

120 

64 

20055(329-> 257), 

54 

3 

29 

12
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3-Amino-5,6-dimethy1l-1,2,4-triazine (193) 
  

Tite ese eg 96 55 54 53.52 51 

i 4 38 5 3 24 13 5 5 

m/e 50 43 42 41 40 39 28 Da 

i 3. 100 14 8 6 28° 112 15 

mi 74 .3(124—9 96), 28.2(54—> 39), 19.3969 43). 

5,6-Dimethy1l-6-methylthio-1,2,4-triazine (209) 

m/e 156 roe 127 112 76 7D 74 73 

1% 6 53 12 5 a 4 100 6 

m/e m2 58 55 54 53 52 51 50 

1% 7 Ses 4 Tih 22 5 0 3 

m/e 47 46 45 44 42 41 40 oo) 

I% 7. 7 10 3 4 Zz 7 4L 

m/e 28 27 

Le rie 21 

m* 104(155-7 127), 98.9(127—9 112),  28.2(54—> 39). 

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

m/e 200 99) 198 186 172 157 128 127 

Uy, 5 oT 3 4 4 8 9 6 

m/e 117 105 104 103 102 89 78 Ue 

ie 7 7 75 29 3 3 nee Gi 

m/e 76 75 74 64 63 56 55 54 

1% 20 es 3 “3 6 9 100 a7
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in/e 53 52 5 50 44 43 42 41 

IZ 42 16 26 Li 4 6 6 7 

m/e 40 39 38 36 35 30 29 28 

1% 4 24 asl: 35 6 4 4 22, 

m/e 27 

1% 40 

Accurate mass measurement on selected ion: 

m/e Found Empirical Formula Required 

199, 199 .110558 c 943 Mee 

  

2,3-Dimethyl-6-phenylimidazo [2 2-0 | [2.2 4] triazine (194) 

m/e 225 224 223 197 196 184 183 182 

I% 17 100 4 10 17 5 36 26 

m/e 142 129 117 116 115 114 Le 104 

1% a 8 Meee Ay ate 218 8 61s 

Bd i ey Re ee ce 

1% fy eae 3 6 4 bats 9 

ne Wy s. T8 AW ee 26. ase ee) gee tes 

1% 4 Oy tO 5 6 5 it 

few 621 Sh ae amebaioe «52 Is SU ae mesomee wa) 45 

at 6 een aioe: ee, 8 Sane 

m/e ib ie, Ee 38 36 127 

1% 12 6 16 4 3) 19
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Accurate mass measurement on selected ions: 

m/e Found Empirical Formula Required 

224 224 .106160 C1 3H oN, 224 .106191 

196 196 .087269 ; Cy oH ON; 196 .087468 

Diethyl 4-methylpyrrolo[2,1-£]imidazo[1',2'-p|[ 1,2,4] ertaztn- 

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

m/ememgd7s S16 | 2nB) 273. 9272 971. (260. 248 

1%, 18 88 10 3 13 74 3 16 

m/e 244 243 225 216 215 214 a1 199 

we
 

w
 1% 100 38 23 4 6 7 

tema 100 <9 197 F172" = 171 170) 9 t5y = 150" e445 

1% 10 3 10 23 15 5 sll 3 

m/e pela eeeti3) 14 0mei 123 9150 81098,8 120. = 119 

1% 7 6 6 11 3 44 9 

m/e 118 117 116 : LS 113: 106 105 104 

I% 22 6 7 4 18 4 6 6 

m/e 103 102 100 93 92 91. 90 89 

1% 8 14 7 6 Teenie 12 7 

m/e 80 79 78 Ti) 76 75 68 67 

oly 4 5 9 23 Ly, 9 3 9 

m/e 66 65 64 63 62 57 55 53 

i 10 17 28 15 4 4 4 7 

m/e 52 51 50 45 44 43 42 41
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m/e 40 39 38 36 32 29 28 oi 

1% 3 o 4 3 5 30 26 Ly 

m/e - 26 

I% 5 ; 

me 262 .2(316—> 288), 232(316— 271), 218(271— 243), 

196.5(243— 171), 188.5(316—% 244), 121.2(244—> 172). 

Accurate mass measurement on selected ion: 

m/e “Found Empirical Formula Required 

316 316.117106 Cy Hy 6N, 2% 316 .117146
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