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Chapter I

Introduction

Since the original synthesis of the 1,2,4-triazine ring system in

the late 1890's, a vast number of 1,2,4-triazine derivatives have

been prepared. Following the development and growth of agricultural

chemistry, and the acceptance of chemotherapy as a viable approach

to medical treatment, many 1,2,4-triazine derivatives were found to

possess varying degrees of biological activity in many diverse areas.

This fostered an even greater interest in 1,2,4-triazines.

Up to this time, however, most workers had been concerned with

the synthesis, rather than the study, of 1,2,4-triazines. For this

reason this research was undertaken to learn more about the chemistry

of the 1,2,4-triazine ring,, and in particular, the unusual reactivity of

the N^-C5 bond in this ring system.

1



Chapter II

Literature Survey

The basic ring structure of 1,2,4-triazine has been known for over

80 years,. However, the chemistry of this ring system has received

only limited and rather sporadic attention until approximately twenty

years ago when considerable interest developed in preparing the simpler

1,2,4-triazines,  including the parent compound itself, This interest

could have possibly been due to the discovery of the biological activity

of the 6-azauracils, Up to this time many complex, highly substituted

and condensed 1,2,4-triazines had been prepared, apparently because

of more facile syntheses. It was found, in attempts to prepare these

simple 1,2,4-triazines that the cyclization step did not always proceed

as smoothly as those yielding more highly substituted 1,2,4-triazines,

A. Synthesis of the Parent Compound

While substituted 1,2,4-triazines did not receive much attention

before the 1950's, many derivatives were prepared during this time.

However, the synthesis of the parent compound 1,2,4-triazine

apparently did not attract even a passing interest until the early 1950's

when Erickson'* ’ published a comprehensive review article on the

chemistry of 1,2,4-triazines, In this article he proposed several

possible routes to the parent compound including catalytic reduction of

the 3-chloro compound (1) and diazotization of the 3-amino compound (2),

2
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_2_

oThen, in 1957 , Metze and Meyer published the failure of what appeared

to-be a very promising approach to the synthesis of the parent.. They

attempted to prepare 3,5,6-tricarboxy-l, 2,4-triazine (_4) by the

oxidation of 3,5,6-trimethyl-l, 2,4-triazine (2) followed by decarboxy­

lation. Unfortunately, upon oxidation with alkaline permanganate,

the trimethyl derivative was apparently destroyed—no products being

isolated□ Upon further investigation, using phenyl substituted deriva­

tives, they discovered that upon oxidation, the methyl group was

replaced by a hydroxyl function rather than stopping after oxidation to

the acid. They postulated that if methyl groups were present in the

three and six positions during an oxidation, that the product, after

tautomerizing to the dilactam (5.), underwent spontaneous decomposition 

to a carboxylic acid, carbon dioxide, ammonia and hydrazine.
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Although Metze was unsuccessful in his attempts to prepare the

parent compound, his basic approach of decarboxylation of the triacid

still held potential as a viable pathway to the parent. Thus, in 1958,

Ratz and Schroeder^ reported the synthesis of 3,5,6-tricarbethoxy-

1,2,4-triazine  (8.) by the condensation of diethyl dioxosuccinate (6)

and ethyl oxalamidrazonate (7_). The ester was saponified in alcoholic

potassium hydroxide to give the tri-potassium salt, which was then

coverted into the lead salt via lead tetraacetate and the free acid was

obtained by bubbling hydrogen sulfide through a suspension of the

lead salt in water. Unfortunately, when this 1,2,4-triazine-3,5,6-

1. KOH
2. Pb(OAc)4
3. H2S

O
9
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tricarboxylic acid was heated under various conditions, the only

product isolated was the anhydride of 1,2,4-triazine-5,6-dicarboxylic

acid (9_), the acid function in the three position having been removed

by decarboxylation.

At that same time Ratz and Grundmann^ attacked this problem from a

different direction. It was known, that under the proper conditions,

1,3,5-triazine  acts as a source of methine by decomposition to three-

CH=N-moieties,followed by concomitant loss of ammonia. Thus by the

treatment of 1,3,5-triazine (10) with /?-aminoethyl-hydrazine (11).

1,2,5, 6-tetrahydro-1,2,4-tria zine (12) was obtained. This provided the

authors with the basic ring structure of the parent 1,2,4-triazine ,

leaving only "the simple task" of oxidation to the fully aromatic com­

pound. However, this "simple problem" proved to be insurmountable.

Applying all of the oxidative-dehydrogenation methods known at that

time, the workers were unable to "aromatize" the tetrahydro derivative.

They attribute their failure to a primary attack by the oxidizing agent on

the NH-NH moiety to give the dihydro intermediate 13 which then

undergoes decomposition before the second dehydrogenation can take

place.
5Ratz and coworkers made another attempt to prepare the parent

compound via 3,5-bis-thiomethyl-l, 2,4-triazine. Based on past

experiences in the 1,3,5-triazine field, these workers hoped to

achieve hydrogenolysis of the methylthio groups with Raney nickel.

They prepared this compound from 3,5-dihydroxy-1,2,4-triazine (14)
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10

decomp.

13

by means of "aged" phosphorous oxychloride and trimethylamine;

yielding the 3,5-dichloro compound (15) which, when treated with

sodium methyl mercaptide under the proper conditions, gave the

desired 3,5-bis-methylthio compound (16). All attempts to hydrogenate

this compound, however, gave none of the desired parent, but

rather "led to extensive fargoing hydrogenolysis" (The authors

offered no explanation as to what the "extensive hydrogenolysis"

products were, or even if any products were isolated ). Likewise,

attempts to dehalogenate the dichloro compound with hydrogen and 

noble metal catalysts met with the same lack of success
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It has already been stated that attempts to decarboxylate

1,2,4-triazine-3 ,5-6-tricarboxyJic acid failed; however, it must be

noted that in this decarboxylation, the carboxylic acid function at the

3-position did indeed undergo decarboxylation. In addition, it was

reported^ that 5,6-diphenyl-l, 2,4-triazine-3-carboxylic acid under­

goes decarboxylation to yield 5,6-diphenyl-l, 2,4-triazine. The 
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obvious conclusion drawn from these observations would be that if the

1,2,4-triazine-3-carboxylic  acid could be prepared (unsubstituted in

the 5 and 6 positions), it should then be possible to decarboxylate

this compound, yielding the parent compound. Thus, Ratz and Schroe-
7

der reported the attempted preparation of 3-carbethoxy-l, 2,4-tria-

zine via the condensation of ethyl oxalamidrazonate with glyoxal.

Upon workup, however, the only product isolated was an ozazone,

along with a "highly viscous oil from which no ether soluble material

could be extracted. "
o

Paudler and Barton repeated this reaction, investigating more

closely the identity of this "highly viscous oil. " By column

chromatography and fractional distillation they were able to isolate

and identify the major constituent of this oil as 3-carbethoxy-l, 2,4-

triazine (17). They saponified this compound in alcoholic potassium

hydroxide, obtained the potassium salt, and hydrolyzed it in acid

followed by decarboxylation. Thus, the first synthesis of the parent

1,2,4-triazine  (18) was accomplished.

Several years later, in 19 68, Neunhoeffer and Hennig® reported the

first synthesis of formamidrazone hydrochloride (19). Access to this

compound now made it possible to prepare 1,2,4-triazine via a primary

synthesis by condensing formamidrazone hydrochloride with monomeric

glyoxal in the presence of triethylamine.

Both of these syntheses described thus far, however, entail 

multi-stepped processes which lead to poor overall yields of
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1,2,4-triazine . In 1970, Paudler and Chen^ published the results of

a new synthesis of the parent, which, although still involving several

steps, lead to an improvement in the overall yield compared with the

other two syntheses. This synthesis involved the preparation of

3-methylthio-l, 2,4-triazine (20), conversion to the methoxy derivative

(21), treatment with hydrazine to obtain the 3-hydrazino derivative (22)

which was then oxidized with activated manganese dioxide to the

parent compound.
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A further improvement on the synthesis of 1,2,4-triazine will be

discussed later in this thesis.

B. Synthesis of Substituted 1,2,4-Triazines

When one considers the number of substituted 1,2,4-triazines

known at the present time it constitutes a rather large class of com­

pounds, although it is possible to present their syntheses in a

fairly systematic fashion.

There are six general methods of condensing two fragment molecules

to obtain the basic framework of the 1,2,4-triazine ring, although all

six methods will not lead to "aromatic" systems and several methods

have received far greater application than others due to their greater

versatility and ease of preparation of starting materials. These six

general methods are classified as follows:

Method A Method B

Method D Method E

Method C

Method F



13

1 .) Method A

This type of synthesis has received considerable attention in the

past decade due to the broad spectrum of reagents which can be

utilized as starting materials, and consequently the wide range of

possible 1,2,4-triazine derivatives available. In general, this method

12 11involves reaction of a semicarbazide, thiosemicarbazide, amidra-

zone , 6 or an aminoguanidine^ with 1,2-dicarbonyl compounds or

their monoximes, with Ot-ketoacids or their esters or amides, or with

or-hydroxy ketones.

12One of the first syntheses of a 1,2,4-triazine derivative, in

1895, involved a reaction of this type. Thiele and Stange obtained

5,6-diphenyl-3-hydroxy-l, 2,4-triazine (23) by the reaction of semicar­

bazide with benzil in refluxing alcohol.

Exclusively
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However, they obtained a considerable amount of an undesirable

side product which was later identified as the disemicarbazone of

14benzil. It was found that by using acetic acid rather than ethanol as

the solvent, this side product was eliminated and the yield of the 1,2,4-

triazine was increased considerably

Virtually countless derivatives of 1,2,4-triazine have been

synthesized employing this method of condensation of a substituted

glyoxal (either alkyl or aryl) with a derivative of amino formamidine.

Paudler and Chen,^ using 3-methylthiosemicarbazide, synthesized

various 5,6-substituted-3-methylthio-l, 2,4-triazines (Reaction A).
13

Erickson was successful in preparing the first 3-amino-l, 2,4-triazine

Reaction A (X = SMe)

R1 = R2 = H
R1 = R2 = CH3
R1 " R2 "
Rj = CH3,R2= H
R1 = H,R2= CH3 

Reaction B ( X = NH2)

Rj = R2 = H
R1 = r2 = CH3

Reaction C ( X = H )

r1 = r2=h
ri = R2 = ch3
Rj = H,R2 =
Rx = H,R2 =

etc.
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derivatives by the condensation of glyoxal and biacetyl with amino­

guanidine bicarbonate (Reaction B) and Neunhoeffer and Hennig^3 'b

added still more derivatives to the growing list of substituted 1,2,4-

triazines with their reactions between formamidrazone and 1,2-dicar-

bonyl compounds (Reaction C).

15 16Case1 ' has successfully prepared various heterocyclic

substituted 1,2,4-triazines by this method via the condensation of

R = or pyr.>, R' = pyr»

24
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amidrazones with benzil or pyridyl, including the novel triazine dimer

(24) by the action of oxamide dihydrazone on pyridyl„ Several of these
17-19derivatives have found applications as chelating agentso

By substituting anOt-keto acid or ester for the 1,2-dicarbonyl

compound, functionality can be obtained in the 5-position of

20the triazine ring. Jacquier, et al. applied this method for the

synthesis of a wide variety of 5-functionally substituted 1,2,4-

triazines by condensing pyruvic acid (25), or its derivatives, with

aminoguanidine or thiosemicarbazide □

H2N\
NH

OH

NH, S
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21Slouka and Nalepa 1 also used ct-ketoacids in their synthesis

of 1,2,4-triazines. However, the a-ketoacids were generated "in situ

by the hydrolysis of azalactones (26) followed by reaction with thio­

semicarbazide , yielding 6-substituted-5-hydroxy-3-mercapto-l  ,2,4-

triazines (or their tautomeric structures, 27).

22,23
T.N. Ghosh et al„ synthesized several 1,2,4-triazine

derivatives by this method, using ot-amino (28), and ot-hydroxy

ketones (29) as their electrophiles, while Gut and coworkers

affected the same type of synthesis using chloral (30), although in

this instance a guanylhydrazone(31) was isolated as an intermediate 

before subsequent cyclization to the triazine
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Numerous other substituted 1,2,4-triazines have been synthesized

via this general method, using compounds containing adjacent electro­

philic centers. Several of these syntheses involve cyclizations with

rather unusual and novel electrophiles such as the reaction of acyl

2 5 2 6cyanides (3 2a) and (32b) with semicarbazide or thiosemicarbazide,

and the formation of a guanyl hydrazone from aminoguanidine bicar­

bonate and dibromomalononitrile • KBr complex (33), which, on warming

27in water, cyclized to the 1,2,4-triazine (33a).

33a
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2.)  Method B | w
--------------- <N^

This method has not received nearly the attention or interest

devoted to the type A synthesis, due primarily to the limitations in the

availability of starting materials, Furthermore, in general, this type

of condensation affords a dihydro derivative, although most of these

dihydro-1,2,4-triazines are readily oxidized to the aromatic species by

standard oxidation procedures.,

One of the first syntheses of 1,2,4-triazines employing this method

2 Rwas done by Spiro and Madonia in 1957 and involved the condensation

of Ot-acylamino-ketones (34) with hydrazine hydrate. These

29derivatives were "aromatized" with potassium dichromate. Metze

reported the synthesis of several of these same compounds using the

same method of condensation, but oxidized them to the aromatic

compounds with sulfur.
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This method lends itself very nicely to the primary synthesis of N-sub-

stituted dihydro-1,2,4-tria zines as evidenced by the synthesis of 2,3-

dimethyl-5-carbamoyl-6-amino-l,2-dihydro-l,2/4-triazine (36) from

the imidate 35 and methylhydrazine,313 and others.33

CH3NH\
^nh2°h2so4

>NH? +
c Z

9H3
NC OEt

Na OH

35 36

As an interesting variation of this method, 1,2,4-triazines can be

3 2synthesized by the action of hydrazine on 2-oxazolines or 5-thiazol-
33

inones.

In the first case 2-substituted-2-oxazolines (37) react with hydra­

zine to give 3-substituted 1,2,4-triazines. Unfortunately, the scope

of this reaction is limited by the fact that the substituent on the

oxazoline ring must be electron-withdrawing. In the second case, 

the tetrahydro-1,2,4-triazine is formed by the reaction between 2-

mercapto-4-benzylidene-5-thiazolinone (38) and hydrazine.
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38

3.)  Method C

Following the resurgence of interest in simple derivatives of 1,2,4-

triazine, this method, fostered by Metze in the mid 1950's, was

employed extensively for the preparation of various alkyl and aryl

derivatives. However, the scope of this method seems to be limited

solely to the preparation of alkyl and aryl derivatives, and further by

the fact that all of the derivatives synthesized by this method possess 

an alkyl substituent at the 6-position.
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This latter limitation arises from the inherant nature of the starting

materials. The general procedure for synthesizing 1,2,4-triazines via

this method involves the treatment of monoacylhydrazones of 1,2-

diketones with ammonia under pressure. The monoacylhydrazones

themselves are prepared by the reaction of acyl hydrazides with 1,2-

diketones. If a mixed alkyl-aryl diketone is used, attack by the acyl

hydrazine always occurs on the carbonyl group bearing the alkyl

substituent, 34, which explains the alkyl substituent in the 6-position.

34

34As noted previously, Metze developed this method for the

synthesis of 1,2,4-triazines in 1955, by the treatment of monoacyl

hydrazones of 1,2-diketones (39.) with alcoholic ammonia under

pressure, yielding a variety of 3,5,6-alkyl and/or aryl (40) substituted 
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derivatives. Each reaction reportedly gave only one isomer and always

with an alkyl substituent in the 6-position.

EtOH/NH3
pressure

R1 = R2 = Me, Et, Ar

R3 - Me, Et, not Ar

Within the next three years following this report, a large number
35-38

of new triazine derivatives were synthesized by this method.

The synthesis of triaryl-1,2,4-triazines was reported during this same

39period, by Laakso et al. , using a slight modification of Metze's

procedure. Rather than isolating the monoacyl hydrazones, the Ot-

diketone, acid hydrazide, and ammonium acetate were mixed in acetic

acid and heated. The cyclized product separated from solution in some

cases.
40

In 1959 Metze et al. reported the results of a reinvestigation of

some earlier work, which seemed to contradict the accepted mechanism 

for this reaction. In this paper Metze reported that not only the
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6-methyl-3,5-diphenyl-l, 2,4-triazine was obtained from the reaction

of acetyl benzoyl-2-monobenzoyl hydrazone, but also the isomeric 5-

methyl-3,6-diphenyl-l, 2,4-triazine. However, the formation of the 5-

methyl isomer was explained as the result of a disproportionation

reaction occuring on the monoacyl hydrazone to give a bis-acyl

hydrazone (41). In the presence of ammonia, under pressure, this bis-

acyl hydrazone eliminates an acylhydrazine fragment and condenses

with ammonia to form the 5-methyl derivative 42. Therefore the fact

still remains that unless disproportionation occurs during the reaction,

the triazine derivative formed by this method will always bear a 6-

alkyl substituent.

42
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I N

4.)  Method D C ,C

This general mode of cyclization has received limited application,

although Metze^ employed this method to synthesize the first

substituted 1,2,4-triazine containing no functional groups as well as

the first 3-unsubstituted 1,2,4-triazine. In this procedure he condensed

the monohydrazone of a 1,2-diketone (43) with formamide to obtain fully

aromatic 1,2,4-triazine derivatives. He prepared three 5,6-diaryl

derivatives in this manner, but no alkyl substituted 1,2,4-triazines.

a.) Ri

b.) Ri

c.) Ri

= R2 Q

= R2 = .p-C^H/j-OMe

= R2 — jo-CgH^-Me
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Ried and Czack reported the synthesis of several dihydro deriva­

tives by a similar method, using an imino ester 45 rather than formamide

and an N-substituted hydrazinoacetic acid derivative (44) in place of

the mono-hydrazone. The reaction of two such compounds yielded

3-substituted 5-hydroxy-l-phenyl-l, 2-dihydro-l, 2,4-triazines (46),

(where R=Me, benzyl or phenyl).

46

The synthesis of various tetrahydro-1,2,4-triazines using this

method was reported, in 19 66, by the acid catalyzed condensation

of nitriles with hydrazino alcohols. A representative synthesis

demonstrating this procedure is the condensation of benzonitrile 
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and compound 47 in sulphuric acid to yield structure 48 , a 1,4,5,6-

tetrahydro-1,2,4-triazine.

5.)  Method E L c

This general method for the synthesis of the 1,2,4-triazine ring

has been known for many years. However, the only derivatives synthe­

sized via. this method have been tetrahydro-1,2,4-triazines.

44In 19 24, Busch, Friedenberger and Tischbein obtained triazine

derivatives of the form 50 by the condensation of hydrazones of

acylamines (49) with aldehydes. It was found in this work that only

the Ct-or syn form, and not the /?-or anti form of the hydrazone, would

cyclize to form a triazine derivative. The workers characterized these 

products as 2,3,4,5-tetra-hydro-1,2,4-triazines.
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R = = Q , o-Tol, o-Anisyl, p-Anisyl, etc,,

R2= H; Me, , etCo

RNH— CH

anti

45Schmitz and Ohme obtained an N-amino-2,3,4,5-tetrahydro-

1,2,4-triazine  (52) by the reaction between formaldehyde and two

moles of phenyl hydrazine. Several years later this reaction was

4 Arepeated using substituted aldehydes and ketones, producing 3-

mono- and di-substituted derivatives.

A slight variation of this method was developed by Trepanier, Rich-

47 48man and Rudzik ' for the preparation of potentially pharmacologi­

cally active 1,2,4-triazines. Rather than using hydrazones from
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51 52

( R,R' = H )

acylamines, they employed )3-aminoalkyl hydrazines, (53), formed

by the action of substituted hydrazines on aziridine derivatives; and

as the electrophile they used either ortho esters or imino ester

salts. In this manner, they obtained 1,4,5,6- rather than 2,3,4,5-

tetrahydro-1,2,4-triazines (54).

6.)  Method F

Very few examples of this method of synthesis have appeared in

the literature, although mechanistically it appears to be a viable 

approach to the synthesis of 1,2,4-triazines. It is possible, however,

that under reaction conditions suitable for cyclization some seemingly
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*V7 + R2NHNH, . NH2C1
XNZ I 2 2

I
R

a.)  R, Rj , R2 = H

b.)  R,Rj = H, R2 = Me

c.)  R = H, Rj , R2 = Me

d.)  R = Et, Rj = H, R2 = Me 

R3 = Q , Me, Et/£-C6H4Cl

R3C(OEt)3
or

EtO
V J?C—NH«HC1
R R3
.2

suitable reactants may undergo self condensations, leading to poly­

meric materials o

The first possible example of this method may have been carried

49out by Thiele and Dralle in 1898, although without their knowledge

or intent. They reported the synthesis of compound 56 from the reaction

of aminoguanidine bicarbonate and oc-nitroso-/?-naphthol (55). They

indicated that this guanylhydrazone underwent a further transformation

in boiling water to yield a new compound, which they did not identify.

In 1952, Scott and Reilly5° reinvestigated Thiele's work and found that

their identification of the guanylhydrazone was indeed correct, but

they proceeded further to characterize the product obtained from
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refluxing water. They identified this product as the tetrahydro-

naphthoimino-triazine-N-oxide (57). However, they offered no

explanation as to the mechanistic pathway, apparently assuming that

the nitroso nitrogen cyclized into the aminoguanidine fragment,

eliminating ammonia. They suggest that the product contains an

imino rather than an amino function since it gives none of the

standard primary amine tests and the fact that it reacts with

57
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phenylisocyanate, However, in the opinion of this author, this

compound should be reinvestigated to obtain further evidence of the

existence of the imino tautomer,
51

In 19 68 Lalezari reported a similar result on an uncondensed

1,2,4-triazine  system. In anticipation of obtaining dihydro-1,2,4-

triazine-4-oxides, he cyclized a series of substituted glyoxal

aldoximes with semicarbazide hydrochloride. Upon analysis, however

he discovered that the products were actually 2,3,4,5-tetrahydro-

3,5-dioxo-l, 2,4-triazine derivatives (59) identical with samples

prepared by other methods. He offers no clear mechanism for this

59 60
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reaction, but suggests that the 4-N-oxide (60) is an intermediate

followed by some type of transposition of the N-oxygen to the 5-

position. Lalezari offers support for this mechanism by the report of

Sasaki and Minamoto that 3-amino-l, 2,4-triazine , when treated with

hydrogen peroxide in acetic acid, affords 3-amino-5-hydroxy-l, 2,4-

triazine.

Lalezari and Shafeei reported the results of their study on the

53mechanism of these reactions in 1969 . By isotopic labelling

experiments and varying the solvent medium from a protic to a

nonprotic base, they were able to establish a mechanism consistent

with the products of the reaction. In their preliminary investigations

they cyclized the product obtained from heating aminocarbonic acid

benzyl ester with phenygloxal aldoxime, yielding the tetrahydro-

1,2,4-triazine  (61). From this result they concluded that since the

oxime nitrogen is retained in this reaction, it proves that it is also

retained in the reactions leading to 59. Although this may indeed be

the case, from this single experiment one cannot exclude the possi­

bility of attack by the amine nitrogen followed by loss of the oxime

function in the formation of 59,. However, their subsequent experiments

proved to substantiate this argument. Treatment of compound 58,

where R=CKH,-, with pyridine rather than aqueous potassium carbonate

afforded not the tetrahydro-dioxo compound 59 , but rather 2,3-dihydro-

6-phenyl-3-oxo-l, 2,4-triazine. This result implied that formation
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61

of compounds of type 59 required the presence of hydroxyl ions from

the solvent, and that with pyridine no intermediate N-oxide of the

type 60 was formed., This assumption was verified by the cyclization of

1862 in aqueous potassium carbonate using 30% O enriched water*  The

product 63 obtained in this way, when analyzed by mass spectroscopy, 
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showed an m+2/m ratio of 1:3 corresponding to a 100% incorporation of

18O . From these results they proposed the following mechanism:

63

R = Q , Me

C . Amlno-1,2,4-Triazines

The amino triazines, as a class, have attracted more attention

than any other type of functionally substituted triazine and this

attention has been directed almost entirely at the 3-amino derivatives.

Of the three possible unsubstituted amino-1,2,4-triazine isomers 64,

65 and 66, only the 3- and 5-isomers are known at this time.
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64 65 66

Substituted 3-amino-l, 2,4-triazines have been known for many
54

years, the general type of synthesis employed being condensation

of ot-diketones with the nitrate or hydrochloride salt of aminoguanidine

(Method A) o In the event of an unsymmetrical diketone, both possible

isomers are generally obtained,although it is possible to control
3

the isomer distribution in some cases. It has been found that in the

case of a mono substituted glyoxal, the 5-isomer generally predominates

5 6although Haber has reported that he obtains the 6-isomer exclusively

in the reaction of 2-(5-nitrofuryl)-glyoxal hydrate with aminoguanidine

bicarbonate, affording 6-(5-nitrofuryl)-3-amino-l,2, 4-triazine»

Such reactions with substituted glyoxals worked very nicely with

the nitrate or hydrochloride salt of aminoguanidine, but the conden­

sation of glyoxal itself with these salts afforded only bis-quanylhv-
3

drazone and none of the desired 3-amino-l, 2,4-triazine „ Elvidge
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was able to circumvent this problem by the use of aminoguanidine

bicarbonate, which is much less soluble in the reaction medium than

the nitrate or hydrochloride salt. Thus, the intermediate guanylhydra­

zone formed has a greater chance of cyclizing before attack by a

second molecule of aminoguanidine occurs, resulting in a facile

synthesis of 3-amino-l, 2,4-triazine (64) (Rj, R2=H) in high yield.

67

A novel synthesis of 3-amino-6-phenyl-l, 2,4-triazine (69) (the

less favored isomer by Method A) was reported by two independent
57,58

groups. In their syntheses, the guanyl hydrazone (.68), prepared

from acetophenone and aminoguanidine, was oxidized with selenium

dioxide, affording the 6-phenyl isomer(69)as the exclusive product.

Other methods for the preparation of 69 had been developed prior to
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these reports0 However, these methods required separation of the

5- and 6-phenyl isomers.

1 o Se C>2
2. OH"

68 69

No primary synthesis has been developed for the preparation of

5-amino-l,2,4-triazine. The only synthesis to date involves the 

65
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conversion of 6-bromo-3,5-dioxo-l, 2,4-triazine (70) to the trichloro

derivative^3'k (71) followed by amination and hydrogenolysis to

Alyield 5-amino-l, 2,4-triazine (65),

A useful method for the preparation of substituted 5-amino-

62atriazines was developed by Fusco and Rossi, involving a

Beckmann-type rearrangement of pyrazole oximes. In this method the

pyrazole oxime (or 4-nitro pyrazole) (7 2) is heated with PCI to yieldo

PC15 R1 xR2
^C=N—N=C

Cl CN

72

NH3
dioxane

30% NaOH
C=N—N=G

H2N

R2

CN

74 

a.) Rj - R2 ~ O
b.) Ri = Q , R2= Me
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compound 73 which is aminated and cyclized to yield 3,6-disubstituted-

5-amino-l, 2,4-triazines (74). In the case of unsymmetrically substitu­

ted pyrazoles, both triazine isomers are obtained.
62b

Gut and coworkers have synthesized several 3,6-disubstituted-

5-amino-l, 2,4-triazines (76) (R,R]=alkyl or aryl) by the cyclization of

cyano-guanylhydrazones (75) (R, Rj=alkyl or aryl) in sodium methoxide/

methanol solutions „

75

Base

76

Several syntheses of 3,5-diamino-l, 2,4-triazines (76) (R^NHg)

have been reported in the literature over the last fifteen years.

Derivatives containing an alkyl or aryl substituent in the 6-posi-

63.64
tion were synthesized by the cyclization of guanyl hydrazones

27of the form 75 (R^NH^). As noted previously, Taylor and Morrison

have synthesized a diamino derivative with functionality at the 6-

position by the cyclization of aminoguanidine bicarbonate with the

potassium bromide complex of dibromomalononitrile, affording

structure 76. (R^CONHg, RpNH^).
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D. Carboxy-and Cyano-1,2,4-Triazines

During the period in which workers were involved in attempts to

prepare the parent 1,2,4-triazine several carboxy or carboxy-esters of
3

1,2,4-triazine were synthesized. Ratz and Schroeder prepared
g

1,2,4-triazine-3,5,6-tricarboxylic acid and Schmidt and Druey

synthesized the 3-carboxy-5,6-diphenyl derivative. Then in 19 66
Q

Paudler and Barton successfully isolated 3-carbethoxy-l, 2,4-triazine

which led to the first synthesis of 1,2,4-triazine itself.

Various workers have synthesized 6-carboxy or carbethoxy

derivatives (78) by the reaction of either the disodium salt of

O
O
,C—OR

O
SC —OR hr2n-

O

7877

R = Et R1R = Na, Ri , R2 = H

r2=hR = Et R1 = Me

N
H

Ref. 6 6Ref. 65 Ref. 67

= H, R2= Me

H?N\
NRj

R — Et, R| , R2 -

RO—C

R = Et, R^ ,R2 = Me
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mesoxolic acid (77a) or diethyl oxomalonate (77b) respectively

with thiosemicarbazide. Several N-substituted carbethoxy deriva-

tives° were synthesized in a similar manner using the appropriately

substituted thiosemicarbazide.

68The 3,5-dioxo-6-carboxy derivative (80) was obtained when

compound 79 was treated with sodium hydroxide.

79 80

69,70 , . n 4-u 71a,b,cE. Co Taylor and coworkers, as well as others have

prepared several 6-carboxy derivatives of this type 81 , 82 as

precursors in the synthesis of 6-azapteridines.

An interesting route to the 1,2,4-triazine ring system, yielding a

72dicarbomethoxy derivative, was developed by Roffey and Verge.

Their method involved a Diels-Alder reaction between 3,6-dicarbo-

methoxy-l,2,4,5-tetrazine (83) and either ethyl acetimidate or

benzimidate, affording the appropriate 5-substituted-3,6-dicarbo-

methoxy-1,2,4-triazine (84) following the elimination of molecular

nitrogen in a retro Diels-Alder fashion.
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MeO2CY^N

84
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No syntheses of any cyano-1,2,4-triazines appeared in the

73literature until 19 61 when Matsudo and Morin reinvestigated the

reaction of cyanogen and hydrazine, using equimolar amounts,

and found a second product in low yield different from oxalimidic

acid dihydrazide (85). By varying the conditions they were able to

obtain this side product (86), 1-cyanoformidic acid hydrazide, as the

exclusive product in high yield. This result opened the door for the

preparation of 3-cyano-l, 2,4-triazine derivatives. It was found that

( CN )2 n2h4

Cx
h2nnh xnh

8685

86 reacted well with diacetyl and benzil yielding the corresponding

3-cyano-triazines [87). However, the reaction of 86 with glyoxal

afforded only polymeric products. These two products represent

the only simple cyano-1,2,4-triazines appearing in the literature

69until 19 72 when Taylor and coworkers reported the synthesis of 

several 3-substituted-5-chloro-6-cyano-l, 2,4-triazines as
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R = Q , Me
R^H

precursors in the synthesis of 6-azapteridines. These cyano

derivatives were prepared directly from the carbethoxy-1,2,4-

triazines (£31) mentioned previously by conversion to the amide

followed by treatment with phosphorous oxychloride.

88
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Several other cyano derivatives have been prepared but they cannot

7 4be classified as simple triazines. Grundmann and Fulton

synthesized compound 90 by the trimerization of 89 , formed from

NH
Q NHN=CC\

XOEt

89

N=C

90

the reaction of formylcyanide phenyl hydrazone and hydrogen chloride
75in ethanol. Slouka has reported the synthesis of similar 2-N-aryl

substituted 6-cyano derivatives (92) from the cyclization of compound

91.

91 92
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E» Hydroxy-*  and Mercapto-1,2,4-Triazines

Hydroxy-1,2,4-triazines represent a class of triazines known

longer than any other class of 1,2,4-triazine derivatives.. Their

general method of preparation is the condensation of 1,2-diketones

12 7 Awith semicarbazide (Method A) affording 3-hydroxy-l, 2,4-triazines. ’

A primary synthesis of 5,6-unsubstituted-3-hydroxy-l,2,4-triazine

has not been accomplished; however, the sodium salt of this compound

29has been prepared by the basic hydrolysis of 3-amino-l,2,4-triazine,

as well as its covalently hydrated derivative.

*The term "hydroxy" is used with the clear understanding that these
compounds are actually 3-oxo-2,3-dihydro derivatives.
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In the preparation of 3-hydroxy-l, 2,4-triazines via Method A,

1,2-diaryl diketones undergo facile condensation with semicarbazide,

affording the 5,6-diaryl-3-hydroxy-l, 2,4-triazines in high yields;

however the similar reaction with 1,2-dialkyl diketones affored 5,6-

77 78dialkyl derivatives either in low yields or not at all. ' It was

not until 1947^^ that Seibert synthesized the first 5,6-dialkyl-3-

hydroxy-1,2,4-triazine (93) (RjF^^Hg).

In the case of mixed alkyl-aryl diketones, the 6-alkyl-5-aryl

derivative is obtained exclusively, while mono aryl-1,2-diketones
, x , .79,80

form the 5-aryl isomer (93) (Rj=H, R2=aryl),

The isomeric 5-hydroxy-l, 2,4-triazines have been prepared in

a similar fashion by the reaction of Ot-keto acids with substituted

amidrazones. Thus, compound 94 was formed from phenylglyoxylic

94
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81 82acid and benzamidrazone. ' Although not primary syntheses, Fusco
.63

and Rossi have developed several methods for the preparation of

5-hydroxy-l, 2,4-triazines. One of these is the hydrolysis of the

appropriate 5-amino-l,2,4-triazine with hydrobromic acid. Another

method, affording 3-unsubstituted derivatives (95) involves the mild

oxidation of 3-hydrazino-5-hydroxy-l, 2,4-triazines with mercuric 

95 96

oxide. Similar products are formed by the catalytic reduction of

2,3,4, 5-tetrahydro-3-thioxo-5-oxo-6-substituted-l, 2,4-triazines (96)

,+, D ... 20,83with Raney nickel.

The oxidation of 6-methyl-3-5-diphenyl-l, 2,4-triazine to 6-
2hydroxy-3,5-diphenyl-1,2,4-triazine represents one of the first 

syntheses of a 6-hydroxy derivative. The reaction between 
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substituted imino esters (9 7) and hydrazine produced the first primary

84synthesis of a 6-hydroxy-l, 2,4-triazine.

Various other primary syntneses oi derivatives or tms ciass nave been

85 86reported since that time. ' A novel approach was developed by
87,88

Nalepa and Slouka involving the cyclization of Ot-aroylamino-

cinnamoyl hydrazides (98) in base to give 5-aryl methyl-6-hydroxy-3-

phenyl-1,2,4-triazines (99).

99
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The hydrazides themselves are prepared by the reaction between

hydrazine and the appropriate 4-substituted 4-oxazalone (9 7).

Mercapto-1,2,4-triazines have served as a very useful class of

compounds in the synthesis and study of 1,2,4-triazines. While the

chemistry of mercapto-1,2,4-triazines is in itself, very interesting,

as a class they have provided the chemist with a functional intermediate,

capable of undergoing either displacement by various nucleophiles or,

in some cases, hydrogenolysis with Raney nickel. This has allowed the

synthesis of a number of diverse 1,2,4-triazine derivatives. Again,

as in the cases of the amino-and hydroxy-1,2,4-triazines, the bulk of

the work done with mercapto-1,2,4-triazines involves the 3-mercapto

derivatives, because of the facile synthesis of these compounds via

Method A.

Although the first example of a 3-mercapto-l, 2,4-triazine was

prepared in 19 03 by cyclization of phenyl glyoxal thiosemicarbazide
89

(100) in potassium carbonate solution, it was not until the early

1950's, when interest was regenerated in 1,2,4-triazines , that this

synthesis was recognized as a modification of a general synthesis of

3-mercapto derivatives. Following this realization, many reports

appeared in the literature of the synthesis of 3-mercapto-l, 2,4-

triazines by the condensation of 1,2 -diketones with thiosemicarbazide.

In some cases the intermediate thiosemicarbazones were isolated
9 4 95

before their subsequent cyclization.
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O
II

-C—CH=N=N + KCN
O

. ~ II
> Q-C-CH=NNH—C=N

h2s

k2co3 o s,II II
—C-CH=NNH—c—NH2

100

In one of these earlier papers, Marly, in a Belgian patent,

reported the synthesis of 3-mercapto-l,2,4-triazine by the condensa­

tion of glyoxal with thiosemicarbazide, stating that the product

decomposes at 310°. No details are given on the structure determin­

ation, but on the basis of the decomposition point, this structure

would seem somewhat suspect. Byrefluxing compound 101 (RjR2=H)



in alcoholic KOH and addition of the appropriate alkyl chloride, he

reportedly isolated the corresponding 3-alkylthio ethers (102)

54

(RjR2=H). These structure assignments also seem somewhat dubious

since, in one case, he reports the melting point of the ethylthio ether

as 210° while Paudler and Chen, from an independent synthesis, have

osynthesized the 3-methylthio ether with a melting point of 31-3 2 .

Marly also reported the synthesis of 5,6-diphenyl-and 5,6-dimethyl-

3-mercapto-l, 2,4-triazines (from benzil and biacetyl) listing their

melting points as 223° and 190°, respectively.

The synthesis of this 5,6-dimethyl-3-mercapto-l, 2,4-triazine (101)

(RjR2=CH3) generated considerable controversy for several years since

various groups, working independently, reported different melting

96points for supposedly the same compound. Klosa reported a

melting point of 233-7°, which was supported by Lalezari and

97 102 91Golgolab; however Buu-Hoi and coworkers and Marly reported 
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melting with decomposition at 19 0°. Further confusion resulted from

Taft and Sheperd's paper listing a sharp melting point of 180.5-181°

and Sah and Daniels report that their product melted from 13 6-141?

99This controversy was finally resolved by Adams and Shepherd through

NMR and X-ray crystallographic studies. They were able to establish

the existence of a tautomeric equilibrium between the dimers 103 and

104. The discrepancy in melting points previously reported could thus

be attributed to the method of synthesis; whether the reaction was

carried out in acidic or neutral media and the molar ratios employed.

Taft and Sheperd also stated that the 5,6-dimethyl-3-keto-l, 2,4-

104
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triazine first synthesized by Siebert in 19 47 also appeared to

exhibit an analogous dimeric, tautomeric behavior.

Since 5-aryl derivatives result from the reaction of either mono-

aryl-1,2-diketones or mixed alkyl, aryl diketones, the synthesis of

6-phenyl-3-thioxo-l, 2,4-triazine (105) as the only isomer, by Lalezari

97and Golgolab, represents a potential new pathway, not only to 3-

thioxo-1,2,4-triazines, but to a number of 3-substituted-l, 2,4-

triazines, because of the labile nature of the thioxo function.

R = ~ Q -F, Q -Cl, £- Q -Br

2-Q-Me, -OMe, 2-thienyl,

3-pyridyl
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Unfortunately, the workers did not explore the scope of this reaction

further than the report of this single compound, leaving the question of

its application as a general synthesis unanswered. It was discovered

that if this same reaction is done in the presence of base, rather than

acid, a different mechanism is operative, yielding 2,3,4,5-tetrahydro-

6-aryl-3-thioxo-5-oxo-l, 2,4-triazines (106).

F. The Chemistry of 1,2,4-Triazines

Because of the fact that 1,2,4-triazines are TT-deficient compounds

they should be expected to undergo nucleophilic attack fairly readily.

The question now arises as to the relative reactivity of the three

available electrophilic sites, i.e. 3,5, and 6. Grundmann, Schroeder

5and Ratz originally proposed that the 3-position was more reactive

than the 5 position, based on the reaction of various nucleophiles

with 3,5-dichloro-l, 2,4-triazine (107) and the analogy of these

reactions with the reactivity of 2,4-dichloropyrimidine toward

nucleophiles. They treated compound 107 with alcoholic ammonia,

dimethyl amine and ethylenimine and identified the products as

3-mono substituted derivatives 108. In light of the fact that no

structure proofs were attempted beyond comparison with the pyrimidine

series, and the fact that more recent studies have produced conflicting

evidence, these assignments appear to have been incorrect.
103

Shepherd and Fredrick proposed that the 5-position, rather than 

the 3, was the most reactive site toward nucleophilic substitution and
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107

2

108

a.)  Rx ,R2,R3 = H
b.)  R} ,R2 = CH2, R3= H
c.)  Rj ,R2= -CH2-CH2- ,R3 = H

this proposal was substantiated by several workers, Piskala, Gut

104and Sorm conducted a very thorough study of the reactivity of

3,5 16-trichloro-l, 2,4-triazine (See Scheme I), They found that, upon

treatment of 109 with excess methanolic ammonia, only the 5-position

underwent substitution, giving HO, and treatment of 110 with one

equivalent of sodium methoxide gave the 6-methoxy derivative (111) ,

Similarly, treatment of 109 with one equivalent of sodium methoxide

afforded only one mono-methoxy isomer (112), Treatment of 109 with two

equivalents of sodium methoxide gave two dimethoxy isomers (113) and

(114), the 5,6-dimethoxy isomer being the major product with only minor

amounts of 3,5-dimethoxy-l, 2,4-triazine (114) , Treatment of 109 with

excess sodium methoxide afforded the trimethoxy derivative (115).

From these results it would appear that the relative reactivity of the 

three positions is 5>6>3„ However, when 110 is treated with methanol 
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containing a small amount of hydrogen chloride, the 3-methoxy, rather

than the 6-methoxy, derivative is obtained (116). It was also found

that treatment of 109 with alcoholic hydrogen chloride led to

115 116

Scheme I
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substitution at the 3- and 5-position, followed by demethylation to

the 6-chloro derivative (117). It therefore appears that the 5-position

is the more reactive site, while under basic conditions the 6-position 

is more reactive than the 3-position and vice versa for acid catalyses.

83Taft and Shepherd have also investigated the relative reactivity

of the 3- and 5-positions during their study of sulfanilamido deriva­

tives of 1,2,4-triazines. In their work they found that reaction of

sodium sulfanilamide with either 3,5-dimethoxy- or 3,5-dimethylthio-

120
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6-methyl-l, 2,4-triazine afforded the 5-sulfanilamido derivative as the

only product; none of the 3-isomer being formed. The structure assign­

ments were proven by conversion of 119 into 118 with sodium methoxide

and hydrogenolysis of 119 to give 120 which was identical with a sam­

ple prepared by an unequivocal synthesis.

Cristescu^^ observed a similar reactivity in the conversion of

3,5,6-trithiomethyl-l, 2,4-triazine into its 5-hydrazino derivative by

the addition of 80% hydrazine in ethanol.

80% N2H4
EtOH

CH3S

h9nnh-^m
ZL JAJ

Nli
/'SCH3

The unusual reactivity of the 4,5-bond in 1,2,4-triazine s has also 

been the subject of interest to many workers. It was reported, in a

106Japanese patent, that when 3-amino-6-(5-nitrofurylvinyl)-l, 2,4-

triazine was heated in alcoholic solutions containing oxalic acid, as

well as various mineral acids, stable covalently hydrated compounds

(121) were isolated. This phenomenon of covalent hydration in the

R = Me, Et, Pr, Bu, i-Pr; HX = oxalic, HC1, HBr, HNCX
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1,2,4-triazine series has been studied in depth by Paudler and

Chen. By the addition of water to a solution of 1,2,4-triazine

in triflouracetic acid, a new species was generated, as evidenced by

the reduction of the signal intensity of the triazine protons and the

appearance of the new ABX system in the NMR spectrum. From NMR

analysis they were able to establish the 4,5-positions as the sight of

hydration. Since no covalently hydrated species were observed in

neutral media, they concluded that either the hydrated species, once

formed, .is stabilized by protonation (122^124) or that hydration occurs

on the protonated species (123^124) (See Scheme II).

123

Scheme II

Further evidence of the reactivity of the N .=C[- bond was supplied
108

by M'Packo and Vinot in their study of 3-oxo-and 3-thioxo-l, 2,4- 
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triazines. They reported that these compounds underwent facile

addition of alcohol, Grignard reagents or hydrogen across the 4,5-bond

to yield compounds 125 , 126, and 127 respectively. Similar reactions

with Grignards were observed by Mustafa,109a Mansour109b and Daunis

, 109c 109dand Jacquier. However, Daunis and Jacquier also carried out

Grignard reactions on 5-keto-l, 2,4-triazines , in which case they

obtained 3- and 6-substituted derivatives 128 and 129 respectively.

It was found that orientation of the reaction was controlled primarily

by steric hindrance between the reagent and the substituent at the 

6-position.
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1.) Oxidation

By the proper choice of oxidizing agents one can achieve either

oxidation of the ring or of the side-chain substituents. Oxidations

involving peroxides generally afford the N-oxides, although

exceptions to this rule have been observed. One of the first reports

of the oxidation of a 1,2,4-triazine to form an N-oxide was by

Atkinson^^ and coworkers. They synthesized two isomeric N-oxides

130 and 131 from the reaction between 3,5,6-triphenyl-l, 2,4-triazine

and 30% hydrogen peroxide in acetic acid. By comparison of the

dipole moments of these two products with the dipole moments of

various derivatives of pyridine-, pyridazine-, pyrimidine-, and

pyrazine-N-oxides, they were able to identify their products as the 

1- and 2-oxides, obtained in the ratio of 4:1, respectively.
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Paudler and Chen^7 synthesized various simple 1,2,4-triazine-N-

oxides, including the parent N-oxide (133) (Rp R2=H), by oxidation

with hydrogen peroxide, perbenzoic acid or jo-bromoperbenzoic acid

(See Scheme III). The structures of these N-oxides were elucidated

from NMR analysis by the examination of the differences in proton

chemical shifts between the N-oxidized and non-N-oxidized compounds

as well as comparison with pyridazine- and pyrimidine-N-oxides.

Scheme III
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Sasaki and Minamota synthesized a series of 3-amino-N-oxides as

well as the 3-phenoxy- and 3-methoxy-5,6-diphenyl derivatives;^^

however, several of their structural assignments were shown to be in

error. Based on dipole moments, Sasaki and Minamoto assigned the

products from direct oxidation of 3-methoxy-, 3-phenoxy-, and 3-

amino-5,6-diphenyl-l, 2,4-triazine as the 2-oxides. Paudler and Chen

have shown that oxidation of the 3-methoxy or 3-phenoxy derivatives

produces the 1-oxide (134) rather than the 2-oxide. Likewise, oxidation

of the 3-amino-derivative affords the 2-oxide (135). They concluded

that, in general, direct oxidation of a triazine species, assuming that

135
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it will form an N-oxide, yields the 1-oxide unless the 3-position bears

a primary or secondary amino function, in which case the 2-oxide will

be favoredo In the case of tertiary amines, the 1-oxide would be the

expected product. This hypothesis has been supported by the oxidation

of 3-amino-benzo-l,2,4-triazines, affording 2-oxides,^^ and the 3-

ethoxy and 3-chloro analogs giving 1-oxides as well as the oxidation
107

of 3-dimethylamino-l, 2,4-triazine which yields the 1-oxide.

Although the expected product from peroxide oxidation is the N-

oxidized species, other reactions have been shown to occur under

these conditions. The oxidation of 3-amino-l, 2,4-triazine with 30%

hydrogen peroxide in acetic acid gave a high yield of 3-amino-5-oxo-

1,2,4-triazine.IlUnder essentially the same conditions 6-phenyl-

3-oxo-l,2,4-triazine was converted to its 3,5-dioxo derivative, and
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5,6-unsubstituted 3-aryl-l, 2,4-triazines are converted to the
110b

corresponding 5,6-dihydroxy derivatives.

If oxidations are performed on triazines bearing alkyl substituents
2.117 118

employing alkaline permanganate or nitric acid rather than a

peroxide as the oxidizing agent, oxidation of the side chain to a

carboxylic acid or a hydroxyl function occurs.

2 .) Tautomerism of 1,2,4-Triazines

The question of tautomerism in the case of oxo-hydroxy, thioxo-

mercapto, and amino-imino 1,2,4-triazine derivatives has been batted

about for many years. In the early literature, and even up to fairly

recent publications, possibly for convenience, these derivatives were

generally referred to as the hydroxy, mercapto, and amino structures.

However, it has been established, and generally accepted, that the

equilibrium, in the cases of hydroxy and mercapto triazines, is very

heavily in favor of the oxo and thioxo forms (138a ,b) respectively;

while for the amino-imino tautomers, the amino form (139) is favored.
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The first studies of this type were done on the 3,5-dioxo or the oxo-

thioxo derivatives. The general method of studying these tautomeric

equilibria is to compare the compound in question with its N2” and N^-

methyl analogs. The usual methods employed for such comparisons

are IR, UV and NMR. In this manner it was shown that structure

119 ,120 121-123 , . 122,123 . + .140a 140b, and 140c, exist predominantly in their

oxo or thioxo form as shown.

a.)X=O,Y=O

b.) X = S, Y = S

Co) X= O, Y= S

140

The question now remains as to the position of equilibrium in the

mono functional derivatives, and if the oxo form is favored, which of

the nitrogens bears the proton. Paudler and Lee have done studies on
124,125

derivatives of 3-monoxo and 5-monoxo-l,2,4-triazines. ' In

both cases they concluded that these species exist predominantly, if

not entirely, in their oxo forms. In the case of the 3-oxo-l, 2,4-tria-

zines, their studies involved the preparation of the alkalai metal salts

of the corresponding 3-hydroxy-l, 2,4-triazines (141a-e). Treatment of 
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these salts with dilute acid afforded the oxo compounds only in those

cases where a phenyl substituent was present at Cr (142c ,e) „ The
0

position of tautomeric equilibrium was established by comparison of

UV spectra of the 3-oxo compounds with the spectra of the N-2 and

N-4 methylated derivatives. This clearly showed that the equilibrium

was in favor of the tautomer with N-2 bearing the proton, (142c ,e)„ 

For the case where R =Me2 (141b,d) rather than phenyl, unexpected

results were obtained due to the effect of a new type of tautomerism.

The NMR spectra of these compounds displayed not only the expected 
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pattern, but an olefinic AB system as well as an additional methyl

peak for 143d and an additional highly deshielded singlet for 143b.

9 9A similar result had been reported by Adams and Shepherd in the case

of 3-thioxo-5-ethyl-l, 2,4-triazine which they attributed to the presence

of the ethylidene tautomer. Thus, Paudler and Lee concluded that

these "new" peaks in the NMR spectra were attributable to the presence

of the methylene tautomers (144b) and (144d). It was determined from

UV spectroscopy by the comparison of these oxo. compounds with their

and N4 methylated derivatives that the methylene tautomer was

the minor component.

1 2In considering the 5-oxo-l,2,4-triazines, Gut and coworkers

conducted a study on a series of substituted 5-oxo-derivatives and

concluded that the para-quinoid structure was favored. Paudler and

125Lee were successful in preparing the unsubstituted 5-oxo-l,2,4-

triazine derivative. Based upon UV and NMR spectroscopy and

comparison with various N- and O-methylated model compounds they

were able to conclude that the equilibrium (145a^l45b^ 145c) was at

least 95% in favor of the jj-quinoid tautomer (145c).

In the case of 3-amino-l, 2,4-triazine it is generally accepted that 

it exists predominantly in the amino form (146). This belief is supported

by a study done by Jacquier and coworkers comparing the UV spectra of

3-amino-l,2,4-triazine with 2-amino-pyrimidine.
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146



Chapter III

Results and Discussion

The reactivity of 1,2,4-triazines as electrophiles in substitution

and addition reactions has been a subject of interest to many workers

for the past twenty years. A great deal of this interest has been gener­

ated by the TT-deficient nature of the 1,2,4-triazine ring system. If

1,2,4-triazine  is compared with benzene, on a purely intuitive level,

it should be expected that benzene could undergo attack by electrophi­

lic reagents exceedingly more readily than its triaza-analog. This

lack of TT-electron availability in the 1,2,4-triazine series can be

attributed to the inductive and mesomeric electron-withdrawing effect

introduced by the replacement of three methine groups by three sp2

hybridized nitrogen atoms. As a consequence of this replacement of

=CH- by =N-, an extraordinary degree of TF-deficiency is created in

the 1,2,4-triazine ring system, and it would thus be expected, as is

the case, that in general, 1,2,4-triazine should undergo nucleophilic

attack with relative ease. In addition, the combination of effects

produced by this introduction of nitrogen atoms at positions 1,2 and

4, besides lowering the resonance energy, has also created a highly

polarized N^-C^ bond with unusual reactivity. This reactivity of

73
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1,2,4-triazines  has been evidenced by their facile covalent hydra-

tion,11/107 ,125 and the addition of alcohols, Grignards and hydrO-

108,127 v . r ,gen across the 4-5 bond.

A. Potassium Cyanide Catalyzed Dimerizations

Due to the unusually reactive nature of this N4~C5 bond in 1,2,4-

triazines it occured to us that these compounds might react in a

manner similar to quinolines (146) and isoquinolines (147) in the

presence of potassium cyanide and an acyl chloride. Such reactions

with 146 or 147 or their derivatives produce the well known Reis serf

128compounds (148a) and (148b), first prepared by Reissert in 1905.

Since that time this reaction has been very thoroughly studied by Popp
129 130and coworkers. ' The general method for the preparation of

these compounds is the slow addition of the acyl halide to an aqueous

solution of 146 or 147 and potassium cyanide. In the case of 1,2,4-

triazines, however, upon addition of potassium cyanide to an aqueous 
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solution of the appropriate triazine derivative (in this- case 3-methoxy-

1,2,4-triazine)  an immediate, copious precipitate resulted which was

very highly colored, ranging from orange, to bright red, to dark brown,

depending upon the triazine species used. This precipitate was then

filtered producing another unexpected result. Upon contact with air,

this solid underwent a color change, producing a bright yellow crystal­

line product. Examination of this compound by NMR and mass spectro­

metry, as well as comparison of melting points, showed this compound

to be the triazine dimer 3,3Z-dimethoxy-5 jS^-bi-l, 2,4-triazinyl (149a),

identical with the compound prepared by Paudler and Chen^Z from

the action of sodium methoxide on 3-methylthio-l, 2,4-triazine (See

Scheme IV) „

In order to differentiate between the 5,5 - or 6, s'-l, 2,4-triazine

dimer, Paudler and Chen dimerized 6-methyl-3-methylthio-l, 2,4-

triazine and obtained the dimer (149b) in 50% yield which could also be

dimerized in aqueous potassium cyanide in 80.5% yield. Final confir­

mation of this structural assignment came from an examination of the

dimer obtained by conversion of the methoxy compound to its dihydra-

zino derivative, followed by oxidative removal of the hydrazino

function with activated manganese dioxide, affording the parent

dimer (150a).

Since the NMR spectrum of the resulting bi—1,2,4-triazinyl (150a)

shows the presence of an AB system indicative of para coupling rather
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/
than two singlets, we are dealing with a 5,5 -dimer rather than a

6,6 -dimer 151. The same compound is also readily and directly

obtained by either the slow addition of sodium metal to a solution of

149a ,b

Scheme IV
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1,2,4-triazine  in liquid ammonia, or more easily by the treatment of an

aqueous solution of 1,2,4-triazine with potassium cyanide.

In order to assign the AB system of 5,5 -bi-1,2,4-triazinyl (150a)
z 13;

properly, recourse was taken to the NMR spectrum of 2,2 -bipyridyl,

where we note that the/?-proton ( T 2.73) becomes considerably more

4' 3' 16

152

6' 1' 34

deshielded (T 1.60) in going from pyridine to the dimer (H-3). This

deshielding (T 1.13) would also be expected to occur in H-6 of the

triazine dimer when compared to 1,2,4-triazine (H-6= T 0.76). Thus,

if the most deshielded NMR signal of the dimer ( T -0.37) is assigned

to H-6, one finds that this proton is more deshielded by T1.13 than it

is in 1,2,4-triazine. Thus, the assignments, as shown in Table I are

verified.

A variable temperature NMR study was conducted on the parent

dimer as well as on other 5-aryl substituted-1,2,4-triazines in an

effort to establish whether a rotational barrier due to hydrogen-hydro-

gen, hydrogen-nitrogen lone pair, and nitrogen-nitrogen lone pair

repulsion, as well as the degree of double bond character about the
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Cg-aryl bond might be detected. The specific derivatives used were
/

5,5 -bi-1,2,4-triazinyl, 5-phenyl-, 5-p-nitrophenyl-, 5-jd-methoxy­

phenyl-, and 5-j3-chlorophenyl-l,2,4-triazine. The temperature was

varied over a range of -60°to +55°C, all samples being run as dilute

deuterichloroform solutions. However, over the temperature range

examined there appeared to be complete freedom of rotation about the

Cg-aryl bond, no evidence of peak broadening or splitting being

observed. It is interesting to note the degree of deshielding observed

(T -0.37) for the H-6 proton of the parent dimer in relation to the

deshielding effect on the H-6 proton (T 0.26) of the triazine ring in

5-phenyl-l, 2,4-triazine (153). The H-6 proton on the parent dimer 
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is deshielded by 63 hz, more than H-6 on 153 due to the anisotropic

effect of the 4-nitrogen lone pair of the 5-triazinyl substituent.

The potassium cyanide catalyzed dimerization appears to be a very

general reaction, taking place on any 5-unsubstituted 1,2,4-triazine,

affording the corresponding dimers (154a-h)» It was also found to be an

extremely sensitive reaction, capable of detecting the presence of less

than 0.1 mg./ml. of a 5-unsubstituted -1,2,4-triazine in aqueous

solution, or an organic solution shaken vigorously with an aqueous

solution of potassium cyanide. This was evidenced by a vivid color

change of the initial colorless solution.

154a-h

a.) Rx = H r2 = h e.) Rj = CO2Et R2 = H

b.) Rj = OMe r2 = h f. ) Rx = Me r2 = h

Co) Rx = SMe R2 = H g.) Rj = OEt R2 = H

d.) Rx = NH2 r2 = h h.) Rx = SMe R2 = Me
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Dimers of 1,2,4-triazines have been known for many years prior to
/

this work, although all previous reports involved 3,3 -dimers rather
✓

than the 5,5 -dimers reported here. These compounds were pre-

134 135pared ' by condensations of bis-amidrazones (155) with substituted

1,2-diketones to form the appropriate dimers (156) rather than actual

dimerization of the 1,2,4-triazine specie.

155

Dimerizations of pyridinoid heterocyclic compounds are, however,

well-known phenomena. For example, when dry pyridine is treated

with sodium at room temperature and the reaction mixture is decom-

/ 7 136posed by the addition of water, a mixture of 2,2 - and 4,4 -bipyridyl

is obtained. Similarly, quinazoline, when treated with active methy­

lene compounds in the presence of a base such as sodium methoxide,

137affords 4,4 -biquinazolyl as one of the reaction products (157).
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These dimerizations have been envisioned to occur either by free

radical or carbanionic mechanisms. Specifically, the dimerization

of quinazoline is presumed to occur by the following sequence:
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A similar sequence can, tentatively, be proposed to account for the

sodium methoxide catalyzed dimerizations of the 1,2,4-triazines , while

the potassium metal catalyzed reaction may well occur by a free radi­

cal dimerization.

1.) dimerizatio

2.) air
oxidation

In the case of potassium cyanide catalyzed dimerization, however,

an entirely different mechanism appears to be operative. Since Paudler

138and Chen have shown that Hr is not subject to H-D exchange in

aqueous base, it is unlikely that these dimerizations occur via a

carbanionic mechanism. In fact, treatment of these 1,2,4-triazines

with aqueous base (20% KOH) does not afford any dimeric materials.

Consequently, we suggest that the reaction takes place by initial

attack of cyanide ion at the 5-position to yield a dihydrocyano inter­

mediate (154a ) which, in the presence of water, is in equilibrium with

the anion (154b ). This species attacks a second molecule of 1,2,4-

triazine at the 5-position to yield a dimeric species (154c ), which

then loses hydrogen cyanide followed by air oxidation, affording the

final product 154 (See Scheme V).
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Scheme V

The assumption that the final products are obtained by air oxidation

of the intermediate (154a ) (either before or after loss of HCN) appears

to be valid due to the following observations. By the addition of chlor­

oform to the initial, highly colored aqueous mixture and rapid stirring

(which introduces oxygen from the atmosphere into solution) of the

heterogeneous mixture, the precipitate disappears from the aqueous 
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layer accompanied by the appearance of a bright yellow color in the

organic layer„ Oxidation of the intermediate can be accomplished even

more rapidly by bubbling oxygen into the reaction mixture. If air oxida­

tion is indeed occuring, then upon completion of the reaction, it should

be possible to detect the presence of hydrogen peroxide as the resultant

product formed from the reduction of molecular oxygen. By testing the

aqueous solution with starch-iodide paper the presence of peroxides was

confirmed. Thus, it appears that air oxidation is a valid assumption.

All attempts to isolate and identify the highly colored intermediates

were unsuccessful, obtaining only the dimeric species. It was found

that comparable yields were obtained with the use of sodium cyanide

rather than potassium cyanide. However, only starting materials

were isolated when an attempt was made to extend this method to include

"pseudo-organic salts" such as potassium thiocyanate, potassium iso­

cyanate, etc. Potassium cyanide was also added to an aqueous solution

of quinazoline in an effort to determine whether these cyanide catalyzed

dimerizations could be applied to other heterocyclic systems, or

whether it is unique to the 1,2,4-triazine series. Unfortunately, no

reactions were found to occur under various sets of conditions. Similar

experiments were also conducted with pyrazine, pyrimidine and pyridazine

since these three ring systems are frequently used as model compounds

in comparison of various 1,2,4-triazine derivatives. However, as in 

the case of quinazoline, no reactions were observed to occur; 
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essentially quantitative recovery of starting material being obtained in

each case.

B„ 5-Carboxamido-l, 2, 4-Triazines

In the previous mechanism proposed (See Scheme V) for the formation

of the 1,2,4-triazine dimers, it was suggested that the initial step is

attack at the 5-position of the 1,2,4-triazine ring by a cyanide ion»

Then, in the presence of water, this intermediate forms the 5-carbanion

leading to the final dimeric product. In an attempt to verify this

mechanism, we predicted that, in the absence of water the equilibrium

(154at=^ 154b ) would not be present and the -C=N moiety could be

retained, without collapse to the carbanion. This is similar to the

mechanism in the formation of Reissert compounds involving initial

attack by cyanide ion on the quinoline (or isoquinoline) ring, creating

an anion on the nitrogen atom, which subsequently attacks the acyl

chloride to form the product.
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Upon air oxidation of this intermediate (154a, See Scheme VI) the

5-cyano species (159a-d) would be formed, which in the presence of

peroxides in solution, would be hydrolyzed to the 5-carboxamido

derivatives (160a~d); none of the 5-cyano derivatives ever being

isolated o

158a-d

a.)  R3 = OMe, Rg = H

b.)R 3 = SMe, R6 = H

c.)  R3 = SMe, Rg = Me

d.)  RQ = Rc = H3 b

Scheme VI
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When any one of the 5-unsubstituted triazines 158a-d was added

to a suspension of potassium cyanide in dioxane, and the mixture was

heated under reflux for five hours, none of the organic starting material

was left and two products (as determined by tic) were obtained. The

materials were readily separated by preparatory-scale tic to afford the

dimers, (154), along with compounds whose elemental analyses and

mass spectrometric molecular weights identified them as carboxamido

derivatives of the reactant 1,2,4-triazines (158a-d) (See Table II).

Thus, the probable intermediate cyano-1,2,4-triazines were hydrolyzed

to the carboxamido derivatives. It is assumed that the carboxamido

derivative is formed by attack of peroxide (formed by reduction of

molecular oxygen) on the cyano function, either before or after the

air oxidation step. The possibility of these compounds being covalently

hydrated 5-cyano-l,2,4-triazines was ruled out by examination of the

NMR and mass spectra.

The question as to whether the carboxamido grouping is at C5 or

Cg can be resolved by the observations that 3-methylthio-6-methyl
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derivative (158c) affords a carboxamido derivative while the 3-methyl -

thio-5-phenyl derivative gives neither dimer nor carboxamido compound,

and by the fact that compound (158d) shows proton-proton coupling

(J3 g=1.8hz), typical for J3 g coupling in 1,2,4-triazines®. Thus, as

expected, these derivatives are 5-carboxamido-l, 2,4-triazines (160a-d).

These results not only confirm our earlier mechanistic proposals, but

also offer a new and unique route to the otherwise almost inaccessible

5-functionally substituted 1,2,4-triazines.

C. 5-Alkoxy-l, 2,4-Triazines

Potassium cyanide was found to have a further application in the

chemistry of 1,2,4-triazine derivatives. During the initial efforts to

isolate a 5-cyano-1,2,4-triazine, an anhydrous solvent was desired

that could at least partially solvate the potassium cyanide. The

obvious choice seemed to be a polar solvent such as methanol or

ethanol. Thus, to a solution of excess potassium cyanide in absolute

methanol, heated on a steam bath, was added 3-methoxy-l, 2,4-

triazine as a solid. No immediate formation of a precipitate or the

appearance of an intense color change was observed. The solution

gradually changed from a pale yellow to a much brighter yellow. After

the reaction was completed, as evidenced by tic, the solvent was

removed and the product analyzed by NMR and mass spectroscopy, in

anticipation of confirming the synthesis of 5-cyano-3-methoxy-l, 2,4- 
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triazine. However, instead of the 5-cyano-derivative (161), the NMR

spectrum of this solid indicated, besides a small amount of dimer, the

presence of a second compound which showed a singlet in the "aromatic

region" at Tlo50 (which would be expected for the 3-methoxy-5-

cyano compound); but, in addition to the three proton singlet for the

3-methoxy function, there was also a second three proton singlet

MeO----
^N^OMe

162

at T 5O95O Because of the deshielded nature of this singlet and the

indication from the mass spectrum that the starting material had added

30 mass units (-OCH3), this compound was identified as a dimethoxy-

1,2,4-triazine  (162) „ Separation from the dimer was easily accomplished

by sublimation, and elemental analysis confirmed its molecular formulae

From our previous experiences with potassium cyanide reactions with

1,2,4-triazines , it was strongly suspected that the compound we were

dealing with was actually the 3,5-dimethoxy derivative rather than 
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the 3,6-isomer. However, from the data thus far collected, no

structural distinction could be made between these two isomers.

Further chemical evidence was necessary to elucidate the mechanism

of this reaction and Identify the product isomers. With this end in

mind, the 3-methylthio-6-methy-l,2,4-triazine (158c) was treated with

methanolic potassium cyanide and a corresponding methoxy deriva­

tive (163g) was obtained, identified by NMR, MS and elemental analyses.

In order for this compound to exist as an "aromatic species," substi­

tution by methoxide ion would have to occur at the 5-position. If

KCN

Me OH,

Me"r^-NxN
I

MeO^^N /^SMe

158c 163g

attack had occured at the 6-position, the resultant product would have

been a dihydro derivative, which was not the case.

In order to further confirm the attack at the 5-position, the parent

1,2,4-triazine  was treated with potassium cyanide in a methanol/

dioxane mixture, affording a mono-methoxy derivative. The NMR

spectrum of this compound showed proton-proton coupling (J3 5-I.8 hz)

typical for para-coupling in 1,2,4-triazines (See Table III). It was also
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different from 3-methoxy-l, 2,4-triazine, as evidenced by a comparison

of their m.p. 1 s and NMR spectra. In light of this evidence, the dimeth­

oxy derivative (162) was assigned the 3,5-dimethoxy-l, 2,4-triazine

structure.

This reaction was found to be general for the facile synthesis of

5-alkoxy-l, 2,4-triazines from their corresponding 5-unsubstituted

derivatives, with yields ranging from 30-75%. One attractive feature of

these reactions is the small amount of time involved in the work-up

procedure. During the initial investigations, considerable effort was

expended in time-consuming column chromatography and recrystal­

lizations. It was found, however, that pure products could be

163a-k

_R _R1 R; R 21 21
a.) OMe H OEt g.) SMe Me OMe

b.) OMe H OMe h.) SMe Me OEt

Co) OEt H OEt i.) NH2 H OMe

d.) OEt H OMe j .) OMe H i-OPr

e.) SMe H OMe ko) H H OMe

f .) SMe H OEt
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obtained by direct sublimation of the crude reaction residue (after

removal of solvent)—the total time involved (including reaction time,

workup, etc.) from starting material to pure crystalline products being

approximately seven hours. This reaction worked nicely for methanol,

ethanol and iso-propanol, affording the corresponding 5-alkoxy-l, 2,4-

triazines (163a-k).

It was also found that at higher temperatures and longer reaction

times the 3-position underwent substitution, affording the corresponding

3,5-dialkoxy derivative of whichever alcohol was employed in the

reaction. Thus, by treating 3-ethoxy-l, 2,4-triazine with potassium

cyanide in a methanol/dioxane solution at reflux temperature for

12 hours, 3,5-dimethoxy-l, 2,4-triazine (163b) was obtained. This

compound was identical with the product, described previously,

obtained from the reaction of 3-methoxy-l, 2,4-triazine with potassium

KCN

Me OH/Dioxane
. A MeO12 hrs.,, /\ OMe

158c 163b
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cyanide in methanol/dioxane. A similar reaction was observed in the

case of 3-methoxy-l, 2,4-triazine and ethanol, affording 3,5-diethoxy-

1,2,4-triazine .

The mechanism of this reaction (See Scheme VII) appears to be

initial attack of cyanide at the 5-position, as in formation of the dimer.

However, since these reactions were run under anhydrous conditions,

the equilibrium mechanism involved in the formation of dimeric products

(154) should not be operative. We therefore postulate that the dihydro­

cyano intermediate is air oxidized to the fully aromatic compound (164),

which, in the presence of a large excess of alcohol, undergoes attack

Scheme VII



at the 5-position by a molecule of alcohol, followed by loss of HON,

affording the final products (163a-k).

97

This facile synthesis of 5-alkoxy derivatives from 5-unsubstituted

1,2,4-triazines  represents a valuable synthetic tool for the introduction

of functionality into the 1,2,4-triazine ring. It also represents

one of the few examples of an addition reaction occuring on the fully

aromatic 1,2,4-triazine ring system. Other additions to 3-keto-2,3-

dihydro-1,2,4-triazines were discussed in the previous section.^08 zl09a-d

D. Reactions of 1,2,4-Triazines with Ethylenimine

Since the discovery of the biological activity of various 6-azauracils
139 . . 140 , 141

(165), 6-azathymines (166), 6-azauridines (167), 6-azacytidines
142

(168) and others, many workers have been actively studying and 
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reinvestigating the chemistry of 1,2,4-triazine s for potential pharma­

cologically active drugs. It has been known for years that various

1,3,5-triazine  derivatives possess biological activity and it seems only

natural to investigate the pharmaceutical properties of analogous

1,2,4-triazine derivatives.

One such 1,3 ,5-triazine derivative, known to possess cancerostatic
143

activity, is 2,4,6-tris-(ethylenimino)-l ,3,5-triazine (169). We

attempted to prepare similar ethylenimino-1,2,4-triazine derivatives and

submit them for screening as potential cancerostatic agents.

169

Since 3-methoxy-l, 2,4-triazine was a readily available material

in our laboratories and it is known to undergo facile nucleophilic

displacement with hydrazine or dimethyl amine, we decided to use this

derivative in a test reaction. From previous reports on the

relative reactivity of the 3-,5- and 6-positions towards nucleophilic

displacement, we believed that if the 3-position underwent facile
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substitution, it would not be difficult to extend this substitution to

the 5- and 6-positions.

Upon treating 3-methoxy-l, 2,4-triazine with one equivalent of

ethylenimine (aziridine) in various solvents (ethanol, dioxane,

tetrahydrofuran, methanol) and refluxing up to 9 6 hours, no substitu­

tion was found to occur. However, upon refluxing 3-methoxy-l, 2,4-

triazine in excess ethylenimine, in the absence of solvent, for 10

hours, followed by removal of the excess ethylenimine in vacuo,

a product different from starting material was obtained as indicated

( m/e 165 )

by tic. Investigation of this compound by NMR and MS showed none of

the 3-aziridino-l, 2,4-triazine (170) as expected, but rather a compound

with a molecular weight of 165 and an NMR spectrum exhibiting an AB

system (T 1.70) (typical for a 3-substituted 1,2,4-triazine) as well

as a quartet (T 6.30), a triplet ( T 7.50) and two multiplets at

( T 8.22) and ( T 8.80). Also present in the NMR spectrum was a



100

broad singlet at (T 3.18), characteristic of an N-H resonance (See

Figure la). Integration of the spectrum showed the presence of eleven

protons, two each for the AB system, quartet, triplet and each multiplet,

with one proton for the broad singlet. By the addition of D2O to the NMR

sample tube, the quartet collapsed to a triplet with the disappearance of

the broad singlet (See Figure lb).

Analysis of the mass spectrum was able to shed some light on

the problem but it was not possible to make a definite structure

assignment on the basis of the existing data. Since the NMR spectrum

showed no peak for the methoxy protons, we assumed that substitution

had occurred at the 3-position. Therefore we were left with the task of

explaining the addition of 85 mass units to the parent 1,2,4-triazine

fragment (165-80=85). Two moles of ethylenimine is the equivalent of

86 mass units; thus, it appeared as though some type of addition of

two moles of ethylenimine had occured during the reaction. The obvious

consideration was 3,5-diethylenimino-l, 2,4-triazine A; however, this

structure did not fit the NMR or mass spectral data and was immediately

excluded.

It appeared as though some type of ring opened structure was

necessary to account for the molecular weight of 165. Isomers .B, C

and D were then considered as possible structures. Structure B was 

ruled out on the basis of the AB system in the NMR spectrum. A 
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structure such as B would not exhibit such an AB pattern for the 5 and

6 protons. Structures C and D seemed to satisfy the spectral data

except, again, the AB system at (T 1.70) seemed to be somewhat

de shielded from where one would expect to find the 5 and 6 protons in

a dihydro-1,2,4-triazine species. However, in a previous reaction

which had been done in an attempt to prepare 3-oximino-l, 2,4-triazine,

H2N\nh

’ HC1
HN^x'SCH3

171
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decomposition of the ring resulted, yielding the dioximino derivative

(171) of glyoxal as well as the hydrochloride salt of methylthiosemicar­

bazide. The NMR spectrum of 171 exhibited a singlet at (T 2.29) for

the methylene protons. Due to this evidence it seemed to us not alto­

gether impossible that the 5,6-protons could absorb at such a deshielded

position in structures C and D. Structure D, from an intuitive viewpoint,

would be less favored because of the conformation of the conjugated

system forced upon the triazine ring. It has been shown124 in the case

of 3-keto derivatives (eg. 172) that where the -N=N- is seemingly forced

by structural demands, this apparent high energy situation is relieved by 

17 2 173

tautomerization to the methylene structure (173). Since structure D has

no apparent tautomeric mechanism by which to relieve this high energy

situation, it was postualted that D was most likely not the isomer we

were dealing with, although it was not ruled out on this basis alone.

If we were indeed dealing with structure C we felt that the aziridino 

function could be hydrolyzed in acid to the dihydro imidazotriazine 
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structure (17 4), which should be readily oxidizable to the known

compound (17 5) imidazo-|l,2-bj-l,2,4-triazine. Upon hydrolysis with

175

6N HC1 for 12 hours followed by basification with 25% NaOH and

extraction with chloroform a compound was obtained with the same

molecular weight as the starting material. However, the NMR spectrum

of this compound was totally different from that of the starting material

(See Figure 2). The AB system for the deshielded protons was still

present, centered at (T 1.67) but the saturated region showed what

appeared to be an A2B2 system centered at (T 6.66), along with the

broad singlet at (T 2.77). Integration of this spectrum showed the

protons to be in a ratio of 2:8:1 respectively.

From our previous knowledge of potassium cyanide reactions with

1,2,4-triazines, we decided to see if any products would be obtained
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from the reaction of potassium cyanide with compound I_. If compound

_I was actually a dihydro structure such as C, we expected to observe

no reaction since no other dihydro-1,2,4-triazines had every yielded

any dimeric products. However, upon dissolving compound I_ in an

aqueous solution of potassium cyanide, a reddish-brown precipitate

was produced, which, after work-up, proved to be a dimeric form of

compound _IO Upon treatment of compound_I with potassium cyanide

in methanol, the corresponding 5-methoxy derivative of structure I_ was

formed.

Dimer

5 - Methoxy derivative

In light of these developments the question now had to be asked

whether we were actually dealing with a dihydro derivative, or was it,

in fact, a "fully aromatic" system as this latest piece of evidence

suggested. In order to establish this, a UV spectrum of compound I_

was compared with the UV spectrum of 3-amino-l,2,4-triazine

(See Figure 3).
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From this comparison it was immediately obvious that compound I_ was

not a dihydro species, since the UV spectra of 3-amino-l, 2,4-triazine

and compound I_ were virtually identical.

From the combination of all of this data, and starting with the basic

assumption that some type of substitution had occured at the 3-position

of 3-methoxy-1,2,4-triazine , we were able to establish the true struc­

ture of compound I_ as 3-[$-(l-aziridino)-aminoethylene]-l,2,4-

triazine (17 6)»

Scheme VIII
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The acid hydrolysis product can be rationalized as formed by

initial protonation of the tertiary amine followed by ring opening to a

3-piperazino-l, 2,4-triazine derivative 177 (See Scheme VII), which

satisfies the NMR and mass spectral data.

The potassium cyanide products for the dimerization and methoxy-

lation reactions were subsequently identified as compounds 178 and 179

respectively.

r 1 XX I^NCHgCHgNH^^ x^NHCH2CH2N^

178

CH3O'^>n /^NHCH2CH2N^

179
Treatment of 3-methylthio-5-phenyl-l,2,4-triazine with excess

ethylenimine afforded compound 180 and the same reaction with 3-

methylthio-1,2,4-triazine gave compound 17 6, although in lower yield.

180
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The reaction of ethylenimine with 3,5-dialkoxy-l,2,4-triazine

(discussed in previous section) permitted a study of the relative

reactivity of the 3- and 5-positions. Treatment of 3,5-dimethoxy-

1,2,4-triazine  with excess ethylenimine at room temperature for 12

hours afforded a monosubstituted derivative whose NMR spectrum and

m.po were different from 179. This compound was identified as 5-

|j9- (l-aziridino)-aminoethylene| -3-methoxy-l, 2,4-triazine (181),

which supports previous studies done on 1,2,4-triazine, i.e. that the

5-position is more reactive than the 3-position toward nucleophilic

attack. The same compound (181) is obtained by treatment of 5-ethoxy-

3-methoxy-l, 2,4-triazine with excess ethylenimine.

RO nch2ch2nh och3

181

R = OCH3

= OEt
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E. Improved Synthesis of 1,2,4-Triazine

From the early 1950's until 1966, many workers were actively

engaged in the attempt to synthesize the parent 1,2,4-triazine ring
g

system. In 19 66 Paudler and Barton published the first successful

synthesis of 1,2,4-triazine by isolating 3-carbethoxy-l, 2,4-triazine,

followed by saponification and decarboxylation of the acid to obtain

the parent compound. Following this report, Neunoeffer and cowork-

ers^a'^ were successful in isolating the salt of formamidrazone, which,

when condensed with glyoxal, afforded the first primary synthesis of

1,2,4-triazine.  Paudler and Chen^ reported a third route to the parent,

in 1970, by oxidation of 3-hydrazino-1,2,4-triazine with activated

manganese dioxide.

While these syntheses truly represent a valuable contribution to

the field of heterocyclic chemistry, all three procedures suffer from

the fact that the overall yields, based on commercially available

starting materials, are very low; the highest yield being obtained from

oxidation of 3-hydrazino-l, 2,4-triazine. However, this procedure is

somewhat cumbersome since the hydrazino derivative must be prepared
a

by a three step synthesis starting with the hydroiodide salt of 3-

methylthiosemicarbazide (See Scheme I) and oxidation of the hydrazino

compound is subject to the variable activity of the activated manganese 

dioxide.
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A modification of Paudler's and Barton's original synthesis of

1,2,4-triazine  was found to afford the parent compound in an overall

yield of 30%.

The major cause for the low yield of 1,2,4-triazine prepared

by this original method was the extremely low yield (10%) of 3-

carbethoxy-1,2,4-triazine (17). The remaining two steps were accom­

plished in 9 7% and 40% yields, respectively. Thus we examined 

Anhydrous

the reaction conditions under which the initial condensation (glyoxal with

ethyl oxalamidrazonate) could be improved.

When the aqueous solution of glyoxal previously used in the synthe­

sis is replaced by freshly prepared anhydrous glyoxal dissolved in dry
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tetrahydrofuron, 3-carbethoxy-l, 2,4-triazine is formed in 55% yield.

This compares favorably with the 10% yield obtained in the aqueous sol­

ution instance. While the hydrolysis yield, previously reported to be

97% cannot be improved upon, the decarboxylation yield was somewhat

increased (55%) by assuring that the l,2,4-triazine-3-carboxylic acid

is anhydrous prior to decarboxylation. Thus, the overall yield of

1,2,4-triazine  is 3 0%, a considerable improvement over the previously

reported procedures.

This improvement on the yield of 3-carbethoxy-l, 2,4-triazine made

the study of this compound and its derivatives more feasible. Thus, by

the treatment of 3-carbethoxy-l,2,4-triazine with cold, concentrated

ammonium hydroxide for 5-10 minutes, the compound isolated, in 68%

yield, was the 3-carboxamido derivative (182). When 182 was heated

for two hours at 100° in phosphorous oxychloride and then hydrolyzed

with saturated sodium carbonate solution and extracted with chloroform,

182 183
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the resulting 5,6-unsubstituted 3-cyano-l, 2,4-triazine (183) was

obtained. This compound was identified by NMR, MS and IR. Prior to

this synthesis 3-cyano-l, 2,4-triazine derivatives had been prepared by

the condensation of cyanoformidic acid hydrazide with 1,2-diketones.

This procedure worked nicely with biacetyl and benzil, but when

the same condensation procedure was attempted using glyoxal, no

identifiable products could be isolated. Therefore, this synthesis of

3-cyano-l, 2,4-triazine via the 3-carbethoxy derivative represents the

first report of the preparation of a 5,6-unsubstituted 3-cyano-l, 2,4-

triazine.

F. X-Ray and M.O, Studies on 1,2,4-Triazines

Since the original synthesis of the parent 1,2,4-triazine, many

workers have been concerned with the study of the chemistry of this

ring system. These studies have brought to light the fact that 1,2,4- 

triazines readily undergo covalent hydration across the N^-C bond, 
11,107

as well as the addition of potassium cyanide; are subject to H -D

138exchange under neutral as well as basic conditions; can be N- 

oxidized at Nj if C3 is either unsubstituted or contains a methythio or

methoxyl grouping, or at N if C3 is substituted by a primary or

107secondary amino group. Furthermore, in derivatives where an -N-N-

124would be forced (172 ^173), it is removed by tautomerism. Neun-

hoeffer144'145 and others146 148 have also shown that 1,2,4-triazines 

can act as dienes in Diels-Alder reactions.
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On the "theoretical side" of 1,2,4-triazine chemistry, a paper

149by Dewar and Gleicher has examined various parameters in calcula­

tions of the SPO and PPP type. These calculations have led to the

calculated bond distances reported in Table IV.

Until this time, however, no X-ray studies had been conducted on

the 1,2,4-triazine system. For this reason we submitted crystals of

5-(j3-chlorophenyl)-l, 2,4-triazine (184) „ carefully "grown" from an

184

ethanol solution over a period of several weeks, to Dr. J. L. Atwood

for X-ray analysis. The physical dimensions of the 1,2,4-triazine ring

system obtained for this crystallographically more readily utilizable

derivative, should closely represent those to be expected for the

low melting 1,2,4-triazine parent itself.

The bond lengths obtained for this molecule will not only allow the

first comparison of experimentally determined bond lengths of 1,2,4-

triazine with those calculated by semi-empirical molecular orbital

calculations, but also shed some light upon the chemical properties

of this molecule in comparison with other polyazabenzenes. When
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the bond lengths obtained by the PPP and SPO calculations (cf. Table IV)

are compared with the experimentally determined bond distances, the

correlation between these values is indeed remarkable if one considers

the numerous approximations employed in these semi-empirical

calculations.

It might also be of interest to point out that the PPP calculations

approximate the experimental bond lengths somewhat better than does the

SPO approximation, which predicts somewhat shorter bond lengths than

observed.

It is also instructive to compare the bond lengths and bond angles of

1,2,4-triazine  with those of some other polyazabenzenes^^ (185),

(186) , (187).

These compounds are unique, with respect to 1,2,4-triazine in that

the two canonical structures contributing to the ground-state are identical.

Thus, the bond lengths are controlled by this feature.

On the other hand, the two canonical structures contributing to

the ground-state of 1,2,4-triazine are energetically different (18 and 18a).
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Table IV

Experimental and Calculated Bond Distances of 1,2,4-Triazine

Bond Exptl.5) PPP SPO

1-2 1.335 1.335 1.348

2-3 1.314 1.310 1.304

3-4 1.339 1.361 1.357

4-5 1.317 1.304 1.298

5-6 1.401 1.443 1.460

6-1 1.317 1.297 1.289

a.) All values are in A, determined for R^jo-ClCgH^-.

Standard Deviations are 0.004 $.
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18 18a

Consequently, one would predict that structure 18 should contribute to

the ground-state more than structure 18a, since the Nj-N2 lone-pair

repulsion in the latter structure should be more severe than in the

former one.

In fact, the N^-l^ bond length (lo335 ft in 1,2,4-triazine is greater

than the Nj-N2 bond length (1.3 21 ft in 1,2,4,5-tetrazine (185). Similarly

the C3-N4 distance in 1,2,4-triazine (1.339 ft is considerably longer

than the Nj-C2 length (1.319 ft in 1,3,5-triazine (187), as is the Cg-Cg

length (1.401 X) in 1,2,4-triazine in comparison to C2-C3 (1.378 X) in

pyrazine (186).

The N2-C3 (1.314 ft, N4-C5 (1.317 ft and Cg-N (1.378 ft bond

lengths in 1,2,4-triazine, on the other hand, are all shorter than the

comparable N2-C3 (1.334 ft in 185, respectively.

The X-ray structure determination also established that the compound

is planar to, at least, within 0.01 ft an observation to be expected for

an aromatic system (cf. Figure 4).
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Table V

Electron Densities and 7T-Bond Orders Calculated from INDO

Electron Densities

Atom 5-Phenyl-l, 2,4-Triazine 1,2,4-Triazine

Ni 5.0625 5.0608

n2 5.1437 5.1330

c3 3.7530 3.7551

n4 5.2115 5.1887

C5 3.8452 3.8513

C6 3.9469 3.9333

7T -Bond-Orders

Bond

1-2 .5744 .5819

2-3 .7301 .7339

3-4 . 6149 .6089

4-5 .6795 .7092

5-6 .5852 .6132

6-1 . 7413 .7322
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Thus we find that the 1,2, 4-triazine molecule is best represented by

a resonance hybrid of 18 and 18a, with structure 18 making a significantly

greater contribution to the ground-state.

Since one cannot obtain appropriate bond lengths for a non­

delocalized 1,2,4-triazine structure, such as 188 , it is impossible to

188

make a reasonably quantitative assessment as to the "percentage"

contribution of canonical structures 18 and 18a to the ground-state of

1,2,4-triazines o Nevertheless, the above analysis allows us to state

that the 1,2,4-triazine structure should be represented as 18 since this

contributor makes a greater contribution to the ground-state than does

canonical structure 18a.

In conjunction with this X-ray structure, MO calculations were

done on the 1,2,4-triazine molecule using the bond lengths and bond

angles obtained from the X-ray determination. The modelbuilder

program initially employed for the determination of the structure of the

1,2,4-triazine  molecule in Cartesian coordinates was found to be

extremely cumbersome, yielding intractible results. In order to circumvent 



121

this problem the coordinate program (COORD), developed by M. J. S.

Dewar, was utilized. It was necessary to modify this program in order

to make it compatible with the Univac system, since it had been

originally programmed for use on IBM hardware. Other revisions were

also made in order to interphase this COORD program with our existing

CNDO and INDO programs. The simplicity of the COORD program, as

opposed to the previous modelbuilder program, offered a facile method

for the calculation of Cartesian coordinates for 1,2,4-triazine, which

previously had been a time-consuming task.

The Cartesian coordinates calculated by COORD were used as input

data for the INDO program, from which was obtained the electron

density at each atom, the 7T_overlap for each bond, the dipole moment

and the total binding energy of the system.

INDO calculations were done first on 5-phenyl-l,2,4-triazine using

the geometry determined from X-ray analysis, and the data obtained

from these calculations compared with that obtained from INDO

calculations done on the 1,2,4-triazine parent compound. The bond

angles and bond distances used were the same as in the X-ray structure

of 184, except for the substitution of a proton for the 5-substituent, using

a bond length of 1.0000 A (See Table V).

The general agreement between these two structures with respect

to the electron densities and TT-bond orders lends further support to

our contention that the X-ray structure of 5-(p-chlorophenyl)-1,2,4-

triazine should closely resemble the structure of the parent. It should
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Table VI

Orbital Electron Density Distribution in 1,2,4-Triazine

Atom _s £x Py pz

N1 1.5400 1.0846 1.4366 .9995

n2 1.5509 1.0749 1.14275 1.0797

C3 1.0306 .9053 .8819 .9373

n4 1.4825 1.2396 1.4202 1.0464

C5 1.0318 .9225 .9639 .9331

C6 1.0306 .9445 .9542 1.0040



123

also be pointed out that the dipole moment calculated using this data

was 2.452 Debye, comparing very favorably with the experimentally

determined value of 2.42 Debye, for the parent compound.

The TT-bond orders of the parent compound agree very well with the

X-ray data, showing a much greater TT-density for the N2-C3, N4-C5

and Cg-Nj bonds than the other three bonds. Two other features of

the INDO calculations done on the parent compound are of interest. Of

the three bonds referred to above, their bond lengths are the same

within .01 R; however, the TT-density of the N4-C5 bond (0.7092) is

considerably less than the TT-density of N2-C3 (0.7339) or Cg-N^

(0.73 22). While this author is aware of the fact that this data is

determined for solid state chemistry and cannot necessarily be gener­

alized to solution chemistry; it can, however, be suggested that this

low TT-density could account, in part, for the unusual reactivity

(susceptibility to nucleophilic attack) of the N^-Cg-bond.

The second intriguing aspect of the MO data arises from a compari­

son of the orbital components of the total electron densities of nitrogens

1,2 and 4 (See Table VI). The s orbital contributions for Nj and N2 are

1.5400 and 1.5509 respectively, while for N4 it is only 1.4825. If this

observation is viewed in conjunction with a comparison of the px orbital

electron densities for these same three atoms (1.0846, 1.0749 and 1.2396,

respectively) a correlation can be seen between the lone pair repulsion

at N,-N2 and the degree of TT-bond character at that site. Because of
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the lone pair interaction at and the hybrid orbitals of these two

atoms possess considerably greater s character than the orbitals of N^,

where only hydrogen-lone pair interaction is operative. As a result of

this greater s character at the bond between these two atoms is

longer, which agrees very nicely with our earlier predictions and X-ray

crystallographic observations.

G. Diels-Alder Reactions

The reactive nature of 1,2,4-triazines has also been demonstrated by

their ability to undergo Diels-Alder type (4+2)7T cycloaddition reactions,

in which the triazine ring behaves more as a conjugated diene than an

aromatic specieso Due to the TT-deficient nature of 1,2,4-triazines

it has been suggested that TT-excessive dienophiles must be employed in

order to obtain efficient cycloaddition. The reaction of 5-phenyl-l,2,4-

triazine with 1-ethoxy-l-dimethylamino-ethylene was reported by Neun-

144 145hoeffer and Fruhauf ' to give a mixture of 2-phenyl-4-ethoxy- and

2-phenyl-5-ethoxy-pyridine (19 0) and (191). This was envisioned to occur

via addition across the 3,6-position to give a bicyclic intermediate such

as 189 which eliminates molecular nitrogen, followed by loss of dimethyl

amine to yield the final products.

146Dittmer, Sauer and Steigel have reported the synthesis of various

bicyclic (19 2) and polycyclic (193a,b) products from Diels-Alder addi­

tions of cyclic dienophiles to 1,2,4-triazines.
i - £ 148

Azepines14b and azocines have also been synthesized by nitrogen 

elimination and ring opening of the initial Diels-Alder adducts, obtained
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from the cycloaddition of the appropriate dienophile across the 3,6-

positions of substituted 1,2,4-triazines,

Addition can also occur across the 2,5-positions of appropriately

substituted 1,2,4-triazines, followed by loss of RCN rather than N2,

affording pyrimidines rather than pyridines, but these reactions will not

be considered here,

149Since the recent development of a new class of "super dienophiles"

(eg. , 4-phenyl-l, 2,4-triazoline-3,5-dione 195),we were interested in

what would occur, if anything, in the reaction between 195 and a

substituted 1,2,4-triazine such as the 5-phenyl derivative (194). This

reaction was intriguing since both the diene and the dienophile are

TT-deficient compounds. Upon refluxing 194 and 195 in dry benzene

under a nitrogen atmosphere for 24 hours, the initial red color of the

solution had disappeared and a white solid had precipitated from solution.

The precipitate was filtered and washed with benzene and chloroform.

This solid was found to be insoluble in all solvents suitable for NMR

analysis, including trifluoroacetic acid and pyridine. The compound

was purified by sublimation. Mass spectrometric analysis of this solid

showed a parent peak at 304, as well as major fragment peaks at 185,

175 , 157 and 119, A structure consistent with this data could result via

3,6-addition across the triazine ring to give the intermediate 196., which

then loses N2 affording structure 197 with a parent peak molecular ion

at m/e 304. The fragment peaks can be explained as the following ions:
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m/e 185 m/e 175 m/e 157 m/e 119

In the presence of an excess of the dienophile, compound 197 would be

expected to undergo a second Diels-Alder addition, which is found to be

the case.
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In the presence of two moles of the dienophile (19 5), 5-phenyl-l,2,4-

triazine reacts to give a solid which is a mixture of 197 and 198,

showing a molecular ion parent peak of m/e 479,

A similar reaction was observed to occur with 5-(j3-chlorophenyl)-

112,4-triazine, the product showing a parent peak molecular ion at

m/e 338 in the mass spectrum, corresponding to structure 199. The

formation of 199 can be envisioned to occur in a manner similar to the

formation of 197, via a (4+2) cycloaddition followed by loss of N£.

199



Chapter IV

Experimental Section

Ao Potassium Cyanide Catalyzed Dimerizations of 5-Unsubstituted-

1 „ 2,4-triazines (154a-h) (General Procedure A)

To 25 mlo of water was added .001 mole of the appropriate 5-

unsubstituted-l,2,4-triazine and the mixture was magnetically stirred

until a homogeneous solution was obtained. To this solution was added

excess potassium cyanide (approx. 500 mg.), either as a solid or in

solution (sodium cyanide was found to work equally as well). Immedi­

ately upon addition (or in a few cases within 5 minutes) a copius,

intensely colored precipitate was formed. This mixture was stirred

for at least 0.5 hr. and then 50 ml. of chloroform was added and the

resulting 2-phase solution was vigorously stirred for 15 minutes. The

chloroform layer was removed, and another 50 ml. portion of chloroform

was added and the reaction mixture was again stirred. This procedure

was continued until the precipitate in the aqueous layer had disappeared

and the organic extract was no longer colored.

An alternate work-up procedure which was less time consuming

was to add 100 ml. of chloroform to the original aqueous solution after

precipitation and to bubble oxygen into the solution. After approx­

imately 0.5 hr. of vigorous stirring the precipitate had disappeared

and the organic layer removed.

130
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The chloroform extract was then dried over anhydrous potassium

carbonate, filtered, and the solvent was removed in vacuo to afford the

corresponding 5,5'-dimer in high yield (cf. Table VI).

Bo 3,3'-Diamino-5,5 -bi-1,2,4-triazinyl (154d)

This compound was obtained in the same manner as described in

General Procedure A. However, the resulting dimer was not soluble

in chloroform and therefore could not be extracted from the aqueous

solution. In this case the initial precipitate was filtered and allowed

to air dry overnight.

C. 5°Carboxamido"l,2,4-triazines (160a-d) (General Procedure B)

A solution of 20 ml. of dry dioxane and 500 mg. (excess) of

potassium cyanide (finely ground and dried in an oven at 140 ) was

stirred and heated to reflux. To this solution was added, dropwise

and over 0.5 hr. , .003 mole of the appropriate 1,2,4-triazine deriva­

tive in 15 ml. of dioxane. After addition, the solution was stirred and

heated under reflux for 5-12 hrs. It was then cooled and filtered to

remove unreacted potassium cyanide. The filtrate was evaporated to

approximately 3 ml. of a brown oily residue. This oil was applied to

a preparative scale tic plate (neutral, grade VI alumina) and the plate

was developed with a 1:1 mixture of chloroform-benzene. The two

yellow bands were scraped from the plate and eluted from the alumina 

with ethyl acetate. Evaporation of the eluates to dryness afforded



Ex
pe

rim
en

ta
l D

at
a f

or
 5-

Ca
rb

ox
am

id
o-

l,2
,4

-T
ria

zi
ne

s

133

o

s
cn

t
<0

cn

<D
so

<DS £

<U 0)s 2 „
co <z> tC



134

the corresponding 5-carboxamido derivatives (160) and the 5,5 -bi-

1,2,4-triazinyls (154) (of. Table VII).

D. 5-Alkoxy-l,2,4-triazines (163a-k) (General Procedure C)

To 40 ml. of a 1:1 mixture of absolute ethanol-dioxane (dry) was

added excess (500 mg.) potassium cyanide (finely ground and dried in

an oven at 140°). This solution was stirred and heated to the appro­

priate temperature (cfo Table VIII). To this solution was then added .003

mole of the appropriate 1,2,4-triazine derivative in 20 ml. of dry

dioxane in a dropwise manner over a period of 0.75-1 hr. The solution

turned brownish-green, and was stirred and heated until the reaction

was complete (2-5 hrs.), as evidenced by tic (cf„ Table VIII). The

solution was then cooled, filtered and evaporated to dryness, leaving

a brown residue. Sublimation of this residue at the appropriate

temperature and pressure (cf. Table VIII) afforded the corresponding

5-alkoxy-l, 2,4-triazines (163) in 30-75% yield.

E. 3,5-Diethoxy-l, 2,4-triazine (163c) from 3-Methoxy-l,2,4-triazine

The reaction procedure and work-up was the same as that described

in General Procedure C except that the reaction was run at reflux

temperature for 10 hrs. The product was sublimed from the crude

reaction mixture (after removal of solvent) affording 3,5-diethoxy-

1,2,4-triazine in 3 8.7% yield.
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F. 3- r^-(l-Aziridino)-aminomethylene] -1,2,4-triazine (176)

lo) To a 10 ml. flask fitted with a reflux condenser was added

2.22 g. (0.02 mole) of 3-methoxy-l, 2,4-triazine and 5 ml. (excess) of

ethylenimine. This solution was refluxed in an oil bath at 75°(b.p.

of ethylenimine = 5 6°) for 10 hrs, during which time its color changed

from yellow to dark maroon. Upon cooling, the color changed to

orange. The excess ethylenimine was removed in vacuo, leaving a

viscous yellow oil which, by tic, showed one major component.

Sublimation of this oil at 563/,005 torr for 72 hrs. afforded 2.11 g. of

a pale yellow crystalline solid, 176, which was found to be air

sensitive and was therefore stored in an evacuated flask, (m.p, 58-

59,5°, % yield 64,2). Calculated for C7HUN5: C, 50,91; H, 6,99;

N, 42.42, Found: C, 50,79; H, 6.82; N, 42,51.

2.) The same compound, 176, could be obtained by the treatment

of 3-methylthio-l,2,4-triazine with ethylenimine at reflux temperature

for 10 hrs, , followed by the same work-up procedure as in 1.). How­

ever, the yield was only 38-40% and the sublimed product was not pure.

G„ Decomposition of 3-Methylthio-1,2,4-triazine affording 171

To 5 0 ml. of distilled water was added 635 mg. (0.005 mole) of

3-methylthio-l,2,4-triazine. This solution was heated to 50°C, at

which time an aqueous solution containing excess hydroxylamine

hydrochloride was added dropwise. This mixture was then heated at

80° for 5 min. At the end of this time a strong mercaptan odor could 
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be detected and the solution was cooled, extracted with ether, and

the ether extracts were dried over anhydrous sodium carbonate. After

filtration and removal of solvent in vacuo, a white crystalline solid

was obtained, which, by NMR and mass spectral analysis, was

identified as the dioxime of glyoxal (171). The water layer was then

evaporated to dryness at reduced pressure, keeping the temperature

below 50°. A white powdery solid was obtained whose NMR and mass

spectra identified it as the hydrochloride salt of methylthiosemicarba­

zide, the spectra comparing exactly with the spectra for the hydriodide

salt of methylthiosemicarbazide.

H. 3-Piperazino-l, 2,4-triazine (177)

To 40 ml. of a 6 N HC1 solution was added 3.30 g. (0.02 mole)

of 3-[/3-(l-aziridino)-aminoethylene  ̂-1,2,4-triazine (176) and the

solution was heated at 85-90°for 24 hrs. in an oil bath. The solution

was then cooled and neutralized with 20% aqueous potassium hydroxide

and carefully made basic to a pH of 8-9 (as indicated by pH paper).

This aqueous solution was extracted with chloroform (3 x 50 ml.) and

the combined organic extracts were dried over anhydrous sodium

carbonate. Upon removal of solvent in vacuo a yellow oil (2.34 g.)

was obtained and identified as 3-piperazino-l,2,4-triazine (177).

This oil was found to be extremely sensitive to air, turning dark brown

if exposed to the atmosphere for only several minutes. For this reason

it was stored in an evacuated flask. The mass spectrum for this
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compound gave a parent peak at m/e 165 and the NMR spectrum

exhibited an AB pattern at T1.48 and T1.86 (J=2.3 hz.), and an

■^2®2 Pa^ern a^ T6.38 and T7.05 (J=5.2 hz.) with a broad one proton

singlet at T3.18. (b.p. 106%005 torr (decomp.), % yield 71.0)

Elemental analytical data could not be obtained because of the

compound's air sensitivity.

I. 3- r^-(l-Aziridino)-aminoethyleneI| -5-phenyl-l,2,4-triazine (180)

To a 10 ml. round-bottom flask was added 508 mg. (.0025 mole) of

3-methylthio-5-phenyl-l,2,4-triazine and 3 ml. (excess) of ethyleni-

mine. This solution was refluxed for 12 hrs. in an oil bath at 75°.

The unreacted ethylenimine was then removed at reduced pressure

leaving a yellow solid which showed two major components by tic.

This solid was adsorbed onto alumina and placed on an alumina

column (neutral, Grade III) and eluted with ethyl acetate. The first

visible band, (pale yellow) after solvent removal, afforded 185 mg. of

a light yellow solid which could be recrystallized from hexane

(m.p. 116-117.5°). This compound showed a mass spectral parent

peak at m/e 246 and an NMR spectrum exhibiting peaks for the

6-proton and the 5-phenyl substituent at TO.97 and T 1.9 2,

T 2.48, respectively, as well as an unidentifiable quartet at T 6.18,

a triplet at T 7.16 and a singlet at T 7.83. Also present in the NMR

spectrum was a broad singlet at T3.50. A more detailed investigation

of this reaction is necessary to unequivocally identify this product.
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The second band on the column moved only slowly with ethyl acetate

and a small amount (5%) of abs. ethanol was added to facilitate its

elution. This second component, after evaporation of solvent, afforded

a bright yellow solid (291 mg.) which could be recrystallized from

benzene (m.p. 105-106.5°, %yield49.0). This compound was

identified as 3-Qff-(l-aziridino)-aminoethylene] -5-phenyl-l, 2,4-

triazine (180). The NMR spectrum of 180 exhibited a one proton

singlet at TO.97, two multiplets at T1.92 and T2.48 for the 5-phenyl

substituent, a broad one proton singlet at T3.0, a two proton quartet

at T6.17 , a two proton triplet at T7.42, and two, two proton

multiplets at T8.15 and T8.73. Calculated for C, 64.73;

H, 6.22; N, 29.04, Found: C, 64.57; H, 6139; N, 29.15.

J. Dimerization of 3-(~ff-(l-Aziridino)-aminoethylene] -1,2,4-triazine (178)

To 10 mlo of an aqueous solution of excess (500 mg.) of potassium

cyanide was added 200 mg. of 3- [^-(1-aziridino)-aminoethylene] -

1,2,4-triazine  (17 6) dis solved in 5 ml. of water. The solution gradually

turned from clear to red to brown in 5-10 min. This solution was stirred

for 2 hrs. , during which time a brown precipitate formed. The aqueous

solution was then continuously extracted overnight with chloroform,

dried over anhydrous sodium carbonate and evaporated to dryness to

yield 17 8 mg. of a reddish-orange solid which was recrystallized from

absolute ethanol (m.p. 187-199°decomp., % yield 89.2). This product

was identified as the 5,5Z-dimer of 3- [^-(1-aziridino)-aminoethylene] -
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1,214-triazine. The NMR spectrum exhibited a two proton singlet at

T 0.69 , a broad two proton singlet at T 2.95, a four proton quartet

at 7*  6o 27 , a four proton triplet at T 7.44, and two, four proton

multiplets at T8.16 and T8.73. Calculated for C14H20N10: C, 51.21;

H, 6.09; N, 42.68 , Found: C, 51.47; H, 6.33; N, 42.27.

K. 3-[p-(l-Aziridino)-aminoethyleneJ -5-methoxy-l, 2,4-triazine (179)

To a 1:1 misture of anhydrous dioxane/methanol was added 700 mg.

(excess) of potassium cyanide and this solution was heated to 60°.

To this warm solution was added, dropwise over 1 hr., 495 mg.

(0.003 mole) of 3-[^-(1-aziridino)-aminoethylene]-1,2,4-triazine (176

and the resulting dark solution stirred and heated for an additional 

5 hrs. The solvent was then removed in vacuo and the residue sub­

limed at 75°/. 005 mm. Hg affording 207 mg. of a light yellow

crystalline material which was identified as 3-aminoethylene- -

(azirano)-5-methoxy-l, 2,4-triazine. (m.p. 79-80.5°; % yield 35.4)

The NMR spectrum of this compound exhibited a one proton singlet at

T 1.83, a broad one proton singlet at T 3.66, a three proton singlet

at T6.10, a two proton quartet at T6.33, a two proton triplet at

T 7.5 0 and two, two proton multiplets at T8.23. Calculated for

C8H11N5O: C' 49.23; H, 6.66; N, 35.89, Found: C, 49.61; H, 6.41;

N, 35.72.

L. 5- - (1-Aziridino)-aminoethylene] -3-methoxy-l, 2,4-triazine (181)

A solution of 423 mg. (.003 mole) of 3,5-dimethoxy-l,2,4-triazine 
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dissolved in 3 ml. (excess) of ethylenimine was allowed to stand at

room temperature for 24 hrs. The unreacted ethylenimine was then

removed in vacuo affording 456 mg. of a yellow oil whose tic showed

one major component. The product could not be sublimed and was

therefore applied to a small alumina column (neutral, Grade III, approx.

50 g.) and eluted with ethyl acetate. Evaporation of the eluate

afforded 227 mg. of a light yellow solid which was identified as 5-

aminoethylene- /3-(azirano)-3-methoxy-l, 2,4-triazine (181). (m.p.

87.5-89°, % yield 39.4) The NMR spectrum of this compound exhibited

a one proton singlet at T1.64, a broad one proton singlet at T2.0,

a three proton singlet at T 5.98, a two proton quartet at T 6.36, a

two proton triplet at T 7.51 and two, two proton multiplets at T8.24

and T8.78. Calculated for CgH13N5O: C, 49.23; H, 6.66; N, 35.89,

Found: C, 49.41; H, 6.62; N, 35.63.

M. Improved Synthesis of 3-Carbethoxy-l, 2,4-triazine (17)
4

1.) Preparation of Anhydrous Glyoxal (monomeric)

The apparatus used in this procedure was similar to that employed

for a short path distillation. The take-off adapter was modified by

extending the delivery tube such that the gaseous glyoxal could be

delivered just below the surface of the solvent in the receiving

flask.

To a dry 3 00 ml. round-bottom flask was added 15 g. of glyoxal

hydrate and 10 g. of phosphorous pentoxide and this flask was fitted 
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to the apparatus (dried) described above. Under a constant stream of

dry nitrogen this flask was heated to 140-150° at which temperature

gaseous yellowish-green monomeric glyoxal was evolved and collected

in a tared receiver containing 75 ml. of dry tetrahydrofuran cooled to

-78°C. The yield (2-4 g.) was determined by the difference in weight

of the receiving flask. This glyoxal was used immediately after its

generation.

2.) Ethyl Oxalamidrazonate

To a 500-ml. round-bottom flask was added 8.88 g. (0.066 mole)

of ethyl thioxoamidrazonate in 200 ml. of ethanol. To this solution was

added, dropwise, 2.51 g. (0.066 mole) of 85% hydrazine hydrate in

33 ml. of ethanol. This solution was allowed to stir for 3 hrs., the

solvent removed in vacuo (below 40°) to yield a reddish-orange oil.

This oil was extracted (washed) with a mixture (2.5:1) of 625 ml. of

30“60°pet. ether/250 ml. of methylene chloride in 100 ml. portions.

The combined washings were then stored in a refrigerator until

precipitation of a white fibrous material had occured. Filtration of

this precipitate afforded 4-5 g. of ethyl oxalamidrazonate (m.p. 94-

96°, Lit. 96°) This was used immediately following isolation and
I

drying on an oil pump without further purification.

3 .) 3-Carbethoxy-l, 2,4-triazine (17)

The amount of monomeric glyoxal obtained in part 1.) was determined

and an equivalent molar quantity of ethyl oxalamidrazonate was 

calculated. To 0.04 mole (one equivalent) of monomeric glyoxal in
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75 ml. of tetrahydrofuran at -78°was added one equivalent of ethyl

oxalamidrazonate in 40 ml. of methanol at -50°containing 5 ml. of

glacial acetic acid. This solution was allowed to stand overnight.

The solvent was then removed in vacuo to yield a viscous yellow oil

which was dissolved in chloroform and extracted twice with 25 ml.

portions of 10% sodium carbonate solution. The chloroform layer was

dried over anhydrous sodium carbonate, filtered and evaporated onto

alumina and placed on top of an alumina column (neutral, Grade III)

and rapidly eluted with chloroform. The first yellow band coming off

was collected and evaporated to yield crude 3-carbethoxy-l,2,4-tria-

zine (17) in 35-60% yield, (m.p. 72-74°, Lit. 72.5-73.8°) It was

found that as this reaction was scaled-up, the yields progressively

decreased, optimum yields being obtained using .002 molar quantities.

Calculated for C6H7N3O2: C, 47.05; H, 4.57; N, 27.45, Found:

C, 47.31; H, 4.19; N, 27.58.

N„ 3-Carboxamido-l, 2,4-triazine (182)

To a 25 ml. round-bottom flask containing 200 mg. of 3-carbethoxy-

1,2,4-triazine  (17) was added 5 ml. of cold, cone, ammonium hydroxide

and the resulting mixture was stirred for 15 min. at 0°. After approx­

imately 5 min. , the yellow starting material began to dissolve and a

pale yellow precipitate appeared. This solid was filtered and dried

affording 110 mg. of 3“carboxamido-l,2,4-triazine (182) which could

be recrystallized from absolute ethanol (m.p.190-192,% yield 68.2)
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The NMR spectrum of this compound exhibited an AB system at TO. 50

and TloOO (15,6=2.2 hz„) The IR spectrum showed characteristic

absorptions at 3 200 cm "1(b/s)/ 1675 cm -1(s) and 1550 cm-1(m)

for a primary amide function. Calculated for C4,H4N4O: C, 38.70;

H, 3.22; N, 45.16, Found: C, 38.94; H, 3.11; N, 44.98.

O. 3-Cyano-l, 2,4-triazine (183)

To 124 mg. (.001 mole) of 3-carboxamido-l,2,4-triazine (182) was

added 1 ml. of phosphorous oxychloride and the solution heated to 100°

for 2 hrs. After approximately 15 min. the solid dissolved and the

solution turned dark green and then to black. The reaction mixture

was then cooled and the excess phosphorous oxychloride was removed

by vacuum distillation. Chloroform (25 ml.) was then added to the

residue and the solution was washed twice with 10% sodium carbonate 

chloroform solution was filtered and evaporated to yield 64 mg. of a 

yellow oil which was identified as 3-cyano-l/2,4“triazine (183 

of this compound exhibited an AB system at T 0.55 and T1.22 

solution, extracted and dried over anhydrous sodium carbonate. The 

C4H2N4: C, 45.28; H, 1.88; N, 52.83, Found: C, 45.03; H, 1.71;

by NMR, IR and MS. (m.p. 26-28°, % yield 60.4) The NMR spectrum 

(Jr =2„2hz.) and the IR spectrum showed a characteristic absorption
5,6

at 2240 cm"l (w) for an aromatic nitrile function. Calculated for

N, 52.96
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P. Diels-Alder Reaction of 5-Phenyl-l, 2,4-triazine and 4-Phenyl-

1,2,4-triazoline-3,5-dione  (195)

To a stirred solution of 175 mg. (.001 mole) of 195 in 15 ml. of dry

benzene was added 157 mg. (.001 mole) of 5-phenyl-l,2,4-triazine in

5 ml. of dry benzene. This red solution was allowed to stir for 48 hrs.

and then filtered to give 75 mg. of a white granular solid. This solid

was insoluble in all of the NMR solvents tried and therefore no NMR

spectrum was obtained. This solid could be sublimed at 220°/.005 mm.

Hg. The mass spectrum of this compound showed a parent peak at m/e

304 as well as fragments for the triazine species (m/e 157) and the

dienophile (195, m/e 175). (m.p.-decomp, above 285°, % yield 24.6)

The IR spectrum of this compound exhibited strong absorption at

1745 cm"\ characteristic for imide- and urea-type carbonyl absorptions.

Calculated for Ci7H12N4O2: C, 67.10; H, 3.91; N, 18.42, Found:

C, 66.24; H, 3.56; N, 17.19.

When the same reaction was repeated using a 2:1 ratio of

dienophile to diene, the mass spectrum of the solid isolated showed

a molecular ion at m/e 479 which corresponds to compound 198,

as well as a peak at m/e 304, corresponding to compound 197.

Q„ Diels-Alder Reaction of 5-(p-Chlorophenyl)-l,2,4-triazine (184)

with 4-Phenyl-l, 2,4-triazoline-3,5-dione (195)

To a 10-ml. round-bottom flask was added 96 mg. (.005 mole) of 

5-(p-chlorophenyl)-l,2,4-triazine (184) and 5 ml. of dry benzene.
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To this solution was added 87 mg. (.005 mole) of 4-phenyl-l,2,4-

triazoline-3,5-dione (195). This red solution was refluxed for 14

hrs. during which time a white precipitate formed along with the

disappearance of the red color. Filtration of this precipitate afforded

105 mg. of a white powder. This solid was insoluble in all NMR

solvents tried and was identified on the basis of its IR and mass

spectral data as compound 199. (m.p. decomp, above 220°, % yield

62.1) The mass spectrum showed a molecular ion at m/e 338 and the

IR spectrum exhibited absorptions at 1745 cm (s) and 730 cm-^ (w)

characteristic of imide and C-Cl absorptions, respectively. Calculated

for C17HnN4O2Cl: C, 60.35, H, 3.24; N, 16.56, Found: C, 59.54

H, 3.62; N, 15.38.
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