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INTRODUCTI ON

The firat recorded observation of the production
of a tumour-like proliferation by & pure chemical compound
of any btype was made by Fischer in 1906, He described the
atypical epithelial proliferation which resulited following
the injection of a solution of scarlet red into the ears of
rabblits. Aferwards it was found that the active part of the
molecule is o=-aminoazotoluene (1).

During the past two decades scores of other azo
compounds have been tested for carcinogenic activity and
many have been shown to be active,

Following Haddow's (2) demomstration that certain
carcinogenic hydrocarbons are able to inhibit the growth of
certain tumours in animals, many compounds with & structural
resemblance to carcinogenic substances were studied, for
example, the unsymmetrical azonaphthalene,

Iater (3), further studies of the possible relation-
ship between the structure and the tumour-growth-retarding
properties of azo compounds wers made. Several compounds
gave evidence of significant inhibition of growth of certain
tumours in animals.

Foye (4), working on the basis that these analogs
could serve effectively as transporting agents for introduc-
ing metal ions at the site of tumour growth, prepared several
azo derivatives of the naphbthols and phenanthrols. Iater (5);
pharmacological studies indicated that they had certain

antitubercular activity in mice.




Because of the importance of the pyrimidines as
cell constituents in the form of nucleic acids, and their
importance in present-day therapeutics in such drugs as the
barbiturate hypnotics, sulfas, antithyroid agents and vita-
mins, %o mention & few, inbterest -has been shown in the effect
azopyrimidines and thelr metal chelates would have on in-
hibiting tumour growth.

The present work was undertaken in an attempt to
prepare certain azopyrimidines having one or two hydroxyl
groups in an ortho=-pogition with respect to the azo linkage,
and to determine whether or not these will form metal chelates.
In an effort to eliminate any interfering effect which other
hydroxyl or amino groups at other positions in the molecule
might have, compounds were selected having none of these
tautomeric groups present except the one or two hydroxyl

groups 1n the ortho-positions.




HISTORICAL

Agzo Compounds as Inhibitors of Tumour Growth

In 1906 Fischer described the atypical epithelial
proliferation whiech resulted following the injection of a
solution of scarlet red (I) into the ears of rabbits. The
growths always receded and never became malignant; neverthe-
less, this was the first recorded instance of the production
of a tumour-like proliferation by a pure chemical compound of
any type. At Fischer's suggestion, scarlet red soon came
into use to accelerate wound healing.

Not long afterwards it was found that the cctivs
part of the molecule is o-aminoazotoluene (II)., This com=-
pound was found toc hdve an sffect on epithelial cells similar
to that of scarlet red, and it was likewise effective in

accelerating healing.
CHs ,CHs
CH, CHy
-N=¥ - WH,
' oK

Soon after the discovery of the carcinogenic activi-
ty of 1,2,5,6-dibenzanthracens by Cook, other workers re-
ported that the addition of o-aminoazotoluene to the food

leads to the production of malignant liver tumours in rats.




During the past two decades scores of other azo compounds
have been tested for carcinogenic activity of this type and
many have been shown to be active.

Unlike the polycyclic aromatic hydrocarbons, the
carcinogenic azo compounds do not, as a rule, produce tumours
at the site of injection, but mostly affect the liver. Fur-
thermore, the induction of liver tumours with azo compourds-
is markedly influenced by the diet, and if a "protective"
diet is supplied, the production of tumours can be strongly
inhibited or even entirely prevented (1).

Following the demonstration by Haddow that certain
carcinogenic hydrocarbons are able to inhibit the growth of
certaln tumours in animals, many compounds with & structural
resemblance to carcinogenic substances were subjected to this
type of bioassay. Isolated instances of inhibition of tumour
growth with non-~carcinogenic substances were observed, for
example, with the unsymmetrical azonaphthalene (III)., Haddow
suggested that this compound bears a superflicial resemblance
to the carcinogen, 1,2,5,6-dibenzanthracens (IV). However,
the only forms in which the unsymmetrical azonaphthalene
(III) has features in common with the polynuclear carcinogenic
hydrocarbons are the cis structures (V) and (VI) which
resemble benz=derivatives of both 1l,2-<benzanthracene and
chrysenes The hydrocarbon 1,2,5,6~dibenzphenanthrens, sug-
gested by formula (VI) was found to be an inhibitor of tumour

growths




ITT: . IV

In order to explore further possible relationships between’
structure of azo compounds and their activity as inhibitors
of tumour growth, about twenty-five azo compounds were pre=-
pared. When written in the hypothetical cis configu;ation,
most of them bear a spatial resemblance to & carcinogenic
polynuclear hydrocarbon. As an example, the cis structure is
written for 2-benzeneazo-l-methylnaphthalene (VII)’ahd may be
compared with the potent carcinogen 10-methyl-1l,2-benz-
anthracene (VIII). No presumption is made as to the actual

existence of these substances in the cis forn, altho%gh




there is evidence that conversion of the frang to the cis

form can be effected to a signifiecant degree by exposure to

L I

CHy CHs

ultraviolet light {(2).

VII ’ VIEI

Seligman et al. (3) in a further exploration of a
possible relationship between the structure and the tumour-
growth-retarding properties of azo compounds, sbtudied the
effect of thirty-one azo compounds on sarcoma 37 in mice and
on the Walker carcinoma in rats. Six of the compounds gave
evidence of significant inhibition of growth in one type of
tumour. Two compounds inhibited the growth of both tumours.

Foye et al. (4) indicated that Haddow's demon-
stration of the tumour-inhibiting possibilities of aszo
analogs of the carcinogenic hydrocarbons suggested that these
analogs are substantive to tissue components involved in tum-
our formation. He felt that such compounds could serve
effectively as transporting agents for introducing metal
ions at the site of tumour growth. The presence of the metal
might be of value in inhibiting tumour growth; or it might
act as indicator of the enzyme systems involved in the pro-

cess of tumour formation and growth. Accordingly, a series




had been prepared of‘metallized azo derivatives of the naph-
thols and phenanthrols which bore a structural relationship
to, and reﬁresented metallized analogs of, the various hydro-
carbon structures which are active in aiding or inhibiting
tumour growth. ILater, Foye and Jeffrey (5) reported that
iron, copper &nd chromium ;Lelates of some’o=hydroxyazo

naphthols and phenanthrols have been found to suppress the

growth of M, tuberculosis H37Rv both in vitro and in'VEVO!
The metal chelates showed & significant difference in activity
from that of the nonmetallized azo ¢ompounds .

¥

Pyvrimidines as Inhibitors of Tumour Growth

Of the three pyrimidine bases investigated by
Barker ot al, (6) orotic acid showed no action on tumour
growth; 4,5-diaminouracil was too toxic to allow of continued
dosage; 4-aminouracil showed & significant inhibiting effect
on grafted tumours in mice, the greatest effect being ob-
served with Crocker sarcomsa,

Burchenal et al. (7) indicated that certain of the
diamino-dichlorophenyl=pyrimidines were effective in pro-
longing the survival time of mice inoculated with the Aky
strein of leukemia and caused & rapid fall in the number of
leukemic leukocytes in the peripheral blood when adq;nis%ered

h
B
{

i
\

in the late stage of the disease.
Clarke et al. (B) reported inhibition of mouse
sarcoma 180 with certain 2,4-diamino-pyrimidines with hydro-

gen or the smaller alkyl groups in the 6-position,




Studies of 2,4-bis(ethylenimino }-6<chloropyrimidine
by Elion et al, {9) have revealed its inhibitory activity
for sarcoma 180 and certain other mouse tumours and its

!

; b

greater effectiveness against several rat btumours. |
d

Pyrimidins Chemistry . .

. The chemistry of pyrimidineé, and of condensed sys=
tems containing the pyrimidine mpeleus has been developed,
largely because certaln derivatives are important ednséiﬁus
ents of living organisms, The complex cell ?onstituents
known as nucleic acids have & biological significance scarcely
inferior to that of proteins and polysaccharidesj they ars
built up from pyrimidine and purine compounds. ﬁ

In view of the part played in cellular economy by
such compounds, it is not surprising that pyrimidin; deriva-
tives should be known which have important péarmaqo;ogical
activity. The barbiturate hypnoties, which have be:n known
for many years, are used very widely in clinical practicee.
Sulphadiazine and 1ts 4-methyl and 4,6-dimethyl derivatives
are outstandingly valuable amongst sulphonamides in the
treatment of bacterial infeections. The antithyrold activity
of thiocuracil has also an important place in mediecine.

Much of our knowledge of the chemistry of pyrim-
idines consists of synthetic methods; not only the methods by
means of which the pyrimidine nucleus can be built up, but
also the numerous transformetions which substitusnt groups

can undergo. The main deficiencies in; pyrimidine  chemistry

concern the simpler compounds'; for example, pyrimidf?s itself

i
I
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i
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has probably never been obtalined in amounts of more than a
gram, and its 5-~hydroxyderivative is unknown,

Most of the methods for the preparation of pyrim-
idine compounds involve two separate stages, namely a
synthesis of the ring-system, followed by a procassé?n which
the substituent groups are transformed into those present in

the desired compound. These processes can be 1llustrated by

the following preparation of pyrimidine itself from barblturic

acid (IX). f
i
| or ﬁ
//Nﬁ$ GO, Et N . i
o:=C cH, LeOEL , HO</ N\ _Pock i
\NHa COo, Bt V=,
IX
‘ ¢/
v %
c;-</ N _Zn 7\
N— ) W— |
¢l ,

The methods available for the formation of the pyrimidine
nucleus can be classified into three main types, according
to the distribution of nitrogen atoms in the two compounds

used:

i~
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Type I - Type II Type III
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Examples ?f Type I are involved in the synthesis of pyrim-
idine, already mentioned, uracil and cytosine, The nitro-
genous (left-hand) compounds can also be compounds such as
thiourea, guanidine, and amidines. The second (rigﬁt-hand)
component may be ethyl malonate, ethyl cyanpacetate, malon=
onitrile, a A-diketone; a )3~keto~ester, orf;n o =
unsaturated ketone. This type of synthesis was, and remsains,
the most versatile of all the methods, An example of Type

II is the preparation of the derivative from phenyl ‘isocyan-
ats and aminome%hyleneacétgacstic ester; none of thé methods

of this type achieved much practical iﬁportancea i

Ph . . Py
v i
0:cZ  COpft ¢ | “/ :O
s HaN\CH¢c -COMe No_ = -CoMe

Type III is illustrated by formation of hexahydropyrimidine

from formaldehyde and 1,3-diaminopropanej such syntheses also




had little practical value (10).

N
fﬁr \\tHh

|

N,
H \\\C’//Ch&

Ha

Although various conditions are used, the Type 1

reactions usually take place &t room temperature or on heat-

ing when the reactants are combined in the presence of an

alkaline reagent such as sodium hydroxide or sodium ethoxide

(11).

Three prominent features of pyrimidine chemistry

ares:

(i) In simple derivatives, conbaining alkyl,

aryl, or nitro groups, or halogen atoms, but no hydroxy or

amino groups, the nucleus has aromatic character, and behaves

like that of pyridine,

4

(i1) DNuclear substituents vary in their

¥

bshaviour according to the position which they occupys ; At

positlon 5 the properties of a group can be loosely described

as similar to those which it normally possesses when attached

to an aromatic nucleus; at 2, 4, and 6 marked deviatlons

from the normal behaviour are observed.

The contrast is

parallel to that between g =-substituted pyridines and their

< =gnd Y -isomers.

11
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The replaceability of groups such as Cl;
OEt, and SEt is used extensively in the preparation of those
substituted pyrimidines which cannot be obtained directly by
building up the pyrimidine nucleus.

The most important replacements of
chlorine atoms are by amino or substituted amino groups,
usually by heating the chloro-compound with alcoholic ammonia
or with the appropriate amine, and by alkoxyl groups, by the
action of sodium alkoxides. Ethoxyl groups are replaced by
hydroxyl groups by btreatment wlith dilute acids, or by amino
groups by the action of hot alcoholic ammonia. Ethylthio
groups can similarly be replaced by hydroxyl, amino, and sub-
stituted amino groups.

(i1i1) The aromatic behaviour mentioned in (i)
diminishes progressively as hydroxyl or amino groups are
introduced into positions 2, 4, and 6., This effect is seen
in uracil and barbituric acid, into which substituenis are
readily introduced at position 5, even by mild reagenits such
as diazonium compounds; simple pyrimidines such as those
mentioned in (i) appear to be very resistant to electrophilic
substitutions, As the simpler compounds ars much less well
known than the highly hydroxylated or aminated members, a
rather distorted impression of pyrimidine chemistry has
grown up, much &s 1f the behaviour of benzene were known
only through the reactions of compounds like phloroglucinol.
The groups which give rise to this abtypical behaviour (OH,
SH, NHp) have been termed, somewhat loosely, "tautomeric™

substituents.
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Hydroxyprimidines bearing up to three
hydroxyl groups at positions 2, 4, and 6 are well knownj;
they include uracil, thymine, and barbituric acid. They
show no phenolic behaviour. The "hydroxyl groups! are re-
placed by chlorine atoms on heating with phosphoryl~cbloriéem
They are difficult to acylate, and their acyl derivatives
are readily hydrolyzed. The action of alkylating agents on
them varies with the compound and the reagent used.

Pyrimidines bearing amino groups at the
2s 4, or 6 positions aiso show anomalous properties. They
are difficult to acylate; and with nitrous acid rather slug-
gish deaminaticn occurs, apparently without the intervention
of diazonium compoundss.

The anomalous properties of compounds
containing "hydroxyl" or "amino" groups at the 2, 4, or 6
positions suggests that they may in reality -be derivatives:'

of imino= or keto~-dihydropyrimidines (10).

SN s v ol 0= v
O O -0




Azopyrimidines

Some early evidence of the coupling of pyrimidines
with diazonium compounds was indicated by the formation of
colours dJohnson and Clapp (12,15).u89d the production or
nonproduction of colour on treating diazotized sulphaniliec
acid with uracll, thymine, cytosine, and several of their
derivatives, as a criterion in an endeavour to locate the
position of the sugar or phosphate residues in natural pyrim-
idine nucleotides. Attempts to isolate the coloured product
were recorded as unsuccessful,

Lythgoe et al. (13) studied the coupling of pyrim-
idine derivatives with diazonium salts in order to devise a
method for the introduction of a S5-g2mino group into 6-amino-
4-glycosidanminopyrimidines which would not involve danger of
hydrolyzing the sugar linkage. A survey of the structural
conditions governing the coupling of pyrimidine derivatives
and their relation to those governing nitrosation had been
made.

Bogert and Davidson (14) made a survey of the azo
derivatives of the pyrimidines with pariicular reference to
derivatives of uracil,

Several other workers (15,16,17,18) have preparsd
various azopyrimidines and used them as a suitable approach
in the preparation of other compounds. For example, Hull
et al. (16), to introduce a 5~-amino group into the pyrimidine
nucleus, reduced & 5-benzeneazo group in order to prepare

derivatives of 2,5-diaminopyrimidines
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Polonovski and Pesson (19) reported the preparation
of a number of azopyrimidines and isolated the products. As
" an example of their work may be shown the compound 2-amino-
4=hydroxy~5-phenylazo-6-methylpyrimidine (X). This was pre-
pared by coupling phenyldiazonium chloride with 2-anmino-4-
hydroxy-6-methylpyrimidine, and its structure proven by
synthesis from guanidine hydrochloride and diazotized aceto-

acebic ester, under the influence of sodium in absolute

alcohol,
0
= M Eto-c< ‘
H_,”'<\ / + A/EIV@ /idlv'-C\\ + // C-N=N-
CHa 'HC’ H \C H3

OHR

N;——,
v/
Cﬂg

Illustrated here are the two methods of preparing azopyrim-
idines; coupling of diszonium salts with substitubted pyrim-
idines; and formation of the pyrimidine ring after previous
coupling of a diazonium salt with ones of the components.
Polonovski and Pesson reached the following con-

clusions regarding coupling on the pyrimidine ring:




(1) That when coupling of phenyldiazonium
chloride does occur with pyrimidines, it always occurs at
the G5 position,

(ii) That the coupling of phenyldiszonium
chloride with a monohydroxy {or amino) pyrimidine derivative
oceurs only if the hydroxy (or amino) group is on position 2.

(iii) That in the case of the dihydroxy (or
aminohydroxy) derivatives

(a) if one of the groups is on position
2, the coupling is facilitated by the presence (on 4 or &)
of the second polar group;

(b) if the groups are on 4 and 6, coupl-
ing also occurs in good yield and the mechanism appears to
compare with that of the coupling of compounds having an
active methylene.

Rose (20) prepared & series of O-amino-pyrimidines
(most of them substituted in position 2 by additional amine
residues) by the rsduction of the phenylazopyrimidines
catalytically with hydrogen over Raney nickel. The phenyl-
azopyrimidines were prepared by ring closure in aqueous-
methanolic sodium hydroxide. For example, in preparing 2-
amino=4,6-dimethyl-5-phenylazopyrimidine (XI) hé effected

condensation of phenylazoacetylacetone with guanidine nitrate.




CHs

/

m o=C
Hy [ ® + C-N=NM —

\ /

NH-AN0,  HO-C,
CHy

Chs
A/—' .
fJ',_N"<\ />-— N=N -@
g CH,

X1

Metal Chelates of Azo Compounds

When & metal ion combines with an electron donor;
the resulting substance 1s said to be a complex, or coordi-
nation compound. If the substance which combines with the
metal contains two or more donor groups so that one or more
rings are formed, the resulting structure is said to be a
chelate compound, or metal chelate, and the donor is said to
be a chelating agent. Simple examples of complex formation
and chelation may be represented schematically in the follow-

ing ways

17




A
" |
M~y 4A — A - M - A Metal complex
b
A

M + 2A-A — A «NM=-24 Metal chelate

where M represents & metal iong K represents & complexing
agent; and A-L represents a chelating agent (21).

The term "chelate' proposed by Morgan (22,23) to des-
ignate those cyclic structures which arise from the union of
metallic atoms with organic and inorganic molecules, is de=-
rived from the Greek word chela, referring to the great claw
of the lobster and other crustaceans, and is applicable to
these ring systems because of the caliper-like character of
the associating molscule.

The formation of these rings may involve either
primary or secondary valence. In subsequent papers Morgan
used the expression "chelate rings" to cover all thres types,
that is, rings formed by two primary valences, by one primary
and one secondary valence, or by two secondary valences.
Primary or principal valence herse is differentiated from
secondary or coordinating valence in that the formation of
the valence 1link in the former case involves the replacement
of a hydrogen atom, while in the latter case no such replace-
ment occurs. No implication 1s intended that a difference

in the bonds exists once they are formed (23).

EESRUNIURS P R




Among the various groups which may unite with
metals by the replacement of hydrogen, that is, function as
acids by primary valence, the more common are the following:?
carboxyl, sulfohic; enolic, hydroxyl; oxime, primary amino,
and secondary amino {23).

As secondary valence groups which combine with
metals by simple coordinstion or addition without the re-
placement of hydrogen are the following groupsé: primary amino,
secondary amino, tertiary amino, cyeclic tertiary amino,
oxime, alcoholic hydroxyl, carbonyl, and thioether (23).

The work of Ley on the chelates of amino acids
demonstrated that chelates with five- and six-membered rings
are the most stable. Since this preliminary work of Ley, &
large amount of evidence has accumulated indicating that
practically all chelates have five- or six-membered rings.
Four-membered chelate rings are relatively rare, Few chelate
rings containing more than six atoms have been prepared from
bidentate (having two positions through which covalent or
coordinate covalent bonds with the metal may be formed) com-
pounds {(24). '

In the course of a study of the cheslate rings
formed in mordant dyeing, Morgan (25) showed that in the azo
dyestuffs containing an o-hydroxyl group, mordanting took
place with the formation of chelate rings, the metal being
attached by secondary valence (broken line) to the azo-

group:

19
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Such ring formation cannot occur when the hydroxyl group is
in the meta- or para-positions, and this is in accord with
the long=-established rule that such compounds are never dye-
stuffs (23).

On examination of models, from the point of view
of strain, Drew and Landquist (26) showed that a copper atom
in the cupric derivatives of the o-hydroxyazo-compounds,
whether planar or tetrahedral, cannot be coordinated with
both nitrogen atoms of an azo=-group. The derivatives must

therefore contain copper in combination with nitrogen of the

azo-groups in the following manners

Ph

Elkins and Hunter (27) described cupric, nickel and

cobaltic salts of some o-monohydroxyazo-compounds prepared by




the action of the mebtallic acetates on these azo compounds.
They found that the formation of coordinated salts was common
to all o-hydroxyazo=~compounds. They believed that the reason
for the stability of these salts was to be found in their
chelated structure, since the metalllc salts of the corre=
aponding p-hydroxyazo-compounds, 1f formed at all, are
extremely unstable. The salts described show properties
typical of coordinated compounds: they are insoluble in water,
sparingly sbluble in polar solvents, but readily soluble in
non-polar solvents; they melt in the neighbourhood of 200° to
form deeply coloured liquids. The salts corresponded to the

formula:

Ar

~

Drew and Landquist (26) indicated that the lakes
of the o,o'=«dihydroxyazo-compounds have the monomeric struc-
ture in which only one nitrogen of the azo-group is coordi-
nated, the metal being associated in a 5-atom and in & 6-
atom ring. They observed from models that the structure was
very little strained, the molecule being nearly flat. The

azo-group is necessarily of the anti-form.

21
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XII

Schwarzenbach (28) proposed the Following structurs

{XIII) for the chelate of Briochromeschwarz=-T: ;

However, Martell (29), in discussing Eriochromeschwarz-T,
indicates that chelation with a metal ion results in the dis-
placement of two protons te glve derivatives of the type
indicated below (XIV), with one or more additional covalenc=—

les satisfied by other donors, such as water molecules.

22
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IV

The structures of chromium complexes have not been
established with certainty, and different forms containing
different ratios of chromium to azo compound are known. A
131 ratio of metal to a8z0 compound is geqeraliy indicated,
however., For maximum stability two metallizable groups are
needed, one on each side of the azo linkage and ortho %o
this linkage, and at lsast one of these groups should be
hydroxyl. The other group; if not hydroxyl, is usually amino,
carboxyl, or an enolic hydroxyl (30).

On the basis of analytical results and absorption
spectra, Foye and Jeffrey (5) represented the structures of
the metal chelates 0f the o-hydroxyazo naphthols by the gen-
eral formulas XV and XVI,




(0«
M

-0

0
P /
O =N —NH OH

—

-

Oﬁdk
o—M-——o¢
Y4

:/V—/V//— OH"

e

XVl

Examination (5) of the Fisher-Taylor-Hirschfelder
*models of structures (XV) and (XVI) showed either ome capable
of existence. It was impossible to form a structure having
valence bonds between the metal and both oxygens simultane-
ously with a nitrogen-to-metal coordination. This seems %o
be in disagreement with the structure proposed by Drew and
ILandquist (26) for the chelates of 0,0'-=dihydroxyazo=-com-

pounds .

24




- DISCUSSION

Syntheses of Intermediates

One of the main components used in the synbtheses
of the azopyrimidines proposed in this work was acetamidine
hydrochloride,. The compound is commercially available but
is relatively expensive, A feasible procedure for preparing
i% in the laboratory is described in "Organic Syntheses”
(31). In the four runs made during the course of the work
the yields varied between 26% and 75% of theoretical,

Due to the nature of the azopyrimidines proposed
for preparation here, the azo group could not be introduced
directly by coupling of a pyrimidine with a diazonium com-
pound. It was necessary to prepare the azopyrimidines by the
formation of the pyrimidine ring after previous coupling of
a diazonlum salt with one of the components.

The o-hydroxyphenylazo-acetylacetonse, ethyl o-
hydroxyphenylazo-acetoacetate, and the ethyl phenylazo-
acetoacetate required for the syntheses of these azopyrimidines
were prepared by the procedure described by Rose (20) for
preparing phenylazo-acetylacetone. Aniline (or o-amino-
phenol) was diazotized and the diazo solution was added %o
a stirred suspension of diketone (or keto ester) in wabter and
anhydrous sodium carbonate. The product formed rapidly and
after about 30 minutes it was collected and recrystallized.
The yields were usualfy excellent.

Two other compounds, phenylazg¢acetylacetone and

ethyl o-methoxyphenylazo-acetoacetate, were prepared success-

25




fully although they were not required in the syntheses of

the proposed azopyrimidines,

Syntheses of the Azopyrimidines

The preparation of the azopyrimidines Ia, Ila, and

IITa was attempted in an effort to eliminate any interfering

R’ R"
, N==
oS ol
v CH,

OH, R" = H

Ia  R!
ITa  R' = CHgz, R" = OH
IITa R' = OH, R" = OH

effect which other hydroxyl or aﬁino groups at other posi=-
tions in the molécule might have when determining whether or
not these will form metal chelates.

Prom the conclusions drawn by Polonovski and Pesson
(19) the azo group, in the proposed azopyrimidines, could not
be introduced directly by coupling of the pyrimidine with a
diazonium compound. It was necessary to preparé the azo-
pyrimidinss by the formatibn of the pyrimidine ring after
previous c¢oupling of a diazonium salt with one of the compo-
nents. This is essentially the Type I method for the synthe-

ses of pyrimidines.
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Following the procedure described by Andersag and
Westphal (32}, 2,6-dimethyl-4-hydroxy-5-phenylazo=pyrimidine
{XVII) was prepared by condensing ethyl phenylazo-acetoace-
tate with acetamidine hydrochloride in absolute gicohol in

the presence of sodium ethoxide., In a similar way; 2,6—

Py
A

0
A EL0-C '
/ \
HyC-C + C-N=w~ —
\ J
NH-HCl  HO-C
, Hs

C

oH
”—_I
”3C'<\ />’”"” “@
" CHy

XVIT

dimethyl-4=-hydroxy-5=-0o-hydroxyphenylazo~-pyrimidine (XVIII)
was prepared by condensing acetamidine hydrochloride with
ethyl o=hydroxyphenylazo-acetoacetate, and 2-amino-4,6-
dimethyl-5-o-hydroxyphenylazo~pyrimidine (XIX) by condensing
guanidine hydrochloride with o-hydroxyphenylazo-acetylace-

tons.
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Although various conditions are used, this type of
reaction usually takes place at room temperature or on heat-
ing when the reactants are combined in the presence of &an
alkaline reagent such as sodium hydroxide or sodium ethoxide.
Rose (20) had successfully prepared 2-amino-4;6-dimethyl-5-
phenylazo-pyrimidine by condensing phenylazo-acetylacetone
with guanidine nitrate in aqueous-methanolic sodium hydroxide
with the aid of heat. However; two attempts Lo prepars 2,6-
dimethyl-4-hydroxy-5-phenylazo=-pyrimidine using the same
conditions resulted in the isolation of a bright yellow prod-
uct whose melting point was much lower than that of the
wanted product.

Polonovski and Pesson had prepared & number of azo=-
pyrimidines using the general procedure, with slight modifi=-
cation, described by Andersag and Westphal. The azogyrimid
dines described here were also prepared in a similar way.

Some difficulty was encountered in preparing 2,6=
dimeéhyl-4»bydroxy95=o—hydroxyphenylazo:pyrimidine. 0f the
several attempts made, sither the original starting material,
ethyl o=hydroxyphenylazo-acetoacetate, was recovered or

analysis of the isolated produect indicated it to be the
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original starting material. When aicohol was removed from
the reaction mixture and the tarry residue dissolved in
water and the solution subsequently acidified with glacial
acetic acid, a red 0il separated out which stiffened on cool-
ing, facilitating its isolation. In one run this tar had
dried when placed over calcium chloride under vacuuwm for two
days, but we failed to isolate the wanted product. 1In
another attempt the tar remainsd as such even after a longer
period over calcium chloride under vacuum.

Fanta and Hedman (33) reported a wide variety of
media and tempertures tried for the condensation of acetam=-
idine hydrochloride and sodium nitromalonaldehyde. A very
poor yield of 2-methyl-b-nitro pyrimidine was obtained when
the reaction was run with sodium hydroxide in ethanol at
250 ¥ op with piperidine in the absence of solvent at 90°,
Under other conditions either an intractable tar was formed
or unreacted sodium nitromalonaldehyde was recovered. The
acetamidine hydrolyzed with the formation of ammonia which
reacted with nitromalonaldehyde to give a dark, amorphous
products A similar product was obtained when sodium nitro-
malonaldehyde was treated with concentrated agqueous ammonia
or with ammonium chloride, ammonium acetate or acetamide
under the same conditions. The elemental analysis of the
resin did not correspond to the condensation of nitro-
malonaldehyde with ammonia in a simple ratios It was con-
cluded that the relative rates of the competing condensation

and hydrolysis reactions favours pyrimidine formation from

& All temperatures are stated in degrees Centigrade.




the aryl and aryl-alkyl amidines but not from the alkyl and
hydroxyalkyl amidines.

The same difficulty was encountered hers with the
intractable tar. The reaction mixture, particularly when
heated, evolved ammonia. IV was found that by removing the
alcohol from the reaction mixture, dissolving the residus in
water and then digesting the resuliing solution on a water
bath for about three-quarters of an hour the interference by
the tar was eliminated, After digestion the solution was
allowed to cool and the resulting precipitate isolated. It
was then dissolved in hot wabter, the solution filtered and
the filtrate acidifiled with glacial acetic acid when 2,6+«
dimsthyl=4-hydroxy=-5-o=-hydroxyphenylazo-pyrimidine appeared
as a bright red precipitate.

After a number of attempts we failed to prepars,
2,4,6<trimethyl-5-0o=hydroxyphenylazo=-pyrimidine by condensing
o-hydroxyphenylazo-acetylacetone with acetamidine hydro-
chloride in absolute salcohol in the presence of sodium
éthoxlide, The reactlons were run at room temperature and on
refluxing. Under both co;ﬁitions either an intractable tar
was formed or unreacted o-hydroxyphenylazo=-acetylacetone was
recovered. Digestion on a waber bath as indicated in the
preparation of 2,6-dimethyl=4-hydroxy«5-o=hydroxyphenylazo=-
pyrimidine did not solve the problem. "

Due to the failure to obtain 2,4,6=-trimethyl<5-o0-
hydroxyphenylazo-pyrimidine, 2-amino-4,6=~dimethyl=5=-o-hydroxy-
phenylazo-pyrimidine was successfully prepared in the hope

that during metallization the amino group on a position

o

—tone,
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other than ortho to the azo linkage would not interfere.

Metallization of the Azopyrimidines

Both the o-monohydroxyazo-pyrimidine and the o0,0f=-
dihydroxyazo-pyrimidine were metallized with nickel and
cobalt. Metallization was carried out according to the gen-
eral procedure described by Foye et al. (4). An aqueous
solution of the metallic salt was added slowly to a solution
of the azopyrimidine in ethylene glycol, the reaction mix-
ture being maintained at a temperature of 85° and at a pH of
8 by the addition of sufficient 8N sodium hydroxide solution.
Filter paper chromabtograms were prepared by dissolving two
drops of reaction mixture in one ml, of dimethylformamide,
pouring onto a filter psper pressed between glass plates
bearing a funmnel through a perforation in the top plate, and
developing the spot with more of the same solvent. The reo=-
actions were generally complete in ten to twenty minutes as
indicated by the chromatograms showing the presence of only
one component, of a colour different from that of the orig-
inal ummetallized compound. The mixtures were then poured
into water, heated to 85%; and the product 1lsolated by slutria-
tion and/@r centrifugation. The products were washed well
with water; and Qried under vacuum over calcium chlorids.
None of the compounds mslted below 3§0°.

Martell and Calvin (34) have described a number of
criteria for determining chelate formation, of which the
following were shown by the azopyrimidine preparations:

colour of product; decreased agueous solubility, and drop in

“




pH during formation. .
Analysis for nickel was done gravimetrically using
the dimethylglyoxime method (35), and for cobalt colorimetri=-
cally using & slightly modified nitroso-R salt method (36).
The structure (XX) proposed by Drew and Landquist
(26) for the cupric derivatives of the o-monochydroxyazo-
compounds 1s essentially the same structure proposed by
Elkins and Hunter {(27) for the cupric, nickel, and cobaltic
derivatives of the o-monohydroxyazo-compounds. The nickel
complexes described by Elkins and Hunter formed dark olive-
green needles, insoluble in water, slightly soluble in
alcohol, acetone,; ether, and ligroin, but soluble in benzens,
toluene, and chloroform with dark green colour. In polar
solvents, especially when warm, hydrolysis frequently occurred
with deposition of nickel hydroxide, the solution changing

colour from green to brown.

\ Analysis indicated a 1l:2 ratio of the metal Ho azo-

\‘ pyrimidine for the o-monohydroxyazo-pyrimidine. The nicksl

complex of the o-monohydroxyazo=pyrimidine formed dark olive=




green minubte crystals which behaved similarly to the ones
described by Elkins and Hunter with respect to the solvents,
However, they did not melt below 360°, only darkened in
colour. Elkins and Hunter belisesved that the reason for the
stability of the salts was to be found in their chelated
structure, since the metalllc salts of the corresponding
p=hydroxyazo-compounds, if formed at all, were exitremely un-—
stable.

Since chelate formation is generally characterized
by intensification of colour; the retentiom of the gresn
colour peculiar to nickel salis suggests that a salt of the
Oamonohydroxyazo=pyrimid£ne is formed rather than the chelats.,
The analytical results, although not too exact; agreed for
the chelate structure proposed by Drew and Iandquist and for
the salt. On vacuum dryingfrthe green crystals turned brown
due to a loss of four moles of water. In the salt structure
the remaining four coordination bonds would be taken up by
the water molecules. Nickel dimethylglyoxime was readily
formed when an alccholic solution of dimethylglyoxime was
added to an @alcoholic solubtion of the nilckel derivative of
o=monohydroxyazo=pyrimidine. This was not so in the case of
the nickel derivative of o,0'-dihydroxyazo-pyrimidine, an
0,0%=dihydroxyazo-compound which is generally lknown to form
metal chelates. This indicates that the nickel is made mors
readily available to form nickel dimethylglyoxime from ths
metallized o-monohydroxyazo-pyrimidine than from the metal-
lized o 0'=dihydroxyazo=pyrimidine. This evidénce suggests

a2 salt (XXI) as more likely than a chelate structure for the

& Over magnesium perchlorate at 57° at a pressure of 1 mm.
Hg for 7 hours.
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o=-monohydroxy-derivative,

CH.
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= XXI ,

The cobalt derivative of the o-monohydroxyazo-

pyrimidine is believed to have the same structure as the

nickel derivatives On vacuum drying it also lost four moles
of water.

A second product isolated in the metallization of
o=monohydroxyazo~pyrimidine with cobalt and nickel was more
colloidal in nature. On analysis the nickel and cobalt con-
tent varied from run to run. indicating the presence of a
variable mixbure of starting material and productss

Anglysis of the o=hydroxyphenylazo naphthol metal
chelates by Foye and Jeffrey (5) indicated & 1:1 ratio of
metal to azo-compound, and the structures were represented
by the general formulas XV and XVI. This seems to be in
disagreement with the sbtructure (XII) proposed by Drew and
Iandguist (26) for the chelates of o,0'-dihydroxyazo=
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compounds, Foye and Jeffrey examined the Fisher-Taylor-
Hirschf'slder models of structures XV and XVI and showed
elther one capable of existence. They indicated that it was
impossible o form & structure having valence bonds between
the metal and both oxygens simultaneously with a nitrogen-to-
metal coordination.

Grimmel (30) in his review of azo dyes, states that
in the case of chromium chelates, different forms containing
different ratios of chromium to dye are known.

Analysis of our metal derivatives of the o o0f=-
dihydroxyazo=pyrimidine indicated a 2:8 ratio of azopyrimi-
dine to metal with possibly several molecules of water of
hydration. The structure (XXII) could be represented by that
proposed by Beech and Drew (37) for the copper lake of Z2i-
hydroxy-S!-sulphobenzeneaZOﬁ}9onaphtholo They indicated that

. - G?QH
M—0
=\ 7

”*""<\” 7N
\

A? y/ A

L=
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o0—M Y

A CHy
(Ha0)
XXIX

the aromatic rings can revolve about the bonds jolning them

by
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to the azo=group, bringing the reactive o=substituents into
the most favourable positions for lake formation.

The nickel derivative of 2-amino=4,6-dimethyl-5-o0=
hydroxyphenylazo-pyrimidine also, on analysis, showed & 2:3
ratio of azopyrimidine to metal. No explanation of a pos-
sible structure can be presented at the moment. This azo-
pyrimidine was prepared In view of the failure to prepare
2,4,6-trimethyl-5~o-hydroxyphenylazo-pyrimidine in an attempt
to prepare an azopyrimidine with only one hydroxyl group
ortho to the azo linkage and on the aromatic ring. However
it was feared that the introduction of another tautomeriec
group on a position other than 32322 to the azo linkage might
interfere with metallization and the preparation of such com-

pounds was not originslly planned.




EXPERIMENTATL

Preparation of Intermediates

Ethyl Phenylazo<acetoacetate.=-To 9.3 Gm. (0.1 mol)

of redistilled aniline in 20 ccs of wabter and 60 Gm. of
crushed ice were added 25 cc. of 10N hydrochloric acid (0.25
mol)e. The mixbure was stirred -and cooled in an ice bath to
below 5%, The aboveé was diazobized by the rapid addition;
while stirring, of 7.2 Gm. (0.1l mol) of sodium nitrite in
25 cc, of water. The resulting diazo solution was added over
a period of 20 minutes by means of a dropping funnel %o a
stirred suspension of 19.5 Gm. (0.15 mol) of redistilled
ethyl acetoacetate and 22.0 Gm. (0.21 mol) of anhydrous sodi-
um carbonate in 200 ce. of water., The reaction mixture was
stirred an additional 25 minubtes while being kept cold in an
ice bath. The temperature of the mixture remained below 10%.
The product came down &s & yellow-orange precipltate. Somse
oiling of the product was nobticed but it sclidified as the
mixture cooled. The mixture was then allowed to stand for
30 minutes in an ice bath. The yellow-orange product was
then filtered off by suction, washed with watsr, and dried

in vacuum over calcium chloride for 18 hours to yield 22.2
Cm. (94.7% of theoretical), After recrystallizing twice
from Skelly "C", the shiny yellow crystals melted at 79.5=
8203 {(Iiterature 80-84° (38)).

Acetamidine Hydrochloride (31).-<Dry hydrogen

chloride gas was passed into a solubtion of 25 Gm. {(0.61 mol)

¥ All melting points stated are wic¢sfrected.
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of thoroughly dried acetonitrile {dried over anhydrous
calcium chloride for four days with occasional shaking,
followed by filtration and then distillation, collecting the
fraction boiling between 78°-830) in 28.25 Gm. (0,63 mol) of
absolute ethyl alcchol contained in a 2b50-cc. btared:suction
flask surrounded by & freezing mixture of ice and salt, until
an inecrease in weight of 23.75 Gm. (0.65 mol) was obtained,
The reaction mixture was stirred continuously by means of a
magnetic stirrer. The flask was then tightly stoppered, the
side arm being protected by & calcium chloride tube, and
allowed to stand until the mixture had set to a sélia mess
of crystals. In the first run this took one week., In &
second run the solid mass-was present after standing over-
nights The flask was allowed to:stand in a refrigerator,
The solid crystalline mass of acetimido ethyl
ether hydrochloride was then broken up and transferred to a
dry moritar in which it was ground to a paste with 25 cec. of
absolute alcohol and returned to the flask. It was then
stirred magnetically with an excess of alcoholic ammonia
solution (125 cc. of a 9% solution or an equivalent amount
of a more econcentrated solution of dry ammonia gas in abso-
lute alcohol). The crystals gradually dissolved and ammonium
chloride separated. After stirring for about one hour the
ammonium chloride was filtered off by suetion and the fil-
trate brought to a volume of about 50 cc., by distilling on
a water bath; when a considerable quantity of crystals
separated. On cooling the acetamidine hydrochloride sepa-

rated in long, colourless prisms. These were filtered off
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by suction, washed with about 5 cc. of cold absolute alco-
hol, and dried in vacuum over calcium chloride for 16 hours.
Concentration of the mother liquor gave a second erop. The
acetamidine hydrochloride was recrystallized from.absolute
aledhol to give long, colourless prisms melting at 170-174°
(ILiterature 164-166° (31)). The yield was 15 Gm. (26% of

theoretical).

o=HydroxyphenylazZe=acetoacetic aster.=-=To 5.5, Gm.

(0.05 mol) of o-aminophenol (sublimed) in 10 cc. of water
and 30 Gm. of crushed ice were added 1l2.5 cc. of 10N hydro-
chloric acid (0.125 mol)}., The mixture was stirred and cooled
in an ice bath to below 59, The above was diazotized by the
rapid addition, while stirring, of 3.6 Gm. (0.05 mol) of,
sodium nitrite in 1l2.5 ce. of water., The resulting diazo
solution was added over a period of 5 minutes by means of a
dropping funnel to & stirred suspension of 6.5 Gm, (0.5 mol)
of ethyl acetoacetate (redistilled) and 11.0 Gm. (0.10 mol)
of anhydrous sodium carbonate in 100 cc. of water, The re-
action mixture was stirred an additional 55 minutes while
being kept cold in an ice bath. The temperature of the mix-
ture remained below 15°, The product came down as & tan
precipitate producing a thick suspension. The precipitate
was filtered off by suction and washed with water. The fil-
trate on standing a few minutes produced. another two crops
of small quantities. The product was dried overnight in
vacuum ovér calcium chloride. The yield was 9.2 Gm. 57506%

of theoretical). After thres recrystallizations from
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absolute alcohol the light yellow=-brown crystals melted at
158~160° (ILiterature 160,.5-162° (39)).

Phenylazo-acetylacetone«--To 9.3 Gm. (0.1l mol) of

redistilled aniline in 20 ccy of water and 60 Gm. of crushed
ice were added 25 cc. (0.25 mol)-of 1ON hydrochloric acid,
The mixture was stirred and cooled in an ice bath to below
59, The above was diazotized by the rapid addition, while
stirring, of 7.2 Gm. (0.1l mol) of sodium nitrite in 25 cec.
of .water., The resulting diazo solution was added over a
period of,10 minutes by means of a dropping funnel to a
stirred suspension of 10 Gm. (0.1 mol) of acetylacetone and
2240 Gms (0521 mol) of anhydrous sodium carbonate in 100 cc.
of water, The reaction mixture was stirred an additional

25 minutes while being kept cold in an ice bath. The tem-
perature of the mixture remained below 15°., The preduct

came down immediately on addition of the diazo solubion as a
thick sand-coloured precipitate producing a thick suspension.
The precipitate was filtered off by suction, washed with
water, and dried in vacuum over calcium chloride for 19 hours.
The yield was 18 Gm. (88.2% of theoretical). After three
recrystallizations from,VO% alcohol the light-brown flat,
needle-like crystals melted at 88-88.5° (ILiterature 90°
(407).

o-Hydroxyphenylazp-acetylacetone.--To 10.9 Gm« (0.1
mol) of o-aminophenol (subliged) in 80 cc. of @ater.were‘

added 25 cc. (0.256 mol) of 1ON hydrochloric acids The




mixture was stirred and cooled in an ice bath to 4°. The
above was dlazotized by the rapid addition, with stirring,

of 7.2 Gm, (0.1l mol) of sodium nitrite in 25 ce. of water.
The resulting diazo solution was added over a period of 10
minutes by means of & dropping funnel to a stirred suspension
of 10 Gm. (0.1 mol) of acebtylacetone and 22.0 Gm. {0.21 mol)
of anhydrous sodium carbonate in 200 cc. of water. The re-
action mixture was stirred an additional 20 minutes while
kept cold in an ice bath. The temperature of the mixture
remained below 15°, The product came down immediately on
addition of the diazo solution as a thick, light yellow-brown
precipitate producing a thick suspension. The precipitate
wag filtered off by suction, washed with water, and dried in
vacuum over calcium chloride overnight. The yield was 20.4
Gm. (92,7% of theoretical). After recrystallizing once from
95% alcohol the shiny; light-brown, flat, needle-shaped
crystals melted with decomposition at 247° (Literature 249°
{dec.) (39)).

Ethyl o-methoxyphenylazo-acetoacsetate.==To 12.3 Q.

(0.1 mol) of redistilled ,o-anisidine in 80 cc. of water were
added 25 cc. of 1ON hydrochloric acid (0.25 mol). The mix-
ture was stirred and cooled in an ice bath to below 5°. The
above was dlazotized by the addition of portions, while stir-
ring, of 7.2 Gm. (0.1l mol) of sodium nitrite in 25 cc. of
water, keeping the temperature below 5°, The resulting diazo
solution was added over a period of 20 minutes by means of a

dropping funnel to a stirred suspension of 13 Gm. (0.l mol)




of redistilled ethyl acetoacetate and 22 Gm. (0.21 mol) of
anhydrous sodium carbonate in 200 cc. of water. The reaction
mixture was stirred an additional 45 minutes while being
kept cold in an ice bath. The product came down first as a
yellow precipitate turning to reddish-orange as the lasit
portion of diazo solution was added. The producti was fil~-
tered off by suction and washed with two 400-cc. portions of
water, The moist product was recrystallized once from 95%
ethanol and water to yield 24.4 Gm. (92.4% of theoretical
yield) of shiny orange crystals. m.p. 98-101°. After three
recrystallizations from 95% ethanol and water a sample was
dried over magnesium perchlorate at 57° at a pressure of 1
mm, of Hg for 12 hours and submitted for analysis.

Anal. GCalecd. for CGyzH1g04No: C, 59.085 H; 6.103.
Found: C, 59.12; H, 6.04..

Preparation of Azopyrimidines

2,6=Dimethyl-4-hydroxy-5=o=-hydroxyphenylazo-

pyrimidine.=-=In &8 three-nsck reaction flask fitted with &

condenser, sealed stirrer, dropping funnel and protected with
calcium chloride tubes, 0.9 Gm. (0.04 mol) of, sodium wers
dissolved in 27 cc. of absolubte alcohol., To the sodium
ethoxide solution 5.0 Gm. (0.02 mol) of o-hydroxyphenylazo-
acetoacetic ester were addeds While stirring, a solution

of 1.9 Gm., {(0.02 mol} of acetamidine hydrochloride in 17 cc.,
of absolute alcohol was added dropwise over a period of 20
minutes. Stirring was continued for two days letting the

reaction mixbture stand during the two nights. The reaction
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mixture was, then filtered. The alcohol was removed from the
filtrate by distillation on a water bath. The tarry residue
was dissolved in 30 cc. of water and the solution was then
digested on a water bath for 45 minutes. It was then allowed
to cool to room temperature and filtered, The gummy product
was added to 400 cc. of water and brought to near boiling.
PThe hot solution was filtered and the filtrate acidified with
glacial acetic acid when & bright red precipitate appeared.
It was allowed to cool to room temperature and then filtered,
Yield: 0.456 Gm. (9.1% of theoretical). m.p. 195° (dec.).
When recrystallized from absolute alcohol for analysis,
reddish, transparent platelets melting with decomposition at
195° were obtained. A sample was dried over magnesium per-
chlorate at 57° at a pressure of 1 mm. of Hg for 19 hours
and submitted for analysis,

Anal. Calcd. for C1oH1oW 008 €, 59.01; H, 4.95.
Found: €, 59.973 H, 5.039.

N

. 2,6-Dimethyl-4~-hydroxy-5-phenylazo-pyrimidine.=~To

7.4 Gm. (0.03 mol) of phenylazo-acetoacetic ester (unrecrys-
tallized) dissolved in 40 cc,. of absolute alcohol were added
2.8 Gm. (0,03 mol) of acetamidine hydrochloride. The reac-
tion flask consisted of a three-neck flask fitted with a
sealed stirrer, a‘groppiﬁg funnel and a condenser protected
with caleium chloride tubes. With vigorous stirring a solu-
tion of l.3 Gm. (0.06 mol) of sodium metal in 25 cc. of
absolute alcohol was added over & period of one-half hour by

means of the dropping funnel. The mixture was stirred for
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an additional hour and a half and then left standing over-
night. The resulting thick orange precipitate with scat-
tered amounts of red cpkystals was then filbtered off by
suction. The precipitate was dissolved’in 120 cc. of hot
water and then acidified with glacial acétic acid. The
resulting thick orange precipitate was filtered off by suec-
tion and then boiled in 100 cc. of 5% sodium bicarbonate
solution until solution was effected. The red solution was
allowed to stand at room temperature for 3 hours when a
mixture of yellow and red crystals appeareds It was then
placed in an ice bath for an additional two hours. The
crystals were filtered off by suction and then washed with
water until all thé yellow crystals were washed away leaving
the shiny red crystals of 2,6-dimethyl-4-hydroxy-5-phenylazo-
pyrimidine on the filter. “After drying in vacuum over cal-
cium chloride the prodhct melted with decomposition at 182~
1840 (Titerature 186° (32)). TYield, 1.4 Gm. (20% of theo-
retical). A second run undergoing continuous stirring and
refiuxing for 22 hours produced 2 Gm. (29% of theoretical)
of 2,6<«dimethyl=-4=hydroxy-5-phenylazo<pyrimidine, this time”
uncontaminated with thé yellow crystals.

£

2-Amino=-4;6-=dimethyl-5-o-hydroxyphenylazo-

pyrimidine.--In a three-neck reaction flask fitted with a

condensery; sealed stirrer, dropping funnel and protected with
calcium chloride tubes, 0.9 Gm. {0.04 mol) of sodium were
dissolved in 40 ccs of absolute alcohol. Mo the sodium

ethoxide solution 4.8 Gm. (0.02 mol) of o-hydroxyphenylazo-




acetylacetone and 1.9 Gm. (0.02 mol) of guanidine hydro-
chloride were addsd. While mechanically stirred the mixture
was refluxed for three hours and then left to stand for two
dayss. The alcohol was then removed with the aid of gentle
heat under reduced pressure. The tarry residue was dissolved
in water and the resulting solution acidified with glacial
acetic acid, A mixture of a dark red tar and an orange crys-
talline precipitate appeared. The resulting mixture was
added to 100 cc. of water and brought to near boiling. The
hot solution was filtered and the filtrate allowed to cool
when an orange crystalline product separated. VTields 0.5
Gm, After three recrystallizations from water the product
melted at 154-156°, A sample was dried over magnesium per-
chlorate at 57° at a pressure of 1 mm. of Hg for 12 hours and
submitted for analysis.

Anal. Calcd. for Gy H.zN 0z G, 59.25; H, 5.587s
Pound: €, 59.31l: H, 5.45.

+

Metallizations

-

Metallization of 2,6-dimethyl-4-~hydroxy-5-phenylazo-

pyrimidine with nickel.~=-To 30 Gm. of ethylene glycol were

added 0.5 Gm., (0.0022 mol) of 2,6-dimethyl-4-hydroxy-5-
phenylazo-pyrimidine. Solution was effected by heating on a
water bath at 85°%. The resulting solution was made alkaline
with 8N sodium hydroxide to a pH of 8., A solution of 0.523
Gm. (0.0022 mol) of nickel(ous) chloride (N1012.6H20) in 10
cc. of water was added dropwise over a period of 10 minutes

to the above solution of azo compound with mechanical
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stirring. The reaction mixture was stirred for a total of
13 hours, maintaining the temperature at 85° and the pH at 8.
Paper chromatograms were made at inbtervals. The reaction
mixture, at 85°, was then added to 100 cec. of water at 859,
when a greenish-brown precipitate appeared. By & process of
elutriation and centrifugation a heavier green crystalline
product (I).and a lighter colloidal brown product (II) were
separated, Kach was washed with three 200~-cc, portions of
water and dried.over calcium chloride under vacuum for 48
hours. Yield of ¥: 0.260 Gm.g3 of IT: 0.224 Gm., m.p. of
I, did not melt under 5600, but did darken slightly in colour:
m.ps of II, did not melt under 5600, but did darken slightly
in colour, .

Anal. Caled. for Cg HonO0oNgNi: Ni, 1l.44. Founds
for T: Ni, 1l.41l;y found for ITI: Ni, 33.79.

L] - - L3

Metgllization of 2,6-dimethyl-4~hydroxy-5-

phenylazo-pyrimidine with cobalt.~--To 30 Gm. of ethylene

glycol were added 0.5 Gm. (0.0022 mol) of 2,6-dimethyl-4-
hydroxy-5-phenylazo~pyrimidine. Solution was effected by .
heating on a water bath at 85°. The resulting solution was
made alkaline with 8N sodium hydroxide to a pH of 8. A solu-
tion of 0.477 Gm. (0.0022 mol) of cobalt{ous) acetate
(Co(CH3zCO0)0.4Hg0) in 10 cc. of water was added dropwise over
a period of 10 minutes to the above solution of azo compound
with mechanical stirring. The reaction mixture  was stirred
for a total of 1% hours, maintaining the temperature at 85°

and the pH at 8. Paper chromatograms were made at intervals.
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The reachtion mixture, at 85, was then added to 100 cc, of
water at 85°, when a brown precipitate appeared, By a pro=-
cess of elubtriation and centrifugation a heavier dark brown
crystalline product () and a lighter colloidal light brown
product (II) were separated, BEach was washed with three 200-
cc, portions of wabter and dried over calcium chloride under
vacuum for'48 hours, VYield of T: 0,324 Gm.3 of FIs 0,155
Gm, m.py of I, did mot melt under 360°, but did darken
s1ightly in colour; m.p. of II, did not melts undsr 360°;
but did darken slightly in colour, N

' Anal., Caled. for Gpog4HpoOpNgCos Co, 11.48, Found
for I: Co, 12.853 found for II: Co, 29.22.

Metallizatlion of 2,6-dimethyl-4-hydroxy=5-o-

hydroxyphenylazo-pyrimiding with nickel,--To,30 Gm. of

ethylene glycol were added 0.537 Gm. (0.0022 mol) of 2,6-
dimethgl-4-hydroxy?5—o»hydroxyphenylazo-pyrimidine, Solu-
tion was effected by heating on a water bath at 859 Ths
resulting solution was made alkaline with 8N sodium hydrox-
ide to a pH of 8. A solubtion of 0.525 Gm. (0.0022 mol) of
nickel{ous) chloride (NiClg.6Hg0) in 10 cec. of water was
added dropwise over a period of 10 minutes to the above
solu?ion of azo compound with mechanical stirring. The re-
action mixture was stirred for a total of, 13 hours, maintaine-
ing the temperature at 85° and the pH at 8. Paper chromato-
grams were made at intervals. The reaction mixturey at 85°,
was then added to 100 cc. of water at 85°. The resulting

mixture was centrifuged for 2 hours at 1060 R.C.F. at tip.®

& Relative Centrifugal Force. Centrifuge used was a Model
U International Centrifuge.




The supernatant liquid was decanted and the precipitate
washed with thres lOQ«ccj portions of water and then with
90 cg. of acetone. It was then dried over calecium chloride
unde? vacuum for 96 hours. The hard mass was pulverized to
give a very dark; red powder. VYield: 0.,5164 Gm, m«ps, did

not melt under 360°.

- *

Ana l ° Ca 1Cd ° fOI‘ 0241‘1'20 04N8Ni5 3 Ni 5 26! 61:2
Found: Ni, 25,37.

Metallization of 2;6—dimathylf4éhydroxyb5ooa

hydroxyphenylazo-pyrimidinezWith cobalt.-=To 20 Gm, of

ethylene glycol were added Oﬁ512 Gm. (0.00128 mol} of 2,6~
dimethyl-4-hydrxoy=-5-o=hydroxyphenylazo=pyrimidine. Solu-
tion was effected by heating on a water bath of 850, The
resulting solution was made alkaline with 8N sodium hydrox-
ide to a pH of 8. A solution of 0.278 Gm. (0.00128 mol) of
cobalt{ous) acetate (Co(CHzC00)5.4Hn0) in 10 cc. of water
was added dropwise over & period of 10 minutes to the above
solution of azo compound with mechanical stirring., The re-
action mixture was stirred for a total of 2 hours, maintain-
ing the temperature at 85° and the pH at 8. Paper chromato-
grams were made at intervals. The reaction mixture, at 850,
was then added to 100 c¢c. of water at 85°., The resulting
mixture was digested on a water bath for 2 hours and then
centrifuged for 3 hours at 1060 R.C.F. at tip, The super-
natant liquid was decanted and the precipitate washed with
three 100-cc., portions of water and then with 25 cc. of

acetone. It was then dried over calcium chloride under
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vacuum for 48 hours. The hard mass was pulverized to give
2 dark red powder. TYields 0.0543 Gm. m.p., did not melt
under’ 360°,

Anal. Calcd. for Cg Hon04NgCGozs Co, 26.74.
Found: Co, 29.93.

Metallization of 2-amino-4,6-dimethyl=-5-0~hydroxy-

phenylazo-pyrimidine with nickel.-=To 20 Gm. of ethylene

glycol were added 0.288 Gm. (0.0012 mol) of 2-amino-4,6-
dimethyl-5-o-hydroxyphenylazo~-pyrimidine. Solution was
effected by heating on a water bath at 85°., The resulting
solution was made alkaline with 8N sodium hydroxide to a pH
of 8; A solution of 0.284 Gm. (0,0012 mol) of nickel(ous)
chloride (NiClz.GHQO) in 10 cc. of water was added dropwise
over a period of 10 minutes to the above soclutlon of azo com=
pound with mechanical stirring. The reaction mixture was
stirred for one-half hour, maintaining the temperature at
85° and the PH at 8. Paper chromatograms were mede at inter-
valse The reaction mixbure, at 850, was then added to 100
cc. of water at 85°, The resulting mixbture was centrifuged
for one hour at 1060 R.C.F. at tip. The supernantant liquid
was decanted and the precipitate washed with four 200-cc.
portions of water. It was then dried over calcium chloride
under vacuum for three days. The hard mass was pulverized
to give a very dark, red=brown powder. TYield: 0s181 Gm.
Me.Pey did not melt under 560°,

Anal., Caled. for 024324N1002Ni53 Ni, 26.65.
Found: 'Ni, 29.05.




Analzses

The analyses for nickel were done gravimetrically
using the dimethylglyoxime method (40), the metal derivative
first being.broken down by boiling in 10% hydrochloric acid
for five minutes.

The analyses for cobalt were done colorimetrically
using & slightly modified nitroso-R salt method {(41). The
metal derivative was broken down by boiling in 10% hydro-
chloric acid and the resulting solution dilubted to one litre
with water. To an aliguot portion of the solution was added
a 0.1 per cent agueous solution of nitroso-R salt, crystal-
line sodium acetate, and concentrated hydrochloric acid. The
solution was then diluted to 50 ce. with water and per cent
transmittance determined using the Beckmann Model B Spectro-
photometer at a wave 1eng£h of 390 mgu. This method is not
considered to be very accurate. The results stated are aver-
ages of several runs.

The analyses for carbon and hydrogen were .done by
the National Resesgrch. Council, Saskatoon, Saskatchewan. The
presence of nitrogen in the pyrimidine structure contributes
some difficulty in complete combustion of the compound and a
larger percentage error in the carbon and hydrogen analysis
results. This is believed to account for the small discrep-

ancy between the calculated and observed analytical results.
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CONCLUSIONS

1. One new intermediate, ethyl o-methoxyphenylazo=
acetoacetate, has been prepared; and two new azopyrimidines,
2,6-dimethyl-4-hydroxy-5-o=hydroxyphenylazo-pyrimidine and
2=amino=-4,6-dimethyl-5=-o=hydroxyphenylazo-pyrimidine, have

besen prepared.

2, Metallized derivatives of 2,6-dimethyl-4-hydroxy-5-
phenylazo=pyrimidine and 2,8-dimethyl-4-hydroxy=5-o=hydroxy-
phenylazo-pyrimidine have been formed with nickel and cobalt
and structures assigned to them. The metal derivative of
2-amino=4,6~dimethyl-5-0=hydroxyphenylazo=-pyrimidine has been
formed with nickel,

9o Analytical evidence has indicated that the o-monohydroxy-
azo=pyrimidine had a 2:1 ratio of azo compound to metal, and
the o,0!'=dihydroxyazo-pyrimidine had a 2:3 ratio of azo com-
pound to metal. The 2-amino=4,68-dimethyl-S5-o=-hydroxyphenyl=
ago=pyrimidine also indicated a 233 ratio of azo compound to

metal.
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