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1.

INTR ODUCTION

The first class of chemical compounds shown to exhibit some
degree of carcinogenic or anticarcinogenic activity was that of the azo
compounds (I).

Many members of this group have been used for the

experimental induction of tumors in animals.

Certain other azo compounds

have been found to inhibit cell proliferation.
In the search for anticarcinogenic agents, too, researchers have
long studied the antimetabolites, in the hope that these compounds will
interfere with the uncontrolled metabolism and mitosis involved in cancer.
Consequently, a great number of antifolic acid compounds and analogs of
purines and pyrimidines have been synthesized.

Many of these have been

found to have inhibitory effects on tumor growth in vitro and in vivo.
Still other lines of research have shown the presence or absence
of certain metals to have an effect on the function of the delicately
balanced enzyme systems.

Therefore, the removal of certain metal

ions from, or their introduction into, these systems would bring about
malfunction of metabolic processes.

This has led to the consideration

of metal chelate compounds in relation to cancer.
Thus, various groups of workers have been prompted to prepare
azopyrimidines as tools for the study of cancer and as possible
anticancer agents.

A number of 4 -amino-5 -arylazopyrimidines have

shown some degree of antifolic activity.

A number of ortho- and

di-ortho-hydroxyazopyrirnidines capable of forming chelates with various

-2
metals, and representative chelates of several of these compounds
have als 0 been synthesized (2, 3, 4, 5, 6).
However, little has been published on the physicochemical
properties of the azopyrimidines. A few brief excerpts are found on the
visible and ultraviolet spectra of these compounds; nothing was found in
the literature with regard to infrared studies of the azopyrimidines.
This work has been undertaken as a continuation of the synthesis
and study of various 5-arylazopyrimidines, placing particular emphasis
on the infrared and ultraviolet spectra of these compounds.
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2.

HISTORICAL

2. 1

Pharmacology

2.1.1

Azo compounds andcarciilogenesis
The first chemical compound known to be carcinogenic was the

azo dye, scarlet red (I), reported by Fisher in 1906 to have produced
atypical epithelial proliferations in rabbits.

Later, the active part of

the molecule was determined to be 4' -amino-2, 3' -azotoluene (II) (1).

I

In 1932, Yoshida reported the first artific"iaJ.ly produced liver
cell carcinoma in rats following oral administration of an azo dye (7).
Law (8) reviewed the use of rather simple azobenzene derivatives, such
as 4' -amino-2, 3' -azotoluene (II), £.-dimethylaminoazobenzene (III),

4' -hydroxy-2, 3' -azotoluene (IV), and 2,3' -azotoluene (V), for the

II

III
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IV

induction of fibrosarcomas.

V

Such amino azo dyes have received

especial attention as liver carcinogens (9, 10, 11).
The mechanisms involved in carcinogenesis and anticarcinogenesis
by azo compounds have been shrouded in mystery.

It has been suggested

that the reduction products of the azo compounds are actually the active
substances (12).

Later workers (13, 14, 15) considered the carcinogenic

behavior of azo compounds to be closely related to their superficial
resemblance to polycyclic hydrocarbons, also potent carcinogens.
However, neither of these theories was supported by correlative
evidence.

More recently, it has been pointed out that an unsubstituted

2-position is apparently necessary for the existence of carcinogenic
activity in azo dyes (11, 16).
calculations

A hypothesis, supported with theoretical

and chemical and spectrochemical evidence, has been put

forth, suggesting that the carcinogenicity by azo dyes may be accounted
for by a two-step mechanism, consisting of a primary protonation of
the

(3 -nitrogen followed by a nucleophilic attack on carbon 2, resulting

in the formation of a protein-dye complex (17).

-5
Another theory, proposed by Park (18) in 1950, attempts to
generalize that the ability of the azo dyes, complex hydrocarbons,
organic amines and their derivatives, actinic radiation, X-rays, and
atomic radiation to initiate or alleviate neoplastic tis sue transformations
coincides with their ability to form free radicals.
The incorporation of the nitrogen mustard moiety into azo
compounds has resulted in a potentially important series of active
compounds.

Nitrogen mustard (VI) itself has been used with considerable

VI

succes s in Hodgkin 1 s dis eas e and carcinoma of the lung (19).

It has been

shown that many of the aryl-di-(2-halogenethyl)-amines- ("aromatic
nitrogen mustards") - are non-specifically cytotoxic to proliferating
tissues.

But

~,~-di-2-chloroethyl-£.-aminoazobenzene
( VII)

and

various of its derivatives (e.g. VIII, IX) have proved to exert much
more selective action on neoplasms (20, 21, 22).

Some correlation

has been found between the activity of these compounds and the ease
of in vitro enzymatic reduction of the azo linkage (21).

o-[4-[Bis(2

chloroethyl)amino]-o-tolylazo}benzoic acid (IX) has been given limited
clinical trial (22).
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Compound

VII
VIII
IX

R

R'

H

COOH
COOH

VII - IX

z. 1. Z

Pyrimidine and Purine Antagonists
The pharmacological agents found most effective to date in the

treatment of malignant disease are the competitive antimetabolites.
Among these are structural analogs of the naturally occurring pyrimidines
and purines present in vitamins, coenzymes, and intermediary metabolic
products.
Many simple pyrimidine compounds have been synthesized with
the hope that they would interfere with the incorporation of their respective
natural prototypes into purine and nucleic acid molecules.
Extensive investigation has been carried out on a series of
compounds

(XII - XVI) structurally related to thymine (X), through

replacement of the methyl group at position 5 in the pyrimidine nucleus

X

XI
XII
XIII
XIV
XV

XVI

Compound
Thymine
Uracil
5 -Hydroxyuracil
5 -Aminouracil
5 -Nitrouracil
5-Bromouracil
5-Fluorouracil

R
CH 3
H

OH
NH Z
NOZ
Br
F
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by atoms or groups other than alkyl.

These compounds were all found

to inhibit the growth of microorganisms under certain conditions, acting
as antagonists of thymine, uracil and/or folic acid (23 - 27).

5-Fluor

ouracil (XVI) and its 6-carboxylic acid derivative, 5-fluoroorotic acid)
have been used in human carcinomas, leukemias and lymphomas with
encouraging results (26); these compounds interfere with the biosynthesis
of thymidine monophosphate and RNA uracil (27).

Less toxic than these,

the riboside 5-fluoro-2'-deoxyuridine has now been undergoing clinical
studies (28, 29, 30).
6 - Uracil methyl sulfone (XVII) and 6 -uracil benzyl sulfone (XVIII)
have been found to inhibit mouse lymphomas and sarcoma 180 (31, 32);
the former is also reported to inhibit growth of Ehrlich ascites tumor
in vitro
--

(33).

o

HN~

OJ-..N~S-CH
1-1

0

II

o

XVII

3

XVIII

Recent work has been done on thiouracil derivatives (XIX - XXI)
(24,25, 34), and on mercaptopurines (XXII, XXIII) (35,36).

These

compounds, due to their high reactivity, cause changes in the natural
purine and nucleic acid molecules; propylthiouracil has been shown to
induce tumors in rats; the other compounds exhibit tumor-inhibiting
acti vity.

6 -Mercaptopurine (XXII) is us ed in leukemia; although it and
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Compound

0

HN:JR
HsA

XIX

R

z- Thiouracil

H

XX 5 -Methylthiouracil

N I

XXI Propylthiouracil

S

S

HN:J=N)
~N

CH Z CH Z CH 3

>

N
1-/

H

XXII

3

N

HN:.x
HzNA I N
N

CH

XXIII

thioguanine (XXIII) showed inhibition of mouse sarcoma 180, it has not
been found active in solid tumors in man.
6-Selenopurine has been bioassayed for tumor-inhibiting activity
(37).

It is similar in action to 6-mercaptopurine, but it exhibits greater

toxicity and les s potency.
5-Diazouracil

(XXIV)~~

has also been found to possess this type

of activity in laboratory animals; it is most effective in lymphomas and

o

I-i N~N=NOI-t

O~NJ·
H

XXIV

~:~

For a brief discussion of the controversy concerning this structure,
refer to subs ection Z. Z. Z.
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leukemias (38).

Other compounds of this type which have been studied

are the riboside diazouridine, and 5-diazobarbituric acid (39).
Rose (40) has prepared a series of tetra.-azaindenes, or pyrazolo
(4, 3 -~) pyrimidines, which are isomeric with the purines, in the hope
that interference with cell purine metabolism would take place.

Some

activity versus tuberculosis is reported for the compound (XXV).

XXV

Another series of purine isomers, the 4-amino-pyrazolo (3,

4-~)

pyrimidines (XXVI), structural variants of adenine, has been developed

XXVI

by Robins (41).

These compounds are effective against certain cross-

resistant tumors; unfortunately, however, they produce liver damage,
which, while reversible, has nevertheless slowed their acceptance as

-10

clinical agents (22).
More effective and less toxic as a riboside, 6-azauracil (XXVII)
has received considerable attention as a tumor-inhibitor (31, 42, 43),
and a striking potentiation was observed in a combination of (XXVII) and
urethane.

Another compound of this type is 6-azacytosine (XXVIII) (43).

XXVII

XXVIII

Several 8-azapurines (XXIX) and 8-aryl-8-azapurines (XXX)
have shown both antipurine and antifolic activity (44, 45).

XXIX

2. 1.3

XXX

Folic acid antagonists
Pos sibly the most promising of all the antimetabolites are the

folic acid antagonists.

These are particularly interesting in that folic

-11

acid deficiency results in leukopenia, possibly indicating antifolics in
leukemia.

Indeed, positive results with these analogs have been reported

in experimental animals and clinically in acute leukemia.

Unfortunately,

however, remission occurs as resistance to these drugs develops (45).
Toxic side effects als 0 develop, due to folic acid deficiency of the normal
tis sues.
Clinically, the most important antifolic acids are closely related
analogs of folic acid (XXXI), notably aminopterin (XXXII) and amethopterin
(XXXIII), (36, 45, 46).

.:xI
~

H2.N ~N

1111
10
0

II

I

R

R

N~

Less complex pteridines, the Z, 4-diaminopterins

NrCl-lz-N

Nb

0

H C-OH

C-N-~I-I

Compound

eN

XXXI

CHz

XXXII

R

R'

OH

H

NH Z

H

NH

CH

I 2

I

C-OH
II

XXXIII

Z

3

0
(XXXIV) are known to have a high degree of antifolic activity in various
bacte rial sys terns.

XXXIV
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A variety of 4-aminopyrimidines have shown folic acid antagonism.
Of these, the series most closely related to the pteridine moiety of the
folic acid molecule (XXXI) is that of the 4,5 -diam inopyrimidines (XXXV).
Certain members of this group have shown some degree of antifolic

XXXV

activity (45).

4, 5-Diaminouracil proved to be too toxic to be useful;

however, 4-aminouracil showed significant tumor-inhibiting properties,
particularly with Walker carcinoma (47).
2, 4-Diaminopyrimidines have been found to be competitive
inhibitors of folic acid in various bacterial systems (25, 48, 49, 50).
Antimalarial activity is exhibited by 5-aryloxy, 5-benzyl and 5-phenyl
pyrimidines (XXXVI - XXXVIII) (48, 50).

However, for tumor inhibition,

a 5-phenyl group is necessary, the most active compound against certain
mouse tumors and leukemias being 2, 4-diamino-5-(3', 4'-dichlorophenyl)
6-methylpyrimidine (XXXIX) (49, 50).
proven to be of clinical value.

None of these compounds has yet
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Compound
XXXVI
XXXVII
XXXVIII
XXXIX

R

R'

Benzyl-

H

Phenoxy-

H

Phenyl-

H

3 f, 4 f - Dichlorophenyl- CH 3

A group of l-aryl-4, 6-diamino-l, 2-dihydro-!,-triazines (XL),
structurally related to the 2, 4-diaminopyrimidines (XXXVI - XXXIX),
ha ve als 0 shown experimental anti -vitamin, antimalarial, antitumor
and anti-coccidial activity (51, 52).

XL

2. 1.4

Azopyrimidines
In 1954, Hartzell and Benson (53) observed that certain diamino

5 -arylazopyrimidines (XLI) exhibited slight inhibition in certain bacterial
systems, but no specific antimetabolite activity was reported.
Later, however, two independent groups of workers, Timmis
et al. (45, 46) and Modest et al. (54), carried out more extensive studies
on this series of compounds, and discovered antifolic activity, and
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NH

H

N:J:N=N-Qf
,
I
I
-

R ~N

R'

NHl

XLI

possibly antipurine acti.vity (54) in a number of them.

At least one

amino group ortho to the azo linkage was apparently neces sary for
optimal activity.

For maximal effect, three amino substituents in the

pyrimidine ring seemed desirable.

It was also found that a 4'-halogen

atom was beneficial, but that increased halogen-substitution in the
phenyl ring usually resulted in decreased potency.
The activity of 2,4, 6-triamino-5-phenylazopyrimidine (XLI,
where R is NH ' R' is H) was confirmed on three bacterial systems (55).
Z
Sloan-Kettering researchers have reported a lack of in vivo
antitumor activity in a number of 2,4-diamino-5-phenylazo-6
hydroxypyrimidines (XLII) (56, 57, 58).

XLII
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Recent workers in Japan have studied a number of 5-phenylazo
pyrimidines for their inhibitory effect on a number of experimental
tumors, as well as in various bacterial systems (59 - 66).

These

workers found that the Z, 4, 6-triamino-5-phenylazopyrimidines (XLIII,
where R is meta- or para- to the linkage) were effective upon

R is CRO, COCH , COZH, S03 H ,
3
SOZNH ' P03 H.
Z

XLIII

several tumors and a leukemia in experimental animals.

These com

pounds were synergized by other nucleic acid antagonists such as 6
mercaptopurine.

These compounds were found in one laboratory to be

only weakly active against the growth of bacteria (56 - 59).
hand, compounds with no substituents or with Cl or NO

Z

On the other

in the 5

phenylazo group were strong inhibitors of bacteria growth, but showed
no antitumor activity.
5-(4-Amino-1-naphthylazo)uracil has been found to be highly
active against experimental Schistosoma mansoni infection in the
mouse, hamster, and monkey (67).
When antifolic activity was first discovered in the 5-arylazo
pyrirnidimtes, the question arose whether this activity was inherent in
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the series itself (45).

It was suggested that these compounds may be

oxidized during bacterial metabolism to the corresponding 8-aryl-8
azapurines (XXX), and that thes e known antifolics were the actual active
forms.

However, closer study showed a definite lack of relationship in

activity between related compounds.

Contrariwise, in vivo reduction of

4-amino-5-arylazopyrimidines would give rise to 4, 5-diaminopyrimidines
(XXXV), some of which are folic acid antagonists.

But again, some

active azopyrimidines correspond with inactive diaminopyrimidines.
It was thus concluded that the antifolic activity found in the azopyrimidines
is intrinsic for the series.

2. 1.5

Metals and metal chelates
Iron-porphyrin prosthetic groups are found in various enzymes,

including cytochrome-oxidase, the most important terminal link in
biological oxidations.
is found in man.

One enzyme of the copper-protein type, tyrosinase,

Certain flavoprotein enzymes contain heavy metals as

part of their prosthetic groups (68).

Of these latter, the DPNH-cytochrome

reductase system is strongly inhibited by various metal complexing
agents (69).
Even before specific connections between metals and enzyme
systems were known, the importance of metals in cell growth was
recognized: in 1947, it was discovered that metal organic compounds
could prevent mitosis by acting on the sulfhydryl groups of the cell
material.

It was reported that this effect was stopped by the addition
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of metal-binding compounds (70).

Certain alkaloids have been found

to induce the accumulation of iron in the midregion, and of calcium
and/ or magnesium in the spindle area of sarcoma 37 cells arrested
in metaphase (71).
Foye and Jeffrey (72) reported in 1955 that a series of iron,
copper and chromium chelates of s orne

~-hydroxyazo naphthols

phenanthrols suppressed the growth ofM. tuberculosis H
in vitro and in vivo.

37

and

Rv both

However, those compounds tested failed to affect

the growth of Sarcoma 180 in mice in non-toxic dos es.
Recently, various workers have noted abnormalities in the
distribution of zinc in tumors and in the blood and normal healthy
ti s sue

0

f the h 0 s t (73, 74, 7 5 ) .
Thus, while metals and organic metal complexes have not yet

been directly related with carcinogenesis and anticarcinogenesis, it
does appear that metals do indeed play some role in the cancerous cell.
On this ground, it is felt that the combination of metal chelates with the
pyrimidine ring system may serve as a double attack on neoplastic
growth, s electively trans po rting metal ions to or from the a rea of
increas ed metabolism, as well as exerting antifolic activity.

2.2

Chemistry

2.2. 1

Some syntheses of pyrimidines
As pyrimidine derivatives are frequently more readily prepared

than the parent compound itself, it becomes obvious that pyrimidine
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would only rarely be used as a starting point for the synthesis of sub
stituted pyrimidines.

In fact, pyrimidine is obtained from certain of

these derivatives (76, 77).
Many pyrimidine derivatives are synthesized as such by ring
closure reactions of three general types (below).

By far the m,ost

N

I

c

Type I

Type II

Type III

versatile and therefore most commonly used of these are the Type I
syntheses.

Amines are usually reacted with carbonyl, carboxylic acid,

carboxylic ester, acyl chloride, and/ or enol ether groups, such double
condensations being accompanied by elimination of water, alcohol or
hydrogen halide.

Or, the amines may add across certain unsaturations

such as nitriles or polarized double bonds.
The most straightforward of the Type I syntheses are those in
volving cyclization of two symmetrical fragments.

For instance,

barbituric acid (XLIV), first synthesized by Baeyer in 1863 (78), may
be prepared by condensing diethyl malonate and urea in the presence
of sodium ethoxide.

The reaction remains simple when substituted malonic

esters are used, resulting in 5-substituted barbituric acid derivatives.

-19

Na.O£t
-2 EtOH

XLIV

The hypnotic barbiturates, which are devoid of aromatic properties,
are such compounds, bearing two substituents in the 5-position.
Many combinations are possible, condensing malonic esters,

(3 -keto es ters,

f3 -diketones,

cyanoacetic esters, and malononitriles ~:<,

with urea, thiourea, S-substituted thioureas, guanidine, N-substituted
and N, N-disubstitued guanidines and various amidines (79 - 85).
An interesting possibility develops when N -alkylguanidines are
utilized in this category of reactions.

In 1908, Majima (79) noted that,

although methylguanidine and allylguanidine condensed readily with
ethyl acetoacetate, acetylacetone and diethylmalonic acid diethyl ester,
isomeric products were possible.

From his experiments, he generallized

that in the condensation of alkylguanidines with symmetrical active
methylene compounds usually only one product is formed (e. g . XLV),
while if they are condensed with unsymmetrical compounds, two isomeric
condensation products result (e.g. XLVI and XLVII).

~:<

Malononitrile itself does not condense normally in a 1 : 1 molar ratio
with amidines; instead, one malononitrile molecule condenses with two
amidine molecules, resulting in 5-cyanopyrimrdines (82, 86).

-20

+

XLV

XLVI

2.2.2

XLVII

Some reactions typical of pyrimidines
The properties of pyrimidine and its compounds may be best

understood if these compounds are compared with pyridine and, to a
lesser extent, with nitrobenzene; aromaticity is even less pronounced
in the pyrimidines.
Pyrimidine is more accurately represented as a resonance
hybrid of the four pairs of equivalent canonical structures (XLVIII 
LV) (87, 88).
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(t)

o lJ
N

e

e

XLVIII

XLIX

L

LI

LII

LIII

LIV

LV

The electronic effects of the ring nitrogen atoms of the ::::.
diazine ring system reinforce each other, resulting in a marked electron
deficiency at the positions 2, 4 and 6; there is some loss of electrons at
the 5 -position also, by induction.
Consequently, nucleophilic subs titution would be expected to occur
at the 2-, 4- and 6-positions.

Few instances of nucleophilic substitution

into an unsubstituted position of the ring have been recorded.

One

example is the reaction of sodamide with 4-methylpyrimidine (L VI),
yielding a mixture from which 2 -amino-4-methylpyrimidine (LVII) and
2, 4-diamino-6-methylpyrimidine (LVIII) were isolated (89).

-22

LVI

LVII

LVIII

Many more examples are available of nucleophilic replacement
of groups other than hydrogen from the 2-, 4- and 6-positions.

Pyrimidinyl

chlorides have proved particularly useful as precursors to other deriv
atives.

On heating with ethanolic ammonia, such compounds yield

aminopyrimidines (80, 81).

The chlorine atoms are readily hydrolyzed,

giving rise to hydroxypyrimidines (90), although a more frequently used
sequence is the conversion of hydroxypyrimidines to the halogenopyrimidines,
followed by hydrogenation.

Alkoxy- and aryloxypyrimidines can be pre-

pa red from the cor res ponding chloro- compounds by reaction with sodium
alkoxides or aryloxides (81, 91).

Potassium and sodium hydrogen

sulfides may be us ed to obtain 2 -, 4- and 6 -thiopyrimidines from such
chloropyrimidines (81, 92).
Examples have als 0 been cited of the nucleophilic addition of
various reagents across the 5,6 -double bond of uracil and various
derivatives (93, 94).

The ring-nitrogen atoms attract electrons from

the 1T-double layer, thus undermining the structure on which aromaticity

-23 
depends, resulting in a state analogous to a classical ethylenic doublebond conjugated to an electron-attracting group.
The effect of the ring -nitrogen atoms on the pyrimidine molecule
is seen again in the reaction of gem-diethoxytrimethylamine (LIX) with
4-methylpyrimidine (LVI) to form 4pyrimidine (LX) (95).

[8-(r:i, ~.-dimethylamino)-vinylJ-

The 8Eaat the 4-position exerts an inductive

effect on the methyl group, increasing its acidity.

LVI

LIX

The reaction in the

LX

present instance appears to be closely related to the Claisen condensation,
and is reminiscent of the synthesis of

ex. -stilbazole (LXII) from

picoline (LXI) (96).

LXI

LXII

Q:
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Extensive investigation has been carried out on the potential
lactim - lactam tautomerism of the 2-, 4- and 6-hydroxy-, thio- and
aminopyrimidines.

For a period, there was much controversy concerning

the position of the tautomeric equilibria.

In 1934, Austin (97) reported

evidence that uracil had the structure (LXIII).

However, since 1942,

many workers have asserted that, when it is compatible with the main
tenance of the aromatic character in the ring, all

C(-

and

o -hydroxy

pyrimidines will predominantly exist in the lactam form, both in the

LXIII

solid state and in aqueous solution (98 - 108).

This concl\.\.sion is based

on evidence obtained from ultraviolet, infrared and Raman spectra, Xray crystallography, dipole moments, and ionization constant deter
minations, as well as by chemical means.

The actual equilibrium

constants of several hydroxypyrimidines have been calculated (107, 109,
110, 111).

Recent study has indicated that, for 4-hydroxypyrimidine, the

main species in solution is the quasi-~-quinonoid, or cisoid, lactam
structure (LXIV) (106, 108).
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o

OH

N~

~N)

,

lJ

o

~~_:t._>. H N~
~NJ

N
H

LXIV

It has been shown that pyrimidines substituted with one mercapto

group in the 2-, 4- or 6-position exist in aqueous solution predominantly
as the thiopyrimidones (102).
The situation is less clearly cut with the 2-, 4- and 6-amino
pyrimidines.

However, it seems to be the general consensus that the

2-amino group exists as such, thus increasing the basicity of the 1
nitrogen atom, which in turn favors the carbonyl and imino forms in
the 4(6)-position, the carbonyl having preference over the imino group
(88, 101, 102, 103).

LXV

Structures (LXV - LXVIII) are examples of this.

LXVI

LXVII

LXVIII
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The 5 -position of the pyrimidine ring is more a romatic in
character.

Various electrophilic substitutions at this position have

been reported.

However, in order that weakly reactive electrophilic

agents should attack the pyrimidine nucleus, such electronegative
substituents as the potentially tautomeric hydroxy-, mercapto-, and
amino- groups are required in two or three of the 2-, 4- and 6-positions.
Then, even such mild reagents as diazonium com.pounds will enter at
the 5-position (2-6; 53, 54, 60, 87, 90, 92; 112-121).
Although the other aminopyrimidines can be acylated in normal
fashion, 5-aminopyrimidines undergo such reactions much more readily
(81).

In other ways, too, the 5-aminopyrimidines behave as weak

aromatic amines.

Numerous instances of diazotizing such amino

groups have been recorded (2, 40, 44, 91, 113; 122-125).

5-Amino

pyrimidine itself did not diazotize (91, 126).
It has been found that on diazotization, 4(6)-mercapto-, hydroxyl-

and amino-5-aminopyrimidines (LXIX) rapidly undergo internal
cyclization, even under acid conditions, forming pyrimidino-thiadiazoles,
-oxadiazoles, and -triazoles (i. e., azapurines), respectively (LXX)
(40, 44, 113, 125).

XH is SH, OH, or NH

LXIX

LXX

2
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Thus, diazouracil is considered to be the hydrate (LXXI) rather than
(LXXII) (113).

Ring closure also occurs, most readily in the presence

of caustic alkali, when alkyl groups are present in positions 4 and 6 (40).

HN~N=NOH

O~N~O
H
LXXI

LXXII

This ring closure may be compared with that known to occur in diazotized
~-phenylenediamine,

but it proceeds even more readily in the 5-diazo

pyrimidines because of the greater electron deficiency in the 4-substituent.
An interesting development is the recently reported ability of 2
amino-4, 5 -dihydroxypyrimidine to undergo nitrosation and coupling with
diazonium salts at position 6, and of 4, 5-dihydroxypyrimidine to undergo
coupling with the active diazonium salt, diazotized £.-chloroaniline at
position 6 (126).

2.2.3

Some syntheses of azopyrimidines
One method of preparation of 5-arylazopyrimidines which has

received limited use involves the coupling of a diazotized 5-amino
pyrimidine compound with a phenol or aromatic amine (2, 40, 91, 113).
One interesting example of this reaction was reported by Whittaker (91),
illustrating an unusual route to an azo derivative (LXXIII) of uracil:
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HNO.. ~
1-1 CI

LXXIII

Azouracil-5, 5' (LXXIV) has also been prepared by coupling the diazotized
5 -aminouracil with uracil (2, 100).

o

IV
J..I

LXXIV
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A more widely used procedure is the coupling of aromatic
diazonium salts with
92; 112 -121).

lI

py rimidine phenols" (2-6; 53, 54, 60, 87, 90,

Lythgoe et al. (114) reported that in mildly alkaline

solution, diazonium compounds substituted with electron-deficient
groups (eo go Cl, N0 ) coupled smoothly with the 5-position of certain
2
pyrimidines.

They found that for coupling to occur, the pyrimidine

nucleus must generally be disubstituted in the 2, 4- or 4,6 -positions
by hydroxyl or amino groups; in the former case, the substituent at
position 2 may be the thiol group.

Later, Polonovski and Pesson (115)

showed that coupling was possible even when only one polar group,
either a hydroxyl or an amino group, was present on the pyrimidine
ring, in position 2

0

A few workers have since found that certain of

these coupling reactions proceed more efficiently under mild acid
condi ti on s (11 8, 119) .
It is thought that two different mechanisms are involved in the
coupling of a diazonium salt into the 5 -position of the pyrimidine
nucleus, depending on the substitution pattern of the pyrimidine in
volved (115).

With reference to hydroxy- and amino- substituents,

2 - and 2, 4(6)- substituted pyrimidines couple in a manner analogous
to the coupling of phenols; the coupling mechanism of 4, 6-disubstituted
compounds is probably related to that observed in active methylene
compounds.
However, direct coupling of the pyrimidines with aromatic
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compounds via a diazonium salt has a very limited scope:

both components

must be relatively reactive, resulting in a small range of compounds
which may be prepared.

Therefore, extensive use has been made of

an adaptation of the Type I pyrimidine synthesis.

Using such procedures,

a great variety of azopyrimidines ha ve been prepared, not neces sarily
possessing polar substituents.
The oldest and most convenient of these syntheses are condensa
tions of azo coupled derivatives of the readily available (j -keto esters
and ,B-diketones with various amidines, guanidines, urea, and thioureas
(2-6; 40, 60, 115, 128, 129, 130).
this group are the

Products of particular interest in

~,~'-dihydroxy compounds

of chelating metals (2 - 6).

(LXXV), which are capable

Phenylazomalonaldehyde (LXXVI) has been

o

HN

I

~

R~N

I

110

N=N-h

-V--

R"

R'

LXXV

condensed with guanidine and thiourea derivatives by Marson and English
(131), in the preparation of 4(6)-unsubstituted-5-phenylazopyrimidines
(LXXVII).

Although malononitrile itself reacts abnormally with amidines,

phenylazomalononitrile (LXXVIII) has been condensed successfully with
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NJ{

I

c
R../ ~NH

+

LXXVII

LXXVI

various amidines, including formamidine, to yield corresponding 4,6
diamino-5-phenylazopyrimidines (LXXIX) (82, 83, 84, 114, 132).

:.xN=ND'
NH

NC,

ell
I

./N=NOf
\
-

HN
----+

eN

I

LXXVIII

I

R~N

I

_

NU.
LXXIX

Although most workers carried out these ring closure reactions
in dry ethanolic solution in the presence of sodium ethoxide, several
have found other conditions more suitable.

An n-butanolic solution of

sodium butoxide has served as a reaction medium for some (84, 130).
Rose (40) found that warm aqueous-methanolic sodium hydroxide frequently
ga ve better yields and in a shorter time than did the more cumbersome
anhydrous solutions.

Marson and English (131) reported that phenyl

azomalononitrile (LXXVIII) condens ed readily in either aqueous or
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alcoholic solutions.
Still other types of procedures have been used in the synthesis
of 5-arylazopyrimidines.

Another type of ring closure has been utilized

by Richter and Taylor (133), in condensing formamide with phenyl
azomalonamide-amidine (LXXX, R is 0) and with phenylazomalondi
amidine (LXXX, R is NH).

They found this method of preparing

4, 6 -diamino- 5-phenylazopyrimidine (LXXXI, R is NH) superior to the
Type I cyclization involving phenylazomalononitrile.

LXXX

Bogert and

LXXXI

Davids on (113) mention the coupling of hydrazines with 5 -keto-6 -hydroxy
5, 6-dihydropyrimidines.

The parent compound of this series, 5-phenyl

azopyrimidine, was prepared in 1951 by Whittaker (91); this was achieved
by refluxing 5-aminopyrimidine and nitrosobenzene in glacial acetic
acid.
Several 4-sugar derivatives of 5-arylazopyrimidines have also
been prepared (134, 135).
Besides the 5-arylazopyrimidines, a few other azopyrimidines
have been prepared.

Mentioned already is azouracil-5, 5' (LXXIV).
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Some 5-thiophene-azo-barbituric acid derivatives have been prepared
(136).

Several4-arylazopyrimidines, too, were synthesized recently

(137).

2.2.4

Some reactions typical of azopyrimidines
As with other pyrimidine compounds, the 5 -arylazopyrimidines

will undergo various reactions in which the 2-, 4- and 6-substituents
are modified.

Naturally, certain of the previously mentioned nucleo

philic substitutions cannot be carried out without destroying the azo
linkage.

Nucleophilic replacement of a 4-chlorine atom by such groups

as the mercapto group has been reported (90).

4-Amino-5-arylazo

pyrimidines have also been prepared from the corresponding 4-hydroxy
compounds (130).
More typical of the azopyrimidines is the oxidation of 4-amino
5-arylazopyrimidines (LXXXII) to 8-aryl-8-azapurines (XXX) (45, 53,
54, 84, 116, 120, 121, 133).

R'

NJcN==N-Q'
I
I

R~N

R"

NHz

LXXXll

Also dependent on the azo group

XXX

is the reduction of these

compounds to the corresponding 5-aminopyrimidines, which may be
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desired as antimalarials (129), or as intermediates to be further modified.
The 4, 5, 6-triaminopyrimidines have served as intermediates in reaction
sequences leading to adenine and 9-sugar adenines (83, 134, 135).

The

4, 5-diaminopyrimidines (LXXXIII) have been condensed with various
cA -diketones to form several series of pteridine derivatives (LXXXIV)

(92, 119, 132).

Rose (40) made use of the ability of 4-alkylpyrimidine

5-diazonium compounds (LXXXV) to cyclize in the presence of caustic

R'

o'c/ R"
I
O?C'R'"

_~~ N~NXR"
R~N~NQ'

R"'

LXXXIV

LXXXIII

alkali, and thus prepa red a series of purine analogs (XXV).

R'

NtCI
=x~e

N~

R~N I

CHt-R"

R'
OJ-/e
-HeJ

R"
LXXXV

XXV

While various other azobenzene compounds are capable of
complexing metals, the ~,' ~-dihydroxy- derivatives are the strongest
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chelating agents all10ng the azo compounds.

Sill1ilarly,

the~,~'

di

hydroxyphenylazopyrimidines readily form cyclic chelates (e. g. LXXXVI)
with metal ions (2 - 6).

LXXXVI

2.2.5

Spectrophotoll1etric studies
Few reports have been found on the study of the absorption

spectra of the azopyrill1idines.
Foye and Jeffrey (138) recorded the visible spectra of several
azopyrimidines in acetone solution, using these as supportive dat,. for
the existence of certain of the
form.

~-hydroxy-5-azopyrimidinesin

the hydrazo

They illustrated that 5-phenylazobarbituric acid and alloxan

phenylhydrazone are identical.

However, the position of the tautoll1eric

equilibrium (LXXXVII) was not deterll1ined.
Abbott (6) utilized visible spectrophotometry as an aid in the
deterll1ination of the structures of some azopyrimidine-metal chelates.
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~

O~N

N=N-Q'

_ _ _ .l.
~---

OH



H

LXXXVII

A group of Japanese workers (60) has discussed the relation
between the substituents and the color and the ultraviolet absorption
of certain 5-phenylazopyrimidines.

They noted that the color apparently

depends on the kind of substituents in the pyrimidine ring: a hypsochromic
shift was observed on the replacement of methyl groups by hydroxyl or
amino groups.
to the color.

The substituents in the benzene ring seem less influential
Measurements were taken in dilute acid and dilute alkaline

aqueous solutions.
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3.

3.1

DISCUSSION OF PR OPOSED WORK

Synthesis of intermediates
For the azopyrimidine-preparations involving direct azo-coupling,

the pyrimidine and aniline derivatives necessary were commercially
available.

The aniline and

~-aminophenol were

further purified by

distillation and sublimation, respectively.
Several of the azopyrimidines prepared, however, required
Type I ring-closure syntheses.

While the amidine-type fractions used

here were on hand, a number of three-carbon components needed to
be prepared.
Claisen condensation reactions of the "acetoacetic ester!! type
were us ed for the p reparation of the s odium salt of acetoacetaldehyde
(LXXXVIII) (139), of acetylacetone (LXXXIX) (140), and of ethyl formylacetate (XC) (4), according to the procedures outlined in the literature

e

R

I

C.

0' 'c.
\I

J./O/C'R'

indicated.

NC1@

R!

Compound

R

LXXXVIII

CH

LXXXIX

CH

XC

3
3

OEt

H
CH

3

H

The preparation of the sodium salt of acetoacetonitrile (XCI)

and the attem pted preparation of that of malondialdehyde (XCII) were
carried out by similar means, although no reports of these reactions
were found in the literature.
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e

XCI

XCII

Because of the anticipated contamination by secondary products
of the same general nature, the purity or even the existence of these
products is difficult to prove by physical means.

It is therefore more

convenient to assume that the principal product is that desired, and to
proceed with the further reaction of azo coupling in order to ascertain
whether or not the desired active methylene compound is indeed present
in practicable amounts.

Since these five reaction products all pos ses sed

similar properties, the above assumption was made.
Nine intermediates (XCIV - XCVI; XCIX - CI; CIII - CV), from
which azopyrimidines have been successfully obtained, or whose
structures have been proven by analysis, were prepared by coupling a

R"

o~J'C'/I\I=N-b
II
HO/C''''-R'

Compound
XCIII
XCIV
XCV
XCVI
XCVII
XCVIII
XCIX
C
CI
CII

R

Rl

R"

H
CH
3
CH
3
CH
3
OEt
OEt
OEt
OEt
OEt
OEt

H
H
CH
3
CH
3
H
H
CH
3
CH
3
OEt
OEt

H
H
H
OH
H
OH
H
OH
H
OH
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Compound

NC.'C/N=ND'

CIII

II
HO/C'R

CIV

R


GEt

,N=ND'

NC, CH
I



eN
CV

diazotized aromatic amine with the appropriate active-methylene
compound, following, where applicable, the general procedures out
lined in the literature cited (2 - 6; 84, 141).

Attempts, some of them

probably successful, were made to prepare four additional related
intermediates (XCIII, XCVII, XCVIII, and CII), but the synthesis of
an azopyrimidine from any of thes e was not proved.
Aqueous reaction media, buffered either with sodium carbonate
or sodium acetate, were used in the preparations of all except the
diethyl malonate derivatives (CI and CII).

The procedure described

in the literature (2, 6) for the preparation of C involves the use of
anhydrous sodium ethoxide conditions; however, the less cumbersome
aqueous reaction conditions gave comparable yields.

Ethanol was

necessary for the solution of the diethyl malonate, and the aqueous
alcoholic conditions suggested by Albanesi et al. (141) for the
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preparation of CI were used for both CI and CII; however, the yields
obtained were poor, in contrast with the 93% yield reported for CI.
2 -Ethoxyethanol proved to be a very good solvent for the re
crystallization of most of these azo intermediates, although other
solvents were used for some.

In certain cases, where purification

was not attempted, or where attempts failed, the intermediate was
used in a crude form.

3.2

Synthesis of azopyrimidines
This project is intended chiefly as a study of the infrared and

visible-ultraviolet spectra of 5-arylazopyrimidines.

As such, it has

necessitated the preparation of a fairly broad saITlple of cOITlpounds,
the substituents on which have been liITlited to five main groups: hydroxy,
amino, ITlethylamino, dimethylamino, and methyl.

Although of prime

interest are those compounds substituted with one or more hydroxy
groups ortho to the azo linkage, it is important to examine other types
of compounds also, in order to observe any anomalies that might arise
in a particular system..
The synthesis of three azopyrimidines (CVI - CVIII), all of which
are known (2, 112, 115), was accomplished by the direct coupling of a
phenyldiazonium salt into the 5-position of the appropriate pyrimidine,
as first described by Kuhling (112) for CVIL
Because of the limitations of this type of synthesis, it has been
necessary to use ring closure reactions for the preparation of eleven

-41

R'

HN~N=N-b

O~N1-1

Compound

R

CVI

CH

CVII

OH

H

CVIII

OH

OH

R'
3

H

R

ID,ore azopyrimidines (CIX - CXIX).

Of these, five (CIX, CX, CXIV,

CXV, and CXVIII) are believed to be new compounds.

Compound
CIX
CX
CXI
CXII
CXIII
CXIV
CXV
CXVI
CXVII
CXVIII
CXIX

R

R'

R"

Rlll

NH
NHtH
3
NH
Z
NHCH 3
NH Z
N(CH 3 )Z
NHZ
NH
N(CH )Z
3
NHZ
NHZ

CH
3
CH
3
CH 3

H
H

H
H

CH 3

H
H
H
H
H
H
H
H (1 - 0 r 3 - CH3 )
OH ( 1 - 0 r 3 - CH3 )

CH
3
NH
Z
NH
Z
OH
OH
OH
OH
OH

eH3

NH
Z
NH
Z
OH
CH
3
CH
3
CH 3
CH 3
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Of intere st is the pos sibility of three structural is omers arising
from condensations involving methylguanidine.

From chemical evidence,

Majima (79) concluded that in the condensation of alkylguanidines with
symmetrical active methylene groups such as acetylacetone or malonic
ester, generally only one condensation product is formed - the 2
alkylamino derivative (e.g. XLV) -, while if they are condensed with
unsymmetrical compounds such as acetoacetic ester, two isomeric
condensation products are formed.

The latter two he identified as the

2-alkylamino type (e.g. XLVI) and the "3-methyl" type (e.g. XLVII)
as numbered here.

Majima did not comment on the possibility of the

XLVI

XLVII

CXX

formation of a third isomer (CXX).
The commercial synthesis of sulfamethazine (CXXI), developed
by Haworth and Rose in 1944 (142), involves the condensation of
sulfag'J.anidine with acetylacetone.

Presumably this structure has been

proven, and this reaction falls into Majima's first category.

However,

mention was made of the condensation of sulfaguanidine and some of
its derivatives with other

f3 -dicarbonyl

compounds capable of enolizing;
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CXXI

these were not identified in the literature (142), and some of them m.ay
have been unsymrnetrical.

In any case, no mention was made of the

possibility of isomer formation.
In 1951, Roth et aL (143) reported the isolation of two pyrimidines
from the reaction of ethyl cyanoacetate with methylguanidine.

Apparently

solely on the basis of a comparison of their physical properties with
those of Majirna's isomeric products, these compounds were assigned
the structures CXXII and CXXIII.

CXXII

However, Boon and Bratt (144) later

CXXIII

CXXIV

demonstrated unambiguously that, while CXXII was indeed formed, the
ring-~-rnethyl product

of this reaction was the "I-methyl" derivative
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eXXIV rather than eXXIII.
In agreement with Majima1s first generalization, Rose (40) and
Marson and English (131), have reported the formation of several 2
alkylamjno-4, 6-symmetrical-5-phenylazopyrimidines by Type I syntheses.
Rose supported his report in this case with spectrophotochemical
evidence.

In the present study, ex, a new compound, and eXII, prepared

previously by Rose (40), gave negative Van Slyke1s analyses for primary
amine.

It must be kept in mind, though, that none of the azopyrimidines

discussed here possesses a tautomerizable group in the 4(6)-position, and
an aromatic ring would be favored.
In the preparations of eXVIII and CXIX during this project, both
from unsymmetrical three-carbon fragments, isomeric products might
have been anticipated.

However, as Alexander (4) reported previously,

the reaction leading to CXIX yielded only the 2 -primary amino-derivative,
identified by a Van Slyke1s analysis, as a principal product.
the main product of the other reaction was eXVIII.

Similarly,

These products were

obtained in good yield, and no secondary azo products were isolated from
the reaction mixtures.

Alexander postulated that eXIX probably possessed

the structure CXIXa, by direct comparison with Majima1s product; he did
not, however, exclude the possibility of the HI-methyl" structure (CXIXb).
Like the

~-substituted guanidines,

other unsymmetrical amidine

type compounds might also be expected to give rise to isomeric products.
A quick glance will show that an aromatic six-membered ring containing
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CXIXa

CXIXb

oxygen or sulfur as hetero atoms is not possible.

However, the amidines

themselves might conceivably condense with active methylene compounds
in more than one way.

Numerous amidines have been reported to yield

2 -alkyl pyrimidines , as indicated in subs ections 2.2. 1 and 2.2.3.

However,

if based simply on elemental analyses, some of these reports may be in
error.

Urban and co-workers (145) have recently investigated the reaction

of acetamidine and phenylazoacetylacetone (XCV).

Rather than finding the

principal product to be the 5-azopyrimidine (CXXIV), as previously re
ported by Bell and Caldwell (146), these workers showed that 15% of the
reaction product was actually 6-arnino-2, 4-dimethyl-3 -phenylazopyridine
(CXXV); they isolated only a trace amount of CXXIV, with the remainder
of the reaction mixture consisting of unreacted XCV (42%) and other byproducts.
In 1956, Fedorchuk (3) reported the condensation of acetamidine
with the acetoacetates XCIX (also 4 and 128) and C to give the corresponding
2-methyl-5-azopyrimidines.

During the present work, acetamidine was

condensed with XCIX and the main product, which was identical with that
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I{N
CXXV

CXXIV

described in the literature, was purified to give a carbon and hydrogen
analysis compatible with the molecular formula C lZ H lZ N 4 0 .

The

possibilities here were structures CXXVI, CXXVII, and CXXVIII.

In

order to determine whether or not the product was the pyrimidine

CXXVI

o
/-IN

N=N-( )

o

N=N-( )
C~

CXXVII

CXXVIII
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(CXXVI), a Van Slyke's analysis was carried out; priITlary aITline content
was reported as 4.56% nitrogen present in primary amine, indicating the
formation of a pyridine derivative (CXXVII and/or CXXVIII), possibly
with a trace of CXXVI present also.
The ITlost cOITlITlonly used conditions for the ring closure reactions
involve the use of anhydrous alcoholic sodium ethoxide.

Accordingly,

most of the Type I reactions carried out in this laboratory ha ve been
under such conditions.

However, Rose's method (40) of warming the

reactants in an aqueous methanolic solution of sodiuITl hydroxide was
used with considerable success in a limited number of cases.

This method

is more convenient, and often resulted in good yields of quite pure products.
This ease of isolation ITlay, of course, have been a characteristic of those
particular compounds.

Rose reported that the condensation proceeded at

a higher rate under aqueous methanolic conditions.

No general statement

of this sort can be ITlade in the present case, as cOITlparisons of reaction
conditions for anyone synthesis were not made.
As with the azo intermediates, 2 -ethoxyethanol proved to be a
very useful solvent in the purification of the azopyrimidines.

Other

recrystallization solvents used successfully were ethanol, toluene,
petroleum ether, and mixtures of ethanol with water or pyridine.
In certain cases, recrystallization could not be effected, and extraction
of the samples with various solvents was carried out using a Soxhlet
apparatus; this latter process was used quite frequently by
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Jeffrey (2), in the purification of e:--hydroxy-derivatives.
In certain cases it appears obvious that the expected azo compounds
have been forme;deven where the analytical results provide only close,
and not conclusive, evidence of their formation.

Though some of the

prodocts did not show an altogether satisfactory analysis, it is felt that a
moderately high error might be partly accounted for by the difficulty
encountered in obtaining complete combustion of the diazine ring during
analysis.

In addition, the ability of many of these compounds to chelate

metals results in a difficulty in their purification, and the resultant ash
content interferes with the analysis.

3.3

Spectrophotometric studie s

3 . 3 . 1 1m r are d
Although copious information on the infrared spectra of the
simpler pyrimidines is available in the literature (e.g. 103, 104, 106,
108, 109, 147), relatively little has been published on the infrared spectra
of more complex derivatives (148, 149), and a search revealed no
previous studie s of this kind on azopyrimidine s.
As outlined earlier (subsection 2.2.2.), the 2-, 4- and 6-hydroxy-,
me rcapto-and aminopyrimidine s are potentially capable of tautomerization.
This makes the infrared regions in which O-H, S-H, N-H, C=O, C=S
and C=N stretching and bending vibrations occur very complex, as well
as very interesting, even in the

1t

simple

II

monosubstituted derivatives.

Indeed, infrared spectrophotometry has been a very useful tool in the
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determination of the structures which best represent various of these
pyrimidines (103, 104, 106, 108, 109).
Howe v e r, as illus t rate d by T anne r (149),

0

th e r sub st i tue nt s ,

whether tautomerizable or not, can exert a profound effect on the 2
and 4(6)-tautomeric groups.

Hence, in the study of the azopyrimidines,

it was recognized that elec trical effects and hydrogen- bonding effects
would surely be noticed in the infrared spectra.
But in the ca se of the azopyrimidine s, anothe r type of tautome ri sm
must be remembered-the azo-hydrazo as well as the lactim-lactam
tautomerism.

Little is known of the N-N stretching vibration (147); it is

believed that this mode appears as a band of variable intensity in the 1630
-1

1570 cm

region (147, 150, 151).

Unfortunately, this band can be of but

limited importance in the study of azopyrimidine s, because of the ring C - N
vibrations; the matter is further complicated in the case of primary aminesubstituted derivatives in which the possibility arises of an imino C-N
absorption.

However, ring vibrations are often of weak to medium intensity,

and strong C- N absorption in non-amino compounds may be of significance.
Carbonyl absorption could occur in 4-hydroxy derivative s in either
the azo or hydrazo form.

Sim.ilarly, the high frequency region would be

expected to show absorption, due to O-H stretching, or to amino, amido
or hydrazo N - H stretching.

Strong hydrogen- bonding so alte r s the po sitions

of the se bands, that difficulty is encounte red in identifying them.
However, an infrared study of these compounds would at least
show whether or not carbonyl is present, and whether or not strong
hydrogen-bonding is occurring.

Other characteristic bands are of
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inte re st.

The development of a patte rn in the se spectra could be

significant.
3.3.2 Vi sible-ultraviolet
Foye and Jeffrey (138) used visible-ultraviolet absorption
spectrophotometry in a study on the azo-hydrazo tautome rism in the
so-called

1I

~hydroxy-

5-azopyrimidine SI t .

They showed 5-phenylazo

barbituric acid to be identical with alloxanphenylhydrazone (LXXXVII),
and pointed out similarities in the visible spectrum of l-uracilyl-5 t 
azo- 2-naphthol to that of the known (153) quinone hydrazone compound,
I-phenylazo- 2-naphthol.
Burawoyand co-workers concluded that a number of
phenylazobenzene s exi st in solution as true phenols (154).

~-hydroxy

Through

spectrophotometric studies on phenylazonaphthols, these workers found
that the relative stability of the phenylhydrazone tautomer increases with
the addition or removal of methyl and methoxy groups to and from certain
positions on the phenyl ring, and also with the polarity of the solvent
(155).

They also pointed out that azo-hydrazo tautomerism is a true

equilibrium, a s indicated by the exhibition of an i sobe stic point in the
spectra of one of these compounds measured in different solvents.
A bathochromic shift is observed as the hydrazone structure is
increasingly favored by structural factors (138); as a corollary of this,
the higher-wavelength absorption maxiumum of a hydrazone-azo compound
increases in intensity at the expense of the hydrazone.
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By cOTIlbining data froTIl, infrared and visible-ultraviolet studies,
it should be possible to ascertain, for instance, whether or not a
carbonyl absorption in the infrared is that of a hydrazone or that of
a ketonized azo cOTIlpound.

The location of internal hydrogen- bonding

is liTIlited according to the TIlolecule 1 s general structural form; that is,
according to its position in the hydrazo-azo equilibriuTIl.
Thus, by cOTIlbining data such as this, patterns of absorption
TIla y take on new significance.

Additionally, SOTIle idea a s to the likeli

hood and nature of theoretical TIletal chelate s of the se cOTIlpounds TIlay
be gained.
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4.

EXPERIMENTAL

The analyses for carbon and hydrogen were carried out by Dr.
Weiler and Dr. Strauss, Microanalytical Laboratory, Oxford, England,
and by Drs. Pascher and Pascher, Mikroanalytisches Laboratoriurn,
Bonn, West Germany.

The nitrogen determinations (total nitrogen

determinations and Van Slyke ' s primary amine determinations) were
done by Drs. Pascher and Pascher.

4.1

Synthesis of intermediates
Acetoacetaldehyde, sodium enolate (LXXXVIII) (139)
"Shot sodium" (II.5 Gm., 0.5 mole) was dissolved in a solution

of abs olute ethanol (23. 0 Gm., O. 5 mole) and anhydrous diethyl ethe r
(3 00 ml. ) in a 500-mt., three -necked flask equipped with a dropping
funnel and a reflux condens er which was protected with a llDrierite 11
drying tube.

A solution of acetone (29.0 Gm., 0.5 mole) and ethyl

formate (37. 0 Gm., 0.5 mole) was added dropwise through 90 minutes,
with magnetic stirring.

Stirring of the buff-colored suspension at room

temperaturewas continued an additional 7 1/2 hours, after which the
precipitate was collected on a filter and washed with 100 ml. of an
hydrous ether.
The creamy-yellow product was dried at bOoC. and pulverized.
The yield obtained was 31. 9 Gm. (59% of theoretical).
use, this product was assumed to be 80% pure.

For laboratory
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Acetylacetone, sodium enolate (LXXXIX) (140)
Sodium metal (9.5 Gm., 0.41 mole) was dissolved in a solution
of acetone (35.75 Gm., 0.62 mole) and ethyl acetate (270 Gm., 3.6
moles) in a 500 ml. flask fitted with a reflux condenser, protected with
a drying tube.

External cooling was required for the initial 30 minutes,

after which time the reaction was allowed to proceed at about 40 o C.,
the heat being generated by the reaction itself, and finally at room
temperature.

Magnetic stirring was maintained for 18 hours, and the

mixture was allowed to stand another 5 hours.
The sodium enolate was precipitated completely by adding 15 ml.
of water at 40 o C.

After two hours of refrigeration, the thick mixture

was filtered, and the precipitate was washed with acetone until the
washings were colorless.

The white, partially crystalline powder was

dried over calcium sulfate under reduced pressure.

The yield was

54.2 Gm., more than 100% of theoretical if assumed to be pure.

For

calculations it was assumed 80% pure.

Ethyl formylacetate, sodium enolate (XC) (4)
Sodium metal (19.0 Gm., 0.83 mole) was covered by 350 ml.
of anhydrous ether in a one-liter flask equipped with a reflux condenser
which was protected from moisture by a drying tube, and with a dropping
funnel.

In the funnel were mixed ethyl formate (66.6 Gm., 0.90 mole)

and ethyl acetate (66.0 Gm., 0.75 mole); this solution was added through
2 1/2 hours to the magnetically stirred reaction mixture.

Stirring was
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continued another 3 hours, then the mixture was allowed to stand for
45 hours.
The pale yellow precipitate was collected by suction filtration,
dried, powdered, washed with anhydrous ether, and again dried.

The

yield obtained was 41.5 Grn., 40% of the theoretical O. 75 ITlole.

Acetoacetonitrile, sodium enolate (XCI)
"Shot sodium" (11.5 Grn., 0.5 mole) was covered with 200 mt.
of anhydrous ether in a 500-mt., three-necked flask fitted with two
dropping funnels and a reflux condens er protected wi th a drying tube.
During a period of one hour, acetonitrile (27. 0 Gm., 0.66 mole) and
ethyl acetate (44.0 Grn., 0.5 mole) were added simultaneously, via
separate dropping funnels, to the magnetically stirred reaction mixture.
The flask was gently warmed during this 60-minute period and the next.
Stirring was maintained for 12 hours.
The precipitate was collected and washed with 150 ml. of ether.
This procedure yielded 23.5 Gm. of a light, fine powder, 34.8% of the
theoretical yield.

Malondialdehyde, sodium enolate (attempted synthesis)
"Shot sodium" (11.5 Gm., 0.5 mole) was dissolved in a solution
of anhydrous ethanol (23. 0 Grn., 0.5 mole) in 300 mI. of anhydrous
ether, in a 500-mt., three-necked flask equipped with an addition
funnel and a reflux condenser protected with a drying tube.

A cold( 10°C)
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solution of acetaldehyde (22.0 Gm., 0.5 mole) and ethyl formate (37.0
Gm., 0.5 m.ole) were added dropwise through 90 m.inutes.

Magnetic

stirring and external coolingwere maintained throughout, and stirring
was continued for another 11 hours, with the temperature gradually allowed
to rise to room tem.perature.
The bright orange suspension was filtered, and the precipitate
was washed with 100 ml. of ether.

After drying, the yellow product was

pulverized, washed with a second 100 ml. of ether, and again d.ried.
yield obtained was 21.2 Gm.., 45% of the theoretical.

The

This product was

assumed to be 89% pure, for convenience, in the subsequent coupling
attempt; however, the purity or formation of the malondialdehyde salt
was not actually proven in this laboratory, since isolation of coupled
product was not attained.

Phenylazomalondialdehyde (XCIII) (attempted synthesis)
Aniline (18.6 Gm.., 0.2 m.ole) was dissolved in 50 ml. of water
containing 50 ml. of concentrated hydrochloric acid (0.5 mole), and
the solution was cooled to about 2 o C.

The aniline was diazotized with

sodium nitrite (15.0 Gm.., 0.22 m.ole) dissolved in cold water (50 m.l.),
introduced dropwise below the surface.

Excess nitrite was destroyed

by the addition of urea (1.2 Gm.., 0.02 m.ole) in a little water.
The diazonium salt solution was added over 30 minutes to a
solution of sodium. m.alondialdehyde {attempted preparation above} (21.2 Gm..,
0.2 mole, calculated as 88.7% pure) in 200 ml. of ice-water containing
sodium carbonate (45.0 Gm.., 0.42 mole).

Periodic additions of ice
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had brought the total volume to approxim.ately 600 ml.
Mechanical stirring was used throughout, and was continued for
an additional 3 hours.

The reaction mixture was then refrigerated for

12 hours.
The floating reddish-brown precipitate was collected by suction
filtration and washed with water.
from absolute alcohol failed.

An attempt to recrystallize this product

However, a second crop of precipitate was

obtained from the reaction mixture filtrate (7. 0 Gm.).

This second

precipitate was recrystallized from 40 ml. of ethoxyethanol.
The reddish crystals melted at 132 - 133 0 C.
Gm., 13.4% of theoretical.

This yield was 4.70

A sample was dried ave r magnesium per

o
chlorate at 60 C. and 1 mm. Hg for 20 hours, and submitted for analysis.
Anal.

Calcd. for C9H8N202 : C, 61.36; H, 4.58.
F au n d:

C, 7 O. 81 and 7 O. 53; H, 4. 75 and 5. 03 .

Phenylazomalondialdehyde has been prepared by a different route,
and its melting point variously reported as 116°C. and II0oC.

(156, 157).

2 - Phenylazoacetoacetaldehyde (XCIV)
Aniline (18.6 Gm., 0.2 mole) was dissolved in 50 ml. of water
containing 50 ml. of concentrated hydrochloric acid (O. 5) mole), and
cooled below SoC.

A solution of sodium nitrite (IS. 0 Gm., 0.22 mole)

in 50 ml. of water was added dropwise below the surface of the mechanically
stirred solution, maintaining a temperature of below SoC.
urea was used to decompose excess nitrite.

A solution of
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The benzenediazonium salt solution was added through one hour
to a stirred solution containing sodium acetoacetaldehyde (LXXXVIII)
(27.0 Gm., 0.2 mole, calculated as 80% pure) and s odium carbonate (45.0
Gm., 0.42 mole) in 200 ml. of ice-water.

The final volume was about

800 ml., as a result of the addition of ice throughout the entire procedure.
After standing for 12 hours, the mixture was filtered.

The red

tarry precipitate was dissolved in one liter of ether, leaving undissolved
a yellow solid considered to be unreacted starting rraterial which had
become occluded by the tar.

The ether solution was washed with 400 mL

of water, then dried with calcium chloride.

Removal of the ether was

effected by distillation followed by evaporation at room temperature.
The product so obtained (31.0 Gm.) was dark red, partly crystalline
In structure.

Shiny wine-red crystals (18.0 Gm.) (47.4% of the theoretical

yield) were obtained from 100 ml. of ethoxyethanoL

Unfortunately, all of

the prepared compound was used in subsequent steps before it was realized
that a sample was not sent for analysis.

The identity of this compound is

assumed from its reaction to form CIX and CX.
Phenylazoacetylacetone (XCV) (3)
A solution of aniline (18.6 Gm., 0.2 mole) in 100 ml. of 18%
hydrochloric acid (0.5 mole) was cooled to OOC. and diazotized by the
dropwise addition of an aqueous sodium nitrite solution (15.0 Gm., 0.22
m.ole in 50 tnl. ) below its surface, over 90 minutes.

The temperature

of the stirred solution was not allowed to rise above SoC.

Excess nitrous

acid was decom pos ed by the addition of urea.
The diazo solution was added gradually (2 hours) to a cold stirred
solution of sodium acetylacetone (LXXXIX) (30.4 Gm., 0.2 mole, calculated
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as 80% pure) in 400 ml. of water containing sodium carbonate (45.0 Gm. ,
0.42 mole).

The clear solution was immediately transform,ed into a

smooth bright yellow suspension which finally became too dense for
efficient stirring.

The final volume was 1200 ml.

After 12 hours of refrigeration, the color of the mixture had
deepened to reddish-orange.

To ensure complete precipitation of the

free ketone, the mixture was acidified with glacial acetic acid.

The

orange- red precipitate was collected by filtration, washed with 300 mI.
of water and dried.
Frorn 200 mt. of ethoxyethanol was collected a crop of orange
crystals; these were washed with 100 ml. of water.

The yield of product

0

melting at 87.5 - 88.5 C. (literature, 88 - 88.5 0 C. (3)) was 16.1 Gm.,
or 39. 50/0 of theoretical.
Additional crops of product, amounting to 11.0 Gm., were
obtained from the ethoxyethanol mother liquor.

This product was in

the form of red granules, and was not identified.

o-Hydroxyphenylazoacetylacetone (XCVI) (3)
o-Aminophenol (18.3 Gm., 0.17 mole) was dissolved in a solution
of concentrated hydrochloric acid (50 ml. 0.5 mole) in 50 ml. of water.
The solution was cooled to 1 °C., and another solution, containing
sodium nitrite (13.8 Gm., 0.20 mole) in 50 ml. of water, was added
dropwise below the surface.

The temperature initially rose to 8 o C.,

but subsequently was kept below 4 o C.; nevertheless, extensive
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decomposition occurred.

A little urea in solution was added to ensure

complete decomposition of nitrite.

Because of the addition of ice

throughout, the volume of the diazonium salt solution was 350 ml.
The solution was added slowly, through 2 hours, to a cold stirred
solution of sodium acetylacetone (LXXXIX) (22.8 Gm., O. IS mole, calculated
as 80% pure) in 300 ml. of water containing sodium carbonate (35. 0 Gm.,
0.33 mole), the temperature being maintained at OOC.

Stirring at this

temperature was continued another 4 hours, after which time the mixture
was refrigerated 12 hours.
Acidified with glacial acetic acid, the mixture was filtered.

The

brown precipitate was washed with water, then dried.
Shiny yellowish-brown prisms were obtained from ethoxyethanol
In a yield of 14.9 Gm. (45% of a theoretical yield based on LXXXIX).
Decomposition was complete at 256°C., with pronounced softening at
249. SoC.

The melting point has been previously reported as 249 0 C. (2)

and 247 0 C. (3).

Ethyl phenylazoformylacetate (XCVII) (4) (attempted synthesis)
Aniline (4.65 Gm., 0.05 mole) was dissolved in 50 ml. of water
containing 15 ml. of concentrated hydrochloric acid (0.15 mole).

Cooled

to below SoC., this was diazotized by the dropwise addition of sodium
nitrite (3.45 Gm., 0.05 mole) dis s 01 ved in 12. 5 ml. of water.

The

tern perature did not rise above 1 OoC.
The diazonium salt solution was added dropwise to a filtered, cold,
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mechanically stirred solution of formylacetic ester (XC) (9. 8 Gm.,
0.05 mole) and anhydrous sodium carbonate (11.0 Gm., 0.10 mole)
in 100 ml. of water.

The addition took 30 minutes; stirring the cold

suspension was continued another 15 minutes.
The brown suspension was extracted with five 50-ml. portions
of ether, and the ether solution was dried over calcium chloride.

The

calcium chloride was filtered off and the ether removed by evaporation.
The yield of red tar was 1. 15 Gm. (10% of theoretical).

Ethyl o-hydroxyphenylazoformylacetate (XCVIII) (5) (attempted
synthesis)
5:.-Aminophenol (21.8 Gm., 0.20 mole) was dissolved in 200 ml.
of water and 60 ml. of concentrated hydrochloric acid (0. 6 mole), and
the solution was chilled to _3°C.

A solution of sodium nitrite (14.5 Gm.,

0.21 mole) in 50 ml. of cold water was added rapidly below the surface.
The temperature rose to l8 o C., despite vigorous stirring, and considerable
decomposition occurred.

The mixture was cooled to 3 0 C. as quickly as

possible, and any remaining nitrous acid was destroyed by the addition of
urea (about 1.5 Gm. ) in a little water.
The diazonium salt solution was added slowly to a mechanically
stirred solution of formylacetate (XC) (27.6 Gm., 0.20 mole) and
sodium ca rbonate (42.4 Gm., 0.4 mole) in 400 ml. of water at 3 °C.
Stirring was continued for 2 hours, then the reddish mixture was
refrigerated for 2 hours.
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A dark brown tar was recovered from ether extracts of the
acidified mixture.

AtteITlpts at purification by Soxhlet extraction and

by crystallization failed.

A yield of this product was not determined.

Ethyl phenylazoacetoacetate (XCIX) (4)
Concentrated hydrochloric acid (25,mL, 0.25 mole) was added
to a suspension of aniline (9.3 Gm., 0.1 mole) in 20 mL of water.
was added, cooling the solution to OOC.

Ice

This was diazotized by the

gradual addition of a solution of sodium nitrite (7.2 Gm., 0.11 mole)
in 25 ml. of water, below the surface of the stirred solution; the tem
perature was kept below 5°C.

Excess nitrite was destroyed with urea.

The diazonium salt solution was added through 35 minutes to a
mechanically stirred suspension of ethyl acetoacetate (19.5 Gm., 0.15
mole) in 200 mL of water containing exsiccated sodium carbonate (22.0
Gm., 0.21 mole).

Ice was added periodically, maintaining a temperature

o
below 4 C., bringing the final volume to about 700 ml.
The mixture was stirred an additional 25 minutes, refrigerated
30 minutes, and then filtered.

The precipitate was washed with some

500 rnl. of water, then dried, to yield 22.9 Gm. (97.9%).
The product was recrystallized twice from Skelly C, the second
time employing activated charcoal to decolorize the dark product.
yellow crystals were obtained (15.0 Gm., 64.1%).

Shiny

The melting point

o
was found to be 78 - 80 C., comparable to the various reports in the
literature of melting points ranging from 78 o C. to 84°C. (2, 3, 4).
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Ethyl o-hydroxyphenylazoacetoacetate (C)
~-Aminophenol (27.25

Gm., 0.25 mole) was dissolved in a solution

of concentrated hydrochloric acid (60 ml., 0.6 mole) and 100 ml. of water,

o
and cooled to 2 C.

A cold solution of sodium nitrite (18.00 Gm., 0.26

mole) in 100 ml. of water was added slowly below the surface, through
30 minutes, with the temperature ranging from 3
composition occurred.

0

0

to 9 C.

Some de

Excess nitrous acid was destroyed by the addition

of urea (1.50 Gm., 0.025 mole) in solution.
This mixture was added through 45 minutes to a stirred
suspension of ethyl acetoacetate (39.0 Gm., 0.30 mole) in 500 ml. of
water containing 53.0 Gm. of sodium carbonate (0.50 mole), at 2 o C.
After stirring for 3 hours, then standing one hour, the cold
mixture was filtered.

The precipitate was dried over calcium chloride

in a vacuum desiccator.

Several crops were obtained from the filtrate.

These varied in color, even after recrystallization from ethanol.
The darker secondary crops were combined and dissolved in
250 ml. of a 1% potassium hydroxide solution, filtered hot, and gradually
acidified with glacial acetic acid:

at a pH of about 7, a reddish-brown

precipitate appeared, but at the lower pH of 2.8 the yellow precipitate
was recovered.
The yield of crude product was not determined; in another run,
it was found to be 73% of the theoretical yield.

In this run, however,

the yield of yellow crystals obtained from ethanol totalled 23. I Gm.
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(37.0%), as compared with the 28.4% yield of pure product in the other
instance.

The melting point was found to be 163.5 - 164. SoC., in agreement
0

with the reports varying from 159 C. to 164. SoC.

(2, 4, 6).

Diethyl phenylazomalonate (CI) (141)
A filtered solution of sodium acetate (82.0 Gm., 1.0 mole) in 150

ml. of hot water was cooled to room temperature and added to a solution
of diethyl malonate (32.0 Gm., 0.2 mole) in 500 ml. of 95% alcohol.
Partial separation of the ester was noted.

0

This was cooled to _3 C.,

and a solution of benzenediazonium chloride (from aniline, 27.9 Gm. ,
0.3 mole; 18% hydrochloric acid, 100 ml., 0.5 mole; and sodium nitrite,
15.0 Gm., 0.22 mole in water) was added in a thin stream, through 40
minutes.

Stirring was continued another 30 minutes, and the mixture

was refrigerated overnight.
The orange crystalline product was collected on a filter and
washed with 100 ml. of water.

A red oil remained as a separate layer

in the filtrate; however, another crop was not obtained.

The yield

obtained was 11.65 Gm., or 22% of the theoretical.

Diethyl Q-hydroxyphenylazomalonate (CII) (attempted synthesis)
~,-Aminophenol (13.8

Gm., 0.13 mole) was dissolved in concentrated

hydrochloric acid (30 ml., 0.3 rnole) and water (50 mt.).

The solution

was cooled to OOC., and diazotized with a solution of sodium nitrite (10.4
Gm., 0.15 mole) in 50 ml. of water.
Urea (0.04 mole) was added.

A solution containing 2.4 Gm. of
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A filtered solution of sodium acetate (41.0 Gm., 0.5 mole) in
75 ml. of hot water was cooled and added to a solution of diethyl malonate
(16.0 Gm., 0.10 mole) in absolute alcohol (250 ml.).

The temperature

was reduced to about OOC.
The diazonium salt solution was added in a thin stream to the
ester solution over 30 minutes.

The mechanically stirred reaction

mixture was kept at a temperature of 2 o C. or lower.

Stirring at this

tem.perature was continuedfor another 5 hours, then the mixture was
refrigerated for 12 hours.

The pH was 4.3, and a brown precipitate

was observed.
The alcohol was removed on the film evaporator.
collected on a filter.

A black tar was

Concentration of the mixture, effected by ebullition,

yielded more dark tar.
Attempts to crystallize the tar failed; toluene appeared to be the
most suitable of several solvents tried, but only a few milligrams of dark
brown powder were obtained after reducing 2500 ml. of a saturated solution
to 50 ml.

Attempts to change the form of this tarry product by preci pitation

from an alkaline solution (using acetic acid) also failed.

2 - Phenylazoacetoa cetonitrile (CIII)
Aniline (23.25 Gm., 0.25 mole), in 300 Gm. of ice and 80 ml. of
concentrated hydrochloric acid (0.8 mole), was diazotized by the addition
of 100 ml. of solution containing sodium nitrite (20.7 Gm., 0.3 mole).
Excess nitrous acid was decomposed with urea (3.0 Gm., 0.05 mole).
A filtered solution of sodium acetate (41.0 Gm., 0.5 mole) in
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100 ml. of hot water was added to 200 rol. of water containing 26.00 Gm.
of sodium acetoacetonitrile (XCI) (0.2 mole, calculated as 80% pure);
o
this solution was cooled to about 2 C.
The diazonium salt solution was added to the other in a thin stream,
o

over a period of 2 hours.

The temperature was not allowed above 5 C.

After 2 hours of refrigeration, the mixture was filtered.

The

orange-brown precipitate was washed with 100 ml. of cold water, then
dried in a vacuum desiccator.
odor, weighed 45.5 Gm.

The product, which had a nauseating

A second crop of precipitate was obtained

from the reaction mixture also, but this, a tar, was discarded.
Results from attempts at recrystallization from ethanol were
poor, and much of the product was lost in this procedure, leaving only

9.5 Gm. of a brown, partly crystalline powder which decomposed un
evenly at 167 - 169 0 C.

Dark yellow prismatic crystals were obtained
0

from ethoxyethanol; these exhibited a melting point of 172 - 173 C.
A sample of the yellow crystalline product was dried over
magnesium perchlorate at 80 o C. and 1 mm. Hg for 20 hours, and
submitted for analysis.
Anal. Calcd. for C
Found:

H N 0:
10 9 3

C, 64.16; H, 4.85.

C, 64.13 and 64.20; H, 4.84 and 4.94.

Ethyl phenylazocyanoacetate (CIV)
Aniline (18.6 Gm., 0.20 mole) was dissolved in a solution of
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concentrated hydrochloric acid (60 mr., 0.6 mole) in 300 mr. of ice
water .

Diazotization was accomplished by the addition of a solution of

sodium nitrite (16.75 Gm., O. Z5 mole) in 100 mt. of water, over a
period of 30 minutes, at a temperature not above SoC.
To ethyl cyanoacetate (17.0 Gm., 0.15 mole) was added Z50 ml.
of a ZM. solution of sodium acetate (0.50 mole) which had previously
been filtered hot

and cooled.

The solution was taken to ZOC.

Through 30 minutes, the diazonium salt solution was added to the
ester solution.

Mechanical stir-ring and cooling measures were carried

out during the entire procedure.

The 9 OO-ml., orange and yellow

suspension was refrigerated for Z hours.
The precipitate was collected on a filter, washed with 350 mI.
of water, and dried.

On drying, the product changed from orange to

yellow, the portions not exposed to the air remaining, or reverting to
orange.

The yield of soft, granular powder so obtained was 11.0 Gm.

Of this, 1.9 Gm. was recrystallized from 5 ml. of ethoxyethanol,
to give 1.14 Gm. of yellow crystals, melting at 84 - 86°C.

It appears

that from the whole product, at least 6.60 Gm. (ZO. Z% of theoretical)
of these crystals would be obtainable.
A sample was dried over magnesium perchlorate at 3 OOC. and

1 mm. Hg for ZO hours, and submitted for analysis.
Anal. Calcd. as CIIHIIN30Z:
Found:

C, 60.81; H, 5.10; N, 19.35.

C, 60.3Z; H, 5.11; N, 19.69.
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Phel1yl'a zorn al6nonitrile (CV) (84)
Aniline (18.6 Gm., 0.2 mole), in 300 Gm. of ice containing 60
ml. of concentrated hydrochloric acid (0.6 mole), was diazotized with
a solution of sodium nitrite (16.7 S Gm., 0.2 S mole) in water (100 ml. ),
added over one hour, at -SoC.
This diazonium salt solution was added, over one hour, to a
stirred solution previously prepared from malononitrile (9.9 Gm., O. IS
mole) and 2S0 ml. of a filtered 2M. solution of sodium acetate (0. S mole);
during this addition, the temperature was maintained at about OOC., and
stirring was continued at this temperature for an additional 30 minutes.
The 900-ml. suspension was refrigerated overnight, then filtered.
The orange precipitate was washed with water, then dried.

On drying,

the color of the surface of the material exposed to the atmosphere
changed to a lime-green; eventually, the entire product was more-or
les s this color.
The yield obtained of this soft, granular powder was 13. S Gm..
Calculated on this crude product, the yield was S2. 9% of the theoretical.
The product was used as such, as its melting point was found to
o
be 149 - IS0 C.

(The melting point has been reported at 146 - 147 o C.

(IS8)).

4.2

Synthesis of azopyrimidines
S'-PhenyTa'zd-6-tnethyl-2, 4-pyrimidinedione ( CVI) (lIS)
Aniline (O. 93 Gm., 0.01 mole), in S ml. of concentrated hydro
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chloric acid (0.05 mole) and 25 ml. of water, was diazotized at 0 - 3 0

c.

by the addition of a solution of sodium nitrite (0.69 Gm., 0.01 mole) in
5 ml. of water.
The diazonium salt solution was added, through 20 minutes, to a
cold solution of

6-methyluraci~ (1.26

Gm., 0.01 mole) in 50 ml. of 2N

sodium hydroxide (0.1 mole), with stirring.

Stirring was continued

another 15 minutes, then the mixture was refrigerated for one hour.
Acidification with glacial acetic acid brought down a flocculent
brown precipitate which was collected on a filter, washed with about
500 ml. of water, and dried.

The crude yield was 2.3 Gm.

Purification procedures, including re-precipitation from aqueous
solution, attempted crystallization from ethanol, extraction with Skelly C,
and extraction with acetone (60 hours), resulted in the los s of most of the
product.

However, after the Soxhlet extraction with acetone, 100 mg. of

an orange powder was obtained (4.3% of theoretical).

This product de

composed at 249 - 251 °C., compared with the reported decomposition
0

point of 253 - 255 C. (115).
A sample was dried over magnesium perchlorate at about 70 0 C.
and O. 1 mm. Hg for 6 hours, and submitted for analysis.
Anal.
Found:

Calcd. for CIIHI0N402:

C, 57.38, H, 4.37.

C, 57.89; H, 4.36.

In a second trial, it was found that the product, decomposing at
0

248 - 249 C., could be obtained as orange crystals from a supersaturated
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acetone solution, In a somewhat more satisfactory yield (600 mg., 26.1%).

5- Phenylazo-6 -hydroxy-2, 4-pyrimidinedione (CVII) (2)
Aniline (0.93 Gm., 0.01 mole), in 5 ml. of concentrated hydro
chloric acid (0.05 mole) and 25 ml. of water was diazotized at 0 - 2 0 C.
with 15 ml. of a solution of sodium nitrite (0.71 Gm., 0.011 mole) in
ice-cold water, added slowly below the surface.

Excess nitrous acid

was destroyed by the addition of a saturated solution of urea (0.002 mole).
The diazonium salt solution was added through 10 minutes to a
solution of barbituric acid (1.28 Gm., 0.01 mole) in 50 ml. of 2N sodium
hydroxide (0.1 mole); the temperature of the mechanically stirred reaction
mixture was not allowed above 3 0 C.

Stirring,was continued for another

120 minutes, after which the mixture was refrigerated for 30 minutes.

The yellow - orange mixture was acidified to litmus with glacial
acetic acid, resulting in a thickening and a darkening of the precipitate.
The mixture was stirred for 15 minutes and again refrigerated.
The orange precipitate was collected on a filter, washed with
water, and dried over calcium chloride in a vacuum desiccator.

Extraction

with Skelly C removed some of the dark contaminant, leaving about 1.5 Gm.
of crude yellow material.

It was found that a supersaturated solution of the

material in ethanol could be obtained only by Soxhlet extraction with that
solvent.

In this way, recrystallization was eventually effected.

The

product, though not rapidly precipitated from an alcoholic solution, was
so difficult to dissolve that only a small portion (750 mg.) of the compound
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available was collected in this way, accumulated from extracts representing
about 10 days of continuous extraction; the remaining product was set aside
in its relatively crude state.
The flaky yellow crystals obtained slowly decomposed until decomposi
o
tion was complete at 302 C.

A somewhat sharper decomposition range was
0

reported in the literature (30Z - 303 C.) (2).
A sample was dried over magnesium perchlorate at IlOoC. and 1 mm.
Hg for 20 hours, and submitted for analysis.
Anal. Calcd. for CIOH8N403:
Found:

C, 51.77; H, 3.48.

C, 51.31 and 51.51; H, 3.57 and 3.73.

5-£-Hydroxyphenylazo-6-hydroxy-Z, 4-pyrimidinedione (CVIII( (2)
~-Aminophenol (2.75

Gm., 0.025 mole) was dissolved in a solution

of 7 ml. of concentrated hydrochloric acid (0.07 IT1ole) and 14 mI. of water.
This was diazotized by the dropwise addition of a solution of sodium nitrite
o
(1.8 Gm., O. OZ5 mole) in 15 ml. of water, at a temperature of 4 C. or
lower.

Excess nitrous acid was destroyed by the addition of a small excess

of urea solution.
Barbituric acid (4.1 Gm., 0.032 mole - an apparently necessary
excess (2)) was dissolved in 600 m!' of water at room temperature.

Three

milliliters of 10% hydrochloric acid (0.82 mole) were added, and the
solution was cooled to ZOC.
The diazonium salt solution was added dropwise over 30 minutes
to the stirred barbituric acid solution, maintaining a temperature
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After 2 hours of stirring at a low temperature and 19 hours of
refrigeration, the reaction mixture was filtered.

Two crops of brown

precipitate we re collected, followed by a thi rd which was obtained by
concentration of the mother liquor.
The product was extracted with Skelly B for 40 hours, but the
product remained quite brown.

The product was precipitated from about

250 ml. of a 2% solution of potassium hydroxide by acidification with
glacial acetic acid; the result was still a brown powder.

Extraction

with water (Soxhlet) for 48 hours removed some of the dark impurity,
but considerable los s of product is also believed to have occurred.
Further extraction with Skelly B (Soxhlet, 48 hours) yielded 1. 89 Gm.
0

of an orange-brown powder decomposing at 263 - 263. 5 C.

Washing

with a little acetone removed some impurity, and eventually, the
product was, in effect, recrystallized from an acetone extract (Soxhlet,
6 hours).

The yield of orange crystalline powder obtained was 75 mg.;

crude product remaining amounted to 1.5 Gm., bringing the percentage
yield to about 25% of theoretical.
o

The melting point of the crystalline product was 270.5 - 272 C.
(decomp.).

(Literature, 269 - 273 0 C. (2)).

A sample was dried over magnesium perchlorate at IIOoC. and
1 mm. Hg for 20 hours, and submitted for analysis.
Anal. Calcd. for CI0H8N404:
Found:

C, 48.39; H, 3.25.

C, 48.36 and 48.09; H, 3.34 and 3.15.
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2-Amino- 4-rnethyl- S-phenylazopyrimidine (CIX)
Guanidine hydrochloride (0.96 Gm., 0.01 mole) was added to a
solution of phenylazoacetoacetaldehyde (XCIV) (1. 90 Gm., 0.01 mole)
in methanol (10 m1.) in a SO-ml. fla sk equipped with a reflux condense r
and a magnetic stirrer.

To this was added 10N sodium hydroxide

(4.0 ml., 0.04 mole), and the mixture wa s stirred at SOoC. for one
hour, then at about 30o C. for 17 hours.
The thick suspension was filtered by suction, and the precipitate
was washed consecutively with SO% methanol (10 ml.), warm water
o

(60 C., and 10 ml.), and SO% methanol (10 m1.).

The yield of orange

powder, after drying, was 2.0 Gm.
After recrystallizing twice from 100-m1. quantities of toluene,
the yield was reduced to 1. 73 Gm.

The product was shown to be

impure, by analy si s.
The product wa s then rec rystallized from 22 m1. of ethoxyethanol.
Thi s volume proved to be too great, and only 0.69 Gm. of crystalline
product was recovered (32.4% of theoretical).
The melting point of the fine, bright orange crystals obtained
from ethoxyethanol was 240o C., with preliminary darkening commencing
around lSOoC.
A sample wa s dried ove r magne sium perchlorate at 80o C. and
1 mm. Hg for 20 hours, and submitted for analysis.
Anal. Calcd. for Sl Hll NS :
Found:

C, 61. 86:

H, S. 26 .

C, 61. 96;

H, S. 20
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2 -Methylamino-4-methyl- 5-phenylazopyrimidine (CX)
Methylguanidine sulfate (1.25 Gm., equivalent to 0.01 mole)
was added to a solution of phenylazoacetoacetaldehyde (XCIV) (1.90 Gm. ,
0.01 mole in methanol (10 mt. ) in a 50-ml.flask equipped with a reflux
condenser and a magnetic stirrer.

To this was added ION sodium

hydroxide (4.0 mt., 0.04 mole), and the mixture was stirred at 50 0 C.
for one hour, then at about 30 0 C. for 19 hours.
The precipitate was collect.ed on a filter, and washed con
secutively with 50% methanol (10 mL), warm water (10 mL), and 50%
methanol (10 ml.).

The yield of the dried reddish-brown powder was

2.20 Gm.
The product was recrystallized twice from toluene, first from
50 ml., then from 15 mt., to yield 1. 90 Gm. (83. 7 % of theoretical) of
fine, bright orange needles, melting at 164 - 165 0 C., with preliminary
0

softening around I37 C.
A sample was dried over magnesium perchlorate at 80 0 C. and

1 mm. Hg for 20 hours, and submitted for analysis.
Anal. Calcd. for C12H13N5:
Found:

C, 63.41; H, 5.77.

C, 63.74 and 63.30; H, 5.63 and 5.88; N(NH ),
2
negative (Van Slyke1s).

2 -Amino-4, 6-dimethyl- 5-phenylazopyrimidine (CXI (40)
Phenylazoacetylacetone (XCV) (2.04 Gm., 0.01 mole) was
added to a solution of guanidine hydrochloride (0.96 Gm., O. 01 mole)
in ION sodium hydroxide (3.6 mt., 0.026 mole) and methanol (8 mI.),
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in a 50-ml. reaction flask.

The mixture was refluxed for one hour,

then stirred at about 50 o C. for 20 hours.

After being cooled to room

temperature, the mixture was filtered, and the orange-brown precipitate
was washed consecutively with methanol (2.5 mt.), warm water (60 o C.,
5 mt.), and methanol (5 ml. ).
The orange powder weighed 1.31 Gm.

It was recrystallized

from Skelly B, the solution having been obtained by 45 hours of Soxhlet
extraction.

The product obtained from the supersaturated solution was

an orange powder, (0.266 Gm., 11.7% of theoretical), melting at 232 
o
234 C. (decomp.), with preliminary softening at 22S o C.
o
melting point is from 227 C. to 230 o C. (40, 129).

The reported

Remaining undissolved

by the Skelly B was a dull yellow product (0.765 Gm.), presumably mostly
CX! but melting about 10 o C. lower.
A sample of the orange, higher-melting, powder was dried over
magnesium perchlorate at SOoC. and 1 mm. Hg for 15 hours, and
submitted for analysis.
Anal. Calcd. for C12H13N5:
Found:

C, 63.42; H, 5.72.

C, 62. 6 1; H, 5. 72 .

2-Methylamino-4, 6-dimethyl-5-phenlazopyrimidine (CX!!) (40)
Phenylazoacetylacetone (XCV) (2.04 Gm., 0.01 mole) was added
to a solution of methylguanidine sulfate (1.25 Gm., equivalent to 0.01
mole) in ION sodium hydroxide (4.0 mJ., 0.04 mole) and methanol (10 ml.)
in a 50-mt. flask equipped with a reflux condenser and a magnetic stirrer.

-7S
o

The mixture was stirred at about 50 C. for 6 hours, then at room
temperature for six days.
The precipitate was collected on a filter and washed cons ecuti vely
with SO% methanol (10 ml.), warm water (60 o C., S ml.), and SO%
methanol (S ml.).

The yield was 1.20 Gm.

Fine, bright orange crystals were obtained from two recrystalliza
tions from toluene (3S ,ml. and 20 ml. respectively) in a yield of 0.80 Gm.
(33.2% of theoretical).

o
The melting point was found to be 164 - 16S C.,

o
with preliminary softening at 162 C. (Literature, 161 o C. (40)).
0

A sample was dried over magnesium perchlorate at 80 C. and
1 mm. Hg for IS hours, and submitted for analysis.
Anal. Calcd. for C
Found:

I3

H

1S

NS:

C, 64.71; H, 6.27.

C, 64. SS; H, 6.14; N(NH }, negative (VanSlyke's).
2

2,4, 6-Triamino-S-phenylazopyrimidine CX!!!}
Phenylazomalononitrile (CV) (1.70 Gm., 0.01 mole) was added
to a solution of guanidine hydrochloride (0.96 Gm., 0.01 mole) in ION
sodium hydroxide (4.0 mt., 0.04 mole) and methanol (2S ml. ) in a SO mt.
flask.

The mixture was stirred under reflux for 6 hours, then at 30 

3S o C. f or

.
SIX

d ays.

Two crops of yellow powder were filtered off (0. S Gm. ).

The crude product was dissolved in 100 ml. of boiling ethoxyethanol;
a white powder, possibly guanidine, was filtered from the hot solution; 100
mt. of water were added.

Because no precipitation occurred after refrigera

tion, the solution was concentrated by evaporation on the film evaporator:
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30 mg. (1.3% of theoretical) of golden yellow leaflets were obtained
after the volume was reduced to 50 ml.
0

The melting point was found to be 266 - 267.5 C. (decomp.),
0

with preliminary softening at 235 C.

Previous reports on this compound

have indicated the melting point to be 263 - 264 0 C. (45) or 235 0 C. (53).
o

A sample was dried over magnesium perchlorate at 80 C. and
1 mm. Hg for 20 hours, and submitted for analysis.
Anal. Calcd. for CIOH11N7:
Found:

C, 52.39; H, 4.84.

C, 52. 81; H, 5. 13 .

2 -Dimethylamino-4, 6 -diamino- 5 -phenylazopyrimidine (CXIV)
Phenylazomalononitrile (1. 70 Gm., O. 01 mole) was added to a
solution of N, N-dimethylguanidine sulfate (1.36 Gm., equivalent to
0.01 mole) in ION sodium hydroxide (4.0 ml., 0.04 mole) and methanol
(25 ml. ) in a 50-ml. flask.

The mixture was stirred magnetically for
o

6 hours during reflux, then for six days at 30 - 35 C.

Two crops of

yellow precipitate were collected.
The crude product was digested with 25 mI. of boiling ethoxyethanol, filtered hot, and precipitated by the addition of 10 ml. of water.
The material not dissolved by the first 25-ml. portion of ethoxyethanol
was again digested with 25 mL of ethoxyethanol; a white solid impurity,
possibly dimethylguanidine, was removed.

The total of the yellow flakes

recovered from the aqueous -ethoxyethanolic mixture was 40 mg. (1.6%
of theoretical).

0

Decomposition occurred at 277 - 278 C., with various
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phases of preliminary darkening and softening.
A sample was dried over magnesium perchlorate at 80 0 C. and
1 mm. Hg for 20 hours, and submitted for analysis.
Anal. Calcd. for C 12 H 15 N 7:
Found:

C , 56 . 01 ; H , 5 . 88 .

C, 55.88; H, 5.79.

2-Amino-5-phenylazo-6 -hydroxy-4-pyrimidone (CXV)
"Shot sodium" (0.50 Gm., O. 022 mole) was dis s 01 ved in 10 ml.
of absolute ethanol in a 50-ml. flask.
0.01 mole) was added.

Guanidine hydrochloride (0.96 Gm.,

A suspension containing diethyl phenylazomalonate

(CI) in 20 mt. of ethanol was added, and the magnetically stirred mixture,
protected by a drying tube, was refluxed for 72 hours.
Filtered from the mixture after refrigeration, the bright yellow
precipitate was washed with 20 rol. of ethanol.

This product (about 2 Gm. ),

thought to be the sodium salt of CXV, was dissolved in 200 ml. of a hot
dilute solution of sodium hydroxide, and the solution was filtered hot.
The alkaline solution was orange; on acidification to a pH of 5.3 with
glacial acetic acid, the yellow precipitate was regenerated, but it was
apparently less pure than when first obtained.
The product was digested with two 100-ml. volumes of boiling
ethanol, removing a reddish contaminant.

Extraction with acetone for

48 hours resulted in a canary-yellow amorphous powder.

The yield

obtained was 0.25 Gm., 10.8% of theoretical.
No sharp melting or decomposition was observed; gradual

-78
o
darkening occurred between 300 C. and 360 o C.
A sample was dried ove r magnesium perchlorate at 110 o C. and

1 mm. Hg for 20 hours, and submitted for analysis.
Anal. Calcd. for C
Found:

H N 0 : C, 51.95; H, 3.92.
10 9 5 2

C, 50.51; H, 4.37.

An ignition test revealed the presence of a trace of inorganic
material, pos sibly in the form of a metal chelate.

This may explain

the low carbon-content of the sample; however, a high hydrogen content
cannot be explained in this manner.

2-Amino-5-phenylazo-6 -methyl-4-pyrimidone (CXVI)
Guanidine hydrochloride (0.96 Gm., 0.01 mole) was added to
ethyl phenylazoacetoacetate (XCIX) (2.34 Gm., 0.01 mole) in 20 ml.
of methanol, and ION sodium hydroxide (4.0 ml., 0.04 mole) was
added.

The mixture was stirred at about 50 o C. for one hour.

After

dilution with 10 ml. of methanol, the thick, bright yellow -orange
suspension was stirred for 3 hours at room temperature.

On acidification

with glacial acetic acid the color deepened to orange; stirring was
continued another 30 minutes.
The yellow -orange precipitate was collected on a filter and washed
with 10 ml. of 50% methanol followed by 10 ml. of water.
dried crude product was 1.7 Gm.

The yield of

Washing with 50 ml. of methanol, then

with 50 mI. of acetone, reduced the weight to 1.0 Gm.
then extracted with water by Soxhlet for five days.

The product was

The yield of yellowish
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powder remaining was 0.2 Gm., only 8.7% of the theoretical; the
aqueous extract, which appeared to contain orange crystals, was lost
because of the accidental shut-off of the supply of water to the condenser
during the night while unattended.
o

The melting point of the product recovered was 271 - 273 C.
(decomp.).

The reported melting point was 276 - 277 o C. (115).

A sample was dried over magnesium perchlorate at liOoC. and
1 mm. Hg for 20 hours, and submitted for analysis.
AnaL Calcd. forCI1H
Found:

11

N 0:
5

C, 57.63;H, 4.84.

C, 57.07 and 56.67; H, 4.88 and 5.00.

2 -Dimethylamino-5-phenylazo-6-methyl-4-pyrimidone (CXVII) (115)
lIShdtsodium ll (0.50 Gm., 0.022 mole) was dissolved in 20 ml. of
absolute ethanol in a 1 OO-mL, three-necked flask equipped with a magnetic
stirrer, a dropping funnel, and a reflux condenser protected with a drying
tube.

~,N - Dim ethylguanidine

was added.

sulfate (1.36 Gm., equivalent to O. 01 mole)

A solution of ethyl phenylazoacetoacetate (XCIX) (2.34 Gm.,

0.01 mole) in absolute ethanol (40 mI. ) was added dropwise, through
30 minutes, to the stirred and gently heated reaction mixture.

Initially,

a yellow suspension was formed, and the color of this deepened to red
as the ester was added.

The reaction mixture was gently refluxed for

10 hours, after which it had become bright orange, and much thicker.
Glacial acetic acid (2 Gm., 0.033 mole) was added, and stirring
and warming was continued for 2 hours.
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Two crops of precipitate were obtained from the reaction rnixture,
the second crop being highly crystalline.

Extraction with ethanol for 30

hours resulted in a solution which, on concentration by evaporation, yielded
a rapidly forming crop of orange needles.

The material remaining in the

extraction thimble (1.05 Gm.) was a yellow powder, possibly unreacted
XCIX, although its identification was not verified.
The yield obtained of the crystalline product was 0.775 Gm., 30.5%
of the theoretical.
(decomp.).

The melting point was determined as 166 - 168°C.

No melting point was recorded in the literature consulted

(115).
o

A sample was dried over magnesium perchlorate at 110 C. and
1 mm. Hg for 20 hours, and submitted for analysis.
Anal. Calcd. for C
Found:

13

H

N 0:
15 5

C, 60.68; H, 5.88.

C, 59.94; H, 6.08.

l(or 3), 6-Dimethyl-2-amino-5-phenylazo-4-pyrimidone (CXVIII)
Ethyl phenylazoacetoacetate (XCIX) (4.68 Gm., 0.02 mole) was
dissolved in 75 ml. of absolute ethanol in a 250-ml. three-necked flask
equipped with a

refl~x

condenser and a dropping funnel; the system was

protected by a calcium chloride drying tube.

Methylguanidine sulfate

(4.88 Gm., 0.04 mole) was added to the magnetically stirred solution.
An alcoholic solution of sodium ethoxide (sodium, 0.92 Gm., 0.04 mole
in ethanol, 50 ml. ) was added dropwise through 90 minutes.

Gentle

refluxing was carried on for 2 more hours; the mixture was allowed to
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stand at room temperature for 20 hours.
Evaporation of the alcohol left some 9. 7 Gm. of crude orange
solid.

Various steps were taken in order to obtain the pure product:

extraction with Skelly B and with toluene gave pureproduct neither as
the undissolved solid in the extraction thimble, nor from the extractionsolutions themselves; recrystallization from these solvents, or from
ethanol, ethoxyethanol, or chloroform could not be effected.

Precipitation

from an alkaline solution with acetic acid was, surprisingly, possible;
however, this did not appear to alter the material significantly.
Successful recrystallization of a small sample {O. 51 Gm. recovered
from 1.0 Gm. } was achieved using a 3 : 1 mixture of ethanol and pyridine
{65 ml. } as the solvent.

This step removed a cream-colored impurity

which was insoluble in the boiling ethanol:

pyridine.

The very fine, bright orange crystals had a melting point of
o
2 16 . 5 - 2 17. 5 C. {de c om p. }.
o
A sample was dried over magnesium perchlorate at about 80 C.
and 1 mm. Hg for 6 hours, and submitted for analysis.
Anal

Calcd

•

Found:
Cacld

.

·

for C

12

H

13

N 0:
5

C, 59.25; H, 5.39; N, 28.79.

C, 59.29 and 59.39; H, 5.39 and 5.16; N, 27.69.
for C

12

H

11

N O. NH : N{NH 2 }, 5.76.
2
4

Found: N(NH }, 9.26 and 5.29.
2
l{or 3}, 6-Dimethyl-2-amino-5-o-hydroxyphenylazo-4-pyrimidone
{CXIX} (4)
Sodium metal (I. 84 Gm. 0.08 mole) was dissolved in 160 ml. of
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abs olute ethanol in a 250 - ml. refluxing flas k protected by a drying tube.
Methylguanidine sulfate (10. 15 Gm., 0.0415 mole) and ethyl

~-hydroxyphenyl

azoacetoacetate (C) (10. 00 Gm., 0.04 mole) were added, and the dark red
mixture was stirred at about 50 o C. for 2 hours, then refluxed for 3 hours.
The alcohol was removed from the extremely thick mixture by evaporation.
The residue was dissolved in 1400 ml. of boiling water; filtered
while hot, the solution was cooled and again filtered, yielding the purple
crystalline salt of CXIX, the some of which was retained as such.

The

aqueous mother liquor was then acidified to the pH 3. 1 to precipitate the
free azopyrimidine.

The dark material was extracted with ethanol for

about 85 hours, but it remained dark.

It was reprecipitated from an

alkaline solution by acetic acid, and, at a pH of 3.1, and orange-red
solid was obtained.
The red precipitate was recrystallized from 150 ml. of ethanol,
then washed with boiling toluene (700 ml.).
red amorphous powder, melting at 259 - 260

The product was a bright
o

c.

(decomp.).

The reported

melting point was 262 - 262. SoC. (4).
The overall yield obtained was 3.27 Gm., 31.5% of the theoretical
yield.

A sample was dried over magnesium perchlorate at 80°C. and
1 mm. Hg for 6 hours, and submitted for analysis.
Anal. Calcd. for CIZH13N502:
Found:

C, 55.44; H, 4.87.

C, 55.59; H, 5.05.
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2,6-Dimethyl-S-phenylazo-4-pyrimidone (CXXVI) (3, 4),
an attempted preparation, giving rise instead to
3 - Phenylazo-4-methyl-6-amino-2 -pyridone (CXXVII) or
2 -Methyl-3 -phenylazo-6 -amino-4-pyridone (CXXVIII)
In a three-necked flask equipped with a sealed stirrer, a dropping
funnel, and a drying tube-protected reflux condenser, was dissolved, in
100 ml. of anhydrous ethanol, ethyl phenylazoacetoacetate (XCIX) (11.7
Gm., 0.05 mole).

To this was added acetamidine hydrochloride (4.73

Gm., 0.05 mole).

A solution of sodium ethoxide (sodium, 2.5 Gm.,

0.11 mole, in ethanol, 45 ml. ) was introduced dropwise, through two
hours, to the stirred and gently refluxed rnixture.

Refluxing was continued

for 17 hours, after which time the bright red suspension had darkened
considerably

I

The warm solution was filtered to give a yellow-orange precipitate.
A crop of orange - red crystals was obtained from the refrigerated filtrate.
These latter reddish crystals were recrystallized from, ethanol.

However,

to obtain a pure product from the more yellow material, washing with
water was first necessary, this removing the yellow portion, leaving
the red solid more readily recrystallized.
The final yield of red crystals was approximately 250 mg., 2.2 %
of theoretical.

o
The melting (decom position) point was 188 C. (Reported,

o
18Z C. to 188 - 190oC. (3, 4, 128).
A sample of the red crystalline product was dried over magnesium
perchlorate at about 70 o C. and O. 1 m,m. Hg, 'for 6 hours, and submitted
for analysis.
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Anal. Calcd. for CIZHIZ N 4 0:
Found:

C, 63. 30;

C, 63.14;

H, 5.30.

H, 5. 69 .

Ca1cd. fo r CIZH10N30. NHZ: N( NHZ) , 6. 17 .
Found:

N(NHZ), 4.56.

Much of the yellow material pre sent in the crude reaction product
wa s found to be unreacted XCIX;

howeve r, a sub stantia1 amount of anothe r

substance, obtained from the crude product and from the evaporated
reaction mixture, was isolated.

This material, buff-colored, was found

to be insoluble in certain organic solvents, and more soluble in water.
It was slightly soluble in ethanol, and was reacted in an aqueous-alcoholic
solution with Z,4-dinitropheny1hydrazine to yield bright red needles,
recrystallized from water.

This red derivative was not rigorously

purified, and identification was not made.
It appears that, in this experiment, the principal reaction was

not a ring-closure reaction at all.

However, the main ring-closure

product which was obtained was probably a pyridine derivative.

Attempted synthe se s
Unsuccessful attempts have been made to obtain a number of
additional 5-azopyrimidine s, both by direct coupling and by ring
clo sure.

It is believed that seve ral of the se compounds we re actually

formed, but purification was not successfully accomplished.
outline of the se reactions follow s:
azo-couplings;

A brief

lI'Group All (i - viii) include s attempted

lIGroup B" (v, vi, ix - xxiii) consists of attempted Type-I

-S5

ring closures carried out under anhydrous conditions, using sodium
ethoxide as the catalyst; "Group C" (ix, xi, xii, xix, xxiv - xxxiii) is
a group of Type -I condensations attempted in aqueous methanolic
sodium hydroxide.

Group A
(i )

A z ou raei 1- 5, 5 I (2, 113)
Yield:

1.00 Gm., 16% of theoretical, on a O. 025 mole scale.

Color and form:

dull orange - red, amorphous powder.
0

Melting point: 330 - 331 C. (decomp.), wi th preliminary
o
darkening. (Reported, 2S0 C. (2)).
Analysis:

(ii)

Calcd. for C SH 6 N 0 : C, 3S.41; H, 2.42.
6 4
Found:

C, 41.44; H, 3. Sl.

Uracil:

C, 42. S6; H, 3.60.

5:.. Uracilylazobarbituric acid (113)
Yield: 3. OS Gm., 46.3 % of theoreti cal, on a O. 025 mole scale.
Color and form:

bright reddish orange powder.
0

Melting point: gradual decomposition, 255 C. - 315 0

c.

(No

melting point was reported in the literature (113 )).
Analysis:

Calcd. for C H N 0 : C, 36.10; H, 2.27.
S 6 6 5
Found:

(iii)

C, 34.64; H, 3.02.

5- Uracilylazo-6-methyluracil
Yield:

0.27 Gm., 4.1% of theoretical, on a 0.025 mole scale.

Color and form:

dull, brownish yellow powder.
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o
o
Melting point: gradual decomposition, 260 C. _ 290 C.
Analysis:

Calcd. for C H N 6°4:
9 8

C, 40.91; H, 3.05.

F ound : C, 42. 92; H, 4. 3 O.
(iv)

5-Phenylazo-2,4-pyrimidinedione
Yield:

2.9 Gm., 67.4% of theoretical (crude product) (0.02 mole).

Color and form: yellow powder
o
Melting point: gradual decomposition, I50 C. _ 200 o C.
Analysis:

Calcd. forC10H8N402:

C, 55.55;H, 3.73.

F ou nd : C, 62 . 4 0 an d 62. 18; H, 4. 13 and 4. 00 .
Bogert and Davidson (113) prepared this compound as the
phenylhydrazone of isodiaIuric acid.

No physical constants

were reported.
(v)

5-o-Hydroxyphenylazo-2, 4-pyrimidinedione
Yield:

1. 0 Gm., 2. 15% of theoretical, on a O. 02 mole scale.

Color and form:
(vi)

brown, amorphous powder.

2 - A min 0 - 5 - pheny 1a z 0 - 4 - py ri mid on e
Yield:

10 mg., 0.46% of theoretical, on a 0.01 mole scale.

Color and form:

yellowish brown microcrystalline powder.
o

Melting point: 265 - 267 C. (decomp.), with preliminary softening
o

0

at 258 C.

(Reported, 239 - 240.5 C. (4)).

Analysis:

Calcd. forC10H9N50:
Found:

(vii)

C, 55.81;H, 4.22

C, 61.41 and 61.75; H, 4.80 and 4.81.

2, 6-Diamino-5-phenylazo-4-pyrimidone (116)
Yield:

8.8 Gm., 76% of theoretical (partially purified); about
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100 mg. obtained pure;
Color and form:

o. 05

mole scale.

bright yellow crys tals, when pure.

0
Melting point: gradual decomposition, 188 0 C. _ 329 C., when
pure.
Analysis:

Calcd. for CIOH
Found:

Note:

N 0:
10 6

C, 52.17; H, 4.38.

C, 51.59; H, 4.73.

The purification of this compound could not be duplicated,

and none was available for spectrophotometric study.

.:! al.
(viii)

Benson,

(116) did not obtain a pure product.

2,6 -Diamino-5 -0-hydroxyphenylazo-4-pyrimidone
Two products were isolated, (a) and (b).
(a) Yield:

5.8 Gm., 47.1% of theoretical, on a 0.05 mole scale.

Color and form:

fine brown needles.
a

Melting point: 279 - 281 C. (decamp.), with preliminary
darkening.
Analysis:

Calcd. for C
Found:

(b)

Yield:

H NO:
10 10 6 2

C, 48.78; H, 4.09.

C, 34.32; H, 5.36.

about 200 mg.

Color and form:

red, amorphous powder.

0
Melting point: gradual decomposition a b ave 220 C.
Analysis:

Calcd. as CI0HI0N602:
Found:

C, 48.78; H, 4.09.

C, 42.90 and 43.09; H, 4.38 and 4.48.
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Group B
(ix)

4-Methyl-5-phenylaro-2 -pyrimidone
Yield: not determined; no product was recovered after
"purification s te ps II •
Color and form:

reddish orange solid.

Polonovski andPesson (115) prepared this compound by direct
o
coupling (m. p. 300 c.).
(v)

5-o-Hydroxyphenylazo-2,4-pyrimidinedione (5)
Yield:

5.3 Gm., greater than theoretical (crude product) (0.02

mole) .
Color and form:
(vi)

amorphous black solid.

2-Amino-5-phenylazo-4-pyrimidone (4)
Product became tarry on extraction with water; no yield was
determined.

(x)

Crude product was a brownish orange solid.

2-Methylamino-5-2,,-hydroxyphenylazo-4-pyrimidone (or isomer)
Yield:

4.36 Gm., 89.0% of theoretical, on a 0.02 mole scale.

Color and form:
Melting point:

(xi)

brown, amorphous powder.

193°c. (decomp.), with m.arked darkening from

2-Amino-4, 6-dimethyl-5-o-hydroxyphenylazopyrimidine (3)
Yield: Nil: unreacted XCVI was recovered.

(xii)

2 -Methylam.ino-4, 6_dimethyl_5_o_hydroxyphenylazopyrimidine
(or isomer)
Yield: Nil: unreactedXCVI was recovered.
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(xiii)

2 -Dimethylamino-4, 6 -dimethyl-S -o-hydroxyphenylazopyrimidine
Yield:

(xiv)

nil:

unreacted XCVI was recovered.

2-Methyl-S -phenylazo-6 -hydroxy-4-pyrimidone. (or isomer)
Yield:

not determined; purification was obviously not effected.

Color and form:
(xv)

red and yellow mixture (crude).

2 - Amino - S - 0 -hydroxyphe ny la z 0 - 6 -hydroxy -4 - pyrimidon e
Yield: nil: unreacted CIl recovered (crude).

(xvi)

2 -Methylamino-S -phenylazo-6 -hydroxy-4-pyrimidone (or isomer)
Yield:

not determined; purification was obviously not effected.

Color and form:
(XVII)

red and orange mixture.

2 -Dimethylamino-S -phenylazo-6 -hydroxy-4 -pyrimidone
Two products were isolated, (a) and (b).
(a) Yield: 1.02 Gm., 39.4% of theortical, on a 0.01 mole scale.
Color and form:

dull yellow, amorphous powder.

o
Melting point: gradual decomposition above 24S C.
Analysis:

Calcd. for C12H13NS02:
Found:

(b) Yield:

C, SS. S9; H, S.04.

C, 10.82; H, 1.76.

3.0 Gm., greater than theoretical (crude product).

Color and form:

red tar, insoluble in alkali.

(xviii) 2, 6-Dimethyl-S-o-hydroxyphenylazo-4-pyrimidone (3) (or isomer)
Product became tarry during attempts to recrystallize; no yield
was determined.

Crude product was a dark red solid.
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(xix)

5-o-Hydroxyphenylazo-6 -methyl-2,4-pyrimidinedione (2)
Yield:

1.70 Gm., 27.6% of theoretical (crude product) (0.025

mole); 350 mg. recovered after attempted purification by
extraction and recrystallization.
Color and form:
Melting point:

dark red, amorphous powder.

o
120 - 140 C. (decomp.), after lTpurification".

(Reported, 194 o C. (2)).
(xx)

2-Amino-5-o-hydroxyphenylazo-6-methyl-4-pyrimidone (4, 6)
Yield:

about 1.0 Gm., 51 % of theoretical, on a 0.008 mole scale.

Color and form:

non-uniform reddish brown powde r.

o
Melting point: 273 - 277 C. (decomp.), with preliminary softening.
0 0

(Reported, 283 - 283.5 C. (4) and 260 - 262 C. ( 6 )).
(xxi)

2 -Methyl-5-phenylazo-6 -amino-4-pyrimidone (or isomer)
Yield:

(xxii)

nil: unreacted ClV was recovered.

5- Phenylazo-6-amino-2, 4-pyrimidinedione
Yield:

nil: unreacted ClV was recovered.

(xxiii) 2-Methylamino-5-phenylazo-6-amino-4-pyrimidone (or isomer)
Yield:

nil: unreacted ClV was recovered.

Group C
(xxv)

5- Phenylazo-2-pyrimidone
Yield:

(xxvi)

nil: unreactedXClll was recovered.

2 -Amino- 5 -phenylazopyrimidine
Yield:

nil: unreactedXClll was recovered.

This compound was prepared from a genuine sample of
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phenylazomalondialdehyde in anhydrous conditions by Marson
and English (131).
(ix)

4-Methyl- 5 -phenylazo-2 -pyrimidone
Yield:

nil: unreacted XCIV was recovered.

(xxvii) 4, 6 -Dimethyl- 5 -phenylazo-2 - pyrimidone
Yield:

not determined; purification was obviously not effected.

Color and form:

red tar.

(xxviii) 4, 6 -Dimethyl- 5 -o-hydroxyphenylazo-2 -pyrimidone
Yield:

2.0 Gm., 82% of theoretical (crude product (0.01 mole).

Color and form:

reddish brown, amorphous powder; "purification 'l

measures did not appear to alter the product.
(xi)

2 -Amino-4, 6 -dimethyl-5-o-hydroxyphenylazopyrimidine
Yield:

(xii)

nil: unreacted XCVI was recovered.

2 -Methylamino-4, 6 -dimethyl-5 -o-hydroxyphenylazopyrimidine
(or isomer)
Yield:

(xxix)

nil: unreacted XCVI was recovered.

2 -Methyl-4, 6 -diamino- 5 -phenylazopyrimidin~
Yield:

25 mg., 1.2% of theoretical, on a O. 01 mole scale.

Color and form: soft yellow powder.
Melting point:
o

at 115 C.
Note:
(xxx)

130 - 132 o C. (decomp.) with preliminary darkening

o
(Reported, 3l1 C. (114)).

it is believed that the product obtained was unreacted CV.

4,6-Diamino-5-phenylazo-2-pyrimidone
Yield:

55 mg., 2.39% of theoretical, on a 0.01 mole scale.
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Color and form:

soft, orange-brown microcrystalline powder.

o
Melting point: 255 - 25S C. (decomp.), with preliminary
darkening.

o

Decomposition occurred on heating at SO C. and

1 mm. Hg for 20 hours, indicating a product of low purity.
(xxxi)

2-Methylamino-4, 6-diamino-5-phenylazopyrimidine (or isomer)

It was not shown whether a reaction had occurred or not.

The

product was obtained in only trace amounts, as a semi-solid.
(xx)

2 -Amino- 5 -o-hydroxyphenylazo-6 -methyl-4-pyrimidone
Yield:

nil: unreacted C recovered.

(xxxii) 2, 4-Diarnino-5 -phenylazo-6-methylpyrimidine
Yield:

nil: unreacted CIII recovered.

This compound was prepared by Tanaka ~~ (60) by direct
coupling.
(xxxiii) 2 -Methylamino-4-amino- 5 -phenylazo-6 -methylpyrimidine
(or isomer)
Yield:

nil: unreacted CIII recovered.

(xxxiv) 2 -Dimethylamino-4-amino-5-phenylazo-6 -methylpyrimidine
Yield:

4.3

nil: unreacted CIII recovered.

Spectrophotometric studies
Because of their unfortunate insolubility in any solvent suitable

for infrared spectrophotometry, the samples were incorporated into
"potassium bromide discs", and their infrared spectra were thus
obtained on the solid phase.

The instrument used was a Perkin-Elmer

Model 21 double - beam recording spectrophotometer.
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The spectrum-charts were photographed and reduced to the size
shown in Figures 1 - 22 by Mr.R. W. Currie of the College of Pharmacy
of the University of Saskatchewan.
In the visible-ultraviolet region, the compounds were studied in
O. OIN sodium hydroxide and in O. OIN hydrochloric acid solutions.

The

spectra were scanned with a Beckman Model DB double-beam spectro
photoITleter, and the optical density was plotted against the wavelength
by a Varicord Model 43 Recorder.
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5.

5. 1

ANALYSIS OF RESULTS AND CONCLUSIONS

Synthesis of intermediates
The Clais en condensations leading to LXXXVIII, LXXXIX, XC,

and XCI were carried out under quite similar conditions, with yields
ranging from about 40% to almost quantitative.

The reaction designed

to give mealondialdehyde also appeared to proceed smoothly, although
the product was not positively identified.

Each of these preparations

except that of acetylacetone (LXXXIX) utilized anhydrous ether as the
reaction solvent; an excess of one of the reagents, ethyl acetate,
served as the reaction medium in the one exception.

It was noted

that the highest yield of any of these products was that of LXXXIX.
Since the nature of the by-products which might arise from
these reactions would be expected to be closely related to that of the
sought-after products, no attempts were made to purify these
compounds other than washing them with organic solvents.

Sodium

ethyl formylacetate (XC) is generally regarded to be 60 - 70% pure
(4, 159), and it might be assumed that similar products prepared by
appropriate analo.gous procedures would probably be in somewhat the
same state of purity or impurity.
This low degree of purity of intermedia te may be partly
responsible for the failure in some instances to isolate pure azo derivatives.
This seems especially so in the case of the formylacetates, as the azo
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derivatives (XCVII and XCVIII) for which syntheses were attempted
could only be obtained as tarry materials.

The sodium acetoacetaldehyde

(LXXXVIII), on the other hand, coupled readily with benzenediazonium
chloride, and a good yield of high quality product (XCIV) was obtained.
Similarly, phenylazoacetoacetonitrile (CIII), the azo-acetylacetones
(XCV and XCVI), and the azo-acetoacetates (XCIX and C) were readily
prepared, the latter from commercial ethyl acetoacetate.

Under

entirely _aqueous conditions, with sodium carbonate as a buffer, ethyl
::-hydroxyphenylazoacetoacetate (C) was obtained in yields comparable to
those reported by Jeffrey and others (2, 3, 4, 6), who added an aqueous
solution of the diazonium salt to an alcoholic sodium ethoxide solution
of the ester.

In contrast, however, diethyl phenylazomalonate (CI),

though prepared with ease, was obtained in low yield in this laboratory,
presumably because that starting material which had not initially
dissolved did not pass into solution as the reaction progressed.

The

o-hydroxyphenylazomalonic ester (CII) was not obtained in a usable
form, the difficulty pos sibly arising from its powerful chelating
ability.

Commercial malononitrile readily gave a phenylazo derivative

(CV).
The attempt to prepare phenylazomalonaldehyde (XCIII) failed,
but this again is probably due to a faulty precursor.

A crystalline

compound res embling an azo compound was formed, but data obtained
on it was not compatible with the structure XCIII.

A structure for the

compound obtained in the stead of XCIII has not been proposed.
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In the coupling of benzenediazonium chloride with unsymmetrical
compounds, two is omeric hydrazone products may be envisaged.

For

"ethyl phenylazocyanoacetate 1' (CIV), an early report of this isomerism
was made (158); recently Barber and associates (160) reported the
preparation of the "((_" or anti-compound (CIVa), more correctly named
as the phenylhydrazone of ethyl cyanoglyoxylate, in 93% yield by the
usual azo coupling.

In the present undertaking, too, ethyl cyanoacetate

was coupled with benzenediazonium chloride, in order to obtain an
intermediate for the preparation of 4-hydroxy-6 -amino-5 -phenylazo
pyrimidines; the compound, obtained in 32% yield, was identical with
Hantzsch and Thompson's "(3_" or syn-hydrazone (CIVb).

ClVa (anti)

that the syn-form (CIVb)

CIVb

It is seen

(syn)

should be capable of forming a chelate ring

as indicated in the structure illustrated; it is also seen that the antiisomer (CIVa) cannot assume a configuration which would tolerate
intramolecular hydrogen-bonding, although intermolecular association
might be expected.

It appea rs that this may explain the seemingly

conflicting results obtained by Barber et at. and in this lab.

Although

both reactions were of the azo-coupling type - (Barber gave no further
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experimental details on this particular reaction) - the solvents from
which the products were recrystallized differed:

the other group used

benzene, whereas ethoxyethanol was used here.

On heating in a non

polar solvent such as benzene, the

~isomer might

be expected

to isomerize to the more symmetrical, and therefore more stable, anti
compound (96).

However, on heating with the more polar ethoxyethanol,

the chelate ring is not opened.

The infrared spectrurn of ClV appears

to support the chelated structure ClVb, showing weak carbonyl
stretching at a frequency extraordinarily low for an ester, and showing
a strong band in the region typical of ring C-N stretching.
5. 2

Synthe si s of azopyrirnidine s
Benzenediazonium chloride coupled smoothly with 6-methyluracil,

barbituric acid, 2, 6-diamino-4-pyrimidone monohydrate, and with 2
amino-6-methyl-4-pyrimidone.

However, difficulty was encountered

in the purification of the latte r two:

none of the small sample of pure

2, 6-diamino- 5-phenylazo- 4-pyrimidone wa s retained for spectrophotometric
study; 2-amino- 5-phenylazo- 6-methyl-4-pyrimidone (CXVl) was obtained
more readily from a Type I condensation.

Attempts to couple a diazonium

salt with the 6-unsubstituted pyrimidines uracil and isocytosine failed;
if such a reaction did occur, the product wa s not obtained sufficiently pure to
indicate an azo structure.

Diazotized

succe s sfully with barbituric acid.
products of

~ -aminophenol

was coupled

Any othe r pyrimidine coupling

~ -hydroxybenzenediazonium

chloride coul d not be identified
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by analysis.

Attempts to couple diazotized 5-aminouracil with three

other pyrimidine s failed to yield pure azopyrirnidine s.

Both the decreased

reactivity of these substituted diazonium compounds and the difficulty of
purification inhe rent in the products are believed to be contributing factor s
to the se failure s .
In aqueous methanolic alkali, phenylazoacetoacetaldehyde (XCIV)
readily condensed with guanidine and methylguanidine, giving good
yields of the azopyrimidine s.

However, XCIV could not be condensed

with urea under either aqueous or non-aqueous conditions.
Similarly, the homologous 4, 6-dimethyl-5-phenylazo derivatives
were prepared with ease from phenylazoacetylacetone (XCV); again, a
compound was not obtained with urea, although in the latter instance
it was not shown whether or not a reaction had taken place.
other hand,

On the

£. -hydroxyphenylazoacetylacetone (XCVI) gave no reaction at

all with the guanidines, and a reaction with urea was not demonstrated.
Phenylazomalononitrile (CV) has been condensed with various
amidines by a number of workers (82, 83, 84, 114, 132) as outlined
in 2. 2. 3.

In thi s lab, a reaction with acetamidine wa s not proven;

however, urea apparently condensed, although the product was not
purified.

It seems that this is also the first report of the condensation

of CV with guanidines:

previously, the 2,4, 6-triamino-5-phenylazo

pyrimidine s have been prep ared by direct coupling (45, 53, 60, 65);
here, in addition to the known CXIII, a new compound, CXIV, was
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prepared by the more flexible Type I synthesis.

The yields obtained

in each of these condensations was poor, possibly because of the aqueous
reaction conditions.
2-Amino-5-phenylazo-6-hydroxy-4-pyrimidone (CXV) was the
only compound succes sfully isolated from a condensation involving a
diethyl malonate, although the problems associated with other derivatives
may have been largely those of purification; CXV itself did not give a
ve ry satisfactory analysis, but it was felt to be sufficiently clos e to the
calculated value that it was concluded that ring closure had indeed
occurred, and that a reliable infrared spectrum could be obtained tr"om
it.
Guanidine condensed with ethyl phenylazoacetoacetate (XCIX)
in aqueous methanol to give CXVI.

Polonovski and Pesson (115) also

reported the preparation of this compound both by direct coupling and
by ring closure; however their ring closure synthesis was carried out
in anhydrous alcoholic ethoxide.

This is believed to be the first report

of a successful ring closure involving an ester to be carried out under
aqueous conditions.

The yield was poor, but it must be noted that the

reaction time allowed (four hours) was rather short for this type of
reaction, and a quantity of unreacted XCIX was recovered from the
reaction mixture.
All other reactions attempted involving ethyl phenylazoacetoacetate

(XCIX) were carried out under anhydrous conditions, and also were
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successful.

The hydroxy homolog (C) suffered a poorer fate, for only

the methylguanidine derivative (CXIX) was obtained in a pure form.
Thi s failure seems to stern mainly from purification difficultie s.
The reaction product (CXXVI, CXXVII, CXXVIII) of XCIX and
acetamidine was shown by a Van Slyke 1 s determination to consist
mainly of one of the pyridines:

its sharp decomposition point seems to

indicate the pre sence of only one compound, and the low primary amine
content maybe due to a trace amount only of the pyrimidine.

The re is

known to be the possibility of a considerable error in the microanalysis
for N(NH z).

(An example of this is found in the analytical data on CXVIII,

in sub se ction 4. 2) .
Much of the difficulty in obtaining pure azopyrimidines arises from
the difficulty in the me re purification of them, and not wholly from. the
failure of the reactions leading to them.

In the

~-hydroxy-derivatives,

their powerful chelating ability adds to, and is to some extent responsible
for, the poor solubility obstacle;

not only are these compounds difficult

to recrystallize, they are also subject to the formation of stable coordinate
covalent- bonded complexe s with metal ions.

Chromatography is impracticable

for these same reasons.
Reaction conditions have been previously shown to be important
(40, 84, 130), and it is possible that anhydrous conditions are more
favorable than aqueous conditions, at least in condensations leading to
~- hydroxy-

compound s.
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Nevertheless, in some cases, the difficulty is apparently fixed
In the lack of reactivity of the three-carbon unit.

o-Hydroxyphenylazo

acetylacetone (XCVI) was reported by Fedorchuk (3) to react with guanidine
to give an orange product.

There exists here a danger of confusing the

carbon and hydrogen analysis of XCVI with what seems to be a good
analysis for 2 -amino-4, 6 -dimethyl-5 -~-hydroxyphenylazopyrimidine
(xi):

XCVI, C 11 H 12N2 03 contains 60.00% C and 5.45% H; xi, C 12H 13

N 0
5

contains 59.27% C and 5.35 H.

During this project, the inter

mediate XCVI was not analyzed; however, the product was identical
with that described by other workers (2, 3).

But in the present instance

XCVI could not be induced to react in any way with the guanidines or
with urea, either in aqueous or anhydrous media.
Ethyl phenylazocyanoacetate (CIV) als 0 failed to react wi th the
guanidines, urea, or with acetamidine, the trials being carried out in
the presence of alcoholic sodium ethoxide.

It will be recalled that the

" phenylazocyanoacetate" used here was the syn-phenylhydrazone of
ethyl cyanoglyoxylate (CIVb), and its apparent inability to condense
with the above reagents may be attributable, at least in part, to the
electron loss from the ester moiety to the hydrazo N -H.

A similar

explanation might be offered for the unreactivity of phenylazoacetoaceto
nitrile (CIII) experienced during this work.

That is, a strongly hydrogen

bonded hydrazone structure (CIlIa) may be imagined.
azo structure may also be imagined for any of the
mediates (XCIII - CIV).

"~

A similarly chelated
-keto" inter

However, in the presence of alkali, such a
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CIlIa

structure would surely give way to a reactive enolate.

In addition,

chemcical evidence presented by earlier workers (158, 160) has shown
CIV to exist as the hydrazones (CIVa and CIVb), apparently in
equilibrium with none of the azo tautomer.

It seems, from their ability

to undergo Type I reactions, that the intermediates which contain no
nitrile grouping (XCIII - CIl) probably exist either entirely in the azo
form or in an equilibrium form; since strong hydrogen-bonding might
beexp<ected in both the azo and the hydrazo compounds, an active
equilibrium would be inhibited.

5.3

Spectrophotometric studies

5.3. 1

Infrared
From a survey of the literature (e.g. 147, 152) it was found that

the C=O stretching vibrations of various carbonyl groups normally absorb
in the region 1900 - 1600 cm- 1 .
the

More specifically, in classical amides,

"C=O band lies more or les s in the region 1690 - 1650 cm -1 ,

depending on whether the amide is primary, secondary, or tertiary, in
the free or associated state.

In secondary amides, this absorption band,
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the so-called "Amide-I band't, lies at 1680± 10 cm- 1 in the free state.
Since hydrogen-bonding with NH is absent in tertiary amides, the values
given for"" C=O in both the free and the associated states are the same,
1650±IOcm- 1 ; here, however, it must be kept in mind that hydrogenbonding C=O"'H may occur with other groups in the molecule.

When

intramolecular hydrogen-bonds are formed, bands may be shifted lower
by 50 cm -1 according to H -bond strength; this, presumably, is from
the value normal for the free state, for if internal hydrogen-bonding
is present, dime ric and polymeric forms such as may be expected in
the associated state are not possible.
In 6-membered lactams (CXXIX, CXXX), the "Amide I bands I'

o

~O
CXXX

CXXIX

appear at 1670 cmup to 20 cm-

1

1

and 1640 cm- 1 respectively (free); a high shift of

is observed in cX,f3-unsaturated compounds.

stretching bands are obs erved in

0(,

Two C=O

l3-unsaturated 6 -membered cyclic

imides (CXXXI), at 1730±10cm- 1 and 1670±10 em-I, the lower frequency
band usually being the stronger.

In 6 -membered cyclic ureides (CXXXII),

the carbonyl absorption lies near 1640 em-I.
As discussed earlier, 2- and 4-hydroxypyrimidines are generally
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CXXXI

CXXXII

believed to exist mainly in the amido or lactam forms.

Short and

Thompson (103) observed a pair of strong bands at 1650 - 1620 cm- 1
in 2 -hydroxypyrimidine, and postulated that this apparent doublet might
arise from a lactam form with a consequent rise in the value of ring
vibrations.

That is, they assigned only one of these bands to '\l C=O.

Similar results were reported for 4-hydroxypyrimidine.

Mason et ale

(106, 109) classified the infrared spectra of some simple hydroxypyrimidines, measured in the solid state.

They reported that the

compounds which tautomerize to an amide with a

quasi-~-quinonoid

structure show a C=O stretching vibration in the range 1700 - 1665 cm- 1 ,
typical of (l,,(3:f1:.:/3'-unsaturated ketones.

It was also noted that the quasi-

o-quinonoid structures show an N-H stretching vibration absorption in the
range 3420 - 3360 cm -1, while the quasi-£..-quinonoid types absorb in the
range 3445 - 3415 cm -1.
Tanner (149) examined more complex pyrimidines, including a
number of fully substituted compounds, and found that the 1750 - 1600 cmregion contained a very broad and intense band with, in many cases,

1
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several submaxima.

Tanner reported on two rather distinct groups of

compounds in his series.

His first group exhibited carbonyl absorption

in the 1750 - 1700 cm- 1 region.

The other group was characterized by

the lack of a band in the double -bond stretching region above 1700 em -1;
rather, the highest band lies between 1680 and 1650 em-I, the normal
"Amide I" region.

However, ambiguity is introduced in such compounds

als 0 substituted by a primary amino group, for the 0 N -H band normally
falls in the 1650 - 1580 em -1 region, and the guanidino
normally found in the 1680 - 1660 cm- 1 region (150).
pyrimidine ring vibrations (

"I)'\)

~

C=N band is

Aromatic

C=C and C=N) may be expected at

1580 - 1520 em-I, but, as Short and Thompson have suggested, ketonisation
of the "hydroxypyrimidines" would result in changes in the double-bond
character of the ring, giving rise to a hi gh shift and enhanced absorption.
Tanner reported that 2-phenyl-4, 6-dihydroxypyrimidine has no
strong band in the double-bond stretching region above 1615 em-I.

He

suggested that this compound may not possess a carbonyl grouping at
all, but that possibly a chelation effect, similar to that found in

(3

diketones capable of enolization (147), has shifted the carbonyl band
into the range 1640 - 1540 em-I.

He found support for this theory in

that a strong band characteristic of such ,9-diketones manifested itself
at 2650 em-I, and no O-H or N -H stretching absorption was observed
in the normal 3600 - 3000 em -1 region.
Tanner also noted that in the 4, 6-dihydroxypyrimidine series,
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there appeared to be a progressive increase in the double-bond character
of the carbonyl group, as shown by a high shift of the C=O band, with
the increase in electron-donating power of the 2-substituent.

The 5

ether derivatives of 4, 5-di- and 4,5, 6-tri-hydroxypyrimidines absorb
in the neighborhood of 1650 cm- l or a little higher, regardless of the
nature of the substituent at po sition 2.

But in the corre sponding 5

hydroxy derivatives the values of the highest -frequency bands in the
double- bond region once again become dependent on the 2- substituent.
The pre sent work de scribe s the infrared spectra of twenty 5
arylazopyrimidines (CVI-CXIX, prepared in this laboratory and CXXXIII
CXXXVIII, prepared previously (4, 5)) (Figures 1-20), of a 3

o

HNAyN=N-A~

RAN~R'

Compound
CXXXIII
CXXXIV
CXXXV
CXXXVI
CXXXVII
CXXXVIII

R
SH
NH2
N( CH 3)2
N( CH 3)2
N( CH 3)2
N( CH 3)2

R'

Ar
,~-hydroxyphenyl
~-benzyloxyphenyl

-phenyl
o-hydroxyphenyl
~-hydroxyphenyl

a-naphthyl

phenylazopyridine (CXXVII or CXXVIII) (Figure 21), and of xanthine
(CXXXIX) (Figure 22).

It is realized that, since these spectra were

o

/..j

HN~N)

O~NjlN
H
CXXXIX
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examined on the solid state, association makes rigorous discussion of
C=O, O-H, and N-H absorption, in particular, inadvisable.

In addition,

many tautomeric forms are feasible in many of these compounds, and
no definite assignments of structures may be made solely on the basis
of infrared spectra.

(Hence, the structures drawn, and the nomenclature

used, to de signate the se compounds are simply based on histori;cally
recognized forms of the simpler pyrimidines.

These structures are proposed

with the reservation that further information may require their modification.
However, comparisons of the spectra of these compounds have been made,
and certain peculiarities have been pointed out.

Of course, the following

discussion pertains solely to these spectra obtained on the solid phase.
Discussed first will be those azopyrimidines which have no
hydroxyl or carbonyl substituents.

Of this group, the 2-primary arnino

compourds (CIX, CXI, CXIII) absorb strongly in the 1675 - 1655 cm- l
region (Figures 4,6,8), rather high for primary amine N-H bending
modes; however, the N-H bending absorptions are known to shift towards
slightly higher frequencies under associated conditions.

As least two

strong bands are observed in the 2400-3150 cm- l , region of each of
these spectra, possibly indicating an associated primary amine.

These

findings seem to correspond with those of Short and Thompson (103).
A 2-imino structure, with '\)C=N typically at 1680 -1660 cm- l , and
with two high frequency bands due to imino and amido N-H stretching
seems unlikely, but is not excluded by this evidence.

Strong absorption
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in the 1340 - 1250 cm -1 region, typical for C-N stretching bands, was
not observed in these spectra.

2,4, 6-Triamino-5-phenyiazopyrimidine

(CXIII) naturally has a more complex spectrum in the amine absorption
regions than thos e of CIX and CXI.
Aromatic C-H stretching vibrations are very weak and cannot
be identified; stronger =C-H stretching might be expected in the 6
unsubstituted compounds (CIX, CX), but this was not observed.
and pyrimidine ring vibrations

"J~

Aromatic

C=C and C=N are observed as strong

bands in the 1600 - 1570 crn- 1 and 1565 - 1550 cm- 1 regions respectively
in CIX, CXI and CXIII; the corresponding bands are at higher wave
lengths in the 2-methylamino and 2-dimethylamino derivatives (CX,
CXII, CXIV).
In the higher frequency regions, the spectra of the N -methyl
compounds (CX, CXII, CXVIII, CXIX) (Figures 5, 7, 13, 14) all possess
resemblances:

each shows a strong, sharp peak in the 3330 - 3300 cm 1

region, accompanied by two broad peaks between 3160 and 2960 crn- 1 .
This is difficult to explain, as, though these compounds are all methyl
guanidine derivatives, the N-H bond environments are different in that
two are secondary amines and two are primary amines.

Methyl group

C-H stretching may be responsible for the band around 2960 cm- I ; weak
bands in this region are distinguishable in all the spectra, however, and
in some cases they may be aromatic C-H stretching modes.

N -Methyl

C-H stretching is usually expected at a slightly lower frequency (2820 
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1
2760 cm- ), and such absorption is usually stronger than that due to Cmethyl groups; such absorption was not observed in these spectra.
The higher frequency absorption of CXIX differs somewhat from
that of the other N-methyl compounds in that additional bands are noted;
these, at 2720 and 2590 cm- 1 , seem likely to be attributable to strongly
hydrogen- bonded O-H stretching (149).

A similar difference is seen

between the spectra of CXVII and CXXXVII (Figures 12 and 19), the
1
latter having peaks at 2710 and 2600 cm- , with suggestions of shoulders
at 2650 and 2570 cm

-1

.

Compound CXXXIII (Figure 15) shows a complex

series of shoulders in this region.

No such development was observed in

the spectrum of CXXXVI, and this spectrum closely resembles that of
CXXXV in the higher frequency region (Figure s 17 and 18).

Little difference

in this re spect is noted in the spectra of CVII and CVIII (Figures 2 and 3).
In these compounds, though, absorption does occur in the 2700 and 2600
cm -1 regions, and also around 2800 cm -1; being 4, 6- tl diols ll , both are
expected to have at least one hydroxyl group ortho to the azo linkage. On
the same basis, bonded hydroxyl absorption might be expected in CXV, and
indeed a broad peak is observed in the neighborhood of 2740 cm- 1 ,
accompanied by a sugge stion of a shoulder at 2620 cm -1 (Figure 10).
Not
cm

-1

surprisingly, the absorption pattern of CXV in the 3320-3120

region is similar to that of the 2-amino compounds CIX, CXI and

CXIII, although a broader band, possibly with several submaxima, is
observed from 3200-3100 cm

-1

in CXV.

However, a confusing factor is

the superficial relationship between this region in the amine compounds

-110
and the saITle region in the uracil derivatives, particularly in the barbituric
acids.
The uracil derivatives (CVI-CVIII, and CXXXIX) all exhibited
mulitiple-peak carbonyl stretching absorption in the 1760-1660 CITl-

1

region,

sugge sting the pre sence of an u, f3-unsaturated cyclic imide structure related
to CXXXI.

Thi s would give ri se to at lea st one aITlide N-H stretching

ITlode, and possibly two or ITlore if one or both of the N-H groups are
involved in intermolecular association.
The spectruITl of CXV (Figure 10) has a strong peak at 1695 CITl
flanked by shoulders at 1725 and 1670 cm
appears at 1 6 25 cm
the C=O

-1

.

-1

.

-1

A relatively weak, broad band

It seems that the 1695 CITl

-1

band ITlust be due to

stretching of a free carbonyl group; even so, the frequency is quite

high for a secondary or tertiary aITlide.
in the pyrimidine ring would give rise to

Increased double-bond character
v'\l

C=C and C-N at higher

frequencie s and of stronger intensitie s than the corre sponding aroITlatic
pyriITlidine ITlodes.

However, even an iITlino C=N stretching band norITlally

falls below 1 6 90 CITl -1 (150).

A comparison of this spectruITl (Figure 10)

with those of the uracils (Figures 1, 2, 3, and 22) will show certain
siITlilaritie s in the double- bond stretching region.

The skeletal structure s

below also show certain siITlilaritie s in the double- bond systeITl as a whole.
It ITlay be that a system such as this will give rise to multiple-peak double
bond absorption in the 1700 CITl-

1

region.

The shoulder at 1670 CITl

seeITls likely to be the amino N-H bending mode.

-1
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The po stulation of a similar 11 imide n system might also explain the
complex absorption of CXVI in the 1700-1670 cm-1 region (Figure 11).
The marked similarity between these spectra (Figures 10 and 11) from 4000
cm-

1

to 1250 cm

-1

,sugge sts a clo se re semblance in structure, with

particular regard to N-H, O-H, C-N and C=O bonds.
In the region from 4000 cm

-1

1
to 1650 cm- , the spectrum of

CXXXIV (Figure 16) closely resembles that of CIX (Figure 4).

CXXXIV

shows somewhat more general absorption from about 2800 cm- 1 to 2500 cm- 1 ,
possibly indicating the presence of a strongly chelated hydroxyl group.

It

is difficult to identify the strong band at 1685 cm -1, for a similar band, with
a similar shoulder at 1665-1660 cm -1 is seen also in the simpler compound
(CIX).

To distinguish between

pos sible.

~C=O

and GN-H or

~C=N

here is not

The O-H bending and C-N stretching areas of the se spectra are

equally ambiguous: as pointed out earlier, a normal

~

C-N band was not

found in Figure 4 at all; in Figure 16 several strong bands are seen in this
region (1320, 1305 and 1263 cm-1).

In Figure 16, again, no strong absorption

is seen in the 1230-1140 cm- 1 region, typical for the phenolic C-O stretching

-112

band.

Hydrogen-bonding could have caused a high shift, however.

The lack

in this spectrunl of the cOnlplex type of absorption around 1 700 Cnl- 1 seen
in Figures 10 and 11 nlay be in support of the existence, at least in part,
of CXXXIV as a pyrinlidol rather than as a pyrinlidone.
However, the spectra of cOnlpounds CXXXIII, CXXXV and CXXXVI
(Figures 15, 17 and 18) exhibit strong absorption bands in the 1690-1680
Cnl-

1

region which cannot be attributed to prinlary anlino groups.

Because

of their high frequencies, these peaks seenl necessarily assigned to the
C =0 stretching nlode.

On this ground, secondary anlide N-H stretching

absorption nlight be expected in the high frequency region.

The cOnlplex

absorption in this range of the spectrum of CXXXIII (Figure 15) nlay be
variously attributable to amide N-H stretching, S-H stretching, and
bondied O-H stretching, as well as the =C-H stretching of the benzene and
pyrinlidine moieties.

In CXXXV and CXXXVI, a

weak broad band around

2960-2940 cm-1 is seen, and additionally in CXXXVI, weak absorption
appears to occur at 2850 Cnl-

1

'Weak general absorption in the 2750

2550 Cnl- 1 region is seen in both of the latter; this has been generally
thought of as being due to chelated hydroxyl O-H stretching.

The 2850 cm- 1

shoulder in Figure 18 seems likely to be due to the 2.'-hydroxyl group.

The

nlainabsorption, at 2960-2940 cm- 1 in these cOnlpounds seenlS to be the
C-H stretching of the dinlethylamino groups.

Aronlatic and pyrimidine

C-H stretching is al so expected to occur, but definite peaks are apparently
masked.

It nlay be that SOnle absorption, other than that due to the potassiunl

bronlide, is occurring at higher frequencies, for nlultiple bands appear

-113

around 3500-3400 cm

-1

; bands at 3400 cm

-1

and 3460 cm-

stretching mode s in CXXXV and CXXXVI, re spe cti vely .

1

may be N-H

A te rtia ry amide

is not ruled out, as the pyrimidone may possess a quasi-p-quinonoid
structure.

Neither can a hydrazone structure be ruled out.

It seems

possible that all tautomeric forms are present, even though only in
trace amounts for some.
It will be seen that of the above three compounds, CXXXIII has
two potentially tautomeric groups in addition to the azo-hydrazo linkage.
Strong absorption at 1200 cm

-1

,absent in all the other spectra studied,

may be due to C=S stretching.
On studying the spectra of CXVII, CXVIII, CXIX, CXXXVII, and
CXXXVIII (Figures 12, 13, 14, 19, and 20), it is noted that no strong
absorption occurs in the double-bond stretching region above 1615 cm- 1 .
It is thus seen that, of the seven 116-methyl-4-pyrimidone l1 derivatives
studied, only CVI and CXVI showed Hnormal carbonyl absorption l1

•

In these,

it has been suggested that the complex absorption around 1700 cm -1 might
be due to a particular system, such as an

It

imide l1 system.

Primary amine

N-H bending also likely contributed to this absorption in CXVI.
However, carbonyl absorption cannot be ruled out for the other five
compounds either, as the i-methyl groups of CXVIII and CXIX necessitate
the presence of either a carbonyl group or an imino group,

In either

case, strong absorption would be expected possibly around 1680 cm
a carbonyl group were pre sent, an

11

-1

.

If

imide" skeletal structure such a s that

sugge sted for CXVI might gi ve ri se to even highe r bands.

-114

It seems, therefore, that whatever double- bonds are present in

the se compounds, they might be weakened by pronounced hydrogen- bonding.
It is difficult to expla in why thi s should be so evident in the 6-methyl
compounds, while in the 6-unsubstituted compounds, carbonyl absorption
is at the higher part of the expected amide C=O stretching region.

If

considered as hydrazones rather than as azo compounds, it might be
expected that the

~-isomers would

would differ (CXL and CXLI).

~

o.

II

predominate.

In the two series, these

Hydrogen bonding of the 4-carbonyl group

I

I

RAN~

N

CXLI

CXL

in the 6-methyl series might thus be explained.

However, in order to

accommodate the 1-methyl groups of CXVIII and CXIX in a hydrazone
structure, 2-imino groups are necessary.

This would be expected to give

rise to absorption in the 1680-1660 cm-1 region, or, at least, to give
rise to absorption patterns markedly different from those of CXVII,
CXXXVII and CXXXVIII.
It also seems fea sible that coupling of the double- bond stretching
vibrations may occur, re sulting in a shift out of the ir characte ri stic
frequency range.

This might ari se in the 6-methyl compounds because of

-115

a steric effect of the methyl group, re stricting the azo group in a po sition
more or less parallel with the carbonyl grmp.

Thus, CXIXb, for instance,

would have the approximate geometry illustrated below; the quasi-p
quinonoid "b ll structure seems the most compatible with such a coupling

phenomenon.

It also excludes the possibility of an lIimide" skeleton.

It was observed that the trend in this limited series of spectra
has been that in compounds capable of lactamization, the primary amine
GN-H band is relegated to a lower frequency.

Often, this band is difficult

to identify in these compounds; in some cases it may occur as a shoulder
on the stronger carbonyl peak, and in some cases it may be entirely
rna sked by the latter.
In all of the compounds containing no oxygen atom, a very sharp,
and usually strong peak was observed at 798-793 cm

-1

.

No other spectra

studied here, with the exception of that of the pyridine derivative (Figure 21)
exhibit such a peak.

Certain of them possess peaks slightly above 800 cm -1,

and this may be the corresponding band; however, none of these was as
sharp as the 798-793 cm

-1

bands.

This region is generally regarded as a

-116
tlfingerprint region n characterizing aromatic substitution patterns; the
bands are =C-H out-of-plane bending mode s.

How this might be significant

in the present cases is not apparent, for in all these cases the benzene ring
is monosubstituted, and in some of them the pyrimidine ring is fully
substituted.
The spectrum of the 3-phenylazopyridine (Figure 21) shows, in
addition to the sharp peak at 800 cm -1, evidence of being fully aromatic.
Strong broad ab sorption, with a maximum at 2670 cm-1, indicate save ry
strongly bound phenolic hydroxyl g;£.oup.
be due to primary amine N-H bending.

A peak at 1645 cm

-1

seems likely to

Other absorption is ambiguous,

but the marked difference of this spectrum from those of the azopyrimidine s
substituted with an oxygen-containing group seems to favor a hydroxypyridine
structure and pyrimidone structure s.
Monosubstituted and o-disubstituted benzene rings were readily
recognized by the characteristic & C-H bands in the 775-755 and 690-680 cm

-1

and in the 775-760 cm -1 regions re spectively,
The 1500-1000 cm

-1

regions of most of the se spectra were very

complex, as C-O and C-N stretching, and C=C, C-H and o-H bending
vibrations all give rise to absorption in this region.

Different bond

environments, resulting from amides, amines, hydrogen-bonding, and
variations in the degree of aromaticity, cause changes in the positions and
intensitie s of the se bands.
Exte rnal factors which are difficult to overcome include the
association of the molecules, with others of their kind and with the potassium

-117

bromide.

Solid infrared spectra of amides are known to be especially

sensitive to crystal orientation.
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5.3.2.

V'isibLe-ultraviolet
A brief study of the visible and ultraviolet spectra (Table I) of

the oxygen- sub stituted azopyrimidine s indicated a clo se relationship
between the chromophoric structure of the compounds eXVI, eXVII,
eXVIII and exxxv, the last being slightly different in that it has two
absorption maxima in the visible region in alkaline solution, whereas the
others have only one.
acidic form also.

The l1extra ll peak corresponds to that found in the

eXIX, eXXXVI and eXXXVII are also related, but,

again, the 6-unsubstituted compound varies from the others in the visible
region measured in alkaline solution.

The uracils (eVI, eVIl, eVIlI)

show some similarities, and some differences in their visible and ultra
violet spectra; the 2-mercapto derivative (eXXXIII) also seemed vaguely
related to the uracils.

With their different aromatic structure s, the

spectra of eXXXIV and eXXXVIII were less related to the other spectra.
The spectrum of 2-amino- 5-phenylazo- 6-hydroxy- 4-pyrimidone (eXV)
was unique in that no change occurred with a change in pH.
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TABLE I
VISIBLE-ULTRAVIOLET ABSORPTION OF 5-ARVLAlO-4-PVRIMIDONES
Compound
Number
CXXXV I I

CXIX

0.01 N HCl
Amax. (mp)
E.*approx.
466

34850

263
229

4450
5750

462

38000

270-275
230
CXXXVI

468
272-282
233

5050
6100
25700
3500
5100

0.01 N NaOH
Amax. (m)4)
E*approx.
19050
494
405
11550
11150
372
4750
262
low A peak obscured
25200
474
15700
424
14250
360
8450
257-265
low J. peak obscured
460-470
360-368
260
217

13000
9450
6450
15800

436
380-388
280
216

21000
32400
10250
22900

436

48900

276
254
248

5400
5550
5500

CXV II

435
272
255
249

38900
4600
5500
5200

3777
274
218

28850
5150
12900

CXV III

428-432
267
255
249

37150
5400
6400
5570

368
267
210

23500
6120
13450

CXVI

424
262
254
248

46200
8700
10400
9500

362
242

3000
12300

CVI

410-414
334
275
233

31700
44800
16200
15100

337

80200

225

34000

CXXXV
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TABLE I - Continued

Compound
Number

0.01 N HCl
Amax. (rT],U)
€*approx.

0.01 N NaOH
Amax. (m.,M)
(* approx.

25250
9900
15900

466
250 (approx.)
244 (approx.)
237

20900
5900
12750
13400

390

9840

8330
6330

276

3660

478-486
370
250 (approx. )
225 (approx.)

CV III

416
330 (approx.)
233

CXXX III

CXV

400
256
250 (approx.)

30100
8850
8000

400
256
250 (approx.)

30100
8850
8000

CXXXIV

448-456
258
250

22250
7100
7400

455
333
262-290

28000
9775
5800

CXXXV I II

455
333
262-290

28000
9775
5800

398
260

21550
10300

* It appears that accuracy may not always have been attained in the
determinations of the molar extinction coefficient E. However, the
relationships between these coefficients for anyone compound hold true.
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6.

1.

CONCLUSIONS

Two new phenylazo- substituted acti ve ITlethylene cOITlpound s have been
prepared:
2- Phenylazoacetoacetaldehyde (XCIV), and
2- Phenylazoacetoacetonitrile (CIlI).

2.

Five new 5-phenylazopyriITlidines have been prepared:
2- AITlino- 4-ITlethyl- 5 -phenylazopyriITlidine (CIX),
2-MethylaITlino- 4-ITlethyl- 5-phenylazopyriITlidine (CX),
2-DiITlethylaITlino- 4, 6-diaITlino- 5-phenylazopyriITlidine (CXIV),
2-AITlino- 5-phenylazo- 6-hydroxy-4-pyriITlidone (CXV), and
l( or 3), 6-DiITlethyl- 2,-aITlino- 5-phenylazo-4-pyriITlidone (CXVIII).

3.

Nine additional 5-phenylazopyriITlidines, previously described by other
workers, have been prepared for purposes of spectrophtoITletric study:
5- Phenylazo- 6-ITlethyl- 2, 4-pyriITlidinedione (CVI),
5- Phenylazo- 6-hydroxy- 2, 4-pyrimidinedione (CVIl),
5-.£-Hydroxyphenylazo-6-hydroxy-2, 4-pyrimidinedione (CVIlI),
2-Amino-4, 6-diITlethyl-5-phenylazopyrimidine (CXI),
2-MethylaITlino-4, 6-dimethyl- 5-phenylazopyrimidine (CXIl) ,
2,4,6- Triamino- 5-phenylazopyrimidine (CXIII),
2-Amino- 5-phenylazo- 6-methyl-4-pyriITlidone (CXVI),
2-Dimethylamino- 5-phenylazo- 6-ITlethyl- 4-pyrimidone (CXVII), and
l(or 3), 6-Dimethyl-2-amino-5-.£-hydroxyphenylazo-4-pyrimidone
(CXIX) .

4.

Several other azopyrimidines or isoITleric azopyridines are believed to
have been prepared, but the formation of these has not been proven by
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analysis.

Chemical names for these compounds(ii, iii, vii, x, xiv,

xvi, xviii, xx, xxvii, xxx) may be

~ound

on page s 85-92.

Difficulty

ha s been expe rienced in the purification of the se compound s, and in
particular, of the 2.' ..£'-dihydroxy-azopyrimidines; it is believed
that much of this difficulty is related to the chelating ability of these
compounds.
5.

It ha s been shown that acetamidine hydrochloride condense s with ethyl

phenylazoacetoacetate to give a 3-phenylazopyridine (CXVII or CXVIII)
a s one of the reaction products.
6.

Infrared spectra have been obtained on the fourteen azopyrimidine s
mentioned in (3) and (4), and on six othe r azopyrimidine s prepared
earlier:
2- Thio- 5-2.-hydroxyphenylazo-4-pyrimidone (CXXXIII),
2- Amino- 5-~- benzyloxyphenylazo-4-pyrimidone (CXXXIV),
2-Dimethylamino- 5-phenylazo- 4-pyrimidone (CXXXV),
2-Dimethylamino- 5-2.-hydroxyphenylazo-4-pyrimidone (CXXXVI),
2-Dimethylamino- 5-.£-hydroxyphenylazo- 6-methyl- 4-pyrimidone
(CXXXVII) ,
2-Dimethylamino- 5- a-naphthylazo- 6-methyl- 4-pyrimidone (CXXXVIII).
Infrared spectra have also been obtained on the 3-phenylazopyridine
mentioned in (5), and on xanthine (CXXXIX).
Interpretation of the infrared spectra is difficult and no conclusions
are drawn.
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