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INTRODUCTI ON

A number of azo eompounds resembling polynucleary
hydrocarbons in structure have been shown in the pasts to

have bdoth stimulsting end inhidbitory activity om tumor
growth, OGertain other azo ocompounds, such as Scarlet Red,
also show oell-proliferating sotivity. &inee the pyrmun;
ring 1s a common constituent of natural produets, this
research was undertaken t0 prepare a number of szo eompounds
incorporsting the pyrrimidine ring in the hope that they
would have desiradle pharmecologiocal sotivity, and, in
particular, to £ind what effect they might show on tumor
growth, .

To test the possidility shat removal of trace
mstals from Sumor eells aight have an effect on the growth
of the tumor, azopyrimidines both eapable snd incapsble of
metal chelation have been synthesized. Toxioity to enzymes
and fungl by metal cheleting agents has been postulated as
due t0 the removal of the essentisl metals (1,8,3).

Certain metal chelates themselves have been shown $0 be
active pharmascologically, for exsmple, as antidacterial
end antitubercular agents (4,5,8)., Recent evidence has alse
indicated the high in vivd toxiocity of metal chc}ntu (7,8).
Some sctivity might therefore be expected from the metal
shelates of the szopyrimidines. |

| 8ince the structures of the known azopyrimidines
have not been Shoroughly chsrecterized, an attempt has been



made $0 find nro‘ evidence regarding their exsct nature.

A similay situation existing with ucu'd to the structure
of the metel shelates of axo compounds, struotural evidenoce
has been furnished by a lu-iu of azonaphthols of & similar
structure %0 the azopyrimidines. The szonaphthols were |
enployed decause of thelr greater »muuuu and ease

of purification, : .



HISTORICAL

Azo Compounds as Inhibitors of Tumor Growth

There have been several reports on the effects
of azo sompounds as L{nhibitors of tumor growth (9,10,11),
- Bedger, Haddow, and coworkers (9) experimented with more
then Shirty azo dyes, paying perticular attention %o She
azonaphthalenes. In attempting to interpret the results
obtained with the azonaphthalenes they noted the marked
contrast _.11,: the behavior of the 1,8' and 2,8' compounds,
It had previcusly been pointed out (12) Shat aze sube |
stances may be reduced in the body to amines by way of
the hydrazo sompounds. When liver chenges were found in
- mice treated with 2,2'-azonaphthalene (I), the fact that
- the hydrazonaphthalenes sre susceptible to a denzidine
type of resrrangement led $o making tests with the .cu-
pound which might thus be formed, f.e. 2,2'~diaminoe
1,1'«d4inaphthyl (II). This compound induced liver eshanges
with even greater r_gcinty than 2,2'-szonaphthalene, and
the resuls wes :puiany signifioant in view of the ease
with which the diamino-dinaphthyl undergoes deamination to
8,4,8,6-dibanzoerbazole (I1I), whioch Boyland and Brues
(13) had alresdy shown to be capabdle of producirg liver
| tumors, epithelioms and sarcoms in mice. The relations
between these sompounds, wish their inhibditory and
~ esroinogenis sotivity, are shown in Table I,
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Badger st al. proposed that, Saken alone, these
relations form s eonsistent scheme, compatible with and
oven supporting the suggestion that 2,2'-szonsphthalens
is not inherently eareinogenie bus sots by a transformation
to s,i.u,o-dibonsurhmh. Gonversion in the liver might
eccount for the losalization of Sumor producum in thas
organ, and the fact that the intermediate dlamine is evea
mOre potent than the azo sompound is also consistens (9),

Friedman, Gofstein snd Seligmen (10) in re-
porting on their work on 820 compounds for the inhiditiom
of tumor growth drew attention to the suggestiom of
Haddow and eoworkers that the unsymmetriesl 1,2'-az0~
naphthalene (IV) bears a superfioial resemblance %o the
sercinogen, 1,2,5,6~81benzanthracene (V); Friedman and
soworkers pointed out thad the only forms in whioh the
unsymaetrical azonaphthalene (IV) has features in common
with the polynuoleer carcinogenis hydroesrbons are the g_!_.:

structures {VI) and (VII) which resemdle benz-derivatives
of both 1,2-denzanthrscene and ohrysene. The hydroearbon
1,2,5,6~d1benzphenanthrene, suggested by formula (vix),
-was found %o bculmutorcrmm. In order

to explore further possible relationships detween structure
of azo compounds and their sotivity as inhibitors of

tumor growth, these workers prepared adous 25 azo sompounds,



0.0 ool

vi ViI

When written in the hypothetiocal ¢ls oconfiguration, most of
them bear a spatial resemblance to a carcinogenic poly-
nuclear hyﬂrocarbon." As an example, the ¢is structure is
written for 2~-benzeneazo-l-methyl-naphthalene (VIII) and
may be oompared with the potent ocarcinogen 10-methyle
1,2-benzenthracene (IX), These workers 4id not make the
proaumptioh as to the aotual oiistanoo of these substances

in the gis form but remarked that there was #videnoce that
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& signifiocant degres by exposure $o ultraviole$ lighs.

In contrast with the adove reports oan the
inhiditory effects of certain aso dyes, p~dimethyleminow
szobanzene (butter yellow) snd numerous snalogs have
~ strong carcinogenis properties. Miller and Miller (14)
in reporting on the production of liver tumors in rets
by & series of aminocazo dyes, of whioh p-dimethylamino-
azobengzene was the paren$ substance, mede the hypothesis
tha$ these dyes Decome sombdined with eertain liver proteins
which are essential for the control of growth dut not for
the 1life of the ¢ell, Assuming thats such binding could
interfere with normsl proteinm formation, sventuslly eell
gensrations might erise whioh would de sompletely lacking
in one or more normal growth eontrol proteins. Such eells
sculd respond to continued nutrition enly by sontinued
growth and would de tumor sella,



Synthesis of Pyrimidines

Before 4iscusaing the azo derivatives of
prrimidines Lt might de well to eonsider briefly eertein
phases of the echemistry of pyrimidines. Lythgoe in a
review of pyrimidine and purine shemistry (13) indicated
the importance of pyrimidines in naturel constituents of
iiving organisas, such as the nucleio aoids, and oited
several examples of pharmacologicaliy active compounds
eocntaining the pyrimidine nucleus, ineluding the barde
iturates, the antibacterial sulfonamides, sulfadiszine
and its 4-methyl and 4,6-dimethyl derivetives, and ths
thiouracil derivatives whioh have antithyroid activity.

; i A major part of eur knowledge cr'tho chemistry
of the pyrimidines eonsists of synthetis methods. This
tern is intended to eonvey not only the methods dy meens
of which the pyriamidine nucleus ean bs buils up, Mt alse
the numercus transformations which substituent groups
ean undergo; muoh of this knowledge has been gained in |
the work oa the verious bBlologiscally important eompounds,.
The main deficiencies ia pyrimidine shemistry sonsern
the simpler eompounds; for exsmple, pyrimidine itself
has probably never beem obtained in amounts of more than
& grem, and its S-hydroxy-derivative is unknown, It is |
probable that the dehavior of pyrimidine eompounds can de
interpreted in terms of modern theories of tautomerisa
and resonsnce. The way in which substituents interscs



with each other and with the mucleus presents some unusual
features, and in hydroxy- and amino-derivetives interesting
struetural problems arise (15), |

The methods available for the formation of the
pyrimidine nucleus oan de olassified inte three mein types
(15), according %o the distribution of nitrogen atoms in
the two components used:

N "
t.-/" ¢ f-/ c c N
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c./ \c/ c
Type X o Type 1T - : Type 11X

Maamn.phorrrpoluyhum Sthe m:muaor
barbituric acid (XII) from urea and diethyl nlonnt.
(XI)s



In the Type X lﬁtnutl, She urea may be nphud by
thiourea, guanidine, and amidines, to produce rings
substituted at the S-position by sulfur, amine, and aethyl
(or hydrogen) respectively. ‘!ho other ccaponent may de
ethyl malonate, ethyl oyanoscetate, melononitrile, a
A-diketons, & F-keto-ester, or sn «=~ F-unsatursted
ketone. This type of synthesis was, and remains, the
Rost versatile of all the methods,

An example of Type IX is the preperstion of the
derivative (XV) from phenyl isocoyanate (XIIX) and eminoe
asthyleneacetoscetisc ester (XIV); mone of the methods of
this type have achieved much practical importance.
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Type III is illustrated by the formation of
hexahydropyrimidine (XVI) from formaldehyde and 1,8~
dianinopropene; such syntheses slso have had 1ittle
practical value,

10
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Chemistry of Pyrimidines
Three prominent features of pyrimidine cheaistry

ares

(1) In simple derivatives, eontaining
halogen, alkyl, aryl, or aitre groups, dus no hydroxy oy
anine groups, the nucleus has aromstie character, and
behaves like that of pyridine,

(11) Nuolear substituents vary in their
behavior eccording to the position which they ocoupy. AS
position 8 the properties of e group ean be loosely
Gesoridbed as similer %o those which it normally possesses
when attached %0 an aromatie nucleus; as 2, 4, lnl ¢
marke¢ deviations from the normsl behavior sre observed,
The eontrest is parsllel to that between /3 -substitused
pyridines and their o<« and Y -isomers,

Sinee the behavior et position $ is of she kind




normally found in groups attached to aromatic nuolei, ne
special comment 1s needed concerning thea. Groups as
positions 8, 4, and 6 show, in genersl, am abnormal or
resctive dehavior which is due $0 resonance with or
within the nucleus, There is cne aspeot of this resctive
behavior which has very important praetiocal sonsequences;
the replaceadbility of groups such as Cl, OBt, and 3X3t,
to mention only the more important, is used extensively
in the preparation of shose substituted pyrimidines whioh
cannot be obtained directly by dullding up the pyrimidine
nucleus, OChloro, alkoxy and slkylthio compounds therefore
ocoupy & key position in preparetive operastions, for whioh
they are well fitted by virtue of Sheir ready scoessibility,
Chlore eompounds are odbteined by heating the eorresponding
hydroxy eompounds with phosphorus oxychloride. Mlth:lo
derivatives are mainly of valuse in cases where the slkylthio
group is present at position 8. BSush eompounds ean de
obtained in two weys; 8-alkylthiouress can be condensed
with & second somponent in & synthesis of Type I} or
Shiocurea ¢an be used, and the resulting 8-thiol sompound
afterwards sudbjected to S8-alkylation. Both these methods
are sonvenient, since Type I syntheses with thiourea or
its 8-alkyl eompounds proceed very readily in comparison
with those where the less basic urea is employed.

(411) The sromstie behavior mentioned in
{1) diminishes progressively as hydroxy or amine groups



are introduced into positions 8, 4, and 6. This effect
is seen in urecil and barbiturie acid, into whioch subd-
stituents axre mdiu introduced et position § even by
aild reagents such as diazonium eompoundsj simple
pyrimidines such as those mentioned in (i) seen 0 be very
resistant 0 electrophiliec sudstitutions, As she simpler
sompounds ere much less well known than the highly
. hydroxylsted or aminated members, & rether distorted
impression of pyrimidine cheamistry has grown up, much as
i the behavior of denzens were known only through the
resctions of compounds like phloroglueinsl. The groups
which give rise to this atypioal behavior (OH, SH, NH,)
have been termed, somewhat loosely, “tautomerie® sudb-
stituents (18). |

Eydroxypyrimidines bearing up to three hydroxyl
groups &% positions 8, 4, and § are well knownj they
include urecil, thymine, and derbditurie seid. They can~
not be eonsidered as simple hydroxyl derivatives. They
show no phenolie behavior. The "hydroxyl groups® are
replaced by chlorine stoms on heating with phosphorus
oxyshloride. They are diffioculs to acylate, and thelr
ascyl derivatives are readily hydrolysed. The action of
alkylating sgents on them varies with the compound and
the reagen$ used,

S-Aminopyrimidine has been prepared bdut not
examined elosely. In the 4,5-disainopyrimidines, only

iz



the anino-group en position § behaves normally toward
seylation, In pyrimidines besring smino-groups at
positions 2, 4, or §, anomalous propertiss arise which
Justify doudts as t0 their struocturss., They are 4ifficuls
$0 acylate} reactions with dishioformstes which the B~
anino-group undergoes readily, fail completely., With
nitrous acld, rather sluggish deamination ocours,
apparsntly without the interventioa of diazoniua com~
pounds, Deamination ean also be effected by the action
of hos aeoids (15).

Azopyrimidines
Barly workers reporting on the formation of aze
derivatives of the pyrimidines (16,17) stated that quite
& number of pyrimidines 4o undergo eoupling resotions with
diazonium salts, However, most of Sthese workers 4id not¢
isolate the szo compounds, dut merely stated that coupling
had or had not Saken place as indicated by the production
or not of & goloration on contaot with the diezonium sals.
A rather exhaustive atudy on azo derivetives of
the pyrimidines was begun sdout 20 years ago dy Bogert
and Davidson st Columdia (18), The first paper, deyond
notice t0 pudlish, eovered & preliminary survey of the
az0 derivatives of the pyrimidines with particuler ref-
ersnce to derivatives of urecil. These derivatives of
uracil fall into § meaturel types, according to the nature




of the components entering into their formation:
" 1. The coupling of sromstie diasonium sslts with
prrimidine phenols.
8« The eoupling of dhmprridunn with aromatie
phenols,’ | o
8. The ooupling of diazopyrimidines with
pyrimidine phenols, | S
4. The condensation of sromatie hydrazines with
S«keto=8-hydroxy~8,8-dihydropyrinidines,
5. The condensation of hydrezinopyrimidines with
Seketo=6-hydroxy-8,6-dihydropyrinidines. _
Among the eompounds prepared by the .bovw-nma authors
may be mentioned ureoil-8-azo- S ~naphthol (type 2) and
uracil-S-azobeuzene (type 4), thoush Bo melting poins
was reported for the latter sompound, The suthors
believed they had also prepared azourseil-8,8' (type B),
bus were unadle to overcome sertain difficulties in the
analysis of the produet so were unadble %0 report its
constitution with esrtainty. It is of interest o note
that, of the sompounds reported for which a melting poins
is stated, ull decomposed on melting.
More recently, Polonovaki and hlm.__hr-porﬂ.n‘
in the Bulletin of the Soolety of Chemlistry (France) (19)
carried on & series of ooupling reactions with phenyle
diazonium shloride and s number of pyrimidines., The
products of the soupling reactions wers isclated and the



imotml proved., The pyrimidines they used included
those with combinations of the following groups on one
or more of the indicated positions of the pyrimidine
nucleus (IXT.II). -

¥
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XVIX

OH on position 8, 4, 6 | |

NHp, or substituted NE,, on position 2, 6

CHy on position 1, 2, 3, 4, 5, 6

8H on position 8

acn, on position 8

scgnn on position 8.
The conclusions reached by those workers are as followsi

d. That when coupling of phenyldiazonium
‘ohloride does ocour with pyrimidines, it slways ooours
at the CS position.

2, That the coupling of phenyldiszonium
chloride with & monohydroxy (or smino) pyrimidine
-derivative ocecurs only if the OH group (or KH,) is on
position 8, and, in this case, the mechaniam is prod-
ably anslogous to that of the phenols.

3. That, in the case of dihydroxy



derivatives (or smino-hydroxy derivetives):

(a) 1f one of the groups is on 2, the
eoupling is facilitated by the presence (om 4 or 6) of
the second polar groupj

(b) 4f the groups are on 4 and 6, eoupling
also pcours with & very good yield and the mechanism
sppears %0 compare with that of the ooupling of compounds
having an sotive methylene. Again, 1% is of interest thas,
of the compounds reported for which & melting point is
stated, almost all decomposed on melting.

~ As an example of the work of Polonovski and
Pesson, the compound, B-emino-4~hydroxy-S-phenylago=6e
methyle-pyrimidine (XXX), may be mentioned. This azo
ecompound was prepared dy eoupling phenyldiazonium chloride
with 3-amino-4-hydroxy-S-methylpyrimidine {XVIII), and its
struoture proven by synthesis from gusnidine hydroehloride
and diazotized acetomcetie ester (XX) under the influence
of sodium in adbsolute aloohol.

1y
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Metal Chelates of the Az0 Dyes

A metal complex is an assoolation of & metal with
an organie molecule, there being one bond sonnesting the
organis molecule to the metal. A metal chelate is distine
guished from & coaplex by the fact that in a chelate an
organio molesule is linked a$ two places to & single stom
of metal, thus forming e ring structure (20).

In & review article on ohelate rings, Diehl (21)
states Shat the term "chelate”, proposed by Morgan (28) to
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designate those oyclis structures which arise from the union
of metallioc atoms with organie and inorgenic molecules, is
derived from the Greek word ehela, referring to the greas
elaw of the lobster and other orustaceans, snd is applicadle .
to these ring aysteas because of the caliper-like charsoter
of the asscoleting molecule, The formation of these rings
may involve either primary or secondary valence. In sube
sequent papers Morgan used the expression "ohelate rings®
to cover sll shree types, that is, rings formed by two
primary valences, by one primary and one secondary valence,
or by two secondary valences. Primary or principel valence
here is differentisted from secondary or coordinsting
velence in that the formation of the valence link in the
former oase involves the replacement of & hydrogen atom,
while in the latter case no such replacement ocours. No
implication is intended that @ difference in the donds
exists once they ere formed (21).

Evidence (23) has been shown that chelate rings
are formed with ease when the eonditions for the formation
of heterocyoclie five- or six-membered rings are present.

The size of the chelete ring is frequently s
five~ or six-atom ring (24). These are by far the most
comnon sizes, oosurring in ehelates dDetween nrihéua astals
and ethylenediamine, diethylenetrisaine, ortho-hydroxy
acids, salieoyliec scid end its derivatives, (5 -diketones
such as acetylacetone, 8-hydroxyazo compounds, 8-hydroxye
quinoline, l-hydroxyanthraquinone, and many other sompounds,



In general, the ri_u-unberoﬂ ring is more nubh when the
ring is entirely saturated, while six-membered rings are
favored when ane or more double bonds are present, Howsver,
rings sontaining four stoms or more thean six, i.e., seven,
eight, or nine atoms have been shown %0 exist. A seven~
menbered ring (28) prepered from S-dicarboxylis seids,
such as suooinie soid, can be represented by (XXI); an
eight-membered ring (26) prepared from sulfonyldiscetie
acid is represented by (XXII); s nine-membered ring (27)
prepared from hexamethylenediamine and eopper selts in
alecholie solution is represented dy (XXIII),
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With the discovery of ecompounds in whioh the

metal atom was linked to the organie molecule through three
and even four groups, Morgan devised ror_thou “eampounds
the names "tridentate”, literelly, m.ét«m:.d, and
*quadridentate”, four-toothed (21).

Among the various organie groups which nay



unite with metals by the replacement of hydrogen, Shas is,
function as acids by primery valence, the more common are
the following: ecardoxyl, sulfonie, enolie hydroxyl, oxime,
primary amine, and secondary smine., Included among the
secondary valenos groups whioch eombine with metals by
simple coordination or addition without the replscement of
hydrogen sre the following groupsj primsry smine, secondary
aaine, tertiary amine, oyslic tertiary amine, oxime,
alooholie hydroxyl, esrbonyl, and thioether,

In the course of a study of the chelate rings
formed in mordant dyeing, Morgen (28) showed that in the
ezo dyestuffs conteining an ortho-hydroxy group, mordanting
took place with the formationm of chelate rings, the metal
being attached by seocondery valence to the azo group, as
shown in (XXIV), Here "M" represents & metal atom ree
plaocing the hydrogen of the hydroxy group end is sttached
by secondary valenoce (shown dotted) to the azo group,

Such ring formation sennot ococur when th- hydroxyl group
1s in the mete- or pere-positions, and this is in scoord

R
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with the hng-uttbnlhol Tule that such compounds are
never dyesturfs (21), |

More recently Elkins and Hunter (29) heve found
that the formation of cuprie, nickel, and cobaltic come
pounds is charsoteristiec of all ortho-monohydroxyezo
compounds and that such formation occurs resdily by the
sction of the metallis mcetates on the azo eompound,

The salts correspond to the formulas R.Cu, RyNi, and BxCo,
R being the molecule of the o=-hydroxyaso sompound minus
one hydrogen atom, The salts are typicsl inner complexes
(non~electrolytes); they are insoluble in water snd polar
solvents, but readily soluble in non-polar solvents. They
are very stable, melting ia the neighborhood of 200°C.,
withouts decomposition, to form deeply colored liquids. The
existence of these compounds s interpreted as evidence
that the geometrical errsangement of she groups attached to
the azo group is trans. _

Absorption spectra also indicate that she
hydroxyl hydrogen atom of these o~hydroxyazo eompounds is
coordinated to the azo group (21).

Azo dyes having two hydroxy groups ortho to the
ezo 1ink (i.e. one hydroxy in esch sromatic nuoleus and
in the ortho positions) are known to take up metals to
form metal chelates (23). Orimmel (23) in reviewing
netallized derivatives of dyes indicated types of eompounds
which have been used for formation of metal complexes. HEe
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inoluded the rollmd.ng types of az0 dyes merely indiocating
the position of the metal (k) sinoe the exaot composition
of & metal complex is dependent on the partioular com-
pound and oonditions used, He was gautious adbout showing
exaot formulas since there is still so little knowa sbout
metallized dyes,

(a) o-Hydroxyszo dyes: (XxV).

{b) o~Amino-o'=hydroxyazo dyes and 0,0'-dihydroxyazo
dyes (withous oxidation)t (XxVI),

(e) 0,0'«Dihydroxyazo dyes with oxidetion (using a
particular example $0 illustrate the change involved; the
dye used is Diamond Black PV (XXVII), (XXVIII). The rstio
of metal to orgenlic dye is not fixed, and seversl distinet
stages of this raetio have been found (23),)
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A series of metallized derivatives of phenanthrene
and naphthalens was prepared dy Foye and eoworkers (30),
This series of metallized derivatives included derivatives .
of o-aminophenol linked through an azo group teo <«-naphthol,
to A-naphthol and to phenanthrene with a single hydroxy
group ia the 1, 8, 3, or 4 position, and also derivatives
of two ,S-naphthol nuclei linked through am 820 group. The
type of struoture suggested is one in which the metal is
inoluded in a nine-membered ring (XXXX), though it is

possible that the metal is also linked through sscondary
valence bonds to a nitrogen of the azo group, thus form-
ing & five-memdbered and six-memdered ring as well,
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Among the structures which have been proposed for
metal chelstes of 0,0'-dihydroxyazo dyes is the structure
represented by (XXX) in which one stom of ehromium is come
bined with two molecules of dye (31), Of the four bonds
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N=N

Q=82
o 0 |

Cr

O/ \ 0 |
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L -

X

Joining she ehromium to the éyes, three are primary valence
bonds, end the fourth is a secondary valence bond. The
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hydrogen on the eiyun involved in this fourth bond is
believed to have been replaced Ly an atom of sodium,
which accounts for the presence of sodiuam in the chelate,
Other proposed struotures for cheletes of 0,0'~
dihydroxyszo dyes inolude that desoridbed by Schetty (32)
which he attributes to Krzikella (XXXI) (33) im which two
atoms of chromium chelate with three molecules of dye.
For the modifications in the dye molecule used by Schetty,
he goes 80 far as t0 proposs sn ion lattioce in which each

i/
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ohromius atom 1s surrounded by three dye moleculss and esch
dye molecule is surrounded by two chroaiua um.

Bvidence of metal chelation is indioceted by a
number of eriteria, inecluding the followingt: color, de=-
oreased solubility in water, drop ia pH during formation,
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absence of metal ions in solution, and correct analysis of
isolated products (34,35). Foye and soworkers have found

the use of paper chromatograms sucoessful in following the
course of chelation reactions (30,35).




DISCUSSION

Synthesis of Pyrimidines

To study the blologlcesl effects of the proposed
azopyrimidines the synthesis of & number of substituted
pyrimidines was first necesssry, Since the pyrimidines
that are sommercially available are rather expensive, most
starting materials were prepared in the ladorstory, either
by knowa procedures or by mubh aodifications. The sube
stituted pyrimidines prepared in the laboratory included
uraeil (2,4-dihydroxypyrimidine), G-methylurasil (2,4~
dilhydroxy-S-methylpyrimidine), S-nitro-8-methyluracil,
Seamino-8-methyluracil, S-nitrodardituric seid (8,4,8-
trihydroxy-8-nitropyrimidine), uramil (S-sminodarbviturie
a01d), and S-methylthio-S-methyluracil.

Ursoil (prior to obtaining s supply of eom=
mercially availabdble material) was prepared by econdensing
pseudomsthylthioures hydriodide (36) with sodium formyle
acetic eater (37) to form Z-methylthiourssil (36), followed
by hydrolysis of the merecapto group to give urscil (36).

The 8S-methylursocil was prepared in two ways.

The first was similer %o that stated for uracily by eonde
ensation of pseudomethylthiourea hydriodide (XXXII) with
othyl acetoacetate under the influence of potassium
hydroxide to give 2-methylthio-S-methyluracil (XXXIIIX)
(36) followed by hydrolysis of the mercapto group to give



6-methyluracil (XXXIV) (38). The other method of prep-
aration of 8-methylurscil was by condensation of urea with
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ethyl mcetoascetate in presence of absolute aleohol and
hydrogen ehloride to give A-uraminocorotonis ester (XXxv),
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followed by ring elosurs $0 give 8-methylursoil (38). The
syntheses of urscil and G-utnylni'uu are thus seen %0 de
pyrimidine syntheses of Type I. |

| S-Nitro-6-methyluracil was prepared by aitration
of S-methylureoil with fuming nitric soid in the presence
of phosphorus pentoxide, scoording to the method of Behrend
and Osten (39). The nitre group was reduced, using
amalgamated sluminua and smmonis, to yleld S-amino~-6-
methylureoil.

| | The B-nitrodarbiturie acid was prepared by
nitration of darbituric scid using fuming nitric seid (40).
The nitrobarditurie eocid was reduced by mﬂ and hydro-
shlorie soid, ylelding uremil (41).

Synthesis of Azopyrimidines

Ursoil-S-azobenzene (XXXVII) has been prepared
by Bogert and Davidson (18), They reported the ocarbon,
hydrogen, and nitrogen analyses but d4id not report a
melting point. The method of preperation of this eompound
used by thease workers wes the sotion of phenylhydrezine
hydrochloride on isodislurie seid (XXXVI). Direot son~

_» densation followed by the loss of & second moleoule of

water gave the orange-browa uraeil-S-szobenzene. They
postulated the mechanism for the resetion showa (XXXVI
to XXXVII), By the use of phenylhydrazine hydrochloride
Bogert and Davidson uro' able to overscome the difficulty
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phenylhydrazine base, found thas isomerization of iso-
dialurie scid had occurred $o yleld diasluric acid (XXXVIII)

whioch was then converted into 5,6-di-phenylhydrazinourascil
(Xxx1X),

0
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The ooipnund. urecil-S~azobenzene was prepared
in the course of this research by the ooupling #f di-
azotized eniline with ursocil. Since thers was no melting
point on record for this eompound, it was submitted for
analysis,

Synthesis of Di-o-hydroxyezopyrimidines

The first attempts at preparing di-0-hydroxyazo
eompounds were by diazotizing o-aminophenol and eoupling
this with urscil. After a number of atteapts, the
oonclusion was resched that the resulting luh-tanoc_aool
not lend itself to ready purifiocetion or else is 1£§ht-
sensitive,
| preparation of the sams type of eonpohna was
attempted by ooupling scetoecetio ester with diazotized
o-aminophenol snd subsequently condensing with urea to
form the pyrimidine ring. The soupling of scetoscetisc
ester with dlazotized o-aminophenol was done similarly
_ %0 Riohter's procedure for the preparation of phenyle
8z0acetoacetic ester (43). The condensation %o form
the pyrimidine ring wes earried out by a modification of
the procedure used by Polonovski and Pesson (19) for
preparing l-tnino-‘-hyaroxyua-yhoayln:ono;nlthylpyrlnidlno
and 3-thio-B-phenylezo-6-methylpyrimidine during their
investigations on azo derivetives of the pyrimidines.
Their procedures in turn were based on the method used



by Andersag snd Westphal (44) for preparing 8,6-dimethyl-
4-hydroxy-8-phenylazopyrimidine in the ecourse of theiyr
attenpts to synthesize thiamin,

The azopyrimidine, S-o-hydroxyphenylazo-6«
methylureeil (XL), thus formed in our experiments was
Obtained in & yleld of 43.7%, By a similar means, using
thiourea instead of ursa in a condensetion resction with
o-hyﬂroiyphom-n-numnue ester, the corresponding
sulfur compound, 2-thio~b~0-hydroxyphenylazo-8~methyl=
urecil (XLI), wes obtained in a yield of 49.3%.

ol Ho
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Purification of these compounds was earried ocut by ocone
tinuous extraction with Skelly B in a Soxhlet Extractor
for periods of 38 hours or more,

~ Since the sompound, S-o-hydroxyphenylazo-uraoil,
was believed to be light-sensitive, efforts were directed
toward producing di-o~-hydroxyazo sompounds with higher
molecular weights, in the hope that they would de more
stable, Bogert and Devidson (18) had prepared ureeile



&nu-ﬁ -naphthol (XIIIX) by she diazotization of
S-aminouracil (XLII) followed by eoupling with /5 ~naphthol.
Following their procedure this eompound was prepared
during the eourse of this research and after purifiecation
by continuous extraotion with water in & Soxhlet Extractor
for 72 hours the product decomposed with effervescence

and previous dlackening es sw-soa’. an elevation of abous
ten degrees over the decomposition point reported by
Bogers and Davidson, Using a similsr procedure, S-methyle
S-aminourecil (XLIV) and uremil (XLVI) wers dlszotized and
soupled with (% -naphthol, giving S~methyluraoil-S-azo- =
naphthol (XLV) and uramil-S-ezo-(? ~nephthol (XLVII)
respectively. The purificestion of (XLV) wes attempted in
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several ways. Orystallization from absolute aloohol re-
sulted in a eompound whioch decomposed with effervescence
at 859°; erystallization froa nhr resulted in hydrolysis
t0 S -naphtholj attempted purification by repeatedly dis-
solving in 10% sodium hydroxide and precipiteting by
glaciel acetic acid alss resulted in formation of A=
naphthol, By continucus extraction by water of the azo
~ esompound (XLV) 4in a Soxhlet Extraotor & scarlet red solid
was obtained, of which the analysis approximated the cale
sulated values for earbon and hydrogen,

| The desired o,0'~dihydroxysso grouping would de
present if Swo uracil nuclei were joined together at
positions 8 and B' through am azo linkage. To synthesize
~ this type of compound S-aminourecil was diazotimed and
ocoupled with uraoil, resulting in azourscil-s,5' (XLVIII),
The analysis for this compound approximated the ealoulated
values for G and H,

XLVIIX



Metal Chelates of Azopyrimidines

Metallization reactions were carried out on s
number of the di-o-hydroxyaszopyrimidines. The procedures
used in these metallization reactions were modifiostions of
the procedure used by Foye and eoworkers in their metale
lization of o0,0'~dihydroxyphenylazo-naphthelenes and
«~phenanthrenes (30), The solvents used for the reaction
varied in attempts to obtain the desired product and
faoilitate isolation, Water together with enough sodium
hydroxide solution to csuse solution of the azo dye (by
formation of sodium salts of free hydroxyl groups), water
with ethylene glyeol, snd $riethanclamine were used, A
pH of 8 was considered optimum for the metallizstion re-
action, sinoce, on the one hand, the ﬁtal shelate is une
stable in acld medium, and, on the other hand, the metal is
likely to form metal hydroxide if the medium is more |
alkaline Shan pH 8. Triethanolamine hu_ the advantages
| of being sufficiently alkaline $o provide a pH of abous
8 and, since sodium hydroxide is not necessary, it is |
impossible to have the metal hydroxide formed, bus ${solation
of the metal chelate of the pyrimidine dye is very dirfioculs
tral the triethenclamine medium. : -

The progress of the umuuuon rnotioa was
tonmc by the use of paper chromatograms prepared s
desoribed by Foye (30). Dimethylformamide was used to
develop these paper chromatograms, In most scases the



color of the metal chelate was merkedly different from
that of the azo dye.

Among the metallized compounds prepared wm
metal derivatives of urecil-S-azo-/ -naphthol (nickel,
cobalt, and iron)} of B~thio-8-methyleS~(o-hydroxy=
phenylazo)-uracil (cobelt and iron). From the eanalyses of
the nickel and cobalt chelates of urasil-S-azo-  -naphthol
& retio of one metal atom to one dye molecule is suggested.
For the nickel compound, the analyses for carbon and niokel
ecorrespond $o the anhydrous derivative; for the oobals
chelate of the saxe dye, the analysis for earbom eor-
responds to the monohydrate.

Various speculations and postulations have been
made (83,24,25,26,27,50,51,32,33) eoncerning the structure
of the metal chelates of 9-0'=dihydroxyaso dyes. In ean
attempt to rule ous l_npoui.hlo structures, models of these
chelates were prepared, using Fisher-Teylor Hirschfelder -
models, These models showed that there are at least two
possible ring structures., One of these possibdilities has
& six-stom ring in whioch the metal replaces a hydrogen
on one of the hydroxyl groups and soordinates with the
nitrogen of the azo group farthest from the ring. In
this structure only one of the o-hydroxy ;roup;'h in-
volved, FPlate I shows & photograph of the Fisher-Teylor-
Hirsohfelder model of this type of ring, as exemplified in
thi compound (XLIX), where M is the metal cobelt, The
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PHOTOGRAPH OF FISHER-TAYLOR-HIRSCHFELDER MODEL
OF A COBALT CHELATE HAVING A SIX-ATOM RING
Orange - Hydrogen

Light blue ~ Oxygen
Dark blue = Nitrogen
Gray - Qobalt
Black - Qarbon




model indicates that the metal atom ean coordinate with up
$0 four other groups, such &8s water moleoules, in order
that the maximum socordination number for cobalt (i.e, six)
may be satisfied. L

_ " Another of the posaidble ring struotures
demonstrable by the Fisher-Taylor-Hirsohfelder models is
that in which & nine-atom ring is formed by the replacement
of both H's on the two o-hydroxy groups by a single metal
atom, The model shows that this ring csn de formed withe
ous strein., However, the cubie representation of & hex-
acovalent atom like sodbals indicates that one of the bonds
would be blocked, so thas in this type of ring the maximum
soordination number of eobalt would be five. FPlate IX
shows & photograph of a eobalt chelate (L) containing

this nine-atom ring. o

-,



PHOTOGRAPH OF FIBHER-TAYLOR~HIRSCHFELDER MODEL
OF A OOBALT CHELATE HAVING A NINE-ATOM RING
Orange - Hydrogen
Light dlue « Oxygen
DPark blue <« Nitrogen
Gray « Cobal$g
Black « Qarbon




From the model of (L) it is evident that coordination
cannot also ocour with the nitrogen of the azo group as
indicated in the partial tridentate formula {LI),

0/}4\0 X
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In oconnection with the six-atom ring struoture
it should be pointed out that the pyrimidine ring has the
ability so rotate about the bond Joining it to the sz
group. Bince this rotation is not entirely fres even
without the presence of further coordineting groups, such
as water molecules, on the metal atom the possidility of one
pair of optical iscmers exists, Martell and Calvin (45) 4n
denling with optical isomers of chelates comment on the
investigation by Pfeiffer and Saure (48) of the chelates of
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the 0,0'~dihydroxy doiivttivcs of szomethine dyes, While
Shese workers postulated five and six pairs of enantioe-
morphs for these chelates, which they assumed t0 be tri-
dentate, they were able t0 £ind experimental evidence for
only ene pair of optical enantiomorphs in each sase.

Metal Chelates of Anelogous Azonephthols

Since the chelates of the szopyrimidines have
not lent themselves well to determination of composition,
efforts were mede to determine the struoture of the
anslogous azonaphthols, For this purpose verious metal
chelates were made of l-o-h;ﬂrnxyphenyla:o-é-naphhhol
(LI1) snd 4-o-hydroxyphenylazo-l-naphthol (LIIX) whioh
hed been prepared by Foye (30), by coupling diazotized
o-aminophenol with A~ -naphthol snd «x-niphthol, reo~
spectively.

OH HO ‘ HO
-0 0D

1LIX LIIX
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mo 0,0'~dihydroxyazo dye, l-o-hydroxyphenylazo-8-naphthol
(LIXI), was metallized with echromium, with iron, snd with
obppor; the mono-o-hydroxyazo dye (LIII) was metallized
with chromium and with iron. The sulfates of iron and
oopper and the scetate Of chromium were used in the
chelation procedures, BEvidence of chelotion was indicated
by @& change in color and by a &rop in pH in the reaction
aixture. Using the oonditions of Kopp and Petitoolas
(47) & copper chelate of the mono-o-hydroxy dye (LIIX)
was not obtained. When this resction was attempted
& 30118 material, melting over seversl degrees bus
in the same range as the sterting dye, was reoovered}
also, the filtrate was an unexpected shade of green which
oen treatment with excess ammonis solution produceéd the
clear dark blue solor of the copper ammonia ion. The
fallure of this dye to complex with scopper argues in
favor of the hypothesis that shelation ocours much more
readily in the ease of di-o-hydroxy-substituted azo dyes
than with mono-o-hydroxy-substituted azo dyes.

The metal chelates after preparation werse
isolated, washed well with water, dried, pulverized and
then sxtracted in & fritted dise thimble in a Soxhlet
Extreotor with Skelly B for & period of B4 hours or more.

Of the five chelates made from the hydroxyszo-
naphthols, three showed a slight alkaline resction to
pHydrion Paper., This, together with the fsot that the
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iron and copper cheletes gave no test for sulfur on fusion,

suggests that the metal may still be linked to & hydroxyl.
Caloulated on this desis, C, H, and metal analyses of the
sopper and chromium chelates of l-o~hydroxyphenylazo=ge-
nephthol eorrespond %0 a ratio of 1 of dye to 1 of metal
without extra water molecules. The iron and echromium
chelates of 4-0-hydroxyphenylazo-l-naphthol also have &
11l ratio of dys to metal, but the snalytical results
suggest the pr'achco of two molecules snd one moleocule

of water, respectively, in these compounds.

To further illustrate the fact that two hydroxy
groups in the ortho-position are not necessary for
shelation, the sompounds uracil-b-azobenzens, snd S-
phenylazo-8-methyluraecil, with only one such o-hydroxy
group, were treated with eobaltous or nickel salts
under alksline conditions, OCobalt and nickel chelates
resulted, though neither the dyes theamselves nor the
chelates u-rn‘al highly eolored as in the cases of the
di-o-hydroxy eompounds,

Evidence from Adsorption Spectra

There has been consideradble doudbt in the pest
about the struoture of the o-hydroxy-ezo dyes (48,49,50,
51,52). Thess uncertainties have nos been lessened at all
by the pressnce of the pyrimidine ring bearing teutomerie
groups. The anomalous properties of pyrimidines containing
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hydroxy or amino groups at positions, 2, 4, or 6 suggest the
possibility of their existence &8s keto- or imino-dihydro-
pyrimidines (15). 2-Hydroxypyrimidine can be written in

two classical forms, the lactim (LIV) and the lactam

(LV), each possessing various resonance possibilities.

H
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When two tautomerioc groupe are present as in uracil, four
distinot olassical forms (LVI-LIX) are possible, each a
- hybrid of various resonance forms. Whether a lactam or

laoctim struoture is the correct representation, or whether
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one form is present in the so0lid state with an equilibrium
mixture existing in solution, is still not completely
’ decided., Most of the investigation and speculation con-
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cerning the lactam-lactim question has been done on uracil
eand barbituriec acid (13).

Jo B, Austin (58) investigated the ultravioles
absorption spectra of slooholie solutions of uracil and a
nunber of its derivetives, in which the lactim or lactaam
form would be stabilized, She stated that uracil had a
spectrum different from 2,4-dichloro- and 2,4~diethoxy=-
pyrimidine which must possess the (LVI) Sype of struoture.
The uracil spectrua differs also from 4-methoxy-l-methyle
uraoil of form (LVIII), and from 1,S-dimethylurscil of
form (LIX), However, urscil does have the same spectrum
a8 3-methylurascil in whioch the atomiec arrangement st
positions 8 and 4 is stebilized in the lactam form,
Austin therefore eoncluded that im alooholis solution,
urecil should de represented dy (LVII) (53).

From similar measurements in water at different
'hydrom ion soncentrations it wes oonocluded by Loufbourow
and soworkers (54) end confirmed by Marshall and Walker
(55) that uracil is doudly ketonie, 1.e., has struoture
(LIX). | | R

From chemiocal evidence, Arndt (56) conoluded
that the lactam struocture is preferred dy hydm ‘
prrinidinu exoept where such & struocture wuu: honaac
the energy of the system by removing the resonance snergy
derived from the aromatic charsoter of the ring. Arnds
assigned formula (LIX) to ureoil. He further postulated
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formule (LX) ror'bnrbituric scid, since aromatioc chareacter
is still possible dy resonsnce in (LX) dut not in the
completely lactam struoture (LXI),
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The greater specifioity of infrared vidrational
spectra and the faet that the vibrational frequencies
of the C O, and N-H bonds in different types of grouping
are now feirly well known, led Short and Thompson (57) to
undertake infrared experiments on pyrimidine and a large
number of derivatives. They pointed out that there were
two limitations on infrared measurements, that infrared
measurements with aqueous solutions are effectively
impossible and that the vidrational spectra of such com-
plex eompounds might prove $00 eomplex for detailed
anslysis. In spite of these limitations and the fact
Shat in the partiocular wave bands involved certain
smbiguities erise which prevent a dogmatic statement,
Short and Thompson suggest that their spectral evidence
- favors a ketonie structure for the simple 2-hydroxy- and
4-hydroxy-pyrimidines, and probadbly a 8iketonie form for



thi 2,4-dihydroxy-derivatives, Ian 4,8-dihydroxypyrimidine
one ketonie and one enolie group may be present. They
believe that amino substituents in general exist in the
non~tautomerized amine fora. 'Tlu: endeavored to explain
their disagreement in & number of i.nnanoci with the
results of Brownllie (58). Short and Thompson suggest that,
1f the details of structure of s few simple hydroxyl l_nd
amino derivatives could bde o-sam-p.a by X-rsy measure-~
ments 80 thet correlations with the spectra could be ande
in these cases, interpretation of infrared data would
be faollitated.

In 1935 Kuha and BEr (48) reported on their
studies on the constitution of hydroxyazo eompounds,
using the evidence of absorption spectrs. T7The eompound
phenylazo- X -nsphthol (LXII), obtained by eoupling
phenyldiezonium shloride with  e-naphthol, is fdentiocal
with the condensation product of o -naphthoquinons and
phenylhydrazine, which may be ocalled «=naphthoquinone~
phenylhydrazone (LXIII) (59). Xuhn snd Br found that
this compound or equilibrium mixture exhibited & maxizum
in sbsorption st & wave length which depended on the
solvent used. In bensens, é-phenylszo-l-nsphthol (LXII)
showed two pesks in sbsorpticn, at 410 m4 end 460 my. By
comparison with the absorption pesk of the O-methyl ether
of (LXII) (400 my) end that of Nemethyl- ci-naphthoquinone«
phenylhydrezone, (440,465 m4) it wes concluded that in
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benzene 4-phenylazo~l-naphthol is a mixture of the true

ezo structure (LXII) and the quinone-hydrezone structure

(LXIXI)s Ia pyridine, é-phenylazo-l-paphthol showed e
single absorption peek at 410 my 80 exists in the true
azo form (LXII) in this solvens.

Kuhn and B&r eoncluded further that doth
X=phenylazo= S-paphthol (LIIV) and A -phenylazo=X e
naphthol (LXV) exist in the quinone-hydrazone form re-
gerdless of solvent. They indicated that the mono~

851
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hydroxyazobenzenes, whether o, =m-, or p=, existed in the
true azo form. XKuhn snd Bér postulated that even though
~an equilibrium eennot be demonstrated between the two
forms, azo snd quinone-hydrszone, for (LXIV) a very rapid
shift may oecur under sppropriete conditions in chemioal
reactions to mccount for the formation of O-substituted
derivetives, |

In connection with the amdiguity of the formules
mentioned above, we have wondered whether the azo derive
stives of the pyrimidines exist in the true azo form or as
the quinone~-hydrazone. In an effort to determine this,
"we have prepared the phenylhydrazone of slloxan secording
t0 the method of Kéhling (60) and also the azo compound,
S-phenylazo-barbituriec seid, by ecoupling diazotized
aniline with darbiturie acid, egsin using the procedure
of Kéhling (61). Kanling pointed out that these compounds
wers identical in properties and melting point. Our
compounds &id indeed both decompose froa soo-aoa'. The
absorption spectrs (Fig. 8) snd (Fig. 1) of these compounds
in acetone proved to de identiocsl, with & single maximua
at 380 my. | -
The absorption spectrum, (Fig. 5), of & similar
eompound with 8 hydroxy group in the -ponition: ‘of the
' benzene ring, 5-(o-hydroxyphenylazo)-barbituric seid, also
showed & single maximum but in this instance loceted at
405 m4. The introduction of a hydroxy group in the
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o-position had thus changed the position of the absorption
peak by BS m{.

For 4-phenylazo-l-naphthol, Xuhn (48) had re-
ported sn absorption maximum st 410 m4 in benzens and at
400 m4 for the O-methyl ether. The corresponding o=

 hydroxy derivative 4~( o~hydroxyphenylazo)=l-naphthol,
ahowed @ maximum at 420 my (Fig. 4).

The pesk for the q-phenylazo- ﬂ-naphml of
Kuhn ocourred at 475 m4; the peak of our corresponding
o-hydroxy-8erivative, l-{o-hydroxyphenylazo )=2-paphthol,
ocourred st 485 m4 (Fig. 6). Since by comparison with
Kuhn's results, the introduction of & hydroxy group in
the ortho-position of the benzens ring appears to shange
the position of the sbsorption pesk by sbout 10 4in
both oases, we infer Shat our compounds bad similar
strustures to those esoribed by Kuhn, namely, the true
azo structure (LXVI) for the 4-(o-hydroxyphenylazo)-l-
nephthol, snd the quinone~-hydrazone structure (LXVII)
for the l-{o-hydroxyphenylazo)-g-naphthol.

Ho 0 HO,
Ho O N=N : N—N :
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Speoctral lbaoi-ption surves have 8lso been made for
urecil-B-azo-/ -naphthol (Fig. 6) and uracil-S-azobenzene
(Fig. 7).

For the five metal chelates prepared froam the
~ szonaphthols the snalytical data are presented in Tadle
II, The found values for the earbon content of the |
chelates are usually lower than the caloulated values,
and the found values for the metal usually higher, This
is bellieved to be accounted for by the prodbadle inclusion |
of small quantities of metal oxide or hydroxide, resovael
| or whioh has not deen possidle. The analytical data for
the iron chelates are rather far from the eceloulated |
values, This may de ocaused by oxidation of the ferrous
iron 0 a greater or less extent, together with inclusioa
of some oxide which eould not be removed, On the basis of
these snalyticasl data and the spectral data for the azo-
paphthols themselves, the struoture proposed for the
metal ochelate of (LXVI) 4s (LXVIII), and thet proposed for
the metal chelate of the azonsphthol (LIVII) is either
(1XIX) or (LXX), In these proposed structures only one
primary valence of the metal is used up in combdbining with
the dys, the remaining primary velence bonds ere oonsidered
$0 be attached to hydroxyl groups since & ujoﬁty of the
five ehelates gave a slight slkaline reaction with
indicator paper. Gome of the secondary velence bonds are
used up by dbeing attached $0 water molscules. Soms or all
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EXPERIMENTAL

Preparation of Pyrimidines

Pseud 1 a T de.~~Ten greams
{0.13 mole) of thiourea were placed in & 100-ce. R.B.
flask snd moistened with absolute aleohol. A eondenser,
protected by & ssleium ehloride drying tube, was quickly
fitted to the flask. ZExcess methyl iodide (28 Gm., 0.20
mole) was added in portions, 7The resotion was allowed 0
procesd at room temperature with cooling of the flask in
en ie¢s bath from time to time as yrequired So prevent %00
such boiling with eonsequent loss of methyl ioﬂidof After
a half-hour & further 8§ so. of methyl L0dide were added.
The resction mixture was allowed %0 stand twelve hours.
The .nuar s0lid product was sollected on s suction funnel
and washed three or four times with S-co, portions of
ether, leaving a white solid, which was dried in & veouum
desicoator over ealeium ehloride. Yield: 25.9 Ga. (90.5%
of theorstical). '

8 0 age gter.~-Four grams (0.17
mole) of metallic sodium were covered with toluene in s
500-60. flask and made into *birdshos sodiua®, The toluens
was removed, rinsed off with anhydrous ether, and the sodium
was govered with 78 oc. of enhydrous ether., The flask was
fitted with a sondenser and dropping fianal, both protected
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by caleium chloride &rying Subes. Fifteen cc. (0.18 mole)
of ethyl formate and 18 ca. (0.15 mole) of ethyl scetate
were mixed in the &ropping funnel snd added dropwise to the
flask, snd the reaction sllowed to proceed et room tempe
srature for forty-eight hours. The yellow solid product
was filtered off by suotion, dried in a wacuum desiccator,
pulverized and washed with ether, snd sgain dried. Yield:
9.5 Om. (45% of theoretiocal, based on ethyl acetate).

~ Bclethzithiouraoll.-~Four and one-fifth grems
(0.108 mole) of sodium hydroxide were dissolved in 43

00s Of water in & 350-0e., R.B, flask, Then 22.8 Gm.
{0.106 mole) of passudomethylthioures hydriodide snd 20
Gm. (0.101 mole) of sodium formylscetic ester (eonsidered
70% pure) were added in succession. The flask was fitted
with a eondenser and esllowed to stand twelve hours, when
4% wes heated thirty~five minutes on @ steam bath and
sllowed to stand overnight. The resction mixture was
ecidiried with glaocial mcetioc acid snd the 80l1id produch
filtered by grevity filtration (HOOD), The solid produet
80 obtained was reorystallized froa water, m.p. 199-201",
Yield: 5.6 Gm, (24.9% of thecretical),
Urecil.==Two grams (0,014 mole) of R-methyl~
thiouracil were placed in a 100-08. R.B, flask fitted with
@ condenser. 7Twenty ¢s, of concentrated hydroochlorie acid
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were added and the mixturs refluxed on & hot plate (HOOD).
Additional portions of 10 ea. sach or‘ concentrated hydro-
ehlorie acid were added after one hour and after five
ﬁouro. Refluxing was eontinued until mercaptan was no
longer evolved (a total of sevenm hours). On being allowed
to stand overnight & s0lid white product separated from
solution. The solid aroduc.t was oollected by suction
filtretion. a.p. 530-310. with effervescence and eone
sideredle charring above 815’. Yield: 1.8 Gm, (76% of
theoreticel),

gile=={2-methylmercapto-

Gmthyl-l-hydmypnmamol sw=Sixteen grams {0.078 mole)
of pseudomethylthioures hydriodide were dissolved in 80 ce.
of water in a 100-00: R.B. flask, There were added in turn
to the flask 4.0 Gm. (0,080 mole) of potassium hydroxide
~ (as 15 eo. of 30% solution) and 9.6 Ga., (0,073 mole) of

ethyl acetoscetate. The flask was swirled to mix after
each addition, fitted with a reflux eondenser, and allowed
to stand forty-eight hours. The s0lid white product wes
removed by filtrstion (gravity filtration in HOOD) and dried
in & vacuum desicoator over caloium ehloride. R.p. R0S-
211°, TYield of unreorystallized materiali 8.5 Gm. (75.9%

of fhomuot).).
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S-liethyluracil.--Five grams (0.032 mole) of R~
methylthio-6-methyluracil were placed in s 100-c0, flask

end the flask fitted with a water condenser (HOOD),
Twenty-five 00. of hydrodromic acid (40%) were added and
the mixture bdoliled over an open flame until the odor of
umpm was no longer present, adding & further 10 oo,
of hydrobromio soid sfter three hours and sm additional
10 cos after six hours. Refluxing was continued for &
total of nine and one-hslf hours, after cooling a solid
yellow product had separsted. This product wes collected
on & Blichner funnel and éried in s vscuum desioccator over
saloium chloride. a.p., somewhat bleckened, but unmelted,
et 300°. Yleld of unreorystallized material: 2.25 Ga.
(85.7% of theoretical).

$-lethylurecil.~-Eighty grams (78 ec., 0.61 molse)
- @f ethyl acetoscetate, 13 ec. of absolute aloohol, and B
drops of oconcentrated hydrochloric acid were placed in a
6é-inoh erystallizing dish, Forty grams (0.67 mole) of
finely powdered urea were stirred into the mixture and
mixed well, The erystallizing dish wes covered loosely
with & watoh glass and placed in & vscuum du!.?aam over
eonocentrated sulfuric acid. The desioccator wu svecuatoed
by aspirstor until the mixture had gone to dryness. The
aspirator was shut off during the nights, the sulfurie aeid
was echanged daily, and the lumps of solid mau'u (B~
nrininoeratunu ester) weres broken up occasionslly. Forty

6y



grams (1.0 mols) of sodium hydroxide were dissolved with
mechanical stirring in 600 ce. of water in & liter beaker
end hested %0 95 » The finely powdered orude /5 -uramino-
oerotoniec ester was dissolved ia the sodium hydroxide
solution. The elear solution wes sooled $o 65° and sare~
fully acidified while stirring by the slow addition of
soncentrated hydroshlorio seid (approximstely 83 ce.).
The 6é-methylurscil precipitated almoss {mmedistely and
the mixture became very thicke. The mixture wes allowed
%0 co0l and finally placed in an ice-water bath. The
#0lid wes oollected on a Bdohner funnel, washed wish eold
water, sloohol, anhydrous ether, and air-dried. After
pulverization the G-methyluracil wes obtained as a fine,
white powder. a.p. 880-331° with previous darkening.
Yield of unreorystallized meterial: 58.1 Gm. (74.9% of
theoretical),

Mm;o-hm es. (0.857 mole)

" of fuming nitrie seid (8p.0r. 1.50) were pleced in a
850-00, Erlenmeyer Flask and cooled in an foe dath,
8ixteen grens (0.118 mole) of phosphorus pentoxide were
introduced with cooling and shaking and sllowed to stand
with ocoasional shaking for one-half hour. M;ty grems
(0,156 mols) of 6-methylurecil were added portionwise ia

_ the course of fifteen minutes, with shaking and eooling.
The redoption mixture was allowed to stand at leess twenty-



four hours, by whioh time there was considerabdle solid
material in the flaak, The bright yellow paste was poured
“over 10e in @ 400-0a. beaker, giving & green mixture. The
80114 material was ocollected on & Bldchner funnel, then
dissolved in & minimum (ebous 300 co.) of boiling water,
filtered through & heated Bdchner funnel and allowed ¢o
orystallize. The resulting erystals, light yellow in
ocolor, were colleoted and sir-dried. On being heated in

. @ ocapillery Sude the orystals tura very dark and then
 decomposs with sudden effervescence at n1.5°. Yield}
16,01 Gm. (59.0% of theoreticsl),

S-Amino-¢-methyluracil.~-Ten grams (0.058 mole)
of S-nitro-6-methylurscil were dissolved in a liter of hot

weter and 10 oo. 0f eoncentrated ammonle solution were
sdded, followed by 6 Gam. (0.185 mole) of emalgamated
sluminum foll (62)., To earry out the smalgamation pro-
eedure, the foll was first cut into strips about 8 x 10 em,

and loosely erumpled into & 500-00, Erlenmeyer Flask. The

foil was eovered with ether and allowed to stand ten
minutes to become defatted. The foil was washed with ele
eohol, eovered with 5% sodium hydroxide solution end
ellowed to stand, heating if necessary on the ‘u’m bath,
until vigorous evolution of hydrogea took phu; After
boi.u'uuh-d twice with water and onsce with elcohol, the
foll was eovered with 2% mercuric ohloride solution and
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allowsd o stand for two minutes. After being washed onoe
. with water, the amalgamated foll was used a% onoe.

. The mixture of nitromethylurseil and aluminum

~ foll was allowed t0 react spontansously at first and then
by heating over a flame, in all sbout $wo hours, replacing
the water lost by eveporation. (If the yellow color had
not disappeared from the solution the treatment with
amelgamated sluminum was repeated,) The mixture was allow=
od to settle and the supernatant liquid filtered off by a
fritted im0 filter stiok (medium porosity)s The solid nl.
boiled once with water and the liquid filtered off and
sdded to the firss filtrete. The mixed filtrates were

. ®meidiffed with hydrochlories meid and the solution evap-
orsted to dryness on & stean hth.. The yellow solid ro-
asining was ground in a morter and dissolved in & minimum
of hot water, decolorized with chercoal and filtered
through a Bdchner funnel. The filtrate wes made slkaline
with eoncentrated ammonis solution, which preoipitated

the sminomethylurecil. The product was collected on &
Bachner funnel and air-dried. In order to improve the
yield, the filtrate in the last step was scidified,
evaporated to dryness, dissolved in s minimuam of hot water,
and made alkaline with ammonia, m.p. Deconposes aiﬁut uo'.
Yield: 6.97 Gm. (88.7% of theoretiocsl).
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# Seliitrovarbiturie sold.~-Prepared scoording o
the procedure in Organic Syntheses: m.p: melts with de~
" somposition e 180-188 s Yield: 135 Gm. (44.44% of
~ theoretical), :

Drenil.~-Nitrobarditurie seid (38.6 Ga., 0.15
mole) was placed 4in a 2-1iter flask together with 200 ge.
of eoncentrated hydrochlorie agcid. The flask was fitted
with a reflux econdenser and the mixture heated on a steam
bath (HOOD). Mossy tin (84 Gm., 0.71 mole)} and a further
138 eo. of oconcentrated hydrochloriec acid were added over
tit_'tun minutes, Heating was continued until no yellow
'00lor remsined (about eighteen hours in all) with the
. addition of & further 130 ce. of ecncentrated hydrochlorie
e0ld in thres portions sfter intervals of heating: When
no further yellow ocolor remsined, sn additional 8500 ec, of
sonoentrated hydrochloric seid were sdded and tho'hsntlnc
oontinued until all the white solid hed gone into solution,
Norit wes added and the mixture filtered through s funnel
having & sintered glass dise. The filtrate was sllowed %0
stand in the ioebox overnight, but sinee no orystals had
formed by morning, the solution was ooaaontr-tqg to some
- oxtent under reduced prassure and asgain af.ood in the
refrigerator overnight. The erystels of uramil were

% Prepared by W.C. Roemey



— - — - -

72

eollected on & filter snd washed firss with dilute hydroe
ohloric @0id and then washed well with water. The uramil

s 'orysttll were dried first in a desicoator over concentreted

" sulfuris soid and then in s desiceator over 40% sodium
hydroxide solution. mip. Doss not melt below 300°,

E Preparation of Azopyrimidines by Coupling

B=fhenylezo-uragil.=-Aniline (0.98 Gam., 0.01

~ mole) was dissolved in 13.5 co. (0.025 mole) of 10%
sulfurie scid (using heat if nwoiury) and then the
solution was cooled to l° with mechanicel stiréings |

| Slightly more then one equivelent (0.71 Gm., 0.0 mole)

of sodium nitrite, dissolved in £ co. of water, was added,

" keeping the tempersture below 5°s One and twelve-
‘hundredths grams (0.0l mole) of uracil were dissolved in a

' solution of one gram (0.028 mole) of sodiuam hydroxide in

28 0ce of weter, The alksline solution of .ﬁi'uoil was cooled
%0 3% and %0 1% was added the diazo solution, keeping the
uaboreturo below 10’. Mechanical stirring, while sooling
in an 1loe dath, was continued for one and one-half hours,
following which the mixture wes allowed to stanéd overnight.
‘At that time the pH of the aixture was 8 so & faw drops of
10% sulfuric acid were added with stirring to bring the pH
%o about 6. The orange brown solid was collected by
suction filtration and dried in a vecuum desicostor. Yield:
1.60 Gm. (78.2% of theoretisel). FPurification was sttempted
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by extreotion of ona-half graa in s Soxhlet Extractor with
Skelly B for twenty-four hours. T

_ Anal, Cnled. rer omna t 0. B5.583 H, 3,73,
Found: €, 60 11} K, 3;82; Loss of wt., 1.80. '

B-(o-Eydraxyohenylazo)=urecll.~~0ne and one-tenth
grams (0.01 mole) of o~aminophenol wers diisolud in 18 eo.
of 10% sulfurie seid, socoled to l’ and diazotized by the
addition of u. solution of 0.71 Gm. (0.01 mole) of sodium
nitrite in 2 ce. of water all ﬂ once delow the surfsos,
with mechanical stirring and eooling in an ice-salt bath,
This dlazo solution was sdded dropwise with stirring to &
sooled (2°) solution of 1.12 Gms (0.01 mole) of urecil in

' 15 eu of water sontaining one grem of sodium hydroxide.
 Mechanics) stirring was contimied for Swo snd ons-quarter
" hourss The reection mixture wes ecidified fr-qurm 1.5
e0. of 10% sulfurie soid) Ond-lm to stand overnight.
The ‘tnsoluble m-odu'ot was opllected by suction filtretion,
- and Gried in e vacuum desioccator over salcium chlor:ldo. i
.. mepe sbove 500°, TYield: 0.66 Ga. (28.4% of theoreticel)s
“ urifiestion was stteapted by extraction with Skelly B in
® Soxhlet Extrsctor for forty-eight hours,
! - lmale Celed, for °1ons'¢°s' o, 51.%5.; H, 347,
Foundi O, 44.78; B, 5.88. |



S-Phenylezo-barbiturie s9id (elloxanphenylhydrs-

zone ) .«~Two and four-tenths grams (0,025 mole) of aniline
were diszotized by dissolving ia a mixture of 7 ¢o. of
concentrated hydrochlorie seid and 14 ¢c. of water, acole
ing the solution %o 3 , and sdding to it dropwise &
solution of 1.8 Gm. (0.020 mole) of sodium nitrite in B
6c. Of water, Four and one-tenth grams (0.038 mole) of
barbiturio a0id were dlssclved in 600 cos 0f water and 8
0. of 10% h.ramhloﬂQ acld were added., The diazo s0le
ution was added dropwise under mechanicsl ltiﬁm to the
solution of barbiturie seid, whereupon first a px?ononnnod
rdlau' solor, then a. floooulent yellow precipitate, were
produced. After stirring for one-half hour, the stirrer
was shut off and the alxture was allowed to stand over-
nights The yellow #80lid material was then collected by
bmouoa’ filtration and dried in a vacuua desicoator over
culoium shloride. m.p. 300-302° with decomposition and
effexrvesoence., Yield: 4.38 Gm. (58.9% of theoretical), -

_ Alloxanphonylhydrazong.--~0ne snd thrse-tenths
grems (0.0081 mole) of slloxan monohydrate wers dissolved

~ 4n 200 60, of boiling water, and 1.17 Gm. (0.0081 mole)
of Iphanymyduzim hydrochloride were ¢issolved in o
separate 100 og. of bolling water. The solution of
phenylhydrazine was filtered by gravity into the solution
‘of slloxan, resulting in the immediate production of &

"%
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yollow eolor followed by the formstion of a yellow pre-
ocipitate. The resction '-!.xtm was heated on & steam
bath for five and ons~half hours, then sllowed to stand
overnight. The yellow 20114 was eollected by suction
filtretion and dried in s vecuum desiocostor over caloium
shloride. m.ps 300-302°, TYield: 0.40 Gm. (21.2% of
theoreticsl), Purification was carried out dy extraction
with water in a Soxhlet Extraotor for forty-seight hours,

-1l -berb 80id e

o-Aminophencl (2.75 Gm., 0.025 mole) was dissoclved in a
aixture of ¥ co. 0f concentrated ‘hydmhun-lo aoid

(0.083 mole) and 14 se. of water. The solution wes

cooled to 2° and dlazotized by the dropwise addition,
with stirring, of s solution of 1.8 Gm. (0.025 mole)

of sodium nitrite in B ce. of water. JXNour and one-teath
grams (0,038 mole) of barbituric moid were dissolved in
600 co, Oof water at room temperature. Following ecom-
pletion of the lolutian. 8 oc. Oof 10% hydroohloric acid
were added and then the o0ld diszo solution was added
dropwise with mechaniosl stirring. The solution became
yellow, then brown in eolor, and then put.i.oiu of sus~
pended materisl sppesred in it. Stirring was sontinued for
“ one hour and then ths mixturs was allowed to stend overnight.
;'f The s0lid material, whioh appeared erystalline, was ¢ole
lected by suction filtretion and dried in s veocuum



desicoator over ealeium chloride, ylelding ¢.37 Gm.
(55.0% of theoretical) of a soft brown powder. Purifie
¢ation of & sample for analysis was effected by X~
traction with Skelly B for forty-eight hours in e

Soxhlet Extractor. m.p. Decomposes with effervescence at
269-273"%
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Ansl. Oslod. for 0, H.N 01 O, 48.38) E, 5.2,

Yound: O, 48.17; H, 3.38.

RPiezouraci] .~=Three and -ightc.n-hundrodths
grams (0,025 mole) of S-eminouracil were dissolved in a
alxture of 8,85 eo. of concentrated hydrochloric aecid and
30 oo« of water, with mechanical stirring, end them the
solution was cooled in an fce-salt bath to So. A solution
of 2.0 Gm. (0,027 mola) of sodium nitrite in 8 ¢o, of
water wes edded eropw!.u_ st suoch a rate s to keep the
temperature around 5’. A yellow 80118 appeared in the
resotion aixture and stirring with eooling was sontinued
 for one hour. The yellow s0lid was removed by suction
filtretion snd dried for one and one=half hours in a
vacuum desicoator over caloium chloride and then used as
once. Yield: B3.44 Om. (78.9% of theorevicel),

LA

Ureoil-8-azo-/° -paphthol.~-Diazouracil (6.28 Ga.,

0.08 noh) wes suspended in 125 ¢o. of water in a deaker
fitted with a mechanical stirrer, snd the mixture cooled

N
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to 8% A solutfon of 4.38 Gm. (0,08 mole) of ASenaphthol
in 24 cos of 10% sodium hydroxide solution was added drope=
wise over a period of ninety minutes with eooling and
stirring. The bdurf-colored suspension turned red and
becuas very thicke The mixture wes stirred for snother
hour and then sllowed to stand in the ice dath for an
additional two hours., The resotion mixture wes then
acidified with glscial ecetio scid, which osused the dark
red-colored, semisolid mass to turn vermilion in solor.
The 80114 product was solleoted on @ Bfohner funnel,
washed with water, and dried in o vacuum desicoetor over
caloium chloride ylelding & bright red solid. m.p. 270°
with effervescence and previous #arkening. -Yield} 6,02 Om.
(78.5% of theoretical). By extraction with water in s
Soxhle$ Rxtractor for seventy-two hours the decomposition
range was raised to m-m" with effervescence and
previous derkening. | - |

-Dia t sw=leAnino-8-methyluraeil
(3.53 Ga., 0,025 mole) was d1ssolved or suspended in a
aixture of ¥ oo, of concentrated hydrochloric acid and 25
e Of water with mechaniocal stirring in s 150e-ce, buhr.
The mixture was cooled in an loe-sslt bath to 6’. end a
‘solution of 2 Gm. (0,028 mole) of sodium nitrite in B es,
of water was udao‘d dropwise from e dropping fumnel, keeping
the temperature below 5°. This took about ten minutes.



aﬂ.rﬂu with eooling in the ice-salt bath was continued
for forty minutes, then the solid, pink-colored product
was oollected on a fritted dise fimnol, washed with water,
snd dried for one hour in s vacuum desicoator over ecaloium
chloride, then used et once in the ooupling resction.
Yield: 4,72 Gm. (80.7% of theoretical),

ot agil- Lw o==Five and
thro&quurtara groams (0,041 mole) of S~amino-6-methyle
uracil were dissolved with the aid of heat in a mixture
of 28 e0s of ooncentrated hydrochloric seid and 50 co.
of water and the solution was ecoled %o £°, resulting
in a durf-golored suspension. Diszotization was earrio_d
out by the dropwise sddition, with stirring, of a solution
of 3.3 Gm. (0,048 mole) of sodium nitrite in 820 oo. of
water, keeping the tempersture bdelow l'. A solution of
A-naphthol in 10% sodium hydroxide was next sdded drope
wise $0 couple with the diazo compound. When about 17 oo,
of this solution, corresponding to 4.73 Gm. (0,033 mole)
of Aenaphthol, had deen added, together with 10% sodium
hydroxide solution to render the pH about 8, there wes
only & alight smount of uncoupled diazo eompound remaine
ing ia the mixture so sddition was stopped but%aurring
wes oontinued for a further hour snd s half. The solid,
reddish material was collected on s Bi¥chner funnel,
transferred to a beaker, suspended in weter, and the

78
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solution was acidifried to 3H ¢ with concentrated hydroe=
ohloric acid. The s0lid was then sollected by suction
filtration, weshed well with water, then twice with
. other, and 4ried in a vscuum desisccator over caloium
echloride: m.p. Starts to soften at 130'. is completely
11quid by 145°, Tield of bright pink powder 4.28 Ga.
(38.4% of theoreticsl)., A sample for anslysis was
obtained by extraoting with water in s Soxhlet Extractor.
This semple was scarlet red in color end decomposed at
878-8?5‘.
Apsl. Caled, for e“nun‘oa: C, 60.80; H, 4.08,
Found: O, 59.15; H, 4.70. ‘

Azouraglle5,.5' ,~ewA solution of 3.18 Ga, (0,028
mole) of S-aminourseil in & mixture of 6.5 ¢oc. of oon=
eentrated hydroohlorio aocid and 50 eo, of water was cooled
%0 0 in an Loe-salt bath, with meshanical stirring. To
this solution was added édropwise e solution of 2.0 Ga,
(0.025 mole) of sodium nitrite, keeping the teaperature
below ‘bo. 8tirring st 0-6° was gontinued for one hour, at
which time the yellow 50114 was collected on s fritted dise
funnel and suspended at once in 25 oc. of weter. in s
besker. To this suspension, cooled to O°, thers was added
dropwise & solution of 8.52 Gm. (90% of 0.025 mole) of
urscil in 20 ¢oc. of 10% sodium hydroxide solution. ZThis
addition was made over fifty minutes, keeping the tempe-
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erature below 57, During $his time the oream-colored
suspension turned oreange, thea bright red., The mixture was
stirred a further three and one-half hours with sooling,
then allowed t0 stand overnight. The solid product wes
colleoted on & Bdchner funnel and dried in a deslocscator
over cslcium chloride. A sample for enalysis was purified
by cxtrnatioa for forty-eight hours in a fritted d4ise
| thimdble in a Soxhlet Extractor by Skelly B. m.p. Decom~
posed by lBO'. The first snalysis yielded over 10% ash
80 & second sample was subaitted for anslysis with the
request that a speocial catalyst be used to ensure com=-
plete comdustion, -
Apal. Oelod. for cau‘;.o‘: G, 38.40) H, 8.42.
Yound: O, 37.04; H, 2.81,

Preparetion of Azopyrimidines by Xing Closure,

thyl phenylszo-ag )t (43) »==Two and three-
tenths grams (0.l mole) of sodium were dissolved in 30 eec.
of absolute aloohol in a 500-06,, S~neck flask fitted with
a mechanical stirrer and a reflux condenser snd protected

by & osloium chloride &rying tube. Thirteen grams (0.1
20le) of ethyl acetoscetete were added and the flask sooled
in sn foe-sslt bath. Redistilled aniline (9.8 Gm., 0.1
mole) was diazotized, after dissolving in & mixture of 28
00, Of oconcentrsted hydrochlorioc aecid and 28 ec. of water
and sooling this solution to 8°, by the dropwise sddition
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with oooling end stirring of s solution of 7.1 Ga. (0.1
mole) of sodium nitrite in 80 oo, of water, keeping the
temperature during the addition delow 8%, The diezoniua
.ehlortaa solution was sdded dropwise with cooling and
stirring to the sodium enolste of the ethyl acetoacetate
in the flesk, whioh caused production of sm orange color,
and then the formetion of s solid product, requiring the
eddition of further liquid (10 eo. of water and 18 co, of
absolute aloohol), While a small amount of the diazoniua
salt solution had still not dbeen added, the reaotion
mixture showed the presence of an excess of dlazonium
(Resoroinol test), so addition was stopped. After stirring
for an additionsl hour an excess of water (250 oe.) was
added. The resulting precipitate wes collected on s
Béchner funnel, washed with water, and dried in a vacuum
deslicoator over caleium cohloride, Yield: 17.185 Gm.
(73.2% of theoretical)s m.p. 78-84°.

phenylazo-acetoacotic ester).--Sodium (2.3 Gm., 0.1 mole)
was dissolved in 40 ec. of sbsolute aleohol in & 500-06.,
Seneck flask, fitted with @ stirrer, & water condenser and
a éropping funnel, the whole apparatus bdeing ﬁr@tcctsd from
aolisture by means of caloium ehloride 4rying tubes. Thire
teen grams (0.1 mole) of ethyl acetoacetate were added
éropwise from the 4ropping funnel, with stirring. The



e-aminophencl was dlazotized (7.1 Gm, of sodium nitrite,
dissolved $n 20 oo. of water, were added all at once
below the surfece of a eooled (2 ) solution of 10.9 Gm,
(0.1 mole) of o-aminophenol in 22 ee. of concentrated
hydrochloric soid and 28 ec. of water) snd sdded by
means of the dropping funnel to the reaction flask, with
mechanical stirring and cooling in an ice-salt bath, A
red-colored sompound formed at first which later was re~
placed by a yellow-brown eocmpound as the solution became
acid, 8Stirring was continued for two hours and the mixe
ture allowed t0 stand overnight. An excess of water was
added, in whioh the produst was insocluble. The solid
product was filtered off, washed with water and dried
over oaloiua ehloride in s vacuum desiceator. The pro-
duct was dissolved in s minimum of hot absolute sloochol and
water was added to csuss erystallization. The dest of
three runs yielded 50.,7% of theoretical. m.p. after three
reorystallisationss 160.5-1.68..

Anal. OCalod. for O H K01 O, 57.59; H, 8.64,
Pound:s C, 57.56; H, 5.83,

h =hydroxy~ X -na azo-agetoscetete.-=i
ioo-oc.. 3-neck flask was fitted with a mechanical stirrer,
& water oondenser, and dropping funnel, and the whole
system protected from moisture by oaleium ochloride drying
tubes. Twenty 0o, of absolute slcohol were placed in the
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flesk and 1.8 Gm. (0.05 mole) of sodium was dissolved in
1%, heating the flask on @ steam bath if necessary to eoa~
| plete the reaction. Then 6.8 Gms (0.050 mole) of ethyl
agetoacetate were added dropwise from the dropping funnel
with stirring, followed by the dropwise addition of the
diazotized sminonaphthol solution while stirring and
oooling the flask i{n an foe bath. (The diezotized aminoe
naphthol was prepared as follows: 9.8 Gm. (0.05 mole)
of le-smino-g-naphthol hydrochloride were dissolved in a
mixture of 8 oc. Of eoncentrated hydrochloric ecid esnd 8
00. 0f water with heest, followed by cooling of the solution
to below 5°, at which time & solution of 5.6 Gme (0.08 mole)
of sodiua nitrite in 10 €0. Of water was added dropwise with
oooling and stirring; after being tested with both congo
red paper and sterch~iodide paper, the diazo solution wes
used at once.) Following the addition of the diaze come
pound, an excess of water was added to the reaction flask,
which osused precipitation of an insoluble product. The
insoluble product was filtered off by suotion end dried
in eir. Yield: 4.40 Gm. (29.3% of theoreticsl),

Atteapted recrystellization from alecohol was unsuccessful.

-

S-liydroxyphenylazo-acetylsgetons .-~Two and

three-tenths grams (0.1 mole) of sodiuam metal were dise
solved in 40 oo, Of absolute aleohol in & 5O0-sc. S-neock
flask fitted with & mechanicel stirrer and s water conden~
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tir, the whole system being protected by caloium chloride
drying tudes. Heat wes required $o complete the reasction,
Ten grams (0.1 mole) of seetylacetons, which had been
purified by 4rying over anhydrous sodium sulfate for
thirty-six hours then by distillation after filtration,
wes added t0 the flaak with stirring, resulting in e white,
semisolid., Tea and nine-tenths grams (0.1 mole) of o~
aminophenol were diazotized by dissolving in a mixture of
82 eo. of concentrated hydrochlorie acid and 23 cc. of
witcr. eooling to 5° ond adding a solution of 7.1 Gm,.

{O.1 mole) of sodium nitrite Ln 20 cc. of water all st
once below the surface of the o-aminophenscl solution, with
eontinued cooling snd mechaniocal stirring, The dlazotized
o-aninophenol was sdded vis 9 %ropping funnel to the ¢ooled
mixture of the sodium enolate of acetylacetone. After
completion of the addition, B850 ec. Of water were sdded to
- precipitate the ooupled produot. The solid, light-brown
product wes collected dy suction filtration end dried in a
vacuum desioccator over calelum chloride. m.p. Decomposes
between 245-255", Yieldt 11.73 Gm. (63.3% of theoretical). -
(A later run which was stirred for six snd one-half hours
and allowed to stand overnight yielded 70.0% of theorete
iocal.) A seaple for analysis was prepared b;';tcryltalo
lization three times from absolute slcohol, yielding a
)ight=brown product which decomposed at 249° with

effervesgence and some previous blackening.




Aosl. Calod, for 0, K 0.1 O, 09.99;

HE, 5.49. Found: O, 60.413 H, 5,98,

§-(o=hydroxyphenylazo)-8-methyluraocil.e=Seventy~

five ¢o. of absclute slechol were placed in & 800-co., 8-
neck flask fitted with 8 mechanicel stirrer, s condenser
protected by a calcium shloride tube, and a stopper for the
third neck, through whieh additions were msde to the flask,
Two and three-tenths grams (0.1 mole) of sodium were sdded
$0 the flssk and 4issolved in the alcohol. Three grams
(0.08 mole) of dried ures were added snd solution effected
by stirringe Then 18.85 Gm. (0.08 mole) of ethyl o-hydroxye-
phenylazo-scetoascetates were added and the reaction mixture
was refluxed on a steam bath for three and one~half hours
with stirring and then allowed to stand overnight et room
temperature. The alcchol was removed under reduced pres~
sure, with heating on @ steam dath, The dark red residue
was dissolved in a minimum (40 0o.) of hot weter and
ioidiriud with glaoial escetio acid. A drown oil resulted,
which on eooling the flask in en ioe bdath solidified to a
mossy, soft, tarry mass, black in eolor. This mass was
sollected on & Béchner funnel snd dried in & vacuum
desicoetor over caloium ohloride, then pulverized to yleld
5.358 Om., (43.7% of theoretical) of & dark red powder.
Attempted recrystallizetion from ebdsolute alochol with
acetio scid failed, so the solvent wes removed, end the



residus precipitated from solution in sodium hydroxide
solution by eoncentreted hydrochlorio scid, the pre-
eipitate being collected, dried, and pulverized to yleld
8 soft brown powder. This #0lid materisl wes extracted
for forty-sight hours with Skelly B in & Soxhlet Ex-
tractor, and dried in vacuum at 56°. m.ps Deconmposes at
194. with effervescence and previous darkening and
softening,

Apal. Oslod, for O} H, N 0,1 G, 83.66}
B, 4.09, ZYound: 0, B4.087; H, 4.43.

Ryrimiding.-~Seventy-five co. of absolute alcchol were
placed in a B5O0-00, flask fitted with & mechanical stire
rer and a water condenser, the whole systeam deing proe
teocted from moisture by caleium ehloride drying tubes.
Sodium metal (2.5 Gm., 0.1 mole) was dissolved in the
absolute alcohol. This was followed by the addition of
8.8 Gm. (0.05 mole) of thicures and 12.5 Gm. (0.05 mole)
of ethyl o-hydroxyphenylazo-scetoacetates, and the mixture
was refluxed for two and one-half hours on s steam dath,
with stirring. At the end of this time the mixture was
extremsly thiock so & further 75 co. of absolute aloohol
were added and the mixture wes allowsd to stand overnight,
The aloohol was evaporsted under diminished pressure with
soms heating on a stesm bath, and the residue was dissolved
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in e minimum of hot water. On soidifiocstion with gleoial
acetic aold, a dark red s0lid separsted out, which was
colleoted on & fritted dise funnel, washed with water, and
dried in a vecuum desicostor over caloium nhlorildt. Xield:
0.45 Gn. (49.3% of theoretiecsl), FPurification was attempte
ed by dissolving the solid in 109‘. sodiua hydroxide and
reprecipitation by glacial soetioc 20id. The 80114 material
(dark red in color) wes extracted in @& Soxhlet Extreotor
with Skelly B for thirty-six hours and dried in vaocuum,
Apsl. Oalod. for OyH, N 0.8: G, 50.37;
H, 8.84, Yound: ©, 50,183 H, 8.80; Ash from CH, 4.68

(non-alkaline),
Acetanidine hydrochloride (63).-~The acetonitrile

used in this prepsration hed deen purified by standing over
caloium chloride for one week with occoasional shaking,
‘followed Dy filtretion end distilletion. The absolute
aloohol had been &ried by Sreatment with sodium and ethyd
phthalate (84). ZRighty-eight grems (2.14 moles) of
acetonitrile snd 126 ce¢. (2.19 moles) of absolute sloohol
were plsced in & suction flask, fitted with a ges entry
tube and & magnetioc stirrer, snd the appar:tus ‘&waa tared.
The flask was pleced in an ice-selt dath, stirring wes
commenced and dry hydrogen chloride ges was run in until
the weight had inoreased 96.1 Gm, (2.65 moles)., The flask
was closed, except for the caloium chloride drying tubde,




and sllowed to sit in an fce-bath overnight. By morning
the reaction mixture had so0lidified to a 80114 mass of
erystals. The orystslline mass of scetamido ethyl ether
hydrochloride wes droken up, ground to & paste in a dry
aorter with 100 ec« of absolute sloohol, and rnt;rn-d to
the thiok-welled suction flask. !ivc hunarud-nna fifty
00, Of 8.5% ammonia in ebsolute sloohol were sdded and the
mixture stirred by magnetis stirrer for five hours. The
separsted samonium chloride was removed by suotion
filtration and the filtrate evaporated under roaucod
pressure on & steam bath to a volume of about 200 oo,
The s011d produst was ocollected by suction filtration end
washed with about 60 co, of absolute alcohol and then
dried in a vacuum desiccator over csloium chloride.
RePe 164-171.. Yield: 98.8 Gn. (48.8% of theoretiocal),
The product when recrystallized from sbsolute aloohol
melted 166-170",

Two and one-half grams (0.l mole) of sodium were dissolved
in 100 oce. of absolute sloohol in s 8500 ec., B~neck flask
which was fitted with & mechenical stirrer, a reflux
condensexr and s dropping funnel, the whole system being
protected by oalcium ohloride drying tuhei. Ethyl
phenylazo-agetoscetate (11.71 Gm., 0.05 mole) was added
and dissolved with stirring to produce a red solution,
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A solution of 4.73 Gm. (0.05 mole) of mcetamidine hydro-
chloride in 45 oo, of absolute sleohol was added drope
wise t0 the flask by means of the dropping funnel over a
period of two hours while refluxing the resotion mixture,
Refluxing end stirring were continued for twenty hours
at which time the dark red mixture was filtered. The |
solvent sleohol was removed dy vacuuam evaporation and the
resulting solid dissolved in e minimum of hot weter.
This equecus solution was filtered and then soidified
with glacial acetis ecid, giving en éﬂngn precipitate
which was ocollected, heated with 100 eo, of 5% sodium

- bisarbonate solution, colleoted again, washed with water,
and dried in @ vacuum desiccator over caleium ehloride.
m.pe 168-170° (dec.). Yield: 1.51 Gm. (11.5% of
theoretical). After extrsction for twenty-four hours by
Skelly B in a 8oxhlet Extractor, followed by drying, the
decomposition point wes 173-173°,

Metallizations.

Metellization of uragil-S-azo-J-naphthol witk
Bickel. The azo compound (1.4l Gm., 0,008 mole) was
dissolved by mechanical stirring while heating on a steam
bath, in a mixture of 40 ¢e. triethanclemine and 20 cc. of
water. A solution of 0.97 Ga. (2/3 squivalens) of niokel
nitrate was added over a period of one hour with stirring
and maintaining the teaperature at as-oo'. and stirring




- was eontinued for an sdditional two and one-half hours.
- Paper chromatograms were made before, during, and at
intervals after the completion of the sddition 'ar the
nickel nitrate. An excess of water was added to the
reaction mixture and the mixture was then hested to 85°,
The s0lid materisl was ocollected by filtration while still
hot end then dried in a vacuum desiccator éur oaloium
chlaoride. The dried sclid, dark red in eolor, was
powdered and extracted in & Soxhlet Extrector first with
water and then with acetone, and again dried., Yield:
0.55 Gm. (32.5% of theorstical),

Anal. OCalod, for °i¢.n; N ONit C, 47.11;

| 04 s
n. 10581 m' 1".“. ’m! 0. “loa' H. 3.‘33 N1. 1‘.101

Metallizetion of Uragil-S-az0-®-naphthol with
Sodbalg. The azo compound (1.4l Gm., 0.008 mole) was placed
in 20 co. water and heeted on a stesm dath. Solution was
offected by the dropwise addition of 8N sodium hjdroxido
solution to a pH of epproximately 9, and heeting was con~
tinued to 85°. 4 solution of 1.10 Gm. (0.005 mole) of
eobaltous ohloride in B ¢o. of water wes added dropwise
over one-half hour with stirring and heating, and periodis
addition of a few drops of 8N sodium hydroxide msolution to
maintsin the pH at 8. Stirring was continued for a further
two and one-half hours, edding samsl)l quantities of water

- from time to time. FPaper chromatograms were mede before,



2 §

dhrlns, and st intervals after the completion of the
addition of the oobalt chloride. An excess of water
(about 100 oc,) was sdded snd the mixture was hested to
90°. then allowed $0 co0l to room tempersture. 7The
supernatant liquid was removed and the s0l1id washed once
with & large amount of distilled water et room temperature.
The 80114 was removed end dried in & vacuum desicostor over
ealoium chloride, pulverized, and transferred to a fritted
glass funnel, where it was washed continuously by suction
with hot scetons (about two days) snd then with hot eloohol
(95%) to yield @ dark red solid which does not melt.

Ansle Caled. for Gy H, K 0 Co.i 0t G, 44.81;
B, 3.82, JFound: O, 48.72; H, 3.82; Loss et wit., 2.28.

tallizst Uregil-5-8zo=A =naphthol wi
iron. -The 820 sompound (2.82 Gm., 0.01 mole) was dissolved
in 80 co. of trietheanolamine and 40 ec. of water, with
mechaniocal stirring while heating on & steasm bath, A
solution of 2.78 Gm. (0.01 mole) of ferrous sulfate in
10 ec. of water was added over a period of ten minutes with
stirring and heating to maintein the tempereture at 85-90‘.
Stirring was eontinued for a further Swo hours anﬂ forty
ainutes, the mixture wes allowed %0 stend worntg.ht,
stirring and heating were sontinued the next day for an
td_dluml two hours., Paper chromatogreams were made before,
during, and at intervals after the sompletion of the



addition of the ferrous sulfate. An excess of water was
added, stirring end heating oontinued to aa° and the bdleok
solid product seperated by filtration on & fritted dise
funnel. The soft black mass was trensferred to an
extraction thimble and extracted for six hours with water
and for two hours with acetone, and the resulting black
80114 dried in a vacuum desicoator over eosloium ehloride.
Apale. Calod, for 6, H N O Tet C, 47.48;

14104 4
H, 2.88, JYound: O, 54.57; H, 5.08.

Meta atio - t -

~hydr enylazo)-uracil w belt.-=Fifteen 6o, of
ethylens glycol and § oe. of water were placed in a beeker
fitted with & thermometer and & mechanical stirrer. The
solution was heated to 90‘ on & steam bath and then 1.3
Ga. (0.008 mole) of 2-thio-8-methyl-S=(o-hydroxyphenylazo)=
uracil wes sdded and dissolved. The pH of the reaction
mixture wes made elkaline with a few drops of 8 normal
sodiua hydroxide solution. A solution of 1.1 Qm.
(0.0044 mole) of cobals socetate tetrahydrate 1a 10 oo,
of water was sdded dropwise, keeping the pH up to 8 by
the addition of a few drops of 8 normal nodl.nlhhydroxido
solution as required, This addition was made ;nr fifey
minutes and stirring wes continued for a further hour
and forty minutes, Feper chromstograms were mesde befare
the addition of cobalt acetate, at intervals during the
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addition, end efter completion of the sddition of eobal
agetate, &8s well as at the end of the period of stirring,
One hundred oc. of bdoiling water were added to the resotion
aixture and the s0lid materisl removed by filtration. The
dark oolored 30114 was dried and pulverized. A sample for
snalysis was extracted for forty-eight hours by Skelly B in
s Boxhlet Extractor. m.p. above 300°, |
4Apsle. OCalod, for 0. K N O aco.an 01 C, 33.763

111048
H, 4.18. Found: 0©, 290.88; H, 3.52} Loss of "l’u. 8.03.

(o=hydroxyphenylazo)-uracil with iron.--One and thirty-one
hundredths greaas (0,008 mole) of B-thio-8~methyle=5e

(o=hydroxyphenylezo)-urecil were added to 20 oc. of water
which had been heated on & stesm bath to 90° in a

besker fitted with a thermometer and & mechanical stirrer.
While stirring, 8 normal sodium hydroxide solution was
added dropwise to cause the azo dye to dissolve. A paper |
ohrometogrem was made of the rsaciion mixture. A solution
of 1.8 Gm., (0.0047 mole) of ferrous sulfate heptahydrete
in 10 oos Of water wes added dropwise %o the dye solution
over approximately thirty-five minutes, adding a few drops
of 8 normal sodium hydroxide solution as required to keep
the pH up to 8, snd making frequent paper ehromstogrems.
Stirring while heating on the stesm dath was eontinued for
one hour, with the eddition of amell quentities of water



to replace the water lost by vaporization. After a final
paper chromatogram was made, 100 ses of hot water wes
added with stirring The bdlack s0lid materisl was
removed by filtration.

Anals Caled, for °u“1o‘¢°as’" 0, 39.85;
H, 8.08, Foundt 0, 51.92; H, 8.08; Loss of wt., 4.98.

Metelliza

aphth \th_ohromiuge.~~Fifteen ¢o. of ethylene glycol
were heated to 97° on a steam bath in a beaker fitted
with @ thermometer and & mechsnicel stirrer. The azo dye
(o=aminophenolee _ﬂ-mmthou* (2.64 Gm., 0.01 mole) was
stirred in and, after a few drops of 8 normel sodium
hydroxide solution had been added t0 make the mixture
slkaline in reaction (pH 8), s paper ohromatogram was
made. A solution of 1.64 Gm. (0.0033.mole) of chromium
scstate “"‘a“’g“;".’ ‘.aﬂf! in 18 60. of water was added
dropwise over a period of one~half hour, meintaining the
pH of the reaction mixture at 8 by the addition as
required of a few drops of 8 normel sodium hydroxide
solution. B8tirring was continued for one hour sfter the
sompletion of the addition of the chromium solution.
Paper ohromatograms were msde et intervals during the
addition of the chromium and after the period of stirring.

$ Supplied by W, O, Foye



Gne hundred ec. of boiling water were poursd into the

reaction mixture with stirring and the insolubdble producs

was oolleoted, washed well with water, and dried in o

vacuum desigcator over ealciuam chloride to yleld 1.86 Ga.

of a dark blue powder. m.p. Does not melts below 500°,

.A sample for anslysis was extracted for twenty-four hours

by Skelly B in a Soxhlet Bxtrsetor. This sample gave a

negative test for sodium (zine ursanyl scetate test).
dpale Calod. for Bu 30‘01'3 G, 85.01;

H, 8.75; Or, 14.89, Found: O, 55.27; H, 4.18§ Cr, 12.5.

fephthol with lrop.~-Fifteen ¢e. of ethylene glycol were
heated to 97° on & stesm beth in & beeker fitted with &

thermometer and & mechanicsl stirrer. The azo dye
(o-aminophenol~» #-naphthol)® (2.64 Gm., 0.01 mole)

was stirred in snd, after a few drops of 8 normal sodium
hydroxide solution had deen added to make the mixture
alkaline in resction (pH 8), a paper ehromatogream was
made. A solution of 2.70 Gm. (0.0097 mole) of ferrous

sulfate heptahydrate in 18 ¢o. of water was added dropwise

maintaining the pH of the reaction mixture at 8 by the
addition as required of & few drops of 8 normsl sodium
hydroxide soclution. BStirring was continued for two

hours after the completion of the addition of the iroa

* Supplied by ¥. 0. Foye



solution, Faper shromatograms were udo at intervals.
during the addition of the ferrous sulfate and after . :
the period of stirring. One hundred ea. of boiling -
water wers poured into the reesotion mixture with stirring
end the insoludle product was sollected, washed twice -
with hot water snd once with ¢old, and dried in a

vaouua desiccator over celoium ehloride. Yield of dark
brown powder’s 1.85 Gm. A sample for epalysis was - -
extracted for forty-eight hours by Skelly B in e Soxhlet

Extraotor.. 8.p: Does 8ot melt below aoo°.‘-, EETSERETINS S By R !
. . Anale Galod. for G“ ll (4] 10.81 0 C, 49.253

H. ‘c”; Yo, 14.31. ]’mdl‘_ p. 65.83; H, o“' To, 24.6.

paphthol with gcopper.--Fifteen co. of ethylene glycol
were heated $0 97° on s steaa bath in & beaker fitted with

s thermometer and & mechaniocsl stirrer.  The 39 dye .
(o~aminophenol—s ﬂ-mphmu‘ (2.64 Gm., 0.01 mole) was .
stirred in and, after s few drops of 8 mormsl sodium .
hydroxide solution had been added $o0 make the amixture
slkaline ian resction ipfl 8), 8 paper shrometogras was . -
mades A solution of 8.5 Om. (0.0008 mole) of euprie :
sulfate pentahydrate in 15 ¢o. of water was adled drop-
wise over a period of one-half hour, maintaining the pH -
of the resction mixture at 8 by the sddition as required .

% sSupplied by W. O, Foye



Iut & fow drops of 8 norn; sodium hydroxide solution.
Stirring was sontinued for one snd one-half hours after
She completion of the addition of the oopper -uitatc
solution, Peper chromatogrems were mede at intervals
during the eddition of the copper solution and sfter the
period of stirring. One hundred ec. of dolling water were
poured into the resction mixture with stirring end the
insoludble product was colleoted, washed well with hot water,
and dried in a vacuum desiccator over caleium ohloride
to yielf &.44 Gm. of dark red powler. m.p. Does not melt
below 300.. A sample for anslysis was extracted for
forty-eight bours by Skelly B in a BSoxhlet Extrsctor.
Anal. Oasled, for O)gH, N.0.0ut O, 58.89;
H, 3.52; Ou, 18,48, JFound: O, 55.133 H, 8.16; OCu, 21.9.

Asphthol with shromiug.--Fifteen ce. of ethylens glycol

wore heated to 97 on & stesm bath in 8 pear-shaped flask
fitted with a thcrm_utor and a seshanical stirrer. The
azo0 dys (o-aminophenoles or-naphthol)® (2.64 Gam., 0.01 mole)
was stirred in and, after a few drops of 8 normal sodium
hydroxide solution had been sdded to make the lixtm
slkeline in resction (pH 8), a paper ehrontogm was made.
A solution of 1.64 Gm. (0.0033 mole) of chromium scetate
(crato‘nso,) ‘.mao) in 18 eoc. of weter wes sdded dropwise

* supplied by ¥, 0. Foye



maintaining the pH of the resction mixture at 8 by the
eddition as required of a few drops of 8 normal sodium
hydroxide solution. B8tirring was soatinued for two hours
after the completion of the addition of the ohromium
solution. Feper shromstogrsms wers made at intervasls
Guring the sddition of the chromiuam scetats and after the
period of stirring. One hundred oo, of boiling water were
poured into the resction mixture with stirring end the
insoluble product wes ocollected, washed well with weter,
and dried in s vacuum desiccator over caloium eshloride,
yielding 2.68 Gm. of dark browa powder. R.pe. Doss nos
melt below 300°, A sample for sanslysis was extracted for
forty-eight hours by Skelly B in a Soxhlet Extraotor,

ansl.’ Oaled. for G, H N0 Or.H;01 O, b2.52;
H, 4.12; Or. 14.18. Found: O, 50.81; H, 4.42j Cr, 17.8°

Meta atio o=-hyd 8ZQ )=l

ol wis o~=Fifteen 60, Of ethylene glycol were
heated $0 97° on a steam bath in & beaker fitted with &
thermometer and & mechaniosl stirrer. The azo dye
(o~aminophenol—s x-naphthol )® (2.64 Gm., 0.01 mole) was
stirred in and, after a few drops of 8 normal sodium
hydroxide solution had deen added to meke the hxturo
alkaline in reaction (pH 8), @ peper ohrometogram was
mades A solution of 2.70 Gm. (0.0097 mole) of ferrous

Supplied by W, O. Poye



sulfate heptahydrate in 15 oc, of water was added drop-
wise, aaintaining the pH of the reaction mixture at 6 by
the sddition ss required of a few drops of 8 normal sodium
hydroxide solution. Stirring was continued for one hour
after the sompletion of the sddition of the iron solution,
Peaper chromatograms were made st intervals during she
addition of the ferrous sulfeate solution and after the
period of stirring. One hundred ce. of boiling water
were poured into the resotion mixture with stirring end
the insoluble product was sollected and dried in s vacuum
desiccator over saloium chloride. Yleld!: 2.48 Gm. of
dark bdrown powder. m.p. Does mot melt below 300°, A
sample for enalysis was extrasoted with Skelly B for fortye
eight hours in a Soxhlet Extraotor,

Apsl. Oslod. for G, H) K. 0 Fe.#,01 O, 51.64;
H, 4.33; Fe, 15,00, Foundi C, 47.49; H, 3.49; Pe, 18.3.

Analyses

_ The analyses for earbon and hydrogen were done

by Clark Miorcenslytiosl Laboratory, Urbana, Ill., by the
combustion of & sample &$ about 1000° in the presence of
oxygen. In one instance the gquantity of esh remaining
was as high as Sen poreert. 50 the sample was resubmitted
for spalysis by sombustion in the presence of & specisl
 gatelyst $0 ensure oomplete combusticn.
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The enalyses for chromium were done by Clark
Microanalytiocal Leboratory, Urbuﬁa, Ill., by ignition
at 1000-1100'0. in abaence of oxygen to ensure socmplete
sonversion of the chromium to ohromie oxide (m-soa).

The analyses for iron were done by the
Wisoonsin Alumni Research Foundetion, Madison, Wisconein,
using the solorimetrie procedure of Sendell (65).

The analysis for copper wes done by the
Wiseonsin Alumni Research Foundation, Madison, Wisconsin,
using the first-action prosedure of the A.0.A.C. (66).

The analysis for nickel was done by dreaking
down the ecomplex and determination as the dmt.hylgiruxi.n
| somplex using Lange's (67) modification of the prosedure
of Hillebrand and Lundell (68).

The qualitative test for the presence of sodium
in ocexrtain of the metal ihtlatu was done by breaking the
chelate with acid (and heat if necessary)and then using
gine ursnyl scetate i-umt according to the prooedure
of Kolthoff and Sandell (69).

The qualitative test for the presence of sulfate
radical in the chelates of the azonaphthols was the test
for sulfur by fusion with solium as ocutlined in MoZlvain
(70).
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Absorption Speotra

The Cary Reoording Spectrophotometer was used
to record the abaorption speotra of seversl az20pyrimidines
and azonaphthalenes using visidle 1ight (Tungsten light
source and Corex cells) and scanning from 800 m4 $o
876 m4s The solvent used in all cases was acetones, snd
the speed of the recording peper was set at 2-Hi,
sorresponding to & change of £5 m4 per division on the
recording paper. The concentrations of the azo soapounds -
used were ss indicated. The absorption speotras are
illustrated in the figures indicated.

- ¥4g« 1 {page 53), nlmnphonylhydrszm.

0.01 Gme. per liter., Meximum at 380 Ry

¥ig. & (page B4). B-Fhenylazo-barbituric seid,
0.01 Ga per liter. Meximum at 360 m4. |

Fige 8 (page 55), a-(o-ﬁydmﬂphe#yum}-burb-
iturle seid, 0.0 Gm. per liter. Maximum at 408 B4

Tige 4 (page 87), 4~(o=lydroxyphenylezo)«le
naphthol, 0.02 Um, per liter, Maximum st 420 m4.

Figs 8 (page 58). 1~(o-Hydroxyphenylazo)-g-
Raphthol, 0.0l Gme per liter. Maximuam at 485 m4e

Fig. & (pege 80), an-b-lm-/’-mphthnl.
0.02 Ga. per liter. Maxioum at 480 R -

Fige 7 (pege 61)., Uracil-Se-azobenzens, 0.01
Gme per liter. Maximum at 345 m4e
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SUMMARY

A brief review has deen mede of the poassible
pharmmcologiosl activities of azo dyes and their metal
chelates. Azo dyes may exert their toxie effects on
organisms or tissues by the removal of trace metals as
@ result of chelate formation. The metal chelates of azo
dyes may sct by supplying the metals in the small smounts
heeded to produce the effeots whioh sotually result. A
number of azo eompounds eontaining the pyrimidine ring
~ have been synthesized in the hope thes they would heve
" pharmacologieal activity and to test the hypothesis thas
metal supply or removal may have sn effecs on tumor growth,
The following new azopyrimidines and intermediates have
been pripnrcdl

8~{o=Hydroxyphenylazo)-uraeil

8-{o-llydroxyphenylazo)=barbiturie io“

Ethyl o-hydroxyphenylazo-sostoacetate

Ethyl o-hydroxy- o =naphthylszo=-acetoasetzte

o-Hydroxyphenylazo-ascetylacetone

S«(o=Hydroxyphenylazo)=8-methylurseil

2-Thio=d=hydroxy-be(o=-hydroxyphenylazo ) -8-nethyl=

pyrimidine

S-Methylurecil-b«ez0- S-naphthol

Azourecil-s,s!
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These szopyrimidines have been found to undergo
chelation with metals, Analyticel data are presented for
the following ohelates of asopyrimidines:

Kickel chelate of urseil-S-azo-/-naphthol

Cobalt chelate of ¢ » _ »

Iron chelate of . - ot

Cobalt chelate of 2~thio~8-methyl-8«(o~hydroxy-
phenylazo)-uracil

Iron ehelate of S~thio-8-methyl-B«(o-hydroxy-
phenylazo)-uracil
8ince the metal chelates of szopyrimidines are
80 intrectable seversl chelates were made of azonaphthols,
in order to obtain a detter ides of this type of structure.
Analytioal data are presented fori
Iron chelate of l-(o-hydroxyphenylazo)-2-naphthol

Chromium chelate of . .
Copper chelats of hd .
Iron ehelate of 4-~(o-hydroxyphenylazo)-l-naphthol
Chromium chelate of " "

The 4iffioculties encountered in assigning a
structure to the hydroxy- and amino-sudstituted pyrimidines
are disoussed, and the contributions toward their solution
whioh have appeared in the literaturs are oit‘&. Spectral
absorption eurves are presented for the following azoe
pyrimidines and azonaphtholss |

Alloxanphenylhydrazone
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S-Fhenylazo-barbituric acid

8= (0=-Hydroxyphenylezo)=-barbiturio acid

Uracil-S-azobenzens

Ursoil-B-azo- S-naphthol -

4~{o=Hydroxyphenylazo)=1-naphthol

1-(o-Hydroxyphenylazo )=2-naphthol

On the basis of the absorption spectre for the-
azopyrimidines and azonaphthols and the analytical iatn
for the metal chelates, as well as by & econsideration of
Fisher-Taylor«liirschfelder models, structures are asaigned
for the metal chelates of the azonaphthols and for the
azopyrimidines,
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