University of Windsor

Scholarship at UWindsor

Electronic Theses and Dissertations

1972

Reaction of urea with diacetyl monoxime and

diacetyl.

Rosita Yu Si Tan. Lugosi
University of Windsor

Follow this and additional works at: http://scholaruwindsor.ca/etd

Recommended Citation

Lugosi, Rosita Yu Si Tan., "Reaction of urea with diacetyl monoxime and diacetyl." (1972). Electronic Theses and Dissertations. Paper
3271.

This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor students from 1954 forward. These
documents are made available for personal study and research purposes only, in accordance with the Canadian Copyright Act and the Creative
Commons license—CC BY-NC-ND (Attribution, Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the
copyright holder (original author), cannot be used for any commercial purposes, and may not be altered. Any other use would require the permission of
the copyright holder. Students may inquire about withdrawing their dissertation and/or thesis from this database. For additional inquiries, please

contact the repository administrator via email (scholarship@uwindsor.ca) or by telephone at $19-253-3000ext. 3208.


http://scholar.uwindsor.ca?utm_source=scholar.uwindsor.ca%2Fetd%2F3271&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F3271&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F3271&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/etd/3271?utm_source=scholar.uwindsor.ca%2Fetd%2F3271&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca




0

\n
REACTION OF UREA WITE DIACETYL NONOXIME

'AND DIACETTL

BY

ROSITA (YU SI TAN) LBGDST

v

A Thesis
Submitted to the Paculty of Craduate Studies through the
Department of Chemistry in Partial Folfillment
~ of the Requirements for the Degree of
: Haster of Science at the
'University of Windsor

dindsor, Ontario

1971



&

(© Rosiia (¥u si Ten):Lugosi 1971

S

>

L=

33



-

. ABSTRACT

e ————

The different methods used for the determination of urea in

-
-

clinical laboratories as well as in industry ﬁévc been Qevieied.

An attempt to synthesize 3—hydrozy—5,6—dimethy1;l,2,4—tria;ine as

‘a potential pigment precnrsar for ehe urea color reaction was un-
sucﬁessfu}. Hhile preparing diacetyl monosemicarbazome as ; reactant
fgr the above synthesis, a compound was obtaiged whick was shown o
be thé isomer of diacetyl monosemica;bazoze:

From the similarities in the absorption maximum peak (478 =zn)
an&‘¥he Buperimposabiliﬁy of ;he curves (logio A vs. wavelength) of -
the urea—alpha'aikctone réaction produgﬁ_and th@étof the céﬁboﬁﬁd
synthesized, it was proven that this nggzgﬁg.is the potentizl pig-
ment precursor. The evidence obtained from the i. r. specira and
the logio 4 vo. wavelengtih curves showed that; irrespective of
whether dia&etyl or its monoxime was used in tke reaction, the sanme
compound was obtained. This thesi; favours the concept tkat the
protochromogen is a stéaight chain condensation prodmci, diacetyl
diureide, rather than a cyclized product, 3a,6a~dimethylglycoluril,
which has been suggested as therprotochromogeﬁ.

A Beer's law study. was pcrfdrned using the synthésizéd compoundr

as the protochromogen and compared %o the urea—diacetyl and urea—

diacetyl monoxime color reactiozs. ) ' .
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CEAPTER I

INTRODUCTION

In m#n the end-product of nitrogen metabplism is urea. ¥When
arcino acids (in the fork of proteins) are p;ovided iﬁ excess of
requirements for s}nthesis of new protein molecules and other
‘ﬁitroggﬁous sﬁﬁstances, the e:cess,ﬁitrogen anfers igto tke ép:mation
of* urea, which is the chief end-product of amino acid metabolisa.
Ammonia and carbon dloxlde are carried by a derlvatlve of glutamic
acid (carbamyl-gintamzc acld) and are transferred to another amino
acid, oranithine. This nndergoes'amination (transfer of HEa from age
partic acid) to form arginine, which is gplit_hf the enzyme, arginase,
into wrea and ; molepule.of ornithine, which can then begin again
the so=called ornithine—citrulline-arginine or urea c}cle (1) The
principai sources-of ammonia for blosynthesis o’furea include the

5 .

- oxidative (2) and nom—oxidative deaminatioms of amino acids and the
hydrolyszs of the anides of glutamic and aspartic gcids. Carbon
dioxide, on the other hand, i derived from the oxidation of carbo-

' hydratés and fats in ihe Krebs or citric acid or tricarboxyliec aciq
cycle (1). Formation of urea (E.g.,Astaztlng with ammonia) takes
place practically exclusively in the liver. Althongh otherltissneé
may contain and form small amounts. of urea, this apparently results
only from the hyﬂrolysis of tke arginine which happens to be present.

Tha 1nd1cat10n at present is that the rormatzon of urea is practical—

1y irreversible in the body and that fnce urez ics formod it~an%grs)

P

L
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the systemic ocirculation and is excreted from the body, mainly in
the urine. While nitrogen containing substances other than urea
cart;inly occur in the'u;ine of man, urea is quantitatively the
moét‘iﬁportant. .

! Orea is an extremely diff;sible substance and, as such, exicts
in all body flunids in practically the same concentration. Thus, it
is present in tﬁe spinal fluid, saliva, exndates,_énd transndﬁtes

“in approxizately the same amount as in blood. Considerable aﬁonnts
say be loat also through the skin if perspiration 13 active. The
blood’ nrea normally ranges from 20 to 35 ag per 100 ml, the urea
nitrogen being 9 to 17 2g (46.6 per cemt of the tota;rnrea zole—
cnle). The e:treae pormal linits under conditions of very low to
very high protein intake are 5 to 23 og urea anitrogen per 100 ml.
?alges of 5 to 12 mg are common in the last months -of normal preg-
DRANRCYy. Thé blood urea nitrogen (BUH), as well as the quantity of
urea excreted in the nrine, &epcnds largely upon the protein in-
take. With an average diet, approximately 30 g of-nraa are elio-
inated in twenty—four hours, constituting about 50 per cent of the
to£a1 orinary solids.

Abnormal levels of urea are usually an inﬁication'or certain
diseases (3—4). The most common cause for increased BN is in-
adeqnate excretion due usunally to kidney diseases, urinary tract
obstruction, hepatic and biliary iract disease, shock and hemo—
concentration, excessive protein catadbolism, renal failure in
hyperparathyroidisn, and after hemorrhage. Decreased EUE is ob—

served in acmte hepatic insufficiency ard in normal pPregnancy.
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Clinically urea is routinely de£erm£ned mostly in blood ard
urine, although sometimes it is also'es lmated in other blologi-
cal fluids such as spinal fluid, aaliva, and sweat. In Endnstry,
urez is determined in fertilizers, feeds, milk, natural and
_swimning-pool waters, cotton filling materials, agricnitural nitro—
" gen solutions, volatile corrosion inhibitor materials, and in syp—
thetic resins. Since urea is one of the most important of the
simple nitroéenous‘componnds from the point_or view of physiology
and‘industr?,'a review of‘the dirrerent methods used for its deter—
2ination will be preseanted.

Iﬁ soda production, urea is determined in mother liquors by
. the diacetyl nonoxime (DAF) method (5). OUrea, in éqneous sgolution
containing a-omonium nitrate and acmonia, is determined rapidly and
reliably by neuiralizing to nethyi purple, incubating with nrease
(an enzyme specific only for urea), and then:titrating with stan—
dard acid to the methyl purple ;nd-point.(G). Gullstroam and
Demkovich (7),however, deternined the urea coﬁtent'%yidecomposing
it uith nitrous acid, absorbing the carbon dioxide evolved in a
solution of Ba(OH)a and BaClé, and titrating th? ezces; of base.
By developing a chemical and fluoreséence (violét) test, Jephcott:
and Bishop (8) were able to detect second—hand white cotton £ill-
ing materials mwsed in artlcles ok beddlng and npholstered forni-
ture, that is, if the concemtration of urea exceeds 0.0105 %.
Since urea is the best nitrogen source for the: production of yoast,
Rase (9) found among the several methods ke examined that the phenol-

. , { - .
hypocklorite procedure is the best for determining urea added in
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molasses and synthetic media. The method is based on measuring
colorimetrically the bluish green color devéloped. Urea, normal-
1y present ;n calciam cyanamide, car be est;;atedrby neans of
urease (10), by decomposition ;itﬁ nitric acid (11), and by Preci-
pitating as dixanthylurea with ianthydrol reagent (12). This latt—
er method is also found %o be useful in determining urea in a bath
for black chrozmium plating (13). The classical nethod for the
deternination of urea in ferti{izera nakes uée of the fact that
urea can be estimated as secondary oxalate with oxalic acid (14).
The rapid volumetric urease method (10) is applicable with satis—
Tactory precision and accuracy %o phosphatic fertilizer mixtures
contaiﬁing 1-10% of urea.(ls); The recent and modern method is
based on the Fellow—-green color developed by urea with D>dizmethyl-
a:lnobenzaldehyde and is measured spectrophotometrxcally at 420 or
440 nnm (16-17). This same method is also widely used in the deter-
nination of the urea content of urea-formaldehyde reéin solution,
alone or in mixitures with melamine resins (18), and in feeds (16,
.19-20); Thke resins are first hydrolyzed in methanol with hydro-
chloric acid. Slater, Hamm, and Sesso (21) measured the content of
urca-in Tertilizers and animal feed mixture by titrgting the ammonia,
liberated after hydrolysis_with urease, with sulfuric acid to a
potentiometric end-point at pH 4.1 + 0.05. The determination of

" urea in water proves 0 beruseful as an indicator of the presance
of sewage or the degree of contaainatlon of chlorinated water. The
_urease method (22—23), the :anthydrol method (24), and the phenol-
hypochlorite nethod (25) are used for the detection and determina~

[

tion of nrea in natural, sea, or arimming-pool vater. In oilk,
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the only method used so far for urea deterzination is by urease
hydrolysis (26-27). Urea is also estimated in soils by the DAR-
thiosemicarbazide method (28), and in soils and vegetables by its
reacfion withlg-éinethylaminobenzaldehyde §9 acid solution (29).
LeMar and éoot;;p (30) used diacetyl (Da) to detérﬁine very small
guantities of urea iﬁ'volatiie corroé&on inhibitor materials.

One of the nost ;omnon analyses performed in the clinical
labﬁratony is the,determinat{on of urea nitroged'in blaod — second
only in impo¥tance to glncose.A,nethods for it§.determination in
blood and uriné zay be grouped inmto mlscellaneons methods, methods
employing urease action, and methods based on color reaction with
diacetyl monoxime, diacetyl or almzlar componnds.

Urez at temperatures of ébont 1é5°c and above is kydrolyzed +o
HHB and 002. Quantitation of the KE3 thus formed as a basis of
analysis (31—32) goes back to the nineteenth centu;y. This technique
is not very popular due to the inconvenience of autoclaving, but
froo time to time. it is revived (32-34).' Lindsay (35) based hisg

method on the decomposition of urea Il‘h ngI and the NH, digtilled

3
in vacro. Several other chemlcals, such as HNO, (36), Licl (37),
Hg{N03)2 (38), and Rillon's reageat (39) are also used to decompose
urez and the CO, or N, set free is then measured. By the use of
2 2 ,

HgCla, urea can be measured in blood gravimetrically (40) or vol-
unetrzcally (41). Pitration with acid (42-43) is one of the early

. Bethods for the determination of urea in blood and urine. Recently,
‘his method has been relnt‘oduced with tke uwse of a Spinco Nicro-

titrator (44). Gasoneiric measurement of the nitrogen or ammonia

-
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formed by reaction of urea vith-alkaline hypobromite (45—475 is also
8n early method. A danonetric technique (48-50) based on the hypo—
bronite reaction has also been developed for estimating nrea.

Jolkes (51) ard Haesler (52) measured &ravinetrically the'coz pTo—
duced by reaction of urea with sodimm hypobromite instead of the
nitroger formed. These classica; nmethods are apparently seldom used
taday, although the hypobromite method kas beeﬁ Tecently (53) pro-
posed as an ultramicro technique with the Scholander-Roughton
Syringe. Vinogradova (54) modified tke ='_ethod for his deteminaﬁén
of orea in blood and urine. The hypobromite reaction is not strict-
;y stoichiometric (55) and mot entirely speciric\(Sé). The use of
F-bromosuccinimide kas been introduced as a substitute for hypo—
bromite in the deternination of urea in urine (57).
In 1914, Fogse (58) in*rodnced a gravimetric method in whieh

urea was precipi tated as dlxanthylnrea by the addition of ap alcohol-
ic solution of xanthydrol. Several workers (59-61) afterwards used"
Fosse's reagent (:gntmoi) for the estimation of urea in blood K
and urine. This technique was converted to a ﬁhotozqtrib procedure
(62-67) by reaction of the precipitate to form a yellow color in an

acidic medium, There is, however, a six-hour Iaiting period for a

refrlgaratzon step ard soxe slight 1nterference froo thiourea and
allantoin. Allen and Luek (68) preclpltatod urea as dizenthylurea
and the latter was estimated by oxidation with Kéc A radio= )
chemical method for the submicro determination of urea (lS—Tiﬁﬁg) ’
wag developed by Herbain and Bertin (69). Urea ¥as treated uith

ladbelled xanthydrol-9—014 and the specific activity of the dlzan*hyl—



1
urea prgc:‘,p:i:tatq was measured. The xaﬁtbydrol method has also been
applied to t'he estimation of urea in biological fluids other than
blood and urime (70-71), and in organs and tissnes (72).

The yellowf-_-green color prodmnced when B—d.xnethylanlnobenzaldedee
is added to urea 1n-d11nte HCl kas also been proposed acs the basis
of 2 photometric method™(73~82), but it camnot be used in the Pre—
sence of g—amieosalicylic acid or sulfa drugs (75). Recently,
Nekagawa, Eeirwegh, and De Groote (83) based their urea determination
oo this method in combination \rith the use of the speciﬁ.city\i)t
urease to prepare a blank coatalmng the color romed by comporents
of. 'the sa.::xple (mne and sernn) ez:cept the urea. A test for the
detection of urea in body fluids hag been developed by Okunda (84).
Th:.s device is ¢comprised of a pemea'ble—base ::aterial con‘aining a
strong cation e:ichange resin (Anberh. e SA-2) and coated with an.
acidic solution of E—dinethylaminocinnanaldeha'de. 'ﬁzis ".;reated pPa~—
pPer is dipped into the serum sample and the Tresulting rod color
varies with the amount of urea present. A quick and reasonably
accurate polarographic method for estimation of urea both as 2 solid
and in solutioﬁ wag developed by Bhatnagar, Singh, and Roy (85). |
The method is based on-the effect of urea on the limiting current
as-well as 31/2 of 'Ti(IV) in a solution containing 0.005K Ti(1V),
0.4% 32504, a.nd‘ 0.3M (m4)zso4.

_'I'he. extreme specificity of the enZyme urease is the chief attrac-
tion of any method based on the hydrolysis of urea by the eazyne.

bt
S

I

Ho other-subst a.nces bas ever been fomnd et that is acted upon by

urease. Most of the urease techniques measure the a:::zonia formed,

T~
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althongh the quantity of urea originally present can be determiled

-~ 14 8

also fy gasomeiric measurement of the 002 formed‘(86—87);' In 1913,
Karshall (88) was the first to utilize urease as a tool for tha..
determinatién of urea in blood. measuring the ammonia formed by
titration after its: isolation by aeration. Lisle (89) makes use of
‘this prinoiple in developing a rapid and accurate procedure.

Conway (90) devised an absorption apparatus for the micro-
determiration of certain vdlatila substances. lAbelin (91) and other
workers (92-93) applied this device to.th; estination of uwrea where—
by ammonia is iaothermally distilled and: titrated after unrease
treatnent. The Conway mic;bdiffnSion method nas been modified
;ecently for use on chromatographic paper (94). The method depends
apon the cgpillary nigration of serum or plasma along strips of
.chromatographio paper impregnated rith succesgive bands of different
re;gnnts separated by plastic Ecreen. The Conway rmicrodi?fusion
method has also been used for the determination of urea iz salive
(95). The éonuay technique suffers a few drawbacks : extra labor is
involved; complete éeoovery of the ammonia by aeratioa has been
claimed to be extremely difficult; and ;heg performed at room.;empe—
Tature, recovery may be only 85% (96). Other workers, hoveve;, have
obtained complete recovery (97). To avoid this possible difficulty
‘and to shorten the procedure, nesslerization is applied to a protein—
free filtrate (98-106). This direc£ procedure can be carried out
‘either by adding urease to a protein-free filtrate or by adding it
to the whole blood or serunm. An azamplé of the firgt case iz that of

Earr (100) in which he added the urease to a tungstic adid filtrate.



Th%s technique requires buffering of the filtrate'at\vhich the urease
-1s active; for phosphate or acetate.buffefs the-optimal PH is about
7-1 (107). The second procedure cam be either with or without
buffer,_and a protein-free fil;fate is‘prepared affer the nrea is
converted to ammonia (108). Filtrates from trichlorcacetic or
tungstic acid khave been stated to de infer;or to Somogyi's zine
hydroxide filtrate since they ‘contain substances other than ammonia
which also-give color after nesslerization. Henry and Chiam;ri (109),
however, showed that both types of filitrate behave the same - that

is, substances are present other than NEE which slowly develop a

yellow color.

Another urease method is basged on/the difference in electrical
conductivity of urea ani of ¥he ammonium carbonate produced from
‘urea by urease (110). Nielsen (111) based his method on the change
in pH caused Py'the enzymatic hydrolysis of urea. The Hﬁzlliberated
by urease~catalyzed hydrolysis of urea can be determined potentio—
‘metricélly (112). Ammonia resulting from urease hydrolysis qf urea
caz be titrated with coulometrically-generated OBr naihg a direct
amperodetric end-point detection (113). The reaction bgtveen ammo—
nia (from urea by nre;se),.reduced HAD and 2—oxo-glutarate to form
'L—glntamate, HAD and 320 (whick takes place in the presence of glu-
tanate dehydrogenase) is the basis of a method (114~115) for doter—
zmining urea in blood and serum. The anmpnia is measured by the
decreased inm the extinctiom of the NADI at 366 nm. This reaction
was modified into a photofluorizetric technique (116) for estimating

uxrea concenirations in nanolitre specimens. The coacentration of
A Y
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RAD formed is determined fluorimetrically afier treatment with

" strongly algg}ine solution or by condensation with oethyl methyl

ketone. The finorescence is measured at 460 nm witk excitation at
340 on.

Silver manganese nitrate, a reagent more sensitivelto ammonia
;han Eeszler's reagent, has been used in a nréase méthod for urea
determination (117). The test is particularly nseful as a screening
test‘ for ureaila..

A Benl—qnantltatzVe procedure called Urograph or Urastra* has
been offered by darner~Chilcott Laboratorles. - A s.rip of test paper
comprising four zones (nrease, K2003, a barrier, apd broﬁocresol
gTreen or purple in tartaric acid)} is placed in a stoppered tube con-
taining 0.1 =1 of serum or plasma.  The liberated ammonia causes a
blue color change in the 1ndicator zore, which is compared with 2
standard chart. The claims made by the cozpany have been confirmed
(118) and it was applled by other workers (119-120) as a screanlng
test.

In 1859, Berthelot (121) deseribed the reaction bet;een ammonia
and phenol in the nresehce of hypochlorite to yield a blue color.

Barly applicatlon of the Berthelot reactzon to the analysis of pre-

formed EH {122-124) or for HE3 dorived from urea hy urease action

(125-126) aid not- employ 2 catalyst for the reaction. The final
color, however, was not stable, and reproducibility was a problex.

Lubockinsky and Zalta {127) introduced ithe next technical advance

with the discovery that sodinm nitroprusside catalyzed the Berthelot

Teaction, improving the irtensity, Teproducibility, and stability.
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of the bige color. This very sensitive colorimetric procedure for
tke determinétion of ammonia in combination with the specificity of

~
the urease reaction has been applied to the determination of uwrea in
seruz plasaa,‘uhole blood, and urine (128-132).' Acetone (133) and
acetone in combination with nitroprusside (134) have also been used
2s catalysts. Chaney and Karbach (135) simplified the procedure of
Fawcett asd Scott (128) by reducing the number of reagents from
three to two and increasing their stability. Lz Rosa (136) makes use
of the emerald green color produced by urea with phenol—sodlum hypo~
brozite after urease trcatment for his colorimetric method. The
procedure as described by Fawcett and Scott (128) and modlfied by

N

Charey and ¥arbach (135) was adapited for use witk the AntoAnaly'er
(137-139).

Recently, é specific enzyme electrode has been devised for the
deternipation of urea in blood and urine (140-245). The electrode
is prepared by immodilizing a layer of urease in polyacrylamide over
t2e surface of a Beckman cation eleFtrode responsive to Hﬁz and is
used in an ion—exchange sys;em with an uncoated cation electrode as
a reference. The izmobilized enz&ue catalyzes the decomposition of
urea to KE; 2t the surface of the catiomic elecf?ode. The HHZ is
'sensed by the cation electrode; +the steady~state potential develop-
ed is proportioﬁal to the logerithm of the nrea conoenfration.

in 1939, Fearon (146).found that reaction with diacetyl mono-~

Time (DAX) followed by ozlda.zon &ives colors with RIHE-CO-Hﬁnz

when 21 is H or 2 512310 alzpha ic “adzcal and 32 igs not an acyl

L
radzcal. Thus, colors were produced with urez, citrmlline, nethyl—
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urea and urea derivatives, allantéin, and prbteins. These various
compounds gife varying colors but any suﬁétance with a ureide group—
ing will generally give a yellow color (147). Xany 3nbstitnt¢d ureas
give a red coloé, but only urea yields a yellow pigment. Abelin
(148) first apolied the reaction to the determination of urea in
sérnm, but, siqce the reaction was carried out in neutral solution
and no oxidizing agent was added:f:;}y § very rough approximation of
the amount of urea present was given. In 1942, Ormsdby (149) applied
this reaction to the determination of urea. The sample is heated
with DAR in strongly acid solution and the resaltant yellow color is
intensified by oxidation, with potassium persulfate, of the hydroxyl-
amine formed inm the reaction (150-151). Thus, the determination of
uxﬁa has turned away from enzymdtic methods and back to more stfict—
1y chemical ones. This change certainly involves a decrease in
specificity, t at the same time a‘tre;endous increase in convenience.
Urease methods will remain the standards of reference, but need mot ,
be required for many ordipary pn;ﬁoses. Eawersw (151) and Rosenthal
(152) used an arsenic pentoxide~hydrochloric acid mixture for sirml-
taneous color developn;ﬁt uiéh DAM in dilute acetic acid solution,
the hydroxylanmine being oxidized as it is liberated during the heat-—
ing period. Priedman (153) and other workers (154-159 ) modified the
procedure by using sulfuric acid in plaée of the concentrateaggydro—
chloric acid. This eliminstes the objectionable odors of fuming /,
bydrochloric acid. Richter and Lapointe (160) used a ferric alum
reagent in an antomated analysis for urea to eliminate the tnrbidity

in the test solution. . /
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Natelson arnd his associates (161) have shown that the potassium
perselfote serves to destroy the hydroxylamine foroed, which inhibits
colo{wgggmatiog. Natelson proposed the use.of free diacetyl (Da),
siﬁce *tkis appeafs to be the active reagent. This, however, has
been reported a2nd coafirmed (183, 162) %o be capricious, indicating
that certain as yet unknown variables are operative. DicKenzan,
cr&rté, and Zak (163) modified the method by using a DA-phosphoric
acgd ni:turenas the color reagent. - R
- Condensation of urez wit:k DAM in the pPresence of X-phenylenthra—
nilic acid (164-167} has’also been proposed to enhance the color
formation. The reaction of crea with DAI; as oodified by the addi-
tion of phenazone or antipyrine (168-172) fulfills many of the require—
' ments for a goo?/miéroqqantitative method :.if is very sensitive,
simple and rgprodgcfﬁré, gives a linear response over a wi&e range
of coﬁcentration,and the color produced is stable. Zowever, the

development of color is rother slow which hinders its application to

autoﬁgted analysis. To overcome this difficulty, the reaction rate.

3+ and

was-%ébrgased by catalysis with variouns catiqns, suck as Fe
Ce4+, fﬁi;h makes it possible to aniomate the.method (173-174). Re—
cently, a single reagent mixture of DAN, anfipyrine, and arsenic
" pentoxide in acid solution was used for the direct determiration of
urea nitrogen in serum (175). In acid medium, DAN and thiqéemicar-
bazide form a red cozple&-(naz. 536 nn) with urea whick is stable at
;EBh temperature. This was the basis used by several workers (176-
. f\i78)ufo} their namual. as well 2s auntomated colorimetric determination

of urea. Thiosemicarbazide minimizes the Photosensitivity of 4he

reaction.
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Laboratories of ¢linieal chenmistry are confronted with an ever—

increasing number and variety of determinations. It seened worth—

while, therefore, to explore the Possibility of antomated methods

for analyses in clinical laboratories. In 1957, Skeggs (179) dis-
covered that colorimetric analysis could be performed in comtinmous-
ly flowing »treama; thus eliminat 1ng the need for stepwise Deasure-
ment addi.ion, and processxng of samples and reagents. An antometic
device was then degzkned for blood analysls 1n which tke removal éf
blood protelns is made possible by the use of a dialyzer that wags
designed to process contlnuously flowing streaas of solutions.

Marsh, F:ngerhnt and Kirsch (180) adapted this device in the detere
minatzon of urea. The urea, whlch is dialyzed from the blood, is
then permitted 10 react w1th DAI 1n order to produce 2 colored prod-
uct, the intensity of whioh is antomatically measnred and recordéd

or & chart as percentage transmission. Technicon Corporation adapt~
ed ékeggs' contimmous flow systezm and mamfactured the "AutoAnalyzexr®
whick is desxgned pr:ma.zly for antomnted analyses in cllnzcal labo—
ratoriea as well as in industry. The method of ¥arsh, Vlngerhut, and
Klrsch (180) ¥as the basis of the urea deternination adapted by the
Technicon Corporatlon for use with the AntoAnaly=er (181). Pelleri;
(182), Foore and Sax (183), and lather and Roland (184) used strong
acids in their antomated 6y¥ten. Narsh, Pingerhut, and Hlller (185)
take advantagu of the increased sensitivity gained by coabined use
of ferric ion and thiosemicarbazide to reduce the acid Trequirenent

to adbout one-teath that origirnally needed in their anto_ated and

/’-—
manyal methods for the direct determination of urea. This was
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. modified and adapted f;r use vitﬁ the Auto&nalyze: {185) by_the

Technicon Corporafion, Evans (187) made some modificétiong of the
procedure so fhat it can bezused manually in case Ar cmetéenéy.
Simultaneous determinat 1on of blood glucose and urea nsing the Auto—
Analyzer has also been developed (188-190). Glncose analyszs is
based upon its reductlon of ferricyanide to fer‘ocyanid:; and deter-
‘mipnation of the ferrocyanide formed with molybdﬁte‘(19l). The urea
nitrogen technique is based on the method of Harah; Fingerhut, ard
Miller (185). Girandet and Cornillot (192, however, adapted the
procedure of Ceriotti and Spandrio (168) in which antipyrine is used
- instead of thiosémicarbazide. Vlgneron and Siest (193) used a phoe—
phoferrlc reagent in their DLH procednre gince it is less toxic and
corrosive, easier to prepare, and. haa a range of sensitivity to cov—
er high urea concentrations. They later modified the nethqd by
suppression of dialysis, that is, an automated determination of urea
in a protein mediwm (194).

. The.nse“of senidine {195)pas a sénsifizing agent in direct assay
Sethod for determination of urea, eitrulline, and carbamyl derivatives
allows 0limination of the deproteinization of serum and provides a
slmple, sensztive, and’ rapid procedure. Girard and Dreux (196) used
chloramine—~T solution to intensify the cof&i developmnent. D-Glucurono-
lactone or D-glucuronic acid-amide was fcnndfto produce an intense
orange and pho ostable color when added to the react‘on pnixture of
DAM and - ;rea in moderately concentrated phosphoric acid. A simple,
accuratey and reproducidble method for determination of urea in blecod
and u:imLims then developed utilizing this reaction (197-198).

This was later adapted in avtomated p{géédnre.(l99). A flunorescent

IR
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‘property of the urea~alpha dikctone compound was discofered by
XeClesky (2005; The fluorescent peak was observed at a wavelength
of 415 an when the compound was activated-at an optimal wavelength
of 380 nm.
Dnd.ek (201) and others (202-203) described = method for the
direct colorimetric determination of urea in blood. This is based
on the reaction between dinethylgiyox@ﬁe.and urea in the'ﬁresence of _
sulfaric acid. Khr?pov and Galaev (204)-nodiried the procedure by
adding thiosenicarbazidé to the reaction whlch is semsitive to 18
of urea pér ml. ‘The colorinetr:c nethod developed by Archibald (205~
206) which reqnlres a 2-@] sample- permlts direct determiznation of
urea using cC-1son1tr050prop10phenone, the monoxime of benzoyl acetyl,
as the reagent for color development. The adaptatzon of this pro=-
cednre used with a 5- .l sample of Plasma (207) gives reproducible
resulis and quantitative Tecovery of urea and checks with anslysis
of synthetic control :crﬁn analyé;d by a macromethod. Siest (208)
studied the inflpence of proteins on the color reaction of urea with

q§-isonitrosogropiophenone. The resulis indicate tkat the presence

. of sone protelns is necessary for the mazlzum development of the

violet color. Ticmermans (209) and Fantini (210) also based their-
Procedure on Archibald's color -reacticn. Several oK—diketones (211),
suck as 1 2—cyclo-hep.anedzono dioxime (heptoxime) (212), 1,2—cyclo-
hexanedione (213), and 1,2-cyclo-hexane dioxinme (nioxime) (214), are
also fomnd to pro&nce a photostable color with urea in an acidic
medium at 37°C.

e nechanism of the reactions between alpha~diketones and unrea

/

N
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Oor urea derivatives is not known {215); however, analogous reactions

[}

such as those involving o-phenylenediamine and benzil have been

described (216-217). These izvolve ring formation on cbndensation

under p‘.vén corditions. Based on this Dickenman, Crafts, and Zak
~

(163) postulated a mechanism for urea~diacetyl reactior in which a

S5—oexmbered heterocyclic ring is foi*med,

+

2, —~C =0 5 N + B, —Cahl
1 + FScao—E, 17 >c-o + 2H,0
Bp=C =0 . Ex7 R, -C=8"

where R, and 32 is a methyl group or B,y 2 phenyl. Tietz (218)

bresents a reaction mechanism schenme for urea-DAN reaction,

?

CE, - C = RO CE,. - C =0

3 g 3

I +320—-—) l + HOEHz ——

653-‘C-O CH3-C-0

— - bod -— - : .
CH3 c o “ZH E+ _CE3 C H\
] l + c:-ozgo . l c.-0+25'20
CE, -C =0 H"/ T2 crr-C'-E/ -

3 2 =3

in which the DAX .is first hydrolyzed to the free diacetyl and hydroxyl-
: amine; the liberated diacetyl them react with urea to form z 5
membered heterocyclic Ting compound. Beale and Croft (165), how-
ever, gave ithree p;:ssibilities as té the pature of the reastion be-
tween nrea and DAK. The first poséibﬁi‘ty is a straight chain con-

densation between one nolecule of DAK and one molecule of nrea;
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0
]
CH3-C-HOH EZH -HZO CHB—C-H;NH—C—Eﬁz
| . + /p-o-—-—-——-—a -+ ?20
' - E -
CHB-C 2H CH3—C 0

1o urea is 2 to 1;

‘the second is similar to the first one except that tke ratio of DAk

0
- Il
CHB-C-HOE Ezﬂ\t " R0 CHB—C-H—HE-C—Hﬁa
+ =0 ——3 + 320
CE3—C-0 Hzﬂ CHS-C-O
(a)
3
CH3—C-HOH —320 QES—C-E—HE—C-HE-N-C—CnB
(4 + I > » . . + Ey0
CH3—C-O CH3—0-0 O—C—Cn3

and the last one is a 1:1 ring condernsation betwser urea and AN to

form a substituted 1,2,4-triazine:

CE, ,NOR B
N
A

CE3

2

E\ N
-22,0 CEy A CEy Ny
/c-o —_— | —— ] ]
o B X - CH3 \F/C-O CH3 H/

The condensation product is 3-hydroxy-5,6-dimethyl-l,2,4-triazine.

Ehramov and Galaev (204) modified FeaTon's reaction by using dimethyl—
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glyoxime and thiosemicarbazide as the color reagent. According to
them, the probable variant appears to be a cyclic condensation with
formation of a 1,2,4-triazinpe. Veniamin and Vaki;tzi-Lemonias (219)
‘recently investigated the carbamido—diacetyl colorlmetrlc assay and
they presented evidence establishing the involvement of either 77— or
8—ethyl, or 7,8-dmethyltetrahya.mimidazo(4, 5-d)imidazole-2,5-diones
‘as chromogens, all three being equzlly acceptable. Their experimen—

tation has led to the proposal of an overall reaction schene,

(a) .
4,5—dihydroxy~2-
imidazolidinone

RIII CE RII
13 ]

II Cmr

{4) + = —IIH-(.!-HH—R ;ﬁ /N_“l
0
| N

| } ]
RII RI RIII

=0

(3)

glycoluril derivatives

(3)

5%, Feo*, 0,, bv [ Pigmeat ) ny .
2 comoid(?l ————¥ Photolysis mdncts |

whick essentially involves either of tke above-mentioned glycolurils

(7— or B—methyl or T,B-dinethyltetrabydroinidazo(4, 5= )imidazole—2,5-
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dionesj as the potential pigment precursor. -

Up to the time that this project was andertaken, the exact
nature of the substance formed between the Teaction of urea with DAM
and DA was not known, .axcep't that it is yellov‘and Yields maxirpm
absorption at 480 pm. Unfortunately the color is uastable because
it is reduced by light. It is therefore the main obje_c;t of this
Tesearch study $o try and fird out, if possible, the nature of the
pig:meht formed, or at least the Protochronmogen to the yellow pig-

ment.

v

i



CEAPTER II
EXPERINENTAL

A. Preparation of Diacetyl Monosemicarbazone (oxs)
-Haterials and Xethods |
1) Apparatus
Corrected Qelting ﬁoint measurenents were takeﬁ titﬁ a
Fisher—Johns.Helting Poin%t Apparatus. Infrared spectra were obiain—
ed witk a, Beckman IR-12 infrared spectrophotometer using 0,25% w/w
potassium bromide discs. Ultraviolet spectra were obtained in
ethancl witk a Beckman FNodel DB spectrophotometer equipped with =z
Wavelength Drive Unit and a Sargent SRL recorder. The fluorinetric
Specira were made in ethanol with a Perkin-Blmer Nodel 203 fluore-
“scence spectrophotometer.
2)- Reagents
2,3-Butanedione (o: diacetyl) and semicarbaszide hydrochlo- -
ride (Pisher Ceartified Reagent) were obiained from Fisher Scientific |
Company, Canada. 411 solutions were made up in deionized, distilled
water.

3) Synthesis

Diacetyl ﬁonosemicarbazone was prepared for the synthesnis

b

% 3-hydroxy-5,6-dimethyl-l,2,4~triazine. The procedure followsd
w2s basically that of the first method given by Diels (220). The
first method was chosen sinply.bec;nse it is simple and gave a better
yi.;.ld. Diacetyl (DA), 5 g, was dissolved in 25 ml of deionized, dis~

tilled water and to this was added a solnition of 10 g semicarhazide

21
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hydrochloride in 25 ml o$~dei6nized, distilled water. The reaction
-was carried out in an ice bath with constant stirring. A thick
sluarry of white precipit#té was formed imnediately; The reaction
mixture was allowed to stand for 30 min to insurg’completion of re-
action. The precipitate was then filtered, wgshod with cold water,
azd dried under vacuun. The yield was 7.4 g (57-7%). The precipi-
tate was boiled in about 200 ml of hot water for 5 té 10 min and .
filtered through a 3ﬁchner funnel which has two filter papers cov-
ered with a thin l#yer of moistened aqtivated charcoal (Forit A).
The colorless filtrate was cooled to room tenperature, a%t which time
fine needle-like crystalfﬁazgrted to separate:out from the solution.
This was allowed to stand ov;rnight in the cold (refrigergtor) to
insure complefe crystallization. Pine white needle—-shaped crystals
in leaflet aggregates were obtained. The crystals were filtered,
washed with cold water, and dried in an oven at 100°C for at least
two hours. Recrystallization from boiling water was repeated unntil
2 constant melting point was obtained. There vere odiained 2.1 g of

vhite crystals, mp 234°-5°C (a).
9

B. Attempted Synthesis of 3~Hydroxy-5,6—Dimethyl-1,2, 4—

Priagine
Naterials and Eethods

1) Reagents |
Diacetyl monosemicarbazone was prepared in Part A. 'Sodiun

hydroxide and concentrated hydrochloric acid were of analytical grade.

a
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These were used for the preparation -.of 2§ sodiunm hydroxide and 6§
hydrockloric acid solutionms, respectively. Both were prepared in

~ N

deionized, distilled water.

32y SE‘thesi.B .
The method followed was that of Seibert (221). To a 250-

mi, round-bottomed flask, equipped with a reflux—distillation con—
denser, were added 6.9 g of the diacetyl monosemicarbazone and 60 ml
of 2N sodiuxz hydroxide. The mixture was stirred thoroughly and then
heated #t reflux temperature with a heating mantle.. Soon after tge .
semicarbazone began to melt, evolution of gas and formation of a
"Yellow—orange solutipp;iere observed. All the semicarbazone dissolved.w
in 15 min. Reflux and‘;nbsequent-distillation was carried ount at
100°C for orde hour, at which time the liguid portion was distilled
off completely leaving augﬁ?#CFEEFn residue- in the flask. The dis-
tillate was pale yellow iﬁ color. The residue was allowed to cool
204 tin aciditied with 65 hydrochloric acid to pE 4.0. A few arope
of concentrated hydrochloric acid were added as the PH approached
4.0 to keep the volume at a2 minimum. The mixture was allowed 1o
stand overnight,in the refrigerator. The darkfbrOIn precipitate
was then filtered, washed with cold-uater, and recrystallized fron
hot wader after purifying with activ;ted charcoal (Norit A) as in
Part 'A. The colorless filtrate was allowed to stand overnight again
in the refrigerator because the crystallization process is very slow.
The solvent was removed on a rotary evaporator at a temperature of

SO'C. 4 white precipitate was formed. This did not melt even when

a temperatunre of 300°C was reached.
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C. Synthesis of Diacetyl Fonosemicarbazone Isomer

' Eaterials and Methods
© 1) Aoparatns

The apparati used were similar to those used in Part A,
The elezentary analysis was performed by Schwarzkopt ¥icroanalytical
Laboratory, 56-19_37th Avenue, Woodside, New York 11377.

. 2) Reagents

Diacetyl monoxime (2,3~butanedione nonoxime)lgnd urea
(4.C.S.. grade) were obtained from Fiaha£ Scientific Company, Canada.
The diacetyl monoxime (DAX) was Pisher reagent grade for urea
nitfogen. The DAM and urea solutions were prepared with deionized,
digtilled vﬁter. Concentfated snlfuric acid and phosphoric ac;@
(85% w/u) were of analytical grade. |

3)  Synthesis :

The isomer of DES was obtained from the filtrate in Part .
A." This filtrate, which was colorless when the semicarbazone was
filtered, turned pink after allowing to stand in the ice bath for
bal? an hour. Some white Precipitate was observed to appear during
this period. hen the color tn}ned lavender and subsequently pnfple'
upon sianding overnight at Troon temperature. The p¥ecipitatc was
filtered, washed with cold uat;r,‘and dried under vacuuz. A first

Tecrystallization was carried out with hot water and morit A in the

-
v

sa#e manner as in Part A. Subsequent féérystallization from alcokol
gave 0.4 g of white, ‘glossy, flake-like erystals, =p 222°-223°C (a).
Anal. Cale. for CsEgiy0,7 €, 42.0; E, 6.33; &, 29.7.
Pound: €, 42.03; E, 6.24; ¥, 28.76.



a
Ll - 25

4) Spectral Study of the DNS Isomer

The spectrum of thé-raaction produ%f betie;n urea and DAM
apd that of the DHES isomer in acid medium were coapared., The basic
eXperinental procedure was essent ially that of Natelson (222) . The
B2) #3 1soaer, 30 mg, was dissolved in 50 ml of hot water. Urea solution
was prepared in the same mannmer and concentration except that no'
keating is necessary. A sulfuric acid-phosphoric acid reagent waé
prepared by mixing thoroungtly 150 ml of 85% (w/w) phosphoric acid
witk 140 =1 of water. To this solution concentrated salfuric acid
(50 ml) was added slowly while mixing. DAM solution (24) was made
by 2dding 2 g of DAN to zbomt 60 ml of watér in a 100-al volumetric
flask, followed by 2 nl of glacial acetic acid. The mixture was
shaken to effect dissolution, with slight/iébning if necessary, ‘and
thexn made wp to the mark, |

To 1 nl of the urez solution in a test tube were added 1 ml of
water, 0.4 ol DA¥, and 1.6 ml of the sulfuric acid-phosphoric acid
aixture. The test tube was théﬁ stirred thoroughly and placed in
2 boiling ?ater Bath for 20 =in, cooled, and the absorbance read
2gainst 2 water blank. At he sane time the color from the DES iso-—
Zer was developed'in the sazme way, except that 2.4 ol of the sample
were psed in place of the 1 ml urea solution, 1 nml water, and 0.4 ml

DAY,

D. Synthesis of +the Protochromogen in the Urea—Alpha Diketone

Reaction

Faterials and Hethods
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1) Apparatus

Absorbance measﬁremen;s were made with a Beckman DU mono-—
chromator with Gilford Model 2000 Eultiple Sample Recorder and a
Eitachi Perkin-Elmer Kodel 139 specirophotometer. Uncorrected melt
ing point neasurements were ;btained with a Cenco Electrothermal

Xelting Point Apparatus. Class A volumetric glassware was used.

Diacetyl monoxime (2,3~batanedione monoxize ), diacetyl

(2,3~butanedione), sodium nitrite, palladium on charcoal, and ures
wore obtained from Pisher Scientific Compary, Canada. The diacetyl
moroxime (DAM) was Fisﬁcr reagent grade for urea nitrogen. ﬁrea,
sodinm nitrite, 85% (v/v)'phOSphoric acid, conceatrated sulfuric and
hydrochloric acids were of A. C. S, analytical grade. Glycoluril
(practical grade) was obtained from Aldrich Chemical Co., Inc.,
Filwankee, H;sco;sin. 1,3~Dimethylurea was supplied by Basiman Or-
gacic Chemicals, Rochester, Hew York. Solutions of all of +the above
reagents were prepared with deionized, distilled water.
3) Syuthesis

The potential Pigment precursor was synthesized by three

means. In the first method, (a), 2 solutios of 10 g 2,3=butanedione

(diacetyl} in 50.n1 waler was nized thorcnghly_with 2 solution of
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20 g urea in 50 ml water. To this mixrture wzg added 20 ml of cop-
‘ ceértmted hydrochloric acid, dropwise, l.lith ‘constant stirring. A .
pur;z wkite precipitate was slowly fofned. The reaction mirture was
then‘ allowed to stand for two hours at room temperatnfe, after whick ‘
the precipitate was filtered, washed with cold water thoroughly, and
dried mnder vacunm. The yield was 10 & (4). The saze procedure was
repeated using a solution of DAX of the same concentration as diacetyl .
(D), in place of DA, and 38 ol of concemtrated bhydrochloric acid
were used to gffeét precipitation. The reaction mixture was allowed
tq stand overnmight in the cold before filtration. The yield was \
1715 g (3). Crude products (4) and (B) were recrystallized first
from hot water after treatﬁent of their solutiorns with VHorit-A, and
subsequently two or three times from hot water alone. White, glossy,
fla.b' crystals were obtained in nimmte qmantity. The cryst'als were
filtered, washed thoroughly with cold water, and dried in the oven
at 100°C for at least iwo hours.

The second method, (b), was essentially that of Hilliams (223).
In a 2-litre, W-Mttomd flask, equipped with ref‘k’g._:ﬂ condenser,
were added 50.5 g DAH, 30 g urea, 1 litre 95% alcohol, and 25 ml con-—
centra.t.ed hydrochloric acid.'\_i'he_mirture was refluxed for 9 hours;
30°) urea was added every 3 hours until 120 g'was preseat. Alcohol
(250 @l of 95%) and 25 ml of concentrated hydrochloric acid were
added after the last addition of urea. The mixture was Tefluzed for
six additional hours, cooled, a.nd,fil‘tered.ﬂ The precipiiate was
washed with 250 ol alcohol and dried in the oven at 100°C for ome
hour. The sample was then slurried with 750 ml boiling water, £il-

tered, washed with 250 ml alcohol, and dried in the ovem at 100°C

-
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for two hours. The yield was 18.4 g (C). This product was recrys-

tallized in the same manper as in the first nethod.

Anal. Calc. for céaloxgoz: C, 42.36; E, 5.93? 4, 32.94.
Pound: C, 42.54; H, 5.88; ¥, 32.76.

The elementary arnalysis was dope by the same laboratory as in Part C.

The method of Franchmont and zlobbze (224) followed in the
third procedure. I:)a 2504&1 beaker. were mixed 20 g of DA, 50 g of
water, and 35 g of urea; all dzssolved coapletely. This reaction
n;xtu;e was allowed to stand overnlght. The following day a white
precipitate was formed. The precipitate was.then filtergd, ﬁashed
with hot water, and dried nnder vacuum. The yield was 15.44 g (»).
Recrysﬁalliza ion was also accompllshed in the same way as the other
two methods.

A1l the four compounds (4,B,C,D) obtained from the thres methods
above exhibit the saze appearance and melting behaviour. The cIystals
were white, gléasy, and flaky in shape. .The compound turned light
browa at 34o°c dark brown at 345°c and foamed above 354°C without
melting

4)  Spectral Study of the Protochromogen

- The spectra of the four compounds (4,B,C,D) prepared abowe
and that of mrea-DAN in scid medium were eramiged and compared. The
method nsed in obtalnlng the absorption curves and the s tandard
curves was essentially that of Fatelson (222) as iz Paxt €, except
for that involving DA as the color Teageut in which the procedunre of
Dickenman, Crafts, and Zak (163) was followed.

Solutions of the four compounds (4,3,6,D) were prepared by

-
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dissolving each of tHe sanples (&, 10 mg; B, 11 mg; C, 10 mg;

~

D, 10.5 mg) in about 80 ml of hot boiling water and then made up to

[}

the mark in 2 100-m1 volpmetrlc flask. A nrea solntidn of 11.5 ng

per 100 ml of water was prenared. The DAM solntlon was made up in

the same manner as that used in Part C. These were used in obtaln—
ing the various spectiral absorptzon cnrves.

Fo? the Beer's law study, a solution of the-sample (A, 40.8 mg
per 100 ml; B; 40.0 mg.per“iﬁo ml; C, 40.3 mg per 100 ml; D, 40.§ ng
per 100 ml) was prepared in hot water and a 1:10 dilution was made
25 the working solution. For 2 urea stock standard 250 mg per 100 ml
was used and the working standard used was a 1:100 dilution of the
urea stock standard (0.0250 mg.per ml). The urea stock standard used
in tﬂe nrea—DA reaction was 514.4 mg'per-loo ml and a 1:100 dilution
was used as the working standard The absorbance was measured at
480 nm. The dlacetyl color reagent was prepared by addlng a phos—.
phoric acxd solutzon (400 ml 85% phosphoric acid iz 100 ml water) to
0.2 ml DA until the mark of a 100-m1 wolumetric flask was reached.
Two milliliters of the sample (4,B,C,D) or urea working standard and
2 ml of tﬁe'color reagent were mixed in a test tube and Qlaced in a
boxllng water bath for 10 minutes. The tubes were t#an renoved and -
cooled in an ice bath for 10 min, and the absorbance of the ‘solutions
were read against a water blank at 475 nm.//zhe Beer's law studies
were carrzed 1n triplicate.

5) Nitrous Acid Test'

The proceiure is based on that of Bouveanlt's nethod {225).
The solntxons of the synthesized componnds (a4, B +CyD) prepared in

experiment 4 were treated uith an equal wvolume of 6F hydrochloric
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- acid and heated in 2 boiling water bath for 10 minutes. The test

. tubes were cooled in an ice bath and a 20% solution of soldium nztrzfﬁ

vas added below the surface of each of the reactlon mlxtnres.. The '
amount of sodium nitrite used was one—tenth of the volume of ike
reaction mixture, The procedure was Tepeated using solutions of
giycélnrii and 1,3—dimethylurea. The results of the reactions of
the th}ee componnds were compared. . Glycoluril was recrystallized
first from hot water after paxrifying ulth Norit A, and subsequently
two tzmes rron hot water alore. 1,3—Dlmethylurea was recrystallized
Irom water:ether (1:2) mixture until a constant melting point (107°C)
was reached,
)  Eydrogemation Study

~.'The hydrogenation {technique followed was basically that
given by Augustine (226). To a l-litre, round-bottomed flask 8o g
of the synthesized sample were dissolved in 510 =l of hot water.
The soluntion was cooled to'roém temperature and 4 drops of concen—
trated hydrochloric aciad were added. Than‘b;4l46.g of 10% Pd/C
catalyst was suspended in *ke solution. A zagnetic stirriné bar.was
also placed in the flask; The flask was coanected to the hydrogena—
.or and a magnetlc stirrer was rlaced ander -it. mhe 835 burette was
filled u1th mercury and the stOpcock at the top closed. The systenm

was alternately evacuated with a2 water aspirator and rilledkuith

3

- hydrogen three times. Afier the last hydrogen intake, the stopcock

on the burette was opened and the burette was filled with hydrogen.
three—uay s*Opcock wag. c‘osed and the volume of the hydrogen in
the buretie was recorded after the pressure has been equalized with

the atmosphere by adjusting the leveling bulb. The stirrer wasg
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turned on and bydrogen unptake wasg al}oved to p?oceed with only
. occasional adjustmentror the leveling ynlb.

The hydrogenation was run continunously, with constant stirring,
for approximately 17 bours, at which time hydrogen absorption ceased.
The pressure of the systen was ?eadjnsted to atmos#@ericﬂpressure,
the hydrogen volnme Tecorded; and the flask removed. The catalyst
was filtered through a Buchuer funnel coated with a cake of hyflo.
The solﬁent_uas rem&ved urder vacuua with slight heating (40°-60°C).
A wtite precipitate separated out when the volude of the solvent was
reduced to about 100 ml. fThe Precipitate was then filtered, washed
witk cold water, and dried in the oven at 60°C overnight. The re—
duced substance was then used to *un an i, r. spectrun. The.pro-
cednre was repeated on a control containing the same amount of
water, acid, .a.nd catalyst. The difference in the hydrogen uptake
beiween the sample znd the conirol is the amount of bydrogen absorb-

e& by the sample.



CEAPTER III

RESULTS AND DISCUSSION

. A. Preparation of Diacetyl Xomosemicarbazome

The reéults of tke infrared, ultrafiolet, and fluorimetric
spectra on the compound, diacetyl moznosenicarbazone, prepared are
reported in Table I. The corrected melting point obtained for the
diacetyl monosemicarbazone, 234-5°C, agrees with that of Diels (220)..
It ﬁelts with accompanying active gas evolu;iOn 2nd decomposition.
With most organic solvents, such as alcokol, methanol, acetone,
chlorofornm, ethyl ether, benzere, toluene, dimethyl énlfoxide, etc.,
the compound is very difficult to solﬁbilize, even by boiling. Its
solubility in boiling water is approximately 1:30 (w/v), and thus its
Tecrystallization was carried out in boiling water. _

As Dielg had obsarved, the subsiance exhibited a weak acid
character and forms a yellow solution when dilute sodimm hydroride
was added, and when concentrated sodimm hydroxide was used, yellow
needle—like crystals were obtained. fhe Bame observations were
noted in the present study. It is solubdle in the cold in glacial
acetic acid and trifluoroacetic acid. The aemicgrbazoﬁe is not
dissolved in mozt acids in the cold, but it dissolves when heated to
boiling. %hus, when the solution of senicarbazone was subjected to
the standard conditions for the determination.of ureza in clinical

laborateries, a pinkish solntion was obtained.

32
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_ Figure 1 and Table I show that DES has an nltraviolet maxirmm

at 267 n:lritﬁ a2 Dolar absorbancy index of 7.4 x 106. A floorimetric
study of the compound was undertaken using the excitation wafelcngths
_ ()\3),-260 n= ard 315 nm. The resu{fs are shown in Pable irand in
figures 2 and 3. Wien the compound was activated at 260 nm, two
fluorescent peaks were observed at 312 nm and 395 m=;at an excita-
tion waveleng*h of 315 nxa, the fluorescent peaks appeared at 345 om
and 465 nm. The fluorescence intensity at the lower excitation
wvavelength (260 nn) was observed to be lower than that activated at
the higher excitation wavelength (315 nn).

The i. r. specirunm shows that the compound has the functiomal
groups characteristic of a prizary amfde (227). "It has two moderate-—
lyjintense E-H stretching frequencies, 3350 cot and 3200 cm-l,
corresponding to the asymmetrical and symmetrical E-E stretiching
vibrat 1ons typical of 2 primary amide in the solid phase. A mode—
rately intense O-F stretching vibration occurs at a higher frequency,

3500 om >, The spectrun shows this band dne %o the fact that the

semicarbazone can also exist in its tavtomeric form- _ s
; :
CE y—C=F—5E-C-IE,, CH;~C~F-EE—C-TH, ’
= |
M
CHB—C-O _ CEa-C-OH

- &4 strong carbonyl absorption band (amide I band) occurs at 1685 cot
(227). "he increzse in the frequency of absorption may be attribmi—
ed to the inductive effect of the NE, group adjacent to the carbonyl

grouping. An amide IT band, which is less intense than the amide I



TABLE I

COXPARISON OF SPECTRAL DATA POR DES AND IPS ISOMER

—

DXS
(op 234-5°c)

XS isomer
" (mp 222-3%)

Ultraviolet maxima
aoclar absorbancy
index

Fluorescent peaks
= 260 nm

Ag = 315 mm

and

Cha:acterisﬁic infrared

bands, cm

267 om angd 7.41106

312 o3 and 395 nm
345 no and 465 nm

3500
3350
3200
1685 sk
1600
1580
1450 w
1425 w
1390
1360 =h

. 1300 sh

1170
1130
1000
945
765
745

285 n= and 8.0x10

z
210 mm and 5.2:106

323 nm and 510 nx
345 nm and 460 zm

3430
3380
3220
1680 sk
1615
1585
1565
1430 b
1380
1300

1100

980
960
940
330
755 sk

weak
broad
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band, appea;;j;s a doublet at 1600 cm-l and 1580 cn_l. These bands
correspond to the N-J bending vibra;ion. The C-XY stretching band
is found at 1450-1425 cmul and a broad, medium band in the region
of 765-745 emt Tesults from the out—ofwplane KX wagging. The
Spectrun also shows two bands at 1390 ot and 1360'cm—1,-respect§va—
ly, corresponding to the as&mm;trical and symmetrical methyl bend-
ing. The methyl deformation and the C~C streiching vibrations occur
at 1170 cmql.

From the melting point and the‘different functional g¥onps
sho;n in the i. r. spectrum, the compound prepared is confirmed o

be diacetyl [onosemicarbazone, which kas the strpgture :

0
r
CEy -~ Cm¥-N-C-m,,
CHy = C = 0 ‘
S

This is the same structure that had been assigned by Diels (220) for

this compound. -

B. Attempted Synthesis of S—Eydroiy—Sj6—Dinethyl—1,2,&-

Triazine -

The. procedure of Séibert (22i) was followed closely for
the synthesis of 3-hydroxya5,6—d£;ethy1-1,2,4—¢riazin$, the sus-
pected chromogen in the urea-alph;\ziketone reaction aé ptonlated
by Beale and Croft (165). The synthesis could not be accomplished

in this laboratory. 4 dark-brown residue was left in the botton of



36

: Legend to Pigure 3

-

4?13;_f1 Ultraviélet Epecira of DES and its isomer. Zach curve
represents the following: Curve 1, 3.62 x IO—SH diacetyl
t

monosemicarbazone (IKS) read agairst an alcohol blank;

Carve 2, 3.55 x 10”8 DES isomer read against an aleohol
blanik.,
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FIGORE 1

. ULTRAVIOLET SPECTRA OF DHS AND ITS ISOMER
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LéZend to Pigure 2

Pig, 2 Fluoorimetric spéctra of D¥S and its isomer

-AB, 260 nm.,

Curve 1, 2.1 x 207 DiS in aloohol: curve 2, 1.7 = 107%
IMS isomer in alcohol. .
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FIGURE 2

FLUGORIMZTRIC SPECTRA OF D¥MS AND ITS ISOKER -AE, 260 om
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Legend to Figare 3

Fig., 3 Fluorimetric spectra of YNS and its isomer -)\E, 315 om.
1, 2.1 x 207 D85 1 alcohols curve 2, 1.7 x 107%

BI'S isomer in alcohol.

Curve



FIGURE 3

FLUORIMETRIC SPECTRA OF DFS AND ITS ISOMSR ~Agr 315 mn
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the flask after the reflnx and subsequent dlstzllatlon steps. Aciéi—
fication of this residue was carried out with either 6N EC1l or m

4 to pH 4.0. Prothing and the appearance of'a grayish—yellbv
precipitate were observed upon addition of the acid. when this pre—
cipitate was boiled with bot water and Hg;it 4, no crystals were ob-
served even after standing overnight or longer. A solution of 40a
KOE was tried to effect crystalliza%ion, bnt.to 1o ;vail - only a
very cirnte quantity of gelatinous substance was obtained.

. i ,
The colorless filtrate from hot uafer and Norit A treatmerit was

then transfered to a rotary evaporator at 45°-50°C in order <o Tezove

'the solvent. Hhite crystals were obt tained; however, when snbjectéd
to hoat only a few crystals neltied, appearzng as orange spois or
dréﬁlets, at about 228°C, The only possible explasation for this is
that sodium salts are coprecipitated. | qverﬁohe tkis possible
difficui;y, extractions into n-amyl alcéhol Or iso-amyl a2lcochol
were tried. Ko colorless crystals were obtained af after removing the
solvent on a rotary evaporator. An orange and white residue was
left in the flask. The orange portion of.the oixture nelted at a
Tange of 190°-202°C., fThe amount of orange residue is 50 mizmte in
quantity as compared 4o the white solid that xts aeuara*lon conld
nbt be accomplished. Ko szgnzfican‘ results can .hen be dedunced
from the synthegiS‘aétcnpted. .

Biltz (228) obtained with ease 5,6~diphenyl=3~oxy-1,2,4~triazine
by boiling benzil and’ senicarba.ide hydrochlo-‘de in acetic acid

solution for several hoursg :

1
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N
C H_—C=0 5, N-NH ¢ -c¢Z “m ]
655 2" 65
' + Cm0 —rou l , + ZE,0
CgE5—C=0 -3 CgEs - §§N/,c-o

Based on ehis ﬁrinciple he iried to synthesize S,S—dimethyl-B—oxy—
1;2,4—£¥i&zine)usiné diacetyl in sodium ethoride, but did not smo-
ceed. Several unsuccessful atfempfs (220, 229) were made to Dre—
pare 3—hydro=F-5,6¥dimethy1~l,2,4—triazine from the monosexmicarbazone
of diacetyl. Diels (220) found that cold dilute alkalj meroly»dij
ssolved the semicarbazone without cansing cycliiation. The cycli-
zation of diacetyl mpnosemicarbazone was finally achieved in 1947

by Seibert (221)» Unfortunately, no reaction tlme and acidification |
conditions were Eiven., ?ollowlng his procedure, the synthesis
unde;taken here did not, achieve the expected results (i.e., cycli~
zation to a triazine did not oceur). According'to him, erystalli-
zation of the triazine Tequires weeks for completiom. It isg clear

~

thfn, that the cycllzatlon of diacetyl monosemlcarbazone is qulte P
dlfflcnlf. ‘

thielt and Dralle (230) studied the Teaction of diacetyl with
aminoguarnidire hydroch;oride or*nitrate in aqueons solu;ion. They
did-not obtain ring ;ompdunds, only osazone-like coxpounds. Erzck—
son (231) was able to obtain 3—amino—5 6—dimethy1—1 2,4—triaz1ne by .
_Teacting diacetyl with aminogumanidine’ bicarbonate in an\aqneons
medinm at room temperature. The ring closure does not proceed near-

ly 28 readily with senicarbazide as with aminoguanidine. The ease

of reaction thus appears to be greatly affected by the nature of
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substituent gronps, for aromatic diketones €ive much more satisfae—

tozy results than do allphatic diketones.

cC. §znthesié of Diacetyl Monoseﬁicarbazone Isomer
. Dﬁring the preparation of diacetyl monosemicarbazode, a nerl
compound was accidentally found in “the oother ligquor {See EXPERIK:BTLL
Part A). This was assumed to be the isomer of DFS based on the coo--
parison of its spectral data, eleuenta:y’analysis, and melting point
with those or DMS. Thke spectral data are reported in Table I. The
elementary analyses are Very close to those of D¥S, but the nelting
points are differemt. The ultraviolet spec“ra. (Pig. 1) show th.a_t the
assuned: isomer has two na:lna : one at 285 nm with a molar absorbancy
h irdex of 8.0 x 106, and a shoulder at 210 nn with a molar absorbancy
~izdex of 5.2 x 106. This differs from DES in thaf if has a maxirgn
"at 267 nnm,
In the fluorimetric study, at an excitation tavelength of 260 mnm
. {Pig. 2), the" conpound kas a graater flnorescent intensity than DXS
‘ and has two dlstlnct fluorescent peaks at 323 and 510 &z, respectively. ‘
At an ezcitatzon ;avclength of 315 nm (Pig. 3), however, the isomer's
Tlaocrescent intens:.ty is less than that of DKS, but the curve has a
similar pattern and .is superiﬁpoéable on that of DXS. -
The rnnctional gToup portion Jr the i. r. specirun shows 5151L
1z» characteristio band= to DES : O-E stretchlng vikration at 3490

cm ; asyumetrical and symeirical F-¥ stretching vibrat 1on at ‘3380

pl

'cn -1 and 3220 co l,respectxvely, -3 st*ong C=0 and C=N stretching
vidbration at 1680 ca -. e fingerprint portion shows differences

in the characteristic bands which are summafized in Table I.
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- Based on the above similarities apd differences, the componnd
obtained was assumed to be the isomer of DES.
. A solutlon of this compound was treated with a 52504 - HBPO4
acid mixture and heated in a bozllng water bath, the sféndard ¢lini-
cal conditions for the deternination of urea according to the method
of Hat;lson (222). The Tesulting reaction mixture was compared with
$hat of aurea—alpha diketone reaction mizture with respect to its
color. The color developed by the isofer was pink instead of the
yellow color produced by urea-DAN. Forther study of its absorption
curve was not undertaken for the simple reason that this compcund

could not have been the nrotochronogan in the urea~DAN or urea~Di

Teaction because the expected Fellow color was not obtained.

D. Synthesis of the Protochromogen in the Urea~Alphzs Diketone

Reaction . ‘
The i.-r. frequencies of characteristic groups are listed
in Table II. All four compounds (2,3,C,D) prepared, using DA or DAk

by different methods, were found +o show sizilar and almost super—

imposable i, r. spectra (Pig. 4); The characteristic group freguen-

cies as shoun by the spectrum favours a diacet tyl dinreide siructure, .

(,;Q



TABLE IT

 CHARACTERISTIC IHFEARED‘BLHDS OF TEE PROTOCHRONOGER

46

FPanctional groups Frequenfies
(em™™)

B—E stretching vibrations {primary amide, 3400
solid phasme) 3240

C—H stretching vibration {asymmetrical 2920
oethyl)

C—EH stretching vibration (symmetrical 2840
methyl )

C=0 stretching vibration (nom-bonded) 1720%

C=0 stretching vibration (hydrogen 1680%
bonded ) |

- deformation (hydrogen bonded) and 1640°

C=N (conjugated) 1515

C-H bending vibtration (asymmetrical 1440
zethyl) o

C-E bending vibration (symmetrical methyl) 1385

C—E deformation and C—C stretching 1160
vibration

- out—of-plane bending or wagging 740-720
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Pig,

Legend to Figure 4

Comparison of infrared spectra for the protochromogen

“synthesized by different methods. Curves 4 and D,

compound synthesized from ura# and DA by different’

methods; Curves B and C, compound synthesized fron

. Brea and DAN by different procedures.



48

FICURE 4
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rather than 3a,6a~dimethylglycoluril (3a,6a-dimethyl—tetrahydro

imidazo[;,S—d]imidazolé—2;5—dione),.

H CH. B
] 137
u—-C——-H
IF‘/O
} CH3

as a#signed by Pranchimont and Elobbie (224). These absorption
bands are characteristic of an open—chain primary aE;d& in the solid
phase.

Regardless of vhether DAX or DA was used in the reactzon, the
' same final prodnct wags odblained. All four products show a similari—
ty in their melting behaviour when subjected to ﬁeat. Tﬁey all
turned light brown at 34o°c¢*darker.at 345°C, and above 350°C they
evolved gas without meltiﬁg. Compound A was obtained fronfthe To-
action of“urea and DA in the presence of conceantrated hydrochlorig
acid; compound B from urea and DAM under the same cornditions,
Cémpdﬁid C was prepared following Williams?' method (223) using DAR
to react with urea; while compound D was that obtained by the method
of Francbimont and Klobbie (224). Whether the reaction was carried
out under reflux or not, the same snbstanée resulted. Hatelson and
co—v;rkers (161) also found that the active reagent in the urea~- .
- alpha diketone reaction was diacetyl not DAM. When diacetyl was
used, the reaction time in a boiling water—bath was markedly de—
creased and maxiruom color developed in a few mimmtes. This color

is not enhanced by potassimm persulfate, and it becane apparent



. -

t tke function of the persulfate was *o destroy the hydroxyl-
amine which tended to rednce the intensity of the color. 3eale and ’
Croft (165), on the other hand, claimed that DAY, and not diacetyl,
reacts with the nrea.\ In iﬁvestigations of the Fearon reaction as
applied to urea, many workers have included, as did Féaron, an'ozi—
dant, the purpose of which usually has been stated to be to destiroy
the hydroxylamine produced by hydrolysis of DAX. Recently, Tiet=
(218) pr;éﬁnted a reaction scheme for urea~DAK showing that DAX is
first hydrolyted to DA and hydroxylamine. The free discetyl was
postnlated ?o react with urea to ﬁrodﬁce the yellow color. The fact
that the same compénnd was obiaired either from DA or iis monoxime
supports the above hypothesis.

The above compounds (4,B,C,D) were studied with resbect to ab-
sorption maziﬁa‘enploying the standard clinical conditions for deter-
mination of urea in blood and urine. The method followed was that
of HNatelson (222).. The absorption maximnﬁ for the reaction soluniion
using the above compounds (4,3,C,D) as well as that for the urea~DAX
Teaction is similar and occurs. at 478 n= (Fig. 5). The heating step
ia a boiling watercbath (30 min) was carried out in the dark since
the reactiorn is photoseﬁsitiVe. The sénplé and blank were botk
stabla for the length of the study (1-1/2 hours). The coapounds
produced thelsane Yollow color as n}ea does nnder the same standard.
condition#. The absorption curves obtained for the solntlons of the

four compounds are superimposable on each other and on that of a

 urea~DAM reacticn nixtare.

The logarithm of the absorbance was plotted agnlns‘ wavelength

for the above five samples (Flg. 6). The portions of the curves

-
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Legend to ?igure 5

Fig,_S Absorption spectra of the protochromogen and the urea-~
alpha diketone reaction product. Curves A and D, coo—
pound synthesized from urea and Dg by different methods;
Curves B and C, compound synthesized from urea and DAM
by different procedures; Curve E, urea~DAX reaction

product by the standard clinical method (Natelson (222)).
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FIGURE 5
ABSORPTION SPECTRA OFl'I'HE PROTOCEROKOGEN AXD THE

© UREA-ALPHA DIKETORE REACTION PRODUCT
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ig.

Legend to Pigure §

Chenical identity of the protochromogen and the urea—
2lpha diketone reaction product. Curves A and D, com—
pouxd from urea-DA reaction by different methods;
Carves B and C, comﬁonnd from area~DAN reaction by

different procedures; Curve E, urea-DAX reaction Pro=-

duet by standard clipical method (Natelson (222)).
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PICURE 6
CHEMICAL IDEXTITY OF TEE PROTOCIRONOGEX AND THE

UREA-ALPHA DIKETOKE REACTION PRODUCT
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between 400 and 520 nm are exoctly parallel aad superimposable re—
-gardless of concentration. Accordlng to Slgg1a and Stolten t232),
for a given substance in 2 given soiVent the curves resnltlng from
this type of plot are exactly parallel and superimposable even if
the ¢concentrations of the different'samples are not the-sane. 'Sqéh
a coincidence of curves is ap indicat ion that these compounds are:
identical. From Pig. 6 it is clear tggt the curves zs compared

1o each other and with tkhat ‘of the st andard urea~DAN curve are

exactly parillel and superimposable, This 13 an additional piece

-

\

of evidence, besides the similarity in the i. r. spectira (Fig. 4)
and absorption maximum (478 am), that compounds 4, B, C, and D are
chemically 1dent1c&l.

Beer"s law studies were carried on both wrea-DAX ard urea-Di
reactions., Both célor Teagenis appear to follow‘Beer's law over
limited ranges under given conditions of time and £emperatnre_cohtrol.
The absorbancy—concentration ¢urves are shown in Pig. 7. Both the
n:ea—DAI and urea~DA curves are linear to 3QJ¢8 peg_4 ml except that
*he urea~DA¥ curve has a break from 0 to T-548 per 4 ml. Using
Fatelson's Teaction conditions (222), Beer's law studies of compounds
4, B, C, and D were carried ou+ at the same concentrations., The re—
sults of the stiudy are shown‘in Pig. 8. All four cnrveé exbibit the
saze relationship uith Tespect to absorbance and concentration, In.
each case, éﬁere is albreak in the curve at about 35 me pef 4 ml‘
creating two linear portions : one from O to 35,qg'pe- 4 ml; the

other one from 35 to 9ig4g per 4 ml. The curves almost coincide with

each other except for curve 3, which has a higher absorbance than the

—— ~

-
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Legend to Pigure i

the nrea-alpha diketone reaction.
Curve 1, urea~DA¥ reaction;

Pige. 7 Beer's law study of

Curve 2, urea-DA reaction.

Each analysis was performed in triplicate.

Y
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FIGURE 7

. BEER'S LAW STUDY OF TEE UREA-ALFHA DIKETONE REACTION

30 40 50 60
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Pig.

Legend tc Pigure 8
Beer's lay study of the Protochromogen. Curves A ang D,
compound from urea~DA reaction by different methods;
Curves B anmg C, compound from orea-DpaAN Tresaction by
differant methods; Cnrve Z, combined sample of the four

cozpounds from differept methods. Each analysis was

performed in {riplicate.

.\“
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FIGURE 8

BEER'S LAW STUDY OF THE PROTOCHROKOGEX
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_ -
rest. It was shown above (Pig. 6) that the four compounds are chemi-
- cally identical and therefore, one wonld expect their standard curves
sbhould coincide with each other. The deviation of curve B from the
rest may be attributed to the higher concentration of B present 1n
solution. ‘During the Preparation of the sample there ig difficulty
in keeping the final total volume exact althongh careful Precautions
were tékcn, In boiling the Sample %o bring about its solution, there
is always the possibillty of loslng 2 certain portion of the solvent
through evaporation during and after heating. Although hot water

may be added for +he portion of solvent eévaporated, evaporation can
still occur during the cooling step. Thig Qight be the reason, in the
case of curve B, which accounts for its higher concentration and con-
Sequently hzgher absorbance. Comparing these results with those of
the urea in Fig. 7, there is sinilarity observed in that all the
cnrves‘exhibit linearity from 0 +o 3518 per 4 ml. Above 3@/48 per

4 ml botg urea~IJAY and urea~DA curves (Fig. 7) level off and g pla~
tean is-reacﬁed. The four curves Tesulting from compounds 4, B, ¢,
ard D, hovever, were linear up to a concentration of 92}43 per 4 rl,

4 Beer's law study was also run on a combined sa:ple of the four
;ompounds aznd the curve {curve E, Pig. 8) obtained is éimilaf‘to
those of the Separate sanmples,

the nitroms acid test was based on Bouveanlt's method (225).

The test was performed on the synthesized compound, glycoluril, and
on 1,3~dinethylurea. in the'case.of the ‘synthesized conpound and

*he glycoluril solutions, both €ave a colorless, odorless £a3 which

does not support combustion. Thig g28 18 nitrogen, which ig liderat-
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ed by the action of nitrous acid on 2 primary amide. lmides which ”~
resist hydrolysis with alkalies or acids can be converted to the “_"‘“\\\
corresponding acids, wiik a few excepiicds, by reaction with nitrous
acid (233) :

+ H,O

Rco:‘::-z2 + 5502 ———-RCOOE + X} >

2
-This omly applys %o primary amides. The‘reaction\ig formally ana-—
logous to that given by orimary aliphatic,amings. F-Substituted
aaides of type R—CORE-R' react with nitroms acid to give nitroso
derivatives of the general formula R—CDH(HO)-R;. The solution of
1,3-dinethylurea when Teacted with nitrous acid gave a‘bréwn gas
instead of a colorless, odorless £as. ’

Eydr;genation was carried out on the synthesized conpound us—
ing 2 slo§inghnanifold‘atmospheric pressure hydrogenator.: The re-
duced substance was used to fnn_an infrared spectrum. The result~
ing spectrum did not have aay signféicant changes froom the start—
ing compound even though it had taken up so0 larée an azount of hydro- -
gea (60 al). ?Kp;esent; we cannot explain this finding. The hydro-
geaation was repeated and the same result was obtaimed.

The result of'the elezentary analysis on the synthas;zed.com-

pound agrees with that obtained by Pranchicont and Klobbie (224).



CEAPTER IV
SUMFARY AND CONCLUSIOES

'The diacetyl monosemicarbazoﬁe Prepared in this laboratory is
identical with that obtained by Diels (220). The synthesis of 3~
hydroxy—S,G—dinethyi—l,2,4-tr1az1ne was unsuccessfual. Dme 4o fallure
to cyclize the diacetyl monogemicarbazone to the rlng condensatlon
product, a triazine, and the results obtained from using either DAX
or DA producing the same compound, it is éonclnded that the proto-
chromogen in the urea~alpha diketone reaction counld not be a 1 12 4d~
triazine. During the preparatlon of diacetyl nonosemicarbazone a

new componnd was found. I4 was shown o be an isomer of the original

diacetyl mbnosenicarbazone since the elementary analysis and *he

fanctional group portion of the i. r. spectrunm were similar; however,
the fingerprint portion of the i. r. spectrun, the nltraviolet absorp—
tion peak, anmnd the mel*lng point were dlfferen..

Four componnds were synthesized using either DAY or DA as a re—
agent in the reaction. Pronm the ahsorptzon spectira and the 1031 A
v8 wavelength cnrvés, the rcnr conponnds were shown 40 he the same
substance. The similarity in theig,;. T. sSpecira confirmed +his
finding. The compounds obey Beer's loaw in the range of 0 to 35 ug
Per 4 ml and from 35 to 95,48 por 4 ml. under the standard clinjcal
conditions for urea determination, the compound produced the same.
Yellow solutioq as urea (absorption Rarizmm, A78 n:)._ The reaction

mixture is photosensitive and is not stable.

62 -
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Fraachimont and Xlobbie (224) first synthesized a compound to

which they assigned the following structure =

E H
[

Q-—(")

H
!
Ng\

¥
c/
iy

O-—.o——-——-

hl

Keuno 2nd Ueda (234) and Ueda and co-workers (235) investigated the
urez~zlpha diketone reactions using butyl nrea, DA and its monorime

in the presence of D—glucuronolactone. Their results shored-that.the

reactions of diacetyl and its monoxime gave tetrahydroinidazo[;,S-d]—

imidazole~2,5~dione dérivafives a8 comnmon products. Their assignnenf
of the structure is similar to that given by Franchiaont andixlobbie
(224) and by Biltz (228). ‘

The findings presented in this thesis are that the sane compound
is obtained regardless of whether DA or its mopoxime was used. This
agrees with the observations of Kamno and TDeda (234) and Geda azd co-
workers (235). Another chemical structure was found 4o have the
exact elementary amalysis as the glycoluril derivatives, i.0., a di-

acetyl diureide :

This is in agreement with the observations of Thiele azd Dralle (230)

for the case of the reaction of diacetyl and aminoguanidine as the

P
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hydrochloride or nitrate,uhefe osazone-like -compounds were isolated
instead of the expected amino triazines.

From ?he resﬁlis obtained in the nitrous acid test, hydrogena-
tion experiment, and Epe characteristic i. r. baugs of a primary
am;;e compound shown by the spectrun of tﬁe synthesized substacce,
we do firmly belleve that the protochromogen in the urea-alpha di-
"ketone reactlon is a diacetyl diunreide type of compound, and not a.
derivitive of tetrahyﬁro;midazoEﬁ,s—d)inidazole-z,s-dione (3a,6a~
dimethylglycoluril) as has been proposed by several ;nthors (219,

224, 228, 234,235).
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