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INTRODUCTION

In view of the work that has been done on
creatine and creatinine, especially in recent years,: it was
thought 1t would be interesting to'attempt to condense
creatinine with certain aliphatic halogen derivatives and
to study carefully the reactions involved. The results of
the work of previous investigators indicate the imino and
imido groups of the creatinine molecule to be the positions
in which substitution occurs, the imido group being the
most susceptible,

Udransky and Baumannl

prepared benzoylcreatine
by treating creatine solutions with benzoyl chloride and

sodium hydroxide,

2, SchmidtB, and Kunze4 obtained

Kornd8rfer
methylcreatinine by heating creatinine, methyl fodide, and

methyl alcohol in a sealed tube at 100°. The free base

{1) Hunter: Creatine and Creatinine. London: Longmans,
Green and Co., Ltd. (1928)

Udransky and Baumann, Ber., 21, 2938-41 (1888)

(2) Hunter: Ibid. %orn&?rrer, Arch. Pharm., 242, 641-48
190

(3) Hunter: Ibid. Schmidt, Arch. Pharm., 248, 568-78, (1910)
{4) Hunter: Ibid. Kunze, Arch. Pharm., 248, 578-93 (1910)
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was prepared through 1its hydriodide or hydrochloride.

Kunz 94

and GreenwaldS have prepared the hydriodide of
dimethylcreatinihe by treating methyloreatinine with

methyl lodide. They did not describe the free base., Kun294
and Schmidt3, by converting the mother liquor from the
preparation of dimethylereatinine hydriodide into the
hydrochloride and subsequent treatment with platinic chloride,
were able to isolate trimethylcreatinine platinichloride.
However, the position which the last methyl group occupied

waes not showns

6 7

Neubauer~ and, later, Henzerling' prepared
ethylereatinine through its hydriodide or hydrochloride.
They obtalined the hydriodide by heating creatinine, ethyl
fodide, and absolute aleohol in a sealed tube at 100°.
Henzerliné7 has also described dlethylereatinine
platinichloride and methylethylcreatinine platinichloride,
obtained by further treatment with ethyl 1odide and methyl
iodide respectively.

Jaffég, in treating dimethylolcreatinine with

(5) Hunter: Ibid. ?reemyald,«J. Am. Chem. Soc., 47, 144347
1925

(6) Hunter: Ibid. Neubauer, Ann. Chem. Pharm., 119, 27-52
(1861); Ibid, 120, 257-68 (1861)

(7) Hunter: Ibid. ?enzeyling, Arch, Pharm., 248, 594-608
1910 :

(8) Hunter: Ibid. Jaffe, Ber., 35, 2896-2901 (1902)



benzoyl chloride by a modified Baumann-Schotten method,
isolated a dibenzoyl derivative.

Hennigg obtained benzylcreatinine through 1its
hydrochloride by the action of benzyl chloride on creatinine
in a sealed tube, Greenwald5 prepared benzoylereatinine
by carrying out the reaction of creatinine and benzoyl
chloride in pyridine. Tribenzoylcreatinine was obtalned
by treating creatinine in pyridine with an excess of
benzoyl chloride.

Ricolet and Gampbelllo

methylated 5=benzalcreatinine
with methyl iodide and alkall and obtained N°-methyl-
5-benzalecreatinine, evidenced by the fact that on hydrolysis
it was converted into l-methyl-S~benzalhydantoin and
methylamine. Nlcolet and Campbell prepared methylcreatinine

2 4

by the same method used by Kornd8rfer® and Kunze' to be

used in an attempt to show the position of the methyl

gr'ouUp.

11 prepared 3-methyl-5-~benzalcreatinine by

Ing
treating the potassium salt of Na-acetyl-S-benzalcreatinina
with methyl lodide. This product on acid hydrolysis ylelded

1,3-dimethyl-5-bénzalhydantoin. Ing also prepared benzoyl=-

(9) Hunter: Ibid. Hennlg, Arch. Pharm., 251, 396-400 (1913)
(10) Nicolet and Campbell, J. Am. Chem. Soc., 50, 1155 (1928)
(11) Ing, J. Chem. Soc., 1932, 20647



ereatinine from benzoyl chloride and diphenoxyphosphoryl
creatinine from diphenoxyphosphoryl chlorilde, obtalning
& second product, creatinine diphenoxyphosphate, in the
case of the latter derivative Af experimental conditlons
were not anhydrous.

The object of this investigation 1s to prepare
some derivatives of creatinine from certain aliphatic
halogen compounds with emphasis on the nature of the

reactions through which condensatlon takes place.



HISTORY

In a report to the French Academy of Sclence 1n
1832 Chevreu112 described an organic substance extracted
from meat and which he called creatine. He did not
determine its constitution and proposed that it might be
the ammonium salt of an organic acld.

¥any unsuccessful attempts to conflrm this
discovery of Chevreul were made within the next fifteen
years. In 1847 Liebigl3 described the general distribution
of creatine and established its empirical formula &8
CqaHoOgNg + HgO, by which 1t is known to-day. He discovered
that by heating it with mineral acids it yielded a base
whose empirical formula he established as C.H,ONg and to
which he gave the name creatinine. Liebig hydrolysed
creatine and obtained urea and sércosine. He assumed 1t to
be a substituted urea. Weltzienla, on this assumption,
presumed 1t to be ethyl-bluret, NHgoCO-NH.CO.NH;CgHB;

but experimental evidence was lacking for this hypothesis

(12) Hunter: Ibid. Chevreul, J. pharm., 21, 231-42 (1835)

J. prakto Ghem., 6’ 120-30
(1835)

(13) Hunter: Ibid. Liebig, C. R. Acad. Sci., 24, 69-73 (1847)
Ann. Chem. Pharm., 62, 257=369 (1847)

(14) Hunter: Ibid. ?eétg%en, Ann. Chem. Pharm., 100, 191-98
185
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and 1t wgs discarded.

Desaaignesisi on heating creatine in aqueous
solution with mercuric oxide; obtained carbon diloxide,
oxalfe acid,; and a strong base having the empirical
formula CgHyNa which he named “"methyluramine®™. He thought
creatine might be a condensation product of sarcosine and ures,
and, analogously, "methyluramine”™ might be a product of ures
and methylamine. He considered sarcosine to be s combination
of glycollic acid with methylamine, and creatine an analogous
combination of glycollic acid with "methyluramine®.

In 1861 Streckeri® discovered guanidine among
the oxidation products of guanine. He considered Dessailgnes’
"methyluramine® to be methylguanidine and proposed creatine
to be a combination of sarcosine (methylglycocoll) and
cyanamide. From this he synthesized glycocyamine from
aqueous solutions of glycocoll and oyanamide to which a
few drops of ammonia were added and established its
empirical formula as CaHyOgNg. He treated glycocyamine with
HC1l and obtained glycocyamidine, CaHgONg. It was now clear
that glycocyamidine was related to glycocyamine simlilarly

a8 coreatinine was to creatine, and that creatine was

(15) Hunter: Ibid. Deseaignes, C. R. Acad. Scl., 38, B39-43
(1854)

(16) Hunter: Ibid. Strecker, C. R. Acad. Scl., 52, 1210-13
(1861)



methylglycocyamine, glycocyamine being a lower homologue.

In 1858 Canhoursi! and Perkin and“Duppa.18
established the constitution of glycocoll as aminoacetic acid
by its synthesis from monochloro= or monobromo-azcetic acid
and ammoniac:

CHaCl.COOH 4+ NHa = CHgRH3.COCH + HC1

In 1862 Volhardl9 synthesized sarcosine from
methylamine and.acetic acid:

CHzeCOOH 4 NHgeCHa = CHgoCOOH + HC1

c1 h.ca
This synthesis established sarcosine as methylaminocacetic
acid. 1In 1868 Volhard20 synthesized creatine from garcosine
and cyanamide, the reaction being carried out in an
alcoholie solution at 100° for several hours.

In 1867 Streckergl»and, later, Erlenmeyer22 first

correctly considered creatine as methylguanidine-acetic acid

(17) Hunter: Ibid. ?agog§s, Ann. Chem. Pharm., 107, 147-51
- {185

(18) Hunter:; Ibid. Perkin and Duppa, Ann. Chem. Pharm.,
- 108, 106-13 (1858)

(19) Hunter: Ibid. Yoéga§d, Ann. Chem. Pharm., 123, 261-65
1862

(20) Hunter: Ibid. Volhard, Sitzungsber. Klnigl. Bayer.
Akad. Wissensch., 1868, II, 472-79

(21) Hunter: Ibid. Strecker, Lehrbuch der organischen Chemie,
5te Aufl., pp.-586-88 :

(22) Hunter: Ibid. %r%gg?eyer, Ann. Chem. Pharm., 146, 259-60
1
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and creatinine as its internal anhydride (1aqtam).
Erlenmeyer proposed their structural formulae as they are

wriltten to-day:

Creatine Creatinine
HoN H? - GO
:HN:A HN:C
CHg 4} CHaCCOH CHa.é.- CHa

Methylguanidine-acetic acid Glycolyl-methylguanidine
However, this interpretation of Strecker and
Erlenmeyer was not universally accepted., 1In 1885
Horbaczewsk1=> removed all doubt when he prepared
ereatinine from guanidine carbonazte and sarcosine and
ultimate treatment with HCl., This synthesis was the final
confitmation that creatine is methylguanidine~acetic acid,

and creatinine its Ainternal anhydride or lactam.

(23) Hunter: Ibid. Horbaczewski, Wiener med. Jahrblicher,
1885, 459-62



GENERAL CHENMISTRY AND DERIVATIVES

The interconvertibllity of creatine and creatinine
and their many simlilaer properties seems to Justify a
detalled consideration of each with its respective
derivatives. The discussion will be outlined as followas
A Creatinine
I General PrOperties
IT Salts
III Hallde Derivatives
IV Aldehyde Derivatives
V HMiscellaneous Derlvatives
B Creatine
I General Préperties
II Salts

'III Miscellaneous Derivatives

A Creatinine

I General Properties

Creatinine (methylglycocyamidine or
1-methyl~2-imirio=4-keto~tetrahydro-imidazole) is the
internal anhydride of creatine, decomposing at about 270°
without melting. (Note: The system of numbering is the
same as that used in Chemical Abstracts. This 1s done to
avold confusion since other systems have been used in the

llterature). The chemical nature of the substance is
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somewhat self-explanatory from the structural formula of

the molecule:

HTj —-400

HNs G2 C4H,ONg

CHg «NY — DCHa

Crystallographlcally, creatinine belongs to the monoclinie
systeﬁ. It 1s slightly soluble in water, much less soluble
in alcohol, and practically insoluble in ether. Aqueous
solutlons of creatinine are elighﬁly alkaline to litmu524’25.
According to Eadle and Hunter<l it is sbout 66 times stronger
as a base than creatine. Oreatinine 1is partly transformed
by all hydrolysing agents into creatine,except acid media.

27 and Poulasonze, on heating it with Ba(OH)g in

Neubauer
& closed tube, obtalned methylhydantolin and ammonia.

However, the work of Gaeblerag indicates methylhydantoin to

(24) Hunter: Ibid. ?aégo?eki, Z. Physiol. Chem., 4, 133-36
1880

(25) Hunter: Ibid. ?aégg?ski, Z. Physiol. Chem., 12, 211-15
1

(26) Hunter: Ibid. Ezdie and Hunter, J. Blol. Chem., 67,
237-44 (1926)

(27) Hunter: Ibid. ?egggger, Amm. Chem. Pharm., 137, 288-98
1

(28) Hunter: Ibid. Poulsson, Arch. exp. Path. Pharm., 51,
227-38 (1904)

(29) Hunter: Ibid. Gaebler, J. Biol. Chem., 69, 613=24 (1926)
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be the product of secondary reactions and that alkaliest
primarily convert creatinine 1nto sarcosine and urea. The
éame hydrolytic decomposition products are obtained by the
action of syrupy phosphoric acid P,

fhen acted on by oxidising agents such as mercurilc
oxide, lead peroxide, hydrogen peroxide, or mercuric
acetate, ocreatinine yields methylgusnidine, glyoxylic acid,
oxalic acild, carbon dloxide, formaldehyde, and formie
zcid {probably by further oxidation of formaldehyde)15’31’32'
33,34,

Creatinine reduces slkaline solutions of copper35.
Neasler?s solution and alkaline solutions of mercuric

chloride36, salts of gold37, and alkalline potassium

{30) Hunter: Ibid. Sch8ndorff, Arch. ges. Physiol., 62,
1-57 (1895)

{31) Hunter: Ibid. Dakin, J. Biol. Chem., 1, 271-78 (1906)

(32) Hunter: Ibid. Baumann and Igvaldsen, J. Blol. Chem,,
35, 277-80 (1918)

(33) Hunter: Ibid. Dessaignes, C. R. Acad. Sci,, 41,
1258-61 (1855)

(34) Hunter: Ibid: Schmidt, Arch. Pharm., 256, 308-12 (1918)

(35) Hunter: Ibid. Winogradoff, Arch. path. Anat. Physiol.,
27, 533=73 (1863)

(36) Hunter: Ibid. Johnson, Proc. Roy. Soc., 42, 365-T0
(1887); Ibid, 43, 493-534 (1888)

(37) Hunter: Ibid. Greenwald, J. Biol. Chem., 59, 329~37 (1924)
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ferricyan1d938

Of the several color reactions for creatinine,
the Jaffé>? test is the best, though a non-specific. If
& creatinine solution containing aqueous plicric acid 1is
made alkaline with sodium or potassium hydroxide a
reddisheorange to deep blood-red coloration is produced,
the solor varying with the concentration of creatinine.
Greenwald’ has shown that for this to occur there must

exist a keto~enol tautomerism as follows:

HIiI -— QO Hlii — CL.OH
HN:? b= >=HH:?
CHgeN — CHa CHaoN"' CH

The picric acid adds on to the imido group of the
oreatinine molecule. The color test 1s‘only given by
those derivatives of creatinine which can form salts and
which retain the «CHg=CO= group.

According to Engeland'C

dry distillation of
creatinine ylelds ammonia, dimethylamine, and probably

Pyrfole and hydrogen cysnide.

(38) Hunter: Ibid. Holmes, E. G. and Holmes, B. E.,
Blochem. Jey 20, 59597 (1926)

(39) Hunter: Ibid. %agfgs Z. Physiol. Chem., 10, 391=-400
188

(40) Hunter: Ibid. Engeland,.-Z. Physiol. Chem., 57, 65-66
(1908)
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The ease with which creastine and creatinine are
transformed into one another is a characterlstic common
to both. The results of the work of Hahn and Barkan41
proved the presumption to be correct that in neutral and
alkaline media the creatine~creatinine transformation 1s
a reversible reaction and that both creatine.and
creatinine in alkaline media undergo a progressive
decomposition. In the presence of sufficlent concentration

of mineral acids the conversion of creatine to creatinine

is irreversible.

II ©Salts

Creatinine Hydrochloriden'l’z'43

Ca¥lyONg . HCL

Creatinine Hydrochloride~ifethyl Alcohol44
CaHlxogNQoHCI, Me Poe 139'40‘

Creatinine Hydrochloride-Ethyl Alcohola# 45
Ganlsogﬂsanclg e Da 163

Creatinine Hydrochlorids-n-Butyl Alcohol44 45
CgH290gNgHC1l; me po 138

(41) Hunter: Ibid. Hahn and Barkan, Z. Biol., 72, 25=36 (1920)

{42) Hunter: Ibid. Edgar and Hinegardner, J. Biol. Chem.,
56, 881-86 (1923)

(43) Hunter: Ibild. Benedict, J. Biol. Chem., 18, 191-94 (1914)

(44) Hunter: Ibid. ?ox a?d.Yoder. J. Biol. Chem., 54 6T2=T3
1922

(45) Hunter: Ibid. Kapfhammer, Blochem. Z., 156, 182-89 (1925)
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Creatinine HydriodideZ»%s7+46
C4H»ONs.HI; m. p. 195°

Creatinine Sulfatel3
(CeHnONg) g HeS0,

Creatinlne Platinichloridel3 47,48
{C4H7ONs.HC1) gPtCls; m. p. 220-25° (Anhydrous),
210° (Hydrated)

Creatinine Aurichloride>0s%7,48,49,50,51
C4HyONga.HCL.AuCls

Creatinine Phosphomolybdat352

Creatinine Phosphotungstat652’53’54'55
(C4HyONg) g+ HaPO4412 WO4

Creatinine Tartrateea

(CoH7ON3)2+.C4HgO0gs me. p. 207-9°
Creatinine Oxalat328

(G‘H70N3)go03ﬁao‘

(46) Hunter: Ibid. ?egga?er. Ann. Chem. Pharm., 120, 257-68
(1861 :

(47) Hunter: Ibid. WBrner, Z. physiol. Chem., 27, 1-13 (1899)

(48) Hunter: Ibid. Toppelius and Pommerehne, Arch. Pharm.,-
234, 380-97 (1896)

(49) Hunter: Ibid. Reuter, Z. Biol., 72, 129-40 (1920)

(50) Hunter: Ibid. Korndarfer, Arch. Pharm., 242, 373-79 (1904)

(51) Hunter: Ibid. ?ngeé?nd Z. physiol. Chem., 57, 49-64
‘ ' 190

(52) Hunter: Ibid. %egge§, Arch. ges. Physiol., 2, 200-43
1869

(53) Bunter: Ibid. Demjanowski, Z. physiol. Chem., 80,
212-17 (1912)

(54) Bunter: Ibid. Drummond, Blochem. J., 12, 5-24 (1918)

(55) Hunter: Ibid. ?ichs%er, Z. physiol. Chem., 73, 138-43
911



17

Creatinine Acid Oxalated
C4HvONa. CQHQO‘

Creatinine Kynurenate39
CeHyONg «C39HnOgN

Creatinine Urat957~

GgHvONgngHiOaﬂ4'(?)

Creatinine Picrat939’47'48'5°v58
C4HyON5«CqHaOpNg; m. p. 212-13°

Creatinine Dipicrate

59

C;HvONao 2‘05H307N3; e Do 161-66°

Creatinine Potaseiﬁm Piorate39’60.
O‘HvONa‘deHSOVNS'CBHSOVNaK; e p. 247-52.

Creatinine Rubidium Picrat961
De Do 256=57¢

Creatinine Caesium Picrate

61

m. p. 255°

Creatinine Flavianate ~
Tle P 250. d.

62

(56) Hunter:
(57) Hunter:

(58) Hunter:
(59) Hunter:

(60) Hunter:

(61) Hunter:

(62) Hunter:

Ibild.
Ibid..

Ibid..
Ibid..

Ibid.
Ibid.

Ibid.

Thesen, 2. physiocl. Chem., 24, 1~17 (1898)

Klemperer, Fortschritte 4. Medizin, 19,
328~-29 (1901)

Folin, J. Biol. Chem., 17; 463-68 (1914)

Mayerhofer,. Wien. Klin. Wochenschr.,
22, 90-92 (1909)

Greenwald and Gross, J. Blol. Chem.,
59, 601-12 (1924)

Greenwald and Gross, J., Biol. Chem.,
59, 613-14 (1924) ‘

Kosgel and Gross, Z. physiol. Chen.,
135, 167-T4 (1924)
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Creatinine Zinc'Chloride6’13’63’64’55
(66H7ONa)anznclg

Creatinine Zinc Chloride Hydrochlor1d946’66'67
£04H70N3)3‘2n013.2 HC1

Doubl® Sulfate of Creatinine and Zinc68
(C4HyONg)2eHS04.2Nn504+48 Hg0
Creatinine Cadmium Chloride®
’ (CﬁHqOHa)aoCdclg
Creatinine Mercurlc-Nitr&teé
(C4H-ONg) 3, HgO.Hg(NOg )

Mercurie Chloride Compounds of Creatinine
4 (CqHyONaoHC1,HgO),3 Hglls
or '
4 (CaH,ONgHg.HCL) .3 HgCla.2 HgO

13

13,36

Double Salts of Creatinine and Copper
; e

Creatinine-Silver Nitfate6’13'7°
CaHyONsoAgNOpj m. p. 188-91°

Creatinine-Cuprous Oxide

(63) Hunter: Ibid. Heintz, Poggendorff’s Ann..Phys..Chem.
70, 46680 (1847) g

(64) Hunter: Ibid. Shorey, J. Am..Chen. Soce, 34, 99-107
(1912 » |

(65) Hunter: Ibid. Edgar, J. Biol. Chem., 56, 1=6 (1923)

(66) Hunter: Ibid. Dessalgnes, J. pharm. chim., 32, 3750
(1857)

(67) Hunter: Ibid. Benediét, J. Blol. Chem., 18, 183-90
(1914)

(68) Hunter: Ibid. Folin and Blanck, J. Biol. Chem., 8,
- 395-97 (1910)

(69) Hunter: Ibid. Maschke, Z. anal. Chem., 17, 134-41 (1878)

(70) Hunter: Ibid. Smorodinzew, J. Russ. Phys.-chem. Soc.,
47, 1275-79 (1915)
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Creatinine-silver>?'*
G‘HvON 3A8

- The compdunds listed above are all double salts.
The most useful ones for the identification or lsolation
of creatinine are the plcrate, the double plcrate with

potassium, and the compound with zinc chloride.

~III Hallde Derlvatives

Methylcrea£1n1n9253?4’5’10; m. p. 79-81°
CHaN.C(:NH) sN{CHg)+CHg+CO + Hg0
s °7

4Hydriod1de; Me pP» 210-12°
Hydrochloridé} me Do 233=37°
Aurichloride; m. p. 170=-76°
Platinichloride; m. p. 227=-29°
 P1crate; m. p. 183°
Dlmethyloreatinine-hydriod1d92'4'5; m. p. 179-80°
C4Hg (CHs) gONs .HI
Aurichloride; m. p. 128-29°
Platinichloride; m. p. 177=-79°
Platinochloride; m. p. 244°
Trimethylereatinine platinichloridej'#; m. p. 205° d.
| (C4Hg(CHs) gONg.CHaCl) gPtClg + 2 HzO
Aurichloride; m. p. 137-38°

(71) Hunter: Ibid. Schmidt, Arch. Pharm., 250, 330-81 (1912)
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Ethylcreatinine3’6’7; m.-p.-Slowly decomposes above 100°
CgHy e N.C(:NH) .N(CHs).CHgoCO (?)
/ : /

Hydriodide; m. p. 217-19°
Hydrochloride
Platinichloride; m. p. 197-211° 4.
Aurichloride; m. p. 151-52°
Diethylereatinine platinichloride’; m. p. 201-02°
(CaHg(CsHg) sONa.HOL) gPtCly
Methylethylereatinine platinichloride7; m. p. 181-82°
(CoHs(CHg) (CHy)ONg HC1) gPtCle
Dibénzoyl derivative of dlmethylolcreatininee; Me pPe 265=66°
CeHoONg(CO.CeHs) g
Na(bra)-BehzylcreatinineQ; D. p. 225°
CaHg(CgHs o CHg )ONg .
Hydrochloride; m..p..Carbonizes above 230°
Aﬁrichloridé; m. p. 158°
Platinichloride; m. p. 177-78°
Pilcrate; me. pe 174=75°
S-Benzylereatinine plcratas; Me pPs 206-08°
Benzoyloreatinines’ll; ne p. 190°
TribenzoylcreatinineS’ll; M. Do 238=40°
N“-Acetyl-B-methyl-s-behzalcreatin1ne11; m. p. 129-30°

CH}N.C(:Nxcﬂgco).N(CHa).C(:GH.CBH5)7CO

N2-Methyl-5-benzalereatinine’ ; m. p. 129°

?N.C(:N.CH,).N(CHa).G(:CH.CeHS))CO
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IV  Aldehyde Derivatives

5:10,11,72,

N2~ AcetleS-benzalcreatinlne me p. 213°

‘ﬁﬂ.C(:N.COCHa)qN(CHa).G(:CH.CBHB)7CO

Pierate; m. p. 250°

Potassium salt

5,10,11.73;

S5=Benzalecreatinine me Do 247°

ER;C(:NH).N(CHé).C(:CH.dgH5)700

‘Plerate; m. p. 260°

5-m-N1trobenzalcreat1nin373; m. p. 288°

?N.C(:NH);NQCHa).C(:CH.GQH4.NOB{7CO

5-(m-Eethoxy-p-hydroxybenzal)—creat1n1n973; m. p. 267° 4.
§N.G(:NH)QH(CHs).G(zCH;ceﬂs;OGHa.OH)7GO

Nicolet and Campbelllo, in an attempt to
establish the position 6f‘the_methy1 group in
methylereatinine and to determine the possibility of
obtaining alpha-methylamino acids through the aldshyde
cqndensation products of creatinine, carried out the

following series of reactions with benzalcreatinine:

(72) Hunter: Ibld. Erlenmeyer, Ann. Chem., 284, 49-52
(1895)

(73) Richard, Welch; and calvert, Je Ame. Chems Soc., 51,
3075, (1929)
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HN — €O . HN - CO | HN — CO
HOH (H*) | Reduction |
AcN:C 2 HN:C: , 7 HN:C
_ . |
MeN — C:CHPh !&e}l - G:CHPh HeN — CHCHgPh
I | i1 III ‘
COOH
Hel Ba(CH)ga
. NaOH MeNH.CH.CHgPh |
. v
HN ~ CO Hrli — €O
Meﬂ:? v 0:C l
‘MeN = C:CHPh HeN — CHCHaPh
Ba(OH) g COOH
l MENH. CH. CHaPh
mix - €O mlr - €O VIII
o:? 2 osT < ¥eNHCH, . COOH
MeN - C:CHPh MeN -~ CHgz IX
VI VII
Legendi

I Acetyl=S~benzalcreatinine; m.

p. 208-09°

I1 S5-Benzalereatinine; m. p. 244°

III S5-Benzylereatinine; m. p. 282‘ d.

IV 1l-Methyl-5-benzylhydantoin; m. p. 106°

V N'-Hethyl-S-benzalcreatinine;
VI l~Methyl=S5-benzalhydantoin;
VII 1-Methylhydantoin

VIII N-Methylphenylalanine

IX Sarcosine

m. p. 129°

M. p . 193-940
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S-Furfuralcreatinine74; m. ps 273° d.

HN - CO
’ :HN:CI} HC — CH
CHaN —-G:CH.g gH
0
Piorate; m. p. 244° 4.

Hydrochloride; m, p. 2577 4.

974; me pe 243° (Proposed formulsa)
HG — CH N - co
ol |
HC C.CH:N.C HG — CH
|
o] CHgN — (:CH.C. JH

\/

Picrate; m. p. 205° d.

Furfuralcreatine74; m. p. 254° 4.

ﬁﬁg COCH
HN:(i | HG — CH

CHaN — C:CH.C CH

\/

-0
74

Di-(furfural-acrolein)-creatinine’ ; m. p. 268° {(Proposed

formula)

Hf—ﬁﬂ | ﬂ-co
HC C.CH:CH.CH:N. HC — CH
- \/ '

CHgN — C:CH.CH:CH.C  CH

Picrate; m. p. 200° d. (Without melting)

(74) Cornthwaite and Jordan, J. Am. Chem. Soc., 56, 2733 (1934)
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5~Furfural—methylcreatinine74; Re pe 134°
 Plerate; m. p. 235° d.
D1furfuraldmethyléreatlnineTq;" m. p. 137°
| Picrate; m. p. 205° 4.
5-Salicylereatinine’ '3 m. p, 232° d.
| §N.c(:ﬂH).N(cna).c(:cn;caH,.OH)7co

Plerate; m. p. 269° 4.

S-Cinnamylcreatinine74§ n. p. 280° 4.

§§:C(:NH).N(GH3).c(:chH:cn.caH5)7co

Pilerate; m. p. 2619 4.
Dicinnamylcreatinin 74; m. p. 220° 4, (Proposed formula)
‘N —Co

Geﬁs.CH:GHGH:N.é
GHsé — G:CHCH:CH.Cgllg
Pilcrate; m. p. 193° 4.
5-p-Methoxybenzaloreatinin675; me p. 248-49° 4,

?N,C(:NH).N(CHg)90(:CH,03H4.OCH3?7GO

Pilerate; m. p. 244° 4.
Hydrochloride; m. p. 247-48° 4.
S-OqﬁethoxybenZalcreatinineTS; me pe 241°

gn,c(:NH),N(CHa),c(:cn.csHG,QCHa)ico

(75) Cornthwaite, lLazarus, Snellings, and Denoon,
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Pilerate; ‘ms pe 258-59° d.
Hydrochlorida;4 m. D. 255-70° 4.
Tr&-o—methoxybenzal-di-crentinin 75,d me pe 292° {Proposed

formuida)
oC - N N-CO
H Il
CHgO.CgHq+CH:C —7N CHgOCgHg = N — C:CH.CgHgoOCHg
CHjy CHga

5~o-EthoxybenzalcreatinineYS;' me. pe 236° 4
?NaC(tNH).N(CHa)aC(tGH.CgH4;OGaH5)7CO

Picrate; m, p. 244~46° 4. -
Hydrochloride; m. p. 214° 4.
Tri-o-Ethoxybenzal—di—creatinineTS; m. p. 297° (Proposed

formula)
oC — N N -
| |
CQI’IsooCGH‘oCH:c "/NICQHEOCGHQ N - C:CH. CeH‘ ochB
CHg CHa

5-p-HydroxybenzalcreatinineTS, m. p. 289°

?N.C(:NH).N(CHg).C(:CH.05H¢.0H17CO

Pioratve’ Me p. 252-57¢ d.
5-Hydrocinnamylereatinine % m. p. 225-30°
5“.0( :NH)oN(CHa).C(:CHGHQCHQOCBH5)7CO

Picrate; m. p. 221°
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S-p-Methy1benza1creatin1ne75;, ne. ps. 285% 4. .
;IN.C( $NH) «N(CHg ) oC({2CH.CgHgCHa )/.CO :

Picrate; m. p. 256° 4.
‘Hydrochloride; m. p. 256° d.
Tri-p-methylbenzal-dl-creatinine75; n. pe 309° (Proposed

formuls)
0¢ — N N-co
| I.NH ~ CH — NH.|(!,
CHg+CglgoCH:C —-é caaéan‘ é — C:CH.CgHgqoCHa
Cés CHa

S-PiperonalcreatinineTS; m. ps 274° d.
'?’N.C(-:NH) «N{CHg)+C( :cn.cgnaoacﬁa)}co

| Picrate; m. p. 255°
Tri-Plperonal-diecreatininé7s; me P. 327° (Proposed formula)
cC - N
I

1
C«NH - CH -~ NH.L
CHgOg .CeHgoCH:C — r& CHgOgCgsHs rlx — C:CH,.CgHg.05CHg
dhs
5-o-Ghlorobenzalcreatinine75; Me Lo 242‘;6.

t/m.c( sNH) JH(CHg )+ C( :CH.CBH‘.01)7GO

Picrate; m. p. 260°
Hydrochloride; m. p. 241°



Tri—o~ch1orobenzal-diécreatlniné?5; m. p. 270° (Proposed
formula)
ol -ﬁ F ~ GO
’ ?-NH.?H.NH&C

CIQCB‘H4QCH=C - N 0103& - C:CH.Csﬂg.Cl
/ /
CHs CHga

V Miscellaneous Derivatives

N%~-Acetylereatinine
| Plcrate; a. p. 170=72° d.
Hydrochloride; m. p. 185~86° 4,
Potassiwm salt |
Diacetylcreatlnell;. D« Peo- 177-T8°
Diacetylcreatininell;‘ Me Pe 164=65°

(cﬁaco}m.c(zn.cocﬁa).ﬁ(cﬂa).CH37co

Picrate; nm. p. 139-40°
Triacetylcreatininell; Me Po-63=65° (Proposed formulsa)
(GHSCO}N.G(=N-COCH3).N(CH3).CH}C.OCOCHa

Benzoylcreatinlnell’76; Me Do 187°-

Diphenoxyphosphorycreatininell; me p. 127-28°

?N;C(:N.PO(Ocaﬂg)a).N(CHa)fCHéicO

Sodium salt

Creatinine diphenoxyphosphatell; Me po 158-59°

(76) Hunter: Ibid., Urano, Beitr. chem. Physiol. Pathol.,
9, 183-84 (1907)
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Creatinine-Oxime’ ! *78; ms p. 2202 d. (Without melting)
ﬁn.c(:xa).N(cna).C(:non)yqo-

Hydrochloride; m. p. 200~0§° d.
Hitrato; m. pe 123=25° 4.
Platinichloride
Aurichlorides;
C4HgOgNe.HC1.AuCle; m. p. 187°
(C4HgOgllg - HC1) g.AuCla;
~ Re Po 104-96°
Silver-creatinine~oxime; Dehydrates at 125°
Diacetyloreatinine-oxime; m. p. 210°
Dimethylolcreatininess Decomposes above 250° withouit melting.
Creatinine trlnltro-mfcreaolsg D. p. 218°
Dicreatinine phthalate’,

B Creatine

I Gesneral Properties

Creatine (methylguanidine-acetic acid or
mathyl-glycocyamine) 18 an amino acid decomposing with

(77) Hunters: Ibid. Kramm, Centr. med. Wissensch., 35,
785-87 (1897)

(78) Hunter:}Ibid. Hennig, Arch. Pharm., 250, 370-81 (1912)
{(79) Ing, J. Chem. Soc., 1932, 2198
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effervescence at about 291°. Crystallographiocally,
i GoOH

HRN:C
CHaN - CHjp

:CQHgOgﬂs

ereatine belongs to the‘monoclinic:gystem.\ It is very
soluble in boiling water, slightly soluble in cold water
(but considerably less than creatinine), less soluble in |
alcohol, and inscluble in ether.

Creatine 1is an amphoteric substance, It 1s a
very weak base and a still weaker acid. According'to
Hahn and Fasoideo.' It is about 1000 times weaker as
an acld than as a-base. The hydrolytic, oxidative, and
reductive products of creatine are exactly the same as
those of creatinine. Creatine is converted wholly or
rartly to creatinine when heated with water, dilute acids
or alkalies. This fact hes already been mentioned.

One of the best color reactions to distingulsh
creatine from creatinine is the diacetyl testSl*82,

When creatine is treated with fresh 1% diacetyl in s
slightly alkaline solution a pink coloration is produced.

Creatinine does not give this test.

(80) Hunter: Ibid. %ahn ?nd Fasold, Z. Biol., 82, 473-84
‘ 1925

(81) Hunter: Ibi4. Harden and Norris, J. Physlol., 42,
332-36 (1911)

(82) Hunter: Ibid. Walpole, J. Physiol., 42, 3C1-08 (1911)
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II Selts

Creatine Nitratels
CeHgOaNg+HNOg
Creatine Sulfatel5
(CaHgOgNg)neHaSO4
15

Creatine Hydrochloride
CaHpoOgNgeHC1

Creatine Phosphomolybdaté52
Creatine Cadmium chloride83

. CaHgOgNgeCdClg.2 HgO
Creatine Zine Chlor1d383’8a
CgHgOaNaoZﬂClg i
83,84

83,84

Creatine Copper Chloride
Creatlne Mercuric Nitrate

Creatine Mercury Compound85
Hg(‘HN.C(:NH)QN(GHQ)QGHQQCOO‘)BHE
Creatine Plcratees; me pPs 260°. It is possible that this

substance was creatinine picrate.

III Miscellaneous Derivatives

Diacetylcreatine11’72; m. p. 177-78°

Benzoylcreatinel

The'aaltsrand derivatives of cereatine possess no

(83) Hunter: Ibid. Igetazggt)ler, Ann. Chem. Pharm., 137, 298-301
, 1 v

(84) Hunter: Ibid. Neubauer, Z. anal. Chem., 2, 22=-34 (1863)

(85) Hunter: Ibid. Engel, C. R. Acad. Sci., 80, 88588
(18759

(86) Hunter: Ibid. Riesser, Abderhalden’s Handbuch der
blologlischen Arbeitsmethoden, Abt. I.,
Teil 7, 859=900, Berlin {1923)
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distinctive characteristics such as would make it usgeful
for purposes of 1dent1fication. The recognition of
creatine depends solely on its ané.lysisraé such or on its

converaion to creatinine or some derivative of creatinine.

UNIVERST ™Y 7 RICHMOND

VIIGINIA
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EXPERIMENTAL PART

The creatinine used in ihis investigation was
prepared from commerclal creatine. The method of
cohversion was a slight modification of that of Edgar
and Hinegardner42. 150 g. of creatine were added to a
mixture of 85 ec. of concentrated HCl, sp. gr. 1.19, and
25 ce. of water. A small quantity of decolorizing charcoal
was added and the mixture heated on the water bath at 100°
for several minutes. The reaction mixture was filtered
and the residue on the filter paper washed with a small
quantity of concentrated HCI1, The filtrate and washings
were put in a sealed flask alohg with about 1 g. of
decolorizingAcharcoal and heated at 100° for about 24 hours,
The reaction mixture was then flltered and the residue on
the filter paper washed with a few cc. of concentrated HCl. -
The filtrate and washings were concentrated under reduced
pressure to the original volume. The creatinine hydrochloride
solution was cooled to 0° and treated with an equal volume
of ice cold NH4OH, sp. gre. 9, with constant stirring. The
solution was kept in an ice bath for about one hour. The
preclpitated creatinine was filtered, washed thomoughly
with ice cold concentrated NH,OH and finally with cold
95% ethyl alcohol. The product was dried in the oven at

105° for about one hour. The creatinine obtalned was
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perfectly white and crystalline. This method gave a 60%
yield of the theoretical. The product was free of
chlorides and creatine and melted wlth deéomposition at
270-72°, and was not further purified.

Reaction of Creatinine with n-Butyl Bromide

The reaction wlth n-butyl bromide on ereatinine
was consldered first éince its possibilities of complex
reactions were much less than with some of the reagents
to be used. |

Experiment I

2.26 g. (.02 mole) of creatinine, 2.74 g.
(.02 mole) of n-butyl bromide, and 4 cc. of h-butyl alcohol
were intimately mixed and refluxed at 117° for 23 hours,
during which time the reaction mixture became yellow. A
801id phase existed throughout the reaction. The appearance
of the solid was distinctly different from that of creatinine.
At the end of the refluxing the mixture was cooled to 0°
and filtered. The s80l1id product was yellow and gave a
positive halide test. It melted with decomposition at
192-99°, The product was dried at 105° and analyied‘for
n=butyloreatinine hydrobromide.
~ Anal, Calecd. for CgHigONs.HBr: N, 16.8
Found: 24.13, 23.88

Thé above product was dissolved in hot absolute
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alcohol and the solution stratified with ether until
preciplitation seemed mlmost complete.‘ This treatment
removed some coloration. The recrystalllzed product gave
a positive halide test and melted with decomposition . at
201°. The product was infinitely soluble in water, very
soluble in alcohol, and insoluble in acetone, ether, and
CCle. The product was analyzed for nitrogen. Found,
23.71%, 23.97%.

Since the product contains ionizable bromide,
it was thought to be a mixture of hydrobromide and free
base. The nitrogen analysié aftér evaporation with
concentrated HBr should indicate this. The recrystallized
product was evaporated with 48% HBr, giving a brownish
orange solid, which melted with decomposition at 233-36°,
It was infinitely soluble in water, slightly soluble'in
‘alcohol, and insoluble in acetone and ether, It gave a
positlive halide test. This product was analyzed for nitrogen.
Found, 21.31%. |
Experiment II

The experiment was repeated using the same
procedure. The solid matter which separated from the reaction
mixture was filltered and washed several times with absolute
alcohol to remove n;butyl aleohol and any unreacﬁed n-butyl
bromide. The solid product was evaporated with sbout 3 cc.

of 48% HBr almost to dryness. Water was added at the boiling
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point until all =so0lid had barely dissoclved. The solution
was aooled and flltered. The product obtained. was yellow,
and.diétinctly*orystalllne. It decomposéd with partial
melting at 225-35°, It was infinitely soluble in water,
slightly soluble in absolute alcohol, and insoluble in
acetone and ether.. The product was dried at,105° and
analyzed for n-butylereatinine hydrobromide..

‘Anal. Caled. for CeHisONa o HBr: N, 16.8

Found: 21,30, 21.35 |

The above product was dissolved in absolute
‘mlcohol. No crystallization took place when cooled. On
sténding.overnight only & féew crystals appeared. The
alcoholic solution was stratlfied with ether untii
precipltation waa'aimost complete. The white flocculent.
product was filtered with suction and dried for about’ one
hour in.the oven at 105°. The solid decomposed at 225-38‘
without melting. It,ﬁas infinitely soluble in water, B11ght1y
soluble in absolute alcohol, and insoluble in acetone and |
ether, The.prbduct was analyzed for nitrogen. Found,
21.21%, 21.29%.

The mother liquor from the reaction mixture was
ptratified with ether until two layers separated. A solid
appeared at the interfacej; this was filtered off. It was -
very‘soiuble in water, vefy glightly soluble in absolute

alcohol, and insoluble in acetone and ether. It decomposed
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without melting at 232-40°., The product was analyzed for
nitrogen. Found; 21.34%, 21.32%.

The 1iquid portion of the reaction product from
Experiment I and all washings from Experiment II were
combined and evaporated on the steam bath to a very thick
énd'tarry looking substance. The substance was cooled
and about 20 cc. of acetone added, resulting in complete
solution: A small quantity of ether was added. A black
oil separateda/ This oil Was washed and worked up seVerai
times with ether until the ether was no longer discolored.
A semi-crystalline tarry material resulted: To this was
added 5 cces of 48% HBr and 10 cc. of watér; This was done
in an effort to isolate a salt from the portion which
‘refused to crystallize. The solution was heated to boiiing
and charcoaled for about 5 minutes, and then filtered. The
charcoal treatment gave an amber cdlored solution. This
solution was evaporated. No crystalline solid appeared
even after evaporation was almost complete, but the rgaidue
remained resinous. When the substance was cooled it became
very viscous but remained clear and gummy. After long
stirring a crystal from the original reaction product was
added., This caused turbidity and further stirring gave a
light yellow pasty solid; 'Thisvsol;d was treated with
acetone and ether. The solvents were decanted, leaving a

gunmy ,semi-crystalline substance. The entire treatment was
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repeated. All efforts to separate a crystalline substance
failed.

Experiment III

4.52 go (+04 mole) of creatinine, 5.48 g.. (.04 mole)
of n=butyl dbromide, and 8 cc. of n-butyl alcohol were
refluxed over an open flame for 8 hours. The reaction
mixture at the end of the time of refluxing consisted of
a yellow whlte solid and a dark liquid layer. The solld
matter was filtered with suctlion. The solid was washed with
95% alcohol repeatedly, then with a 50% solution of alcohol,
next with water, next with abaolute alcohol, and finally
with acetone. The product éuffered a loss during all these
washings, but it was hoped to remove any hydrobromide salt
formed. The»prodﬁct after washing gave only a very slight
halide test. It was slightiy soluble in water, less
soluble in absolute alcohol, and 1nsoluble'1n acetone and
ether.v-lt melted with decomposition at 241-53°., Yield,
1.4 g. Product A. The product was dried at 105° and
analyzed for butylcreatinine.

‘Anal. Calecd. for CgHj;gONgs N, 24.85

Found: 36.75, 36.63

The mother,iiquor from A was treated with ether.
An oily mass separated. The washings from A and the
ethereal solution of the mother liquor were combined. At

the Jjunction of the two layers there appeared a solid
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substance which was filtered off. It gave a negative
‘halide-test and had the same solubllities as A. The solid,
product B, decomposed without melting at 254-62°. B was
dried at 105° and analyzed for nitrogen. - - Found, 36.86%,
36.65%.

The mother liquor from B was put in a separatory
funnel and the oily substance separated. This subaﬁance
was treated with acetone, ylelding a yellowish white
precipitate which was destroyed. The ethereal solution
left in the separatory funnel was evaporated to dryness,
giving a reddish orange product. This eo0lid matter was
dissolved in-the least amount of absolute alcohel, a
brovwnish:green solid Separating on cooling. This substance
was filtered off and discarded. OCn stratifying the
alcoholic filtfate with ether an orange yellow:solid
aeparated. It was filtered off and dried in the oven at
105°. - Thils product was very soluble in wéter, slightly
soluble in absolute alcohol, and 1ﬁsoluble in acetone and
ether., It gave a negative halide test and melted with
‘decomposition at 230-38°, Yield, .3 g. The product was
analyzed for nitrogen. Found, 33.45%, 33.68%.

Creatinine Hydrobromide
A sample of creatinine was evaporated to dryness

twice with an excess of 427 HBr. The product wase

recrystallized from absolute alcohol. Approximately a 50%
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recovery was made. The recrystallized product was: filtered
with suction and dried in the oven at 105° for, about 30
minutes. The product was white with a rhombic crystalline
structure; It‘was~extremely.§oluble in water, slightly
soluble in absolute alcohol, .and insoluble in acetone and
ether. The salt melted with decomposition at 235=43°, It
was analyzed for nitrogen and bromide,

Anal. Calcd. for C4HsONg.HBr: N, 21.65; Br, 41.23

 Found: N, 21.37, 21.43, 21.40, 21.40
Br, 41.26, 41.27

Reaction of Creatinine with Ethylene Chlorohydrin
Eéperiment I | -

2,26 g. {.02 mole) of creatinine and 1.6 g.
(;02 mole) of ethylene chlorohydrin wers nixed and heated
at 116° for'2 hours. Only slight signs of a reaction were
noticeable, The temperature was ralsed to 142° and kept
there for about 15 minutes. The solid dissolved. The
mixture was then heated over a bafe flame for 2 or 3 minutes
during which period some NH; was evolved. The material
becémé a very viscous brown mass., When boiled with
alcohol a white s0lild separated. This solld was filtered
and dried in the oven at 105°., It gave a positive halilde
test, and was very soluble in water and insoluble in
absolute alcohol, acetone, and ether. It darkened ahd

gradually decomposed without melting above 265°, The
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product was analyzed for ethanolereatinine hydrochloride.

Anal. Cale. for CgH;3 0aNg.HC1l: N, 21.71

Found: 25.07, 25.93

Experiment II

The experiment was repeated using the same
quantity of creatinlne with Jjust a slight excess of
ethylene chlorochydrin. The mixture was heated at 140° for
about 1 hour. All solid materlal went into complete.
solution which became a gurmy.mase on cooling. This mass
was treated with a few cc. of 10%.K2C05 and the resulting
solution stratified with a little acetone. A white solid
precipitated. This solid was filtered and dried. It
gave a positive halide test. The compound proved to be

KCl. ’
Experiment III

The experiment was repeated, using the same
quantities of reagents, After heating at 140-50° for
about 45 minutes alllsolid matter went into compiete
solution. 1.5 cec. of ethyléne chlorohydrin were added
and the temperature ralsed to 160°, and held there for
45 minutes. A coplous flocculent precipitate aeparated
during the latter part of the heating. The mother liquor
was reddish orange in color. The so0lld matter was filtered
off. It was dlssolved in hot &bsclute alcohol and the

solution was covered with a layer of ether., A white solid
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precipitated. This solid was evaporated to dryness with
HC1, yielding'a rather hygroscopic substance which partially
melted with complete decomposition at 324-27°, The
product proved to be NHeCl. The calculated percentage
of nitrogen in NH4Cl is 26.18. Found, 25.47.

The mothe liquor from the above product was
treated with about twice its volume of absolute alcohol,
On stratifying this alcoholic solution with ether an oily
1liquid separated. The oil was taken back into solution
with more absolute alcohol.. The solvents were evaporated,
leaving a dark reddish orange viscous substance with an
odor of putrefaction. The gummy syrup was treated with a
few cc. of concentrated HCl. To this acid solution
concentrated NH4Cl was added drop by drop. The white
precipitate which formed was filtered, washed with acetone,
and dried in the oven at 105°. The product gave a positive
halide test. It darkened slightly at 265° and graduslly
decomposed wilthout melting above 320°, The product proved
to be NHgeCl. The percentage composition of HH,Cl 1s
N, 26.18; €1, 66.02. Found, N, 25.98, 26.0C4; C1l, 66.03.

Experiment IV

The condensatlon was attempted again, but carried
out in the presence of pyridine. 1.13 g. (.01l mcle) of
creaiinine, .8 g. (.01 mole) of ethylene chlorohydrin, and
.8 g. {.01 mole) of pyridine were mixed and heated in a
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sealed tube at 120-30° for 7 hours. The temperature: was
raised to 140~50° for 30 minutes and then to 150-60° for
anothef 30 minutes. The reaction mixture had the appearance
of a dark gummy mass. The gontents of the tubhe were worked
up with CHaO0H., A white crystalline substance separated.
This product was filtered, washed with CHsOH, and dried
in the oven at 105° for about 45 minutes. The product
gave a negative halide test. It was slightly soluble in
water, less soluble in 957 alcohol, and insoluble in acetone
and ether. A melting point determination showed the solid
to. gradually decompose at 258? and then melt with further
decomposition at 285°, The product proved to be creatinine.
The calculafed percentage of nitrogen in creatinine is 37.16.
Found, 36.47, 36.34.

The mother liquor from the reaction product and
the alcoholic: washings were comblned and evaporated to a
gummy mass which was put in a vacuum deslccator for about
~one hour. The orange yellow gumny mass was then treated
with 5 cc. of 95% ethyl alcohol. VWhen stratified with
acetone, this solution gave a whlte precipitate. The
precipitate was filtered and dried in the oven at 105° for
30 minutes. This solid gave a negatlve halide test and haed
the eame solubilities as the first solld isolated from the
reaction mixture of this oxperiment. It began to decompose

slowly at 248° and melted with further decomposition at 276°.
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This product proved to be creatinine. Percentage nitrogen
found, 35.98, 36.13.

The mother liquor from the latter product was evaporated
down as far as possible to a dark oily gum on the water
bath and then-put in a vacuum desiceator for several days.
All attempts to induce crystallization falled,

Experiment ¥V

The latter experiment was repeated, using a
sealed tube and 1dentical experimental conditions, but
in the absence of pyridine. The reaction mass was rcmoved
from the tube by solvation with CHzOH. The sclvent was’
evaporated off and left an olly, viscous substance, with an:
odor of putrefaction. The gummy mass was put in a vacuum
desiceator for several days but crystallizatlon could not
be induced. Ether, absolute alcohol, CClg, concentrated
and dilute HCl, and various nmixtures of these solvents
falled to start crystallizatlion.
Experiment VI

-2.26 g. (.02 mole) of creatinine and a slight
excess of ethylene chlorohydrin were mixed and heated in
an open tube at 150-60°. Complete solution of all solid
matter resulted after one hour of heating. On heating at
the same temperature for another hour a solid precipitated.

The recction mixture, on cooling, became a viscous gummy

mass., This mass was dissolved in hot absolute alcohol to
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which an equal volume of acetone was added., A tan solid
vreciplitated and was filtered off and dried in the. oven

at 105°, This product gave a positive halide test. It

was very soluble in water, slightly soluble in alcohol,

and insoluble in acetone and ether. It decomposed gradually
without melting above 267%. Percentage nitrogen found,
26.12, 25.87.

The mother liquor from this product was destroyed
and ‘so the experimént vas repeated, using the same quantities
of reagents and identical experimental conditions. A white
product was isolated from the reaction mixture by the same
method as employed in. the previous experiment. This scolid.
had the same solubilities as the other compound, but
darkened at 280° and deccomposed without melting above 326°,
It gave & poslitlve hallide test. As in previous cases,
this product and the preceding one were NH4Cl. Percentage
nitrogen found, 25.75, 25.86.

The mqther liquor from the latter product was evaporated
over a water bath to a gummy substance. It had an odor of
putrefaction and was reddish orange in color. All attempts

to get crystallization by methoda previously. described

falled.

Reaction of Creatinine with Trimethylene Bromohydrin

Experiment I
11.3 g. (.1 mole) of creatinine and 13.9 g. (.11 mole)
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of trimethylene bromohydrin were mixed and heated at 115°
for’2.5 hours, The reaction mlxture‘waa very viscous and
orange yellow in color. 10 cc. of 48% HBr were added to

the mixture and the gummy substance went into complete
solution. The solution was poured into a beaker and allowed
to cool,. On cooling crystals separated. The crystals

were filtered and washed with acetone, - This washing removed
any unreacted reagent and left a pure white product. The
solid was dried as well as possible at the pump and then
further dried in the oven at 105° for about 30 minutes.

It gave a positive halide test, and was extremely soluble

in water and insoluble in acetone and ether. The product
decomposed slowly above 240° without melting. It was
analyzed for propanolereatinine hydrobromide.

Anal. Calcd. for CpH3aO2Ng.HBr: N, 16.7

Found: 14.98, 14.86.
The impure product was recrystallized from 95% alcohol in
which it was only slightly soluble. The recrystallized
s0lid decomposed without melting at 268-300°. The product
was analyzed for nitrogen. Found, 14.32%,

The mother liquor from the original reaction
product was cooled to 0° and 4 cc. of cold concentrated
NH,OH was added with stirring, precipitating a flocculent
solid. The solution and precipitate were cooled in ice

for about an hour. The solld matter was then filtered and
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washed with cold 95% ethyl alcohol. - This washing removed
all coloration, leaving a white substance which waa driled
a8 well as possible at. the pump and then further driled in
the oven at 105° for one hour. However, the product gave
a halide, test, It was verj soluble in water and only
8lightly soluble in alcohol, It decomposed at 285~301°
without melting. The product was analyzed for
propanolcecreatinine hydrobromide. |

Anal. Caled., for CyHygOgNa.HBr: N, 16.7; Br, 3l.74

Found: N, 14.49, 14.58; Br, 82,57, 82.47.

Experiment IT

Another attempt to condense trimethylene

bromohydrin with creatinine was made, this time using s
pyridine medium. 2.26 g. (.02 mole) of creatinine, 5.56 g.
(.04 mole) of trimethylene bromohydrin, and 3.2 g. (.04 mole)
of pyridine were heated at.114~17° for 5 to 6 hours.

After allowing the reaction mixture to cool a white solid
geparated. The product was filtered off. It was only
slightly soluble in water, and insoluble in alcohol and
acetone. 10 cc. of cold 95% alcohol were added to the
product and then 10 cc. of cold acetone. The solid matter
was worked up in an ice bath for about 30 minutes, The
supernatant iiquld was poured off and the residue treated
with 5 cc. of cold water. On standing white crystals
geparated. The crystals were flltered, washed with cold
954 alcohol, and dried in the oven at 105°. The product
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gave a negative halide test, and decomposed at 235° without
melting. The so0lld proved to be créatinine. Percentage
nitrogen found,v38.48%, 34.86%.
Thevmoﬁher liquor from the reaction product and all the
washings were combined but time did not permit investigation.
Experiment III

Another attempt to condense trimethylene
bromohydrin with créatinine.waa made . }4;52 gs (<04 mole)
of creatingne and 5.56 g. {.C4 mole) of trimethylens
bromohydrin were heated in an open tube at 114-17°_for}5 to
6 hours, After cooling to room temperature the reactlion
mixture became & pale yellow gumﬁy mass,  The mass wag cooled
to 0° and 1.5 ec. of absolute alcohol and 5 ce. of acetone
were added. The solld matter was filtered and washed wlth
cold absolute aleochol, and then dried in the oven at 105°.
The product gave a negative hallde test, and was only-
slightly soluble in absolute alcohol and insoluble in.
acetone. It was a white powdery substance decomposing
without melting at 217-40°. The product proved to be
ereatinine. Percentage nitrogen found, 36.47%4. Time

did not permit investigation of the mother liquor.

géactién of Creatinine with Ethyl Chlorocarboénate
Experiment I
| 1.13 ge (.0l mole) of creatinine, 1.1 g. (.0l mole)

of ethyl chlorocarbonate, and an excess of pyridine were
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heated for a-few minutes at 100°. All ‘solid material

 weht'into total solution. The reaction mixture was cooled

to 0° and filtered, The white product was washed with
absolute alcohol. ' It was very soluble in water, and
insoluble in absolute alcdhoi; acetone, and ether.’ It
gave a p651£ive halide test. The solid melted with
decomposition at 238°, although gradual decomposition had -
set in at 215°. The cbmbound was dried in the oveh at
105° and'ahaljzed‘fdruethyi’creatinyl formate,

Anal. Csled. for CoHijUsNa: N, 22.58

'Found: 29.96.

Experiment IT

The condensation was attempted sgain: 1.13 g.
(.01 mole)" of creatinine and an excess. of ethyl’ '
chlorocarbonate were heated in a sealed tube at 100° for -
4 hours. The reaction product'wae removed from the tube
and washed‘thoroughly with acetone and then dried in the
oven at 105°. The solld was almost white, having a slight
brownish yellow tint. It gave a positive halide test and
melted with decomposition at 240-45°, ' It was very soluble
in water, slightly soluble in absolute alcohol, and
insoluble in acetone and ether. The compound was analyzed
for ﬁitrogenyand éhloridé. Found, N, 27.61%, 27;62%;
c1, 21.85%,



49

Reaction of Creatinine with 2,4-Dinitrochlorobenzene.

. 1.13 g. (<01 mole) of creatinine, 2.02 g.
(.01 mole) of 2,4—d1n1trochlorobenzehe,'and 30 cc. of
95% alcohol were heated over a water bath under a reflux
condenser for 16 hours. The solution became orange yellow
in color.,-bn cooling light yellow crystals separated. |
The crystals were recrystallized from hot ethyl alcohol .
after which they becaﬁe pale yellow in color. The crystals
appeared different from those of creatinine. The product
was slightly soluble in water, lecs soluble in alcohol,
and insoluble in acetone and ether. It softened at 190°
and decomposed gradually from 202° to 267° at which
temperature. 1t decomposed. The product was dried in the
oven at 105° and analyzed for creatinine 2,4-~dinitrochloro=
benzene. . |

Ansl. Calcd. for CgHyOllpsCgHaOgNgCl: N, 22.22

.Found: 36.40, 36.45.

The mother liquor from the above product was
diluted with water and allowed to stand ovérnight. Crystals
geparated. However, all solld matter immedlately became
a brown olly—liquld upon the sligﬁtest application of
heat, showing the crystals to be 2,4=-dinitrochlorobenzene.
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-DISCUSSION OF RESULTS

| All attempts to condense n-butyl bromide with

oreatinine were uneucceeeful. The halogen in n-butyl
bromide did not seem to be particularly active towards the

Ibesic nitrogen atome of the ereatinine molecule. In every
| instance there was evidence of some reaction. }Some of}the
products isolated gave positive halide teste.‘ The.eoﬁrce'
of the halogen must be the alkyl halide. For this to
happen it seems that the ‘butyl radical muet eubetitute
either the imido or imino hydrogen.

| " In some attempted eondeneatione about 507 of

unreacted creatinine was recovered. Most of the producte |
ieolated were mixtures of creatinine hydrobromide, unreacted
ereatinine, and poesibly eome butylcreatinine hydrobromide.
No method of eeparation of a butyl derivative dould be
- found becauee or the similar eolubilitiea.

All the mother liquors, when evaporated to almost
dryhess; ylelded olly or gummy masses which could not be
crystallized. Absolute alcohol, ordlnary alcohol, acetone,
ether, and various ﬁixtures of theee solvents were tfied.
It is posaible that the desired product of the reaction
was contained in this gummy residue, since all solid matter
1solated consisted of mixtures. These gummy residuses had -
the odor of putrefaction, indiceting decomposition. This
odor was noticed in every attempt to condense n-butyl

bromide with creatinine.
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Craat;nine, n-Butyl Bromide, n=-Butyl Alcohol

!

(A) Solid fr. Wiashed w,
—— reac. prod. ———> abs. alc.
N, 23.88%. " Evap. We. HBr.

Me 192‘990d-

v

Reeryst. fr. (D) Br. oryst. tiash~ Lig. portions
abs, alc. solid, ings of reac. prod.
' N, 21.35%.

f m. 225-35°43,
(B) ¥h,., golid.

" N, 23.71%. ‘ :
m. 201°.° Diassolved in strat. we
l alecs Strate . ether. Ppt.
we. ether. ' :
Evap-AW. ‘ J,
HBr,. ;
' “{E) Solid. (F) solid. Mother
. N, 21.29%. N, 21.34Z. 1liquor
(¢) Br, solid. m, 225-38°d. m. 232-40°%,

Ng121031%;
m, 233-36°d.

¥ashed succesv’ly Evap. on water bath.
w. 95% ale.,50% alc., Tarry residue.
water,abs. alce., '

acetone.

Washed several times
w. ether and evap. w.
: ' HBr.
wash- (G) Solid.
ings N, 36.75%.
Me 241053°dﬁ \/

(J) Amber col. resinous
material which could not
e crystallized.

(H) solid. (1) sdiid.
N, 36.86%. N, 33.68%;
m' 254-62‘d0 M 230“38 dc

UNIVERSITY T RICHMOND
VELGINIA
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Products (A) and (B) nust be a mixture of
creatinine hydrobromide and creatinine since (C) was later
proved by synthesis to be pure creatinine hydrobromide.

The other.products giving a similar percentage of nitrogen
are also creatinine hydrobromide. Products (@) and (H)

are creatinine. Product (I) being from ionizable bromide
and giving too low a percentage of nitrogen could be 'a
mixture of creatinine and n~-butylcreatinine. No separation
could be made. The desired derivative, n-butylcreatinine,
must be in product (J) because some kind of,a‘reactionedoea
take place with creatlnine and n-butyl bromide as evidenced
by the odor, color, and the fact that creatinine hydrobromide
was lsolated from the reaction product.

Creatinine hydrobromide does not appear in the
literature; it was prepared in order to become acquainted
with its Bolubilit;es and other properties since product
(C) on-page 51 was believed to be creatinine hydrobromide.
As was expected, the product proved to be ldentical in
every respect,

There was evidence of a positive reactlion of
creatininé with ethylene chlorohydrin, though no
condensation product was 1solated. In all reactions,
except those in the presence of pyridine, any solld material
isoclated gave a positive halide test; 1ndicat1né that a
reaction must have occurred. The products analyzed to

glve a nitrogen content which could be interpreted as
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possible mixtures of the desired cqmpound, ethanolereatinine,
creatinine hydrochlerlde, and unreacted creatinine. Cn
further investigation part of thase proved to be ammonium
chioride. It rust be remembered that there was always

a gummy, viscous residue resulting from evaporation of

the mother liquors of the reactlion mixtures, and all
attempts to induce crystallization falled. It is
Justifiable to belleve that had the gummy mass crystallized
a condénsation:product would have been isolated. When the
reaetidn was carrled out in the rresence of pyridine there
was‘a»darkening in color but only unreacted creatinine
could be iesolated. Pyridine seemed to inhiblt reaction.
The coloration cculd have been due to the reaction between
pyridine and ethylene chlorohydrin.

The criteria for saying that the various products
were ammonlum chloride were its decomposition point, its
nitrogen and chloride analysis, and the fact that ammonia
was coplously evolved in the cold with sodium hydroxide.
The explanation for the formation of this product is not
proposed since from the general chemistry of creatinine
one does not expect a decomposition at the temperature
used unless in the presence of alkall. Products in different
cases gave helide tests and in the preliminary experiment
with this reagent ammonia was evolved. These observations
show that the elements of ammonium chloride are available

from the reactants,



Creatinine, Ethylene Chlorohydrin

W
{In open tube)

v
Reac. prod.

Solid. Hother
(NH4C1) 1liquor

HC1 + NH,OH
Used in

isolation of
product.
- {NHg4C1)

Solid.
(Creatinine)

Solid.
{Creatinine)

(In sealed tube
with pyridine)

N
"Reacs prod.

v o
Hother
1iquor

Mother
liquor

Guumy mass of

evaporation
which could

not be crystallized.

{In sealed tube)
. Reac. prod.

S0lid. Mother
(NH,C1) liquor

]

Solid. Mother |
(NH4C1)  liquor

Gummy mass resisting
all efforts to
crystallize.
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A reacticn was obtained with creatinine and
trimethylene bromohydrin. In the first attempted
condensation a product was obtained which, according to
nitrogen analyses, was evidently a mixture of the mono and
dl‘compounds of propanolcreat;nine'hydrobrbmide. The
mono' derivative has a caléulated nitrogen contént of 16.70%
and the'di derivative 13.50%;"The énalyzed‘product gave
14.98% éhd.14.86% nitrogéﬁ;'-Recr&stallizatidn gave a-
?foduct analyzing 14.32% nitrégen.~'No mathéd of separation
of the'p0331bie mixture could be-advanced. However, 1t
was 1atér-showﬁto‘be;probably anmonium bromide since it
evolved ammonia with cbldrsodium-hydroxlde. When the mother
liquor from this product wés treated with RH4OH the.
érecipitate'was beyond a doubt ammonium bemide. The
percentage composition:of NH4 Br iss N,»lh.Bi%; Br, 81;80%.
These figurés tally very clégelvaith,those given under
experimental resulgs, 1. e., N, 14.58%, 14.47%; Br, 82.57%,
82.474, When’the cohdensétion was attempted in the presence
of pyridine there waa very little reaction, the isolated
product being creatinine. This fact was noticeable in all
readtionsrcarried out in a pyridine medium, such as with

ethylene chlorohydrin and ethyl chlorocarbonate. -
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Gre&tgﬁlﬁé; Trimethylene Bromohydrin

Rese. mixe’
tr. w, HBr.

!

Solid fr.

reac. prods
N, 14'86%0 .
m. ‘above 240°d,

Recryst, fr.
abs. 8.10 »

Whe :élid.

N, 14.32%.
m. 268-300°d.
(NH, Br)

With pyridine

\\%
Wh- solid fI'.
reac. prod.
N, 34.86%.
m. 235°4,
(Creatinine)

. Mother liquor

Vv
Wh. solid,

v ,
Reac. mix, tr.
w. NHGOH.

i'\/
Wh. solid,

N, 36.47%.

(Creatinine)

N, 14.49%; Br, 82.47%.

n. 285=301°d,
(NH4Br)

Since according to the literature acetyl and

benzoyl creatinine have been prepared from the acyl halides,
with:and without the use of pyridine, it was thought that
ethyl chlorocarbonate would react in the same way to give

the ethyl ester of creatinyl formic acid;

Hl‘ll - CO 0335.003.? - CO
HN:? + CIQCOO'Cgﬁa = H“:? + HCl
CHg.N — CHjy CHgsN — CHg
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A condensation of ethyl chlorocarbonate with creatinine
was tried and was unsuccessful. The first attempt, carried
out in an open tube, gave a chloride test even when the
reaction was carried out in the presence of pyridine. One
might interpret by the nitrogen analyses that the product
contalned a considerable part of creatinine hydrochloride
along with the expected product, ethyl creatinyl formate.
"Thege supposed constituents could not be separated. In
the reactlion carried out in the sealed tube, there was
ev;d?nce of a reaction., The‘reactants‘becamé_gvqqlid mass
at vt.lfle ehd of the period of heating. Lack of: t,ime_ prdh:}bited
further investigation of this product. | |

o Since the halogen in 2 4—d1n1trochlorobenzene
is so very active it was thought that an additlon or
substltution compound of craatinine could be prapared which
could be applied as a means of ldentificatlon of creatlnine
and 1ts der;vativea. The prpparationiof sueﬁ#‘éompound
was unsuccessful. Even after such a long périod of
refluxihs, nitrogen analyses 1ndicated_the‘prodﬁct to bé_
creatinine. 'From the physical éppearanée of the solid and
its peculiar gelting roint it was concluded that the crystals
consisted of creatinine covered with a very thin film of
2,4-dinitrochlorobenzene. Further evidence in support of
this was offered by examining thg mother liquor. By dilution
of the mother liquor with water and allowing to stand
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overnight‘uﬁreadtéd 2,4-dinitrochlorobenzene was recovered.

A reaction was obtained with glycerol
dichlorehydrin, glycerol dibromohydrin, and trimethylene
bromide, but the productas were not 1nv¢stigﬁted;~ Reagents
cdntaininé the_di-halide"presented“too many possibilitiles
and'iﬁ‘vieﬁ'ofzéﬁis~the investigation consisted of |
¢éarrying out reactions with mono-halide compounds. A reaction
was also obtained@wiﬁhibenzénékBulfonyl bhlofidé, using
a procedure similar to that of Greenwald” in benzoylating
ereatinine., However, no solid product could be isolated
and the reaction was not further 1nvestlgat§d
| ' The fact that condensation products of creatinine
with halogen derivatives were not cbtained 18 not surprising
in view of previous derivatives similarly prepared. Only
the methyl and ethyl, and benzyl derivatives are recorded -
as prepared directly from the halides. The methyl and
ethyi derivatives were prepared thfough thelriiodides in
a sealed tube at 100°. The benzyl derivative was made
from benzyl chloride at 140° for 6 hours in a closed tube’,
These previously used halogen compounds are more reactive
than those assigned for this work. The formation of acyl
derivatives, such as the bené&l and acetyl, take piace
only with difficulty and in the presence of pyridine.

The original assignment of this work by Dr. Wm.

R. Cornthwalte consisted of a proposed atﬁdy of the reaction
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of creatinine_wiﬁh ethylene dibromide, ethylens
chlorohydring trimethylene brdmide,‘and,glygerol
dlchlorohydrin. Early 1n the work,it;wda concluded that
the di-halogen‘compbunds afforded,more‘poasiﬁle;wayé of
réactionfthan thE‘mono-halogen derivatives.-:The probable
number of products'wduld’be‘greatly,1ncreaséd}alsof For -
ﬁhis reason, some other reagents.were consideped.w

Since the‘eXperiments :ecordedgahow,negativé'
results,'they‘weré~conf1rmed‘by the results of various

repetitions of worke..
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APPARATUS

During the pursuance ef this investigation small
quantities of reagente‘eere used in all reéciions.carried
out. If a condensation sheuld'eeeuf; the‘eiperimeht was
to be Bepeated using, of course, large quantities of the
reactante. In order to carry out the reactions using
small samples, it became necessary to construct speeial
apparatue to facilitate reaction and to conserve time.
Profeeeor G. c. Kyker, directing the 1nvestigation, very
obligingly and 1ngeniously, designed and constructed the
Vpieoes of apparatua ‘described and pictured below,

1 - Constant level water bath

This apparatus was designed to maintaln a constant water



61

level and temperature for any desired perlod of time. It
was made of Pyrex glass and consisted of & liter beaker
to which cohtrol g&#ges>were attéched. 'A‘brbtacted flame
was set beneath 1it. Thia'apparatua was used principally

for the conversion of creatine to creatinine.

2 -~conétant temperature heating apparatus

This apparatus was deslgned with a capaclty to carry out

at least four reactions, 1f deslred, slmultaneously. The
reactants could be heated to any desired constant temperature
for any perlod of time. It consisted of a central flask,
which contained the solution with the desired boiling point,
to which four Erlenmeyer flasks were attached by tébes
leading from their bottoms. Each Erlenmeyer flask was
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comnected, by a tube leading from its side near the top,
to a central bulb over which a reflux condenser was attached.
The central bﬁlb was connected by & perpendicular tube-‘»
to the flask containing the constant boiling solution. In
9rdér~to operate'the‘apparatus~thaifeactlon'm1xturea were
put in large ignition tubes énd 1nserted.in the Erlenméjer
fiésks through‘cork stbppers. The boiling mixture would,
circuiate its vapors through the entire aystem ahd return
via the reflux condenser to its starting point, thus
maintaining*a,:;nstanﬁ temperature for any desired‘length
vbf time. Tﬁe eﬁt;re apparatus was made of Pyrex giasa.”
Ail‘reactions in this investigation were carried out with

this apparatus unless otherwise specified.

3 « Digestion hood

This digestion hood was used in the semi-micro Kjeldahl

nitrogen analyses. It was made from a large distiilins
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flask from which the side arm had been removed. The neck

of thevflask waa~drawh put and was attached to an gspifator
by means of o length of rubber tubing. mv'en holes ‘iveré |
blown through the bulb'bf‘tha'flask throughiﬁhich,"upon
inverting the flask, the necgks of the KjéldahlfflaékaL’:'
were inserted. On applying suction the obnoxious fumes
which evolved duringitheidigesting_ﬁrbhésé were automatically

removed,



SULMARY

1.‘ Nb condansation product of creatinine and n-butyl
bromide was isolated. Some kind of a reaction was obtained
as ovidenced by the color, peculiar odor, and the isolation
and 1dent1f1cation of creatinine hydrobromide.

2. creat inine hydrobromide was prepared and its properties
described.

3. No condensation product of oreatinine and ethylene
chiorohydrin‘was isolated. The cqlor, odor;_and isolation
of ammonium chloride indicated a reaction or decompositién
of the reactants{ the change‘occurring is not describeé.

4, There was a reaction bgtweenVcreatinlne and trimethylene
bromohydrin as indiéated by color, odor, and isolation of

a product which was shown to be ammonium bromide. The
mechanism for the formation of the ammonium salt 1s not
proposed.

5. All reactions tried with creatinine and halogen compounds
gave a solld phase which proved to be elther unreacted
creatinine or its hydrohalide, or an ammonium halide, and a
1iquid phase which could be obtalned as a yellow resinous
residue which resisted all attempts toward orystallization.
The reactlon product and the resinous residue in every case was
accompanied by an odor of putrefaction,

6. Creatinine does not give a condensation product with the
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very active halogen in 2,4;din1£rochlorobenzene after
rafluxing for 16 hours.'

7;» Creatinine and ethyl chlorocarbonate gave a reaction
when heated in a sealed tube. -The product according to the
nitrogen analyses and the expected reaction is probably a
mi?ture of ethyl crentinyl formate and unreacted creatinine.

No separation of a pure product could be found in ths time

that remained.
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