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THE PREPARATION OF CREATININE FROll CREATillli 

I. Introduction.

Creatine and creatinine are found distributed very 

extensively in the animal kingdom. Creatine is a constituent 

of all vertebrate muscles but apparently is absent from in

vertebrate muscle. The creatine content for the muscles of 

a civen species is very constant, varyine among the different 

species from about 0.36 % or less to 0,52 %, Creatinine on 

the other hand is almost or entirely absent from muscles but 

is a normal constituent of mammalian urine the percentage 

varying. Creatinine also occurs in wheat, rye, clover and 

many other crops and hence occurs in cultivated soil. 

Thus creatine and creatinine are of importance to 

the biolocical chemist. There is a demand here for creatine 

and creatinine for numerous experiments with the aim of dis

covering the biolo&ical significance of these two substances. 

Just recently a tentative method is being tried 

for diagnosing nephritis by administering creatinine and then 

analysing the output in the urine. (R, H. Major, Jr., J. Am, 

lled. Assoc., Feb. 1923) 

Both creatine and creatinine were expensive chem-

icals a few years ago. At present creatine is very readily 

obtained from a by-product of a commercial meat-juice plant. 
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( J. Ind. Eng. Chem. 14, 984 ). The by-product is about 50 % 

creatine from which it is readily obtained by several recrys

tallizations. This has Given a relatively cheap supply of 

creatine yet the price of creatinine is still hic;h even tho 

it is theoretically very easy to convert the one into the 

other. 

II. Historical.

(a). Creatinine from Urine. 

Creatinine has been obtained directly from urine 

by several methods the two best known and most satisfactory 

being the method of Folin and Blanck (J. Biol. Chem.� (1910) 

395-97) and the improved one of Benedict (J. Biol, Chem. l§.

(1914) 183-190). 

l, In the method of Folin and Blanck a hot alcoholic 

solution of picric acid is added to undecomposed urine in the 

proportion of 125 G· of picric acid to 8 liters of urine. 

After settline over night the precipitate is collected on a 

Buchner funnel, washed thoroughl� with dilute picric acid and 

then with cold water. The picrate, mixed with 400 cc. of 

water, is decomposed by 60 g. of potassium bicarbonate, keep

ing the temperature at 45-50° C. until evolution of CO2 ceases, 

care being ta.ken to prevent loss by foaming over. 

After standing in cold water over night the precipi

tate is filtered, washed and then 50 % acetic acid added to 

the filtrate until there is an acid reaction acain watching 

the tendency to foam. Finally alcoholic zinc chloride is added 
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producing the double chloride of zinc and creatinine. 

This double chloride is dissolved in 10 % warm sul

furic acid when a compound having the formula (creatinine)2so4, 

ZnS04, 8H20 is formed, which is almost quantitatively precipi

tated on addition of acetone or alcohol and ether. This pre

cipitate is purified by boiling with bone black, filtering 

and ae;ain precipitating with organic solvents. 

Creatinine is obtained from this salt by adding to 

its solution the theoretical amount of barium acetate required 

to precipitate the sulfuric acid and then passing hydrogen 

sulfide into the hot mixture to precipitate the zinc. After 

filtering, the solution is evaporated to dryness in a vacuum 

at about 50° C. The remaining acetic acid being removed by 

washing with alcohol. 

2, In Benedicta method the creatinine picrate is 

obtained in the same manner as in the preceding method, 

However instead of decomposing it with potassium bicarbonate 

concentrated hydrochloric acid is used, about 60 cc. beinu 

required for 100 g. of creatinine picrate. The creatinine 

hydrochloride solution which forms is filtered from the in

soluble picric acid with suction and then neutralized with 

solid magnesium oxide keeping the flask cooled by running 

water. The mixture is again filtered with suction, washed 

and then the filtrate is strongly acidified with acetic 

acid and diluted with about four volumes of alcohol, The slight 
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preci1-itate which forms is removed by filterinL, and the fil

trate treated vii th 30 % zinc chloride, using about 4 cc. for 

each liter of urine used, After standin� over nigit th� 

crec.tinine zinc chloridE- is filtered, ','lashed with wo.ter and 

then with alcohol. 

The product should be a nearly 1·,hite crystalline 

powder, With care a 90-95 % yield should be obtained. 

The zinc salt is purified by dissolvin� it in water, 

10 g. to 100 cc., addinb 60 CC. N H2S04 and heatin6 to boiling. 

About 4 g. of animal charcoal are added and boiling continued 

for one minute after which the material is filtered, pouring 

the filtrate thru until cleat:. The filter is then washed 

with hot water and filtrate treated with strone zinc chloride 

solution aft(;r which a solution containt, 7 g. of potassium 

acetate ia added. The solution is next diluted with an equal 

volume of alcohol when creatinine zinc chloride crystallizes 

out on standin� in a cold place. It is filtel:\ioff and any 

potassium sulfate removed by stirrine; it up ,,ith its own 

�-rei01t of water, filtering and r,ashing with alcohol. 

Creatinine is best obtained bi addinu a volume of 

concentrated aqueous ammonia equ· l to seven times the ,. cic.,ht 

of the recrystallized creatinine zinc chlo�ide and warn:inc 

the mixture just enout;;h to affect solution. The solution 

is then placed in an ice-box to allo\'I the crentininc to crys

talize out. The yield should be 60-80 %. In case of a 

yellow product it may be purified from alcohol or ammonia, 
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(b) Crentinine from Crertine.

Creatinine io obtained dire:ctl:; from cre"tinc when 

the latter 1.,, he:-•ted under pressure due to the c::..talytic 

action of tht: water of crystrlliza.tion. This io the auto

clave 1rocess of Falin and Denis. (J, Biol, Chem. 13 (1910) 

399-400). They place creatine which contains water of �ryo

tallization in a stoppered bottle, enclosin0 this in an 

ordinary preaervine jar that fastens �ith a clamp. The jar 

is then placed in water in an autoclave and heat applied 

until a p1·essure of 4.5 kilos pei· sq. cm. is developed !:lain

t�ininL the S,cille for three hours. Upon coolinu the contents 

should consist entirely of cry:.talline creatinine. The 

:pro ur is ..ir.u. lly lea., white thDn the oric;inal .ind small 

amounts of alrJllonia m�y form. It may be purified by means of 

alcohol. About a 90 % yield is obtained analysine. 99-100 %, 

Anhydrous cre.:.tine will not convert without the 

addition of a small amount of water. The ammonia generated 

does not interfere. Creatinine may be present orieinally in 

the creatine, otherwise it must be pure. 

(c) Discussion of Former Methods.

One can readily see that the methods of obtaininc 

creatinine from urine ore difficult in technique, require 

much J.abor and 0ive a lon yield, Benedict says the method 

of Falin is unsatisfactory and &ives a low and uncertain 

yield, (J.Biol. Chem. 1§. (1914) 184), The method of Bene-
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diet ii, aloo a laborious proceas eivinc., a larBe loss in pass

inb from ere· tinj,ne zinc chloricle to cre,,tinine. Thus it 

\'. ould cive a. low yield if cre;itine was used as the startinB 

:point. 

The autocl�ve process of Folin and Denis apparently 

fu ils in &i vine; satisf�.ctory results when lr rger qur nti ties 

of m:..terial "re handled. 

Bec.-uoe of the various reasons mentioned heretofore 

a more satiofacto::-y method was oought for obtaining creatinine. 

III. llethods of Investic-·Ltion.

The investigation \Vas conducted elong t'\Vo main lines. 

(a) Direct conversion of creatine to cre"tinine

by ca.tr>.lytic aients. 

l. tiince creatinine is formed from crcatine by

the loss of a molecule of water, dry easeous amn.onia •.1as 

passed thru a tube of dry creatine heated to 150° C. Dry 

ammonio is a LOOd dehydratine agent and thus it Tias thoui)lt 

that it might brin& about this conversion. 

2. Glacial acetic acid vapor Tias substituted for

the ammonia. Acids arc knorm to convert creatinc to creati

nine but where a stronv acid is used a salt is formed,as 

creotinine hydrochloride with hydrochloric acid, With this 

weak acid it was thout:,ht that perhaps conversion may take 

pl�ce and at the same time leave the cre�tinine free. 
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3. It is knorm that steruqhnder pressure and slightly

superheated, as in the autoclave process, will brinb about 

the conversion of creatine to crcatininc. If this occurs 

under several atmospheres pressure the s:m1e reaction mic;ht 

take place at a hi[;her temperature and under atmospheric 

pressure. Therefore, steam heated to 150° C. �as pcssed thru 

creatine. 

(b) Conversion TTith intermediate crcatinir.e hydro

chloride. 

Since ,as shm·.n below, none of the above methods 

r,rovcd ss.tisfa.ctory, a scheme based on the follm�inc l:norm 

facts was adopted. 

First, it is kno·.m that crertinc is rerdily :-nd 

llu11.ntitatively converted into cru:itinine hydrochloride in 

prese;ice of an excess of hydrochloric 'I.Cid. Secondl::,1, 

crectinine is "l. week b:\se even weaker than a.m!:!onia and tllus 

by addin& ammonia to a solution of creatinine hydrochloride 

ammonium chloride should form leovin& uncombined creatinine. 

Thirdly, cre,,tinine is very much less :Jc'.uble in a cola. con

centra.ted amn ouiuc hydroxide solution tlhan is ammonium chloride 

and thus it should be possible to separ�te the t\,o ver� 

rcodily. 

IV. Experimental.

(a) Materials.

For these exp�rimenta commercial creatine �as used.
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Thin wr.s a white cryst: lline material containine {l feu per 

cent of creatinine and � sma.11 amount of muscle extractivea 

th�t �ave the m.�terial a sliehtly disaereevble odor. The 

yields eivcn �re based upon the totnl creatinine content of 

the material u-pon conversion \':ith hydrochlibric acid. In a 

few cases, as noted, the commercial creatine used was 11urified 

by several recrystallizations, 

(b) Experiment�l Methods,

1. Method of analysis,

All analyses t,iven in this paper ITere made :-:itll a 

Bausch and Lomb Duboscq Colorime·ter with 100 mm, prismsby the 

Falin method usint, ere· tinine or one of lts salts o.o a standard. 

For most of t11e ana�yses pure crectir.in�, made by H.J. Bean 

of Boston, was used us a standard. The standard solution uas 

made approximately N/10 acid by hydrochloric acid • .rhis 

standard checked with a creatinine picrate standard. (For a 

discussion of standards see paper by Graham Edgar, J. Blol. 

Chem., May 1923). 

Since the Falin method has been variously modified 

the procedure adopted in this investigation will be given in 

some detail. The standard contained e.p:t-'roximately l lilt;, per 

cubic centimeter and the material to be analysed was made 

into a solution containing as near the same amount of creati

nine as could be judeed. At least if 10 mg. of creatinine 

was used as a standard the sample should contain not less 

than 5 mg. mer more than 15 me, of creatinine. 
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For an analysis 10 cc. of the utandard and 10 cc. 

of the sample, .'Deasured in a !)rccision )ipctte, .. ,ere pl ... ced 

in separate graduated 500 cc. flas�a. 25 cc. of a :mt .... rated 

solution of picric acid ,1as added to each flask and then 10 cc. 

of a 10 % solution of sodium hydro.xide. The content::i in 

each flask were mixed by shaking o.ml allowed to stt.nd for 

exact.ly seven minutes t..fter which the flasks t.1;re filled to 

the mark \'lit:, �ltlter. The solutions �;ere made uniform b;i; 

thorou� shuking and then compared in the colo1•imeter. Read

ings were taken �t ap_ii·oximately 30 =· To insure co::ccct 

readlne,s the sample and Gtandard wc ... ·e reversed and ncIT readings 

taken. The :mean of tl1euc tr10 sets ..,ave the data 17hich is 

given iu the tables. 

Lill:c all colorimetric methods this is only accaro.te 

to one or two per cent. 

2. Apparatus and Procedure for the Direct Hethods.

The apparatu::i and procedure t7aa essentially as 

followo: 

The creatine was placed in a arn11ll U-tube fitted 

with stop-cocks, Free passage of va:por na� assured by placing 

alternate thin layers of creatine and glass-wool folloued by 

a lare,e plug of e,lass-r10ol to prevent any of the powdery 

creatine from being carried from the tube. One end of the 

u-tube connected to a small tube thru which either dry air
0.l\d. 

or the different i;asea could be conducted into it"from which

they passed into a condensing bottle er inte bettles son 
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El.oAelflt,; bottle. or 1 ;vhen ammonia was tised, into bottles con

tainine, water for absorbing it. 

The U-ti,be containine; the ere tine was irr..11e1·oed in 

an oil-bath heeted by mea.ns of a Bunsen burner. The temper

ature was l�ept at a.bout 15no C. b:, wear.s of haz;d control, not 

varyinf., more tha.n a fe., decrees from this at any time. 

Ecch time, before e.dmittin.., t�c t;as or vapor, dry 

air \Vl?.S conductf.d slo,,ly thr..i the tu..._E. ,t.hile heated to 150° C. 

to remove all moisture from the sample. This \"la.u continued 

for one-half hour \7hen the tube '17C.S rf..I!lovcd from the be.th, 

the hot oil co.refull� removed by mee.ns of clean to�,els and 

the tube allo·.ved to cool in a desiccator, containin._, calcium 

chloride as the dryine o.uent, before wci,:)ling. The s�e pro

cedure was followed when the e;as or vapor was cut off at the 

close of an experiu.ent. 

If the creatine ,.,.ould completely convert into 

crcatinine there \·1ould be a 13. 7 % loss in weight. Thus with 

a three gran: sample, �hich is ap�rox.imately the amount used, 

even a slight conversion could be detecv-d by rreiG):lincs pro

vided there were no other reactions. 

(1), With Gaseous a'Illllonia, 

The ammonia was supplied from a cylinder of com

pres0ed gas. No chanse in color or for::i could be detected. 

The data given in the following table were obtained 

when using ammonia; 
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\'i-t. o� :\',t.of' tuu;;
-

�;;.liHs:\Vt,of tube,etc.,: Loss in Tit, 
crea�1ne:creatine &: was : efter p�osine :-sien mea�s 

usen :glas�-wool: passed : NH3 :eain in wt. 
--------•----------t---- ---�----------------+--------------
�.2860 g:33.0873 g.: 11;2 : 33.08?6 e, : -o.ooo3g. 

2,60;�1 : 33.2150 ? 33,2144 0.0006 

2 .6531 : 33. 2150 6½ 33.2157 -0.000?

2.6531 : 33.21� 2 /2 33,2123 0.0001 
------------------------------------------------------------

The slight e'lins and losses at-e crell r,i thi 11 the 

experimental error of the method used in removing oil from 

the u-tubes and t�s t�e�e is no evidence of conversion. 

(2), i1ith Acetic Acid Vapor. 

A. Heated to 150° C.

In u�ing acetic acid vapor in place of am.�onia a

feu changes were made in the apparatus. A eloss-tube coil, 

immersed in the oil-bath, w::is inserted just before t,.e U-tube 

to insure the acid being in the form of vapor before coming 

into contact '1"1ith the creatine. In this case the v-i ,o:· r,as 

drrnvn thru the apparatus by slicht suction, dry air being 

nllowed to bubble thru the flask cont-ining acetic tcid r.hich 

wo.s kept at about 100° c. The results are given in the follow

ing table, 
----------m:or-iuoc:rnrs:-acetic:Gt:or-tuoe:-rtos5In-wt:--wt. 0� ;ere tine & :acid vapor :etc.,�fter : 
£!�e�!�£-�ela&&•WQQl-��-•-P�•�8d-�pas�--¥ap0r-�-------------
2,65�1 6.:33.2109 g. : 2 1/2 :33,1374 g. 0.0735 g. 
Abqve tub� after) ? •�2 8�88 • o.�?2151/ 2 hrs. longer) . .., • "' "' 

3,2?95 :33.25?3 11/2 :32,9900 0,2673 
---------------------

----------------- ---------------
------
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In this case there was both decomposition and con

version. Almost as soon as the acid. vapors came into contact 

with the creatine a slic;ht. dark brown coloring was noticed 

\1hich increaded as the vapo::- contim:.ed to pass thru the caterial. 

Besides this product there was & lighter colored, slightly 

volatile and tarry substance formed much of which TTas carried 

across TTith the acid making a brownish colored solution in 

the condensing bottle. When e. few drops of ,,a.ter were added 

to this solution a preci�itate was formed and continued to 

for:n until about one-fourth as much aater as there origina.lly 

was oolution hed been added.. On ctandinc; over-nieht a light 

bronn powdery substance settled to tr-e bottcm &ud also a 

colorless substance crystallized out in fine needles. ITo 

investieation of these substa!lceo 11as undertaken. 

Both of the tubes containins cr��tine lost core 

than the theoretical weieh,t necessary for complete cor.version • 

Analyses were made eivine; the following de.ta: 

From tne first tube. 

Wt. o:'.:' sample 
for analysis. 

29,01 mg, 

creatinine before 
conversion, 

20,17 mg. 

Creatinine after con
version with HCl. 

22.56 ID.£:• 

Thus about 80,4 � of the sample was creatinine and 

creatlne the remainder being decomposition products and 

pernap� a few very small particles of glass-wool that escaped 

detec�ion, Of this 80.4 %, 89.4 % had been converted to creati-

nine. 
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From the second tube. 

Wt. of sample 
for analysis. 

37.84 mg. 

Creatinine before 
conversion. 

29.45 mg. 

Creatinine after con
version with HCl. 

30,20 mg. 

About 79.3 f of this eample was creatinine the 

remainder being decomposition products. Thus no creatine 

remained unconverted. 

In both cases the material r��oved for analysis 

was from the part \'1hich had apparently suffered least decom

position. Ko analysis �·,as made o:f the part that appeared to 

be almost entirely decomposed. There was no regularity to the 

rate of decomposition a:; the second tube showed the &reateat 

amount with the shortest time. This was most probably due to 

better contact with acid vapors. 

B. Wit� Acetic Acid Vapor Heated to 1250 C.

Another tube waa prep�red contuining 1,1331 g. of 

cre�tine and the san:c 9�ocedure c�rried out at 125° C. to see 

if it ·.ras poscible to 1.:,et conversion ,;:ithout the <>ccompanying 

decom1osition. The loos in weight after 1 ½ hours was 

0.0065 g. t:t1t -ip�.'.l.rently decomposition, a::; sho·m by the 

dar1:ening of the cren.tinc, ,ma as t.,reat at this te::iperature 

as for the same len1..,t:1 of time :it t!1c l'li�er temperature 

w:ilile the loss in waig;1t, and hence conver::;ion, ,ms less. 

(3), With Superheated Steam. 

When superheated steam was used as the catalytic 
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agent the same form of apparatus and procedure was used as 

described for acetic acid. The water gave off sufficient 

vapor when heated to 90-95° C., the temperature bein& increased 

as it passed thru the coil immersed in the oil-bath. No 

apparent decomposition occurred. 

The following data were obtained: 

------------------------------------------------------------

Wt. of :Wt.of tube,: irs. steam:Wt. of tube, : Loss in wt. 
creatine : creatine & : was passed: etc. ,after : 

:glass-wool : :passin� steam: 
---------:-----------t-----------❖-------------➔------------

3.9510 �-:46.5995 g. 5 1/6 :46.5925 g. 0,0070 G •

�· :46.5925 11/2 :46.5892 0.0033 

II :46.5892 3 :46.5864 0.0028 

II :46.5864 2 :46.5837 0.0027 

II :46.5837 2 : 46. 5774 0.0063 

There is evidently a slow conversion 'l'lith super

heated steam at atmospheric pressure but accordiD£:, to the 

loss in weight only 4,3 % was converted to creatinine after 

passin� superheated steam for nearly 14 hours. 

3, Procedure for Method Involving Intermediate 

Creatinine Hydrochloride. 

(1), Preliminary Experiments. 

Eight samples of creatine of 10 G• each 1vere taken. 

To each sample 20 cc. of 6 N hydrochloric acid was added, 

The first four samples and the l.ist two were allowed to evap

orate to dryness on the water-bath, about 15-20 hours being 
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required. Sronples 5 and 6 r1ere evapor:..ted almost to dryness 

on a hot-.1,late, just below boilin..,, and then to drynci:-w on the 

wntcr-b, th. This required only t bout one-thi1·d the time 

the othc_s did and yieldt::d a lesw colorc.d pr
1

oduct. 

Samples 1 to 6 were fron. commercial ere tine ,md 

s·.mples 7 and 8 from ,lmost pure m..teri�l, the creatine 

hoviill., been recrystollized several times. 

After conve:rsion to CH·atininl:: .,:,arochloride the 

samples were tx·e;;,.ted as follm·rn: 

10 cc. of concen�rDted amn:onium hydroxide was adaed

to samples 1 end 2, the creatinine hydrochloride being broken 

up in the mixture by means of a rubber-tipped �lasw rod. 

The beakers were then placed in on ice-water bath for l to 2 

hours after which the creatinine was filtered out,by suction 

in a Buchner funnel, \lashed with 10 cc. ice-cold,concentrated 

ammonium hydroxide and then with 15-20 c�. of alcohol. It 

wos then dried for about an hour in an oven heated to 100-105° c.,

cooled and then wei(,hed. The m�terial was non-crysttlline 

ond hardened on dr:yinc but could be readily mcde fine in a 

mortar. 

Sa.mples 3 and 4 were first dissolved in 10 cc. of 

water by warming, saturated with gaseous runmoni, while kept 

in an ice-water bath and then ulloITed to reaain in same for 

an hour or more after which they were treated as samples l 

and 2, A finely crystalline l!lateri�l was obt�ined colored 

slightly brown by impurities, 
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Samples 5 and 6 were broken up in 10 cc, of concen

trated amn:oniwn hydroxide and then,while kept in .. n ice-i,ater 

bat,1
1 

were saturoted with amn.onia after \,hich they 1·eceivcd 

the usual trectment. The product resembled that from srunples 

l and 2,

Samples ? and b received the srme treatcment as 

samples 3 and 4. The creatinine obtained wes cryst .. lline 

and from one sample ·l!nost pure white, the other one beinc 

sliE;htly yellow colored due.for the moat part, to slic;ht oxi

dation du=inb evaporation of the acid solution, also the 

creotine u"8cd was not absolutely pure. 

Testc for chlorine were m�de with silver nitrate 

in a solution acidified with nitric acid. The chlorine 

could not be found quantitatively due to reaction between 

silver nitrate and the creatinine after all chlorine was 

precipitated. 

A quantitative yield of creatinine from �he commercial 

material TTould be 7.o50 g. for e�ch 10 u• saiapl� as �iven by 

several analyses, due to the creatinine as an impurity in 

the creatine, �nd 7.5630 g. for pure s·m1les. 

The following table gives yields and purity of 

samples: 
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Sample: iield in;% Yi;��-�:-:��r!t¥_Qf_tu§_gr�atioioe_fol'U}ed===--No. • grams • : j creat1nine � Chlorine (qualitative) 

l : 7 • 3730 g.: 96 .4 % 92 .o % - Heavy precip.with AgN63 

2 6.8240 89.3 97.5 Chlorine present 

3 6,9130 90.3 100.4 No chlorine present 

4 6.9200 90.4 Not det. II " II 

5 7.3650 96,3 " II Chlorine present 

6 7.4150 96.9 II II n " 

7 6.7680 89.4 100.0 No chlorine present 

8 6.7390 89.0 Not det. II II " 

Samples 4 and 8 while not analysed i1ere undoubtedly 

100 % creatinine. Doth were cr�stalline and free from chlorine, 

No •. 8 being pure white. 

Whenever the creatinine hydrochloride was not dis

solved in water before adaing the ammonia chlorine was present, 

sometimes in considerable quantity. The presence of chlorine 

was most likely due to oome cregtinine hydrochloride in hQrd 

particles with which the ammonia failed to come into contact 

and also to the difficulty of washing all the ammonium chlo

ride from the pasty, non-crystolline product. 

(2)Investigation on A Larger Scale,

To further investigate this procedure a 25 g. sample of cre

atinine hydrochloride was finely powdered in a mortar, run 

thru a 40 mesh sieve and then treated with 25 cc. concentrated 

ammonium hydroxide as in the preliminary samples 1 and 2. 
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The washing with alcohol was very thorouc;h. The yield was 

90 t but chlorine was still present tho in a less quantity, 

perhaps, than in samples 1 and 2, whereas in the cace of the 

four crystalline samples not a trace of chlorine was found. 

The proportion of 10 cc. of 'l"later to 10 c,. of 

creatinine hydrochloride is slic;htly in excess of the minimum 

amount of solution necessary to hold the resultillt;, nmn:onium 

chloride in solution, especially since there is a slieht in

crease in volume with saturation by ammonia. 50 g, of creati

nine hydrochloride in 40 cc. of water should the ammonium 

chloride which forms in solution. Accordincly this was tried 

and found to give a yield of about 92,5 % usinc a 50 6• sample 

of creatinine hydrochloride, the treatment after saturation 

with ammonia being the same as with previous samples. The 

creatinine was free from chlorine and in a crystalline condition. 

That this method. is applicable to large quantities 

of material is shown bJ' obtainine, a 92 % yield from 1 kilo-

gram of creatine ,,hich was converted to creatinine hydrochloride 

and then treated as described in the preceding paragraph. 

Creatinine made by any of the methods described in 

this paper can be further purified by the ordinary methods of 

purifying creatinine when the product is not pure enough for 

a particular use. When the crystalline material still contains 

a trace of chlorine, due to insufficient washing, it may be 

removed by stirring the creatinine in a small amount of ice-cold 

concentrated ammonium hydroxide then filtering and washing as 

above. 
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(3). Substitute for the Method with Gaseous Ammonia. 

To use the preceding method of obtaining creatinine 

from creatinine hydroc�loride in the absence of baseous 

ammonia the following procedure ,,.:i.s found to give a satisfactory 

crystalline product tho the yield was less: 

50.000 g, of creatinine hydrochloride was dissolved, 

by warming, in 35 cc. of water and then 35 cc. of concentrated 

ammonium hydroxide added and the mixture quickly cooled in an 

ice-water bath. It wo.s all.owed to stand in the bath for an 

hour or two with frequent stirrine, then filtered and treated 

the se.me as previous samples. 

Sample 
No. 

10 

].]. 

The fol.lowini, data were obtained by this procedure: 

Wt. of sample 

50.00 €.• 

50.00 

Yield in 
grems 

31.45 

31. 91

% yield 

83.5 % 

84.7 

Both samples yielded creatinine free from chlorine. 

The smaller yield is largely due to the larger volume of 

solution from which the creatinine crystallized. Also in 

the preliminary experiments apparently the ones less sat-

urated with ammonia, like sample 2
1

gave a smaller yield than 

samples 5 and 6 which were saturated after the ammonium 

hydroxide solution had reacted with the creatinine hydrochloride. 

(4). Preparation of Purer Cree.tinj_ne Hydrochloride 

from Commercial. Creatine. 
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All of the samples indicated that the purity of 

color of the creatinine depends l�r�ely upon the color of the 

creatinine hydrochloride. WheD the latter nas white or very 

light colored the creatinine obtained wa3 white. Therefore 

a method of obtainine pure creatinine hydrochloride from com

me.cial creatine was souch-t, 

In the preparotion of the for:ncr samples it was 

noticed teat there was lesd undesirable color produced the 

shorter the time of heating with the hydrochloric acid and 

also that the upper surface of the residue was more colored 

than that underneath showing that oxidation from prolonged 

contact with the air caused some of the brown color. 

A. By Rapid Conversion \tith Concentrated Hydrochloric

Acid, 

To determine the effect of a shorter time of 

heatinG in converting the creatine, 50 cc. of concentrated 

hydrochloric acid \Vas added to 50 g. of creatine and the 

mixture slouly boiled to apparent dryness, being completely 

dried in an oven at about 105° C. The mixture boiled dry 

in 35-40 minutes. Analysis however showed that only 97 % 

had been converted but the product was very light colored. 

Increasing sufficiently the time of boiling to dryness would 

no doubt affect complete con�ersion or a somewhat greater quan

ity of acid would do the same and still leave a light product. 

B, Without EvaporatinG Acid Solution to Dryness. 
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Rather light colored creatinine hydrochloride was 

obtained by heating the cornmerci8l crcatine with hydrochloric 

acid in the proportion of 100 6• of crectine to 125 cc. of 

concentrated acid in a fle.sk on '�he water-bath until conversion 

has ta.ken place, with particl.l evaporation, and then allO\,ing 

the creatinine hydrochloride to crystallize out when the flask 

is kept in an ice-water bath, The yield of creatinine hydro

chloride, however, is not quantitative as in the case of 

evaporation to dryness. The creatinine hydrochloride re

maining in solution may be recovered by evaporation to di-yness 

and working up the colo�cd residue as described in the next 

paragraph, 

C. By Decolorizing with Animal Charcoal.

Animal charcoal has been used to purify creatine 

and creatinine and so it was tried on solutions of creatinine 

hydrochloride. A clear solution was obtained by the use of 

about 10 g. of powdered "activated charcoal" for a solution 

containing 25 g. of creatinine hydrochloride. The volume was 

35-40 cc. and. after add.ition of charcocl the solution was

kept at about 40-600 for about 15 minutes then filtered with 

suction, washing the residue with hot water. The filtrate 
of water 

was concentrated until it cor-tained 20 cc.
Aand then saturated

with gaseous a.mn:onia as in former cases. 

The following data were obtained: 





Sample 
No. 

14 

15 

Wt. of sample 

25.042 g. 

26.621 
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Yield in grruns 

15.530 g. 

16.510 

% Yield Purity 

81.3 % 100 % 

81.2 

Thie cave & locc of abcut 10 f over sa:�les treated 

by the same procedure but omittinc the clarification by charcoal. 

D. By the Use of Gaseous R·dr�cen Chlo •ide.

It is kno,m that dry gaseous hydrogen chloride nill 

form creatinine hydrochloride with creatine. Preliminnry exper

iments showed that if dry hydroben chloride wcs possed into a 

beaker containing dry crcatine for about a day with frcQuent 

stirring it would entirely convert the :m:J.tereal into crer-tinine 

hydrochloride ,1i �h very slight form£ tion of colored decompo

sition products even from the commercial creatine used. Follow

ine. this 75-100 b• of dried creatine were !,laced in an Erlen

meyer flask. This was closed by a two-hole rubber :::topper. 

A tube lcadint, into the flask thru one hole was connected 

i:.o &. Kipp type of hydroGen chlo1•ide :;encrator and conducted 

the euo to the bottom of the flask, and thus beneath moot of 

the cxeatine, and a sl.ort tube from the otl1er hole connected 

with a U-tube cont�ini,." mercury to prevent, the eocape of the 

g:.is and yet alloIT for oome vo.riation i:1 pressure. The hydroc;en 

chl>oride �as onlJ gener�ted at the same rate it w�s cbsorbcd 

and thus there was no waste. Afte;r two oxfthree dQys, depending 

somewhat on quantity u ed, conversion was co�plete the only 
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attention required being to break UIJ the more or le�a hal'd 

mo.so '17hich as fo:rn;eu t.:o er th1·ec ti.n!es durL"lG conve:::-sion. 

The crcatinine hydroch!.oride ,vo.o r.'hi te or very lic;ht colored 

and Rn.i.lysed 100,2% in the colorimeter. 

E. Suspendin.; Dry Crcatine in on Inert Solvent and

Converting with Dry Hydroeen Chloride. 

As another possible means of obtaining cetter creat

inine hydrochloride dry creatine was suspended in toluene qt 

room temperature and dry hydrogen chloride passed into the 

mixture. Apparently a loose crJstalline compound was ranidly 

formed which, perhaps, was creatine hydrochloride. After 

pascinc the gas into it for an hour or more the toluene was 

filtered off and the residue allowed to dry at room terrper

atuxe. It was thought that by heating it creatinine hydro

chloride oiGht form. Analysis with silver nitrate sI'-owed 

that the substance contained h�drochloric acid, Accordingly, 

it was placed in an oven at 105-1100 c. The first sa.::nple 

lost all of its hydrot:,en chloride ·:ith no conversion. The 

second sample cave about 36 % creatinine hydrochloride after 

7-8 hours of he:;.ting.

l!o�t dry crer,tine mt=. sus:,icndcd in xylene, since 

this could be readily heated to 100° C. on a water-·odh 

givir,
__, 

a teinperc.ture at r.l1ic1, rapid. conv�rsior is uouc>.lly 

obtained. Hydrogen chloride wac passed into thin mixture 

while on a water-bath fo� about four hours. Apparently less 
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than 5 % wa:, converted as sho'i'Tn by an attempted analysis. 

F. Convertinc in Hydrochloric Acid Solution out of

Contact with Air. 

Since apparently the greatest amount of undesirable 

colored products formed where the material was exposed to the 

air for the greatest leneth of time, conversion was made in a 

sto�pered flask with only the theoretical amount or a sliJi,t 

excess of acid present and a solution of the correct volume 

for saturation with ammonia after the conversion, This method 

gave a very licht colored product, even start in<--> ,,i th com

mercial creatinc, and analysed 99.6 % pure, a fieure within the 

lini ts cf er:ror for a pure Sa.!!:ple \':hen only or,,e am,lysis .;a.s 

made. 

\Vhen creatine is heated in hydrochloric acid solution 

many of the impurities from the muscle cxtractive:s found in

comme1:cial creatine become inaoluble in the acid in a short 

time forminr; small b! o. n, flocculcnt m::.uocs and thus coulJ. be 

lar0ely rer.:oved by filtcring.�hile hot,juot �efore satur�ting 

the solution with ammonia. ThJ.s method wlih filteri:cc r,ould 

gi vc u ver-J good crade -1f crer..tinine f:.•om con:nercial creatine. 

:By this method or any mentioned befo:.:(;, creati.iine 

contu.ininr; creatinine could be u..,(,d as \,ell �s creatinc froe 

fro� crcatinine and ·.,itllou-: los.., of the lat.tor. 
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V. Conclusions.

(a). The action of cuseous o.mmonit, glaci�l ccetic

acid var;or and superheated steam on dry creatine, ,1t �tm.os

pheric pressure a.nu o tem ,e!'ut•tre of 1500 C. , are un:Jc.tin-

f'lctory ns :>. meono or' obto.ining crea.:.inine. 

G::rnco:1s a"tI!lonia '17ill not brine about con-1�rsion 

under these circumstnnces. 

Acetic o.cid Ye.per c n.Jcd com•er::lior but could not 

'be usf!d as a r,rv.c.tic: l ncthoc'. bee t:se of the le rgc CJ.r.oi.:nl; of 

clecompo::iit:! on thc,t toJcc.s pl�.ce. 

Su:-crheotcd steam <'-PIJ,\ren'�l�• convertc the crec.tine 

to crc�:l,ininc• withc,ut dccor:pos.;_t:.or:, oo fo.r c.s coulc. be de

tected., bvt hPo no !)ricticul ap1licot.:.on bcc�uze of its 

ext remc slol'mesc comr>a:;:ed ,ii th otlter mct.aods. 

(b). The ::.et:iod of ortaiuint, c:reatinine frc:::;. 

cre .. t5.r.e, with crc:-tini' A hydroc11loridc as an intcri ,ec!.L: te 

r>roduct, gave very cttisfrctory rcsalt:J under some conditions. 

The most ::Jotiofactory nethod� of obtaininv creatinine 

h;ydrochloride, both from the struid:point of labor involved 

and purity of product, arc: 

1, The methcd of convertinu dry crcatine by means 

of dry baseous hydrouen c�loride as described en :p��e 22, 

2. Convertint.; the crcatine in hydrochloric acid

3olution in a closed flask to prevent oxidatior.. Since the 

creatinine will lriter be precipitated from this solution the 
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proportions $hculd bE. 50 g. of crcatinc to 40 cc. of ae:id so

lution. The 'iuf.::-1ti t., cf acia. s.1uulc... be; tnE. thcort.tical £>,!l!ount 

CI onl;y Slicrhtly in t:.l.CCSS of thi �, c:.t mout, in orCl.c.r to 

:pH,vcnt an exce::rn of run:.oniu.'!l c •• loric.c. _:-c., __ :i t.1o;c. ., .u. t.1c. 

:;clut.icn L, l""te.· ;; .. tt,r l,e(� .. it.h t:!:13onit to obtain t.1c c1·cr.t

inint;. 

Fron the stand.point of l .. bor n 1C: �tcrin.lu the uecond 

:cietli.od of obtz.inir:L> crc.:i.tininc hyc�rochlo:-idc ,:ill pc:::l1-. � be 

thl: ;,,o;:it sati:.;factor;y. If the insoluble Lnpuri ti1,:1 ,.-:l1.icr form 

•.;-.he:: using c omwbrci� 1 c r1::..ti_c u1·c fil tcrcd off befor� s ... turat

inc, the solution witn. awrnonia,o.G c.esc1ibC;cl. belo,·,, c ve;r;; ::::o.t

isfact ory p1·oduct should be obtained. 

For obtaini. . ., creoti!.inE. from the CI catini::-;.e h:,-ro

chloride the follo\'/in.., method ..,, vc the m .;dl'.llU.lr, yield, ovc.r 

92 f., consi.;tent · . .-it11 n ..,uf1icient.!.;:r _;,ir,_ 1,roduct. 

50 ..,. of cr ... �tinine hydrochlo1ide arE. di3solvc� in 

40 c..:. of ., .... tc1·, ,,�rmin.., bein6 necessary, and thi::, sol..it1on 

s� tur· tcd .,i tn t:.C.seou:., 3.l.'!'.�onia., the s turation bcin.., �o::J. lcted 

at o° C. The mixture i& then kept at thi::i ven�icr�tur"' for 

aboul, , ,1 h0ur '"'fter which it is filtered 1·1ith suction,washed 

1.ith .. bout 25 cc. of ice-cold concentr .... ted amnonium hydroxide 

and then \'1ith ubout 50 cc. of 95 1 alcohol. The crcatininc 

o'ht:1ined is dried in an o·,en .,.., 100 ° C. It should be fir.cly 

crystnlline, fre.; froo cnloridcs nd tezt 100 % even c.hcn 

usi!lg creatinir:.e hs·drochloride obtained fl'Om commcrcicl 

ere: tine. 





The Vt:'�.t'.¥ .c ol;taincd here for sr turc'.t.ion ·,7i.th f'.m:,onla 

i:. t'.e S<'JDC :i.o t!".:-t rcr.t...ltir.ti fro:i;i the convercicn of ere· tine 

to crecti�inc hydrochloride in o closed flaEk es deccri�ed 

r:,:-cvicusly. 

P 1, rnount::; ccntiom: c1 ere Jr.C?'clJ· rel:>ti vc. /. ;cilo

cr.m of materiol he:.:. l>ccn -;•or.!'cd up by this r::ethod t one tj.me. 

In the c.b: cncc of en:Jco�s �=:-.onlu ere· th.inc maJ 

be obt inect fron• crcc.tin:'..nc 1 yd1·oe: :o:::·ic'e; s follo:,:.: 

50 G• of crc�•tinine hydrochloriCle arc discol\ cd in 

30-35 cc cf r:>�te:::, Z5 cc. of concentr� .. , d an:I:1onium h::, uroxide

c.n .cc o.nd the ""i,cture r J 1 o-.,ect to ot· nc.l : .. o° C. for ::t le,'.'ot

e.n hour, after \'.'hi ch it is tre"tec! Pe dcocribed in the prcccd-

ir.l.J : cthod '"hi < �ivco c. nc::-llc1· · ielc;. due to the incrc,::.sed 

volur.ic:. cf noluticn <"ncl, 1Jerho.pc to <' m!loll extent, from the 

lesrc:- conccntr,:,tion of P.mmonia. The rroduct is ec�v.211:; [IS 

srtisf, ctory o.s in the forr.er c,·sc. 

VI. SUI::JJW.ry.

(a). A sz:mll �mount of conversion �as obt ined by 

the o.ction of Glacial o.cetic acid v;;,.por o.nd by cuperhe" tcd 

ste<'-lll on dry crcatine at 150° C. and atmospheric pressure.

?lo conversion wo.s obtoincd with caseous ammonia. 

(b). A method of obto.inine creo.tinine from crc['tine, 

involving the intermeuiate formation of creatin1ne hydroc�lo

ride, is described o,nd a so.tisfrictory technique developed for 

ita application on ::i. commercio.l scc1le, 
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