
Thin-iayer chromatographic method for the separation and determination 
of the products of ehe reaction of amides witi formaldehyde 

Amides (e.g., urea, acetamide and benmmi de) react with formaldehyde under 
alkahne and acidic conditions to yieId polymeric products_ In earlier papers’* on the 

kinetics and mechanism of these reactions, the quantitative determination of the 
individuaI Iow-molecular-weight compounds formed in the aqueous reaction mixture 
iu ffie initial stages was not reported. Quantitative thin-layer chromato_gqhic 
methods deveioped for the kinetic investigation of these reactions are reported in this 

Urea_ BDH (Poole, Great Bri-mm), anaIyticaI-reagent 
from water (rnp. 133T). 

grade, recrystaIIized 

I;bWe&_&. BDH, analytical-reagent grade; au aqueous solution (38%) 
containing less than 2% of methanol was used_ 

Monomethylolurea (MMU) (m-p_ IlO-i II “Cl, dimethyloiurea (DMU) (m-p. 
132°C) mrd methylenedurea (_UeDlJ) (m-p. 207-208”C)_ These were prepared by 
standard methods’_ 

Dimethylenetriurea (DMeTU). Urea (SO g) and formaldehyde (13 ml) are 
stirred weIl in the presence of 0.5 ml of phosphoric acid. The mixture becomes 
homogeneous and a white solid separates after 1 h. The precipitate is filtered, washed 
with cold water and cry&&zed repeated& from water until completely free from 
higher hornoiogzzes The m-p. is 243’C. 

Trimethyienetetraurea {ZUeTeU). This is-prepared by the method reported 
by Kadowak? with modifications FormaIdehyde (78 ml) and urea (100 g) are 
added to 300 ml of water and the pH is adjusted to 2.5 by adding hydrochloric acid_ 
The mixture is kept for 1 day, then the solid&d mass is stirred with hot water and 
EItered. The i%.rate on cooling yields a white solid, which is crystahixed repeat&y 
until the TMeTeU is free from higher homologues. The m-p. is 248°C. 

AcetanG&. BDB, anaIytical-reagent grade (m-p. SlT). 
Monomethylotacetamfde (MMA). Acetamide (12 & and formaldehyde 15.3 ml 

are mixed with potassium carbonate (1 g), the mixture is warmed gentIy and the 
viscous liquid is kept aside in a vacuum desiccator_ The s&d mass is extracted with 
methanoi. The SItrate on evaporation yields a hygroscopic solid (m-p. Sl’C). 



Me~hyienebi(MeB~). Acetamide (23 g) is weighed into a ICiLml 
conical Bask and stirred with formaldehyde (15.3 ml) and concentrated hydrochloric 
acid (4 ml) for 15 h. The precipitated compound is filtered and crystallized repeatedly 
from ethanol, giving crystalline needles (m-p. 1!39-2OlT). 

Bmrzmnide. BDH, analytical-reagent grade (m-p. 130°C). 
RKonamethyZal benzamide (MMB). Benzmu .de (12 g) is dissolved in the 

minimum volume of methanol and stirred with formaldehyde (15.3 ml) in the 
presence of potassium carbonate (1 g) for 24 h. ahe reaction mixture is cooled in 
ice. The crystals separated are filtered and recrystallized from ethanol, giving plates 
of m-p. 108-t 10°C. 

MethyIenebisbenzmide (MeBB). Benzamide (12 g) is dissolved in the mini- 
mum volume of methanol and s&red with formaldehyde (3.8 ml) and concentrated 
hydrochloric acid (1 ml) for 24 h. The solvent is evaporated- and the precipitated 
compound is filtered and mcry%allized from hot ethanol (m.p. 222-224X). 

The identities of the above compounds were confirmed from their nuclear 
magrmetic resonance spectra, measured on a Varian A60 instrument operating at 
at 100 MHz at 25°C in deuterated dimethyl sulphoxide in the presence of anhydrous 
calcium chloride. 

Chramatagraphic technique 
Silica gel G plates (OS-mm layer) (BDH) were used for separation, except for 

the methyl01 derivatives of urea, which were separated on cellulose plates (OS-mm 
layer) (Loba, Bombay, India). After air drying, the plates were heated at RIO-105’C 
(for 10 min for cellulose and 30 min for silica gel). 

Aqueous solutions (0.02 M) of the compounds (IO-20 ~1) were spotted on the 
plates and developed using a suitable solvent system (see below). The dried plates 
were sprayed with a colour reagent or viewed under UV light. The spots were 
marked, scraped off and, after suitable treatment, measured quantitatively using a 
Systronics spectrophotometer. 

Pracedme A. Tote m&hyioIs of urea were separated on cellulose plates using 
pyridine&hloroform-water (40:16:5) and methylene ureas on silica gel plates using 
isopropanol-toluene+water-acetic acid (70:20:3:2). The spots corresponding to 
tkse um~pcmads were made visib!e by spraying with a 1% solution of phc%nylhydrazine 
in 30% sulphuric acid followed by 0.1 oA iron(LII) chloride solution. The reddish 
pink spots were scraped off separately and centrifuged after the addition of 5 ml of 
reagent I (see below). The clear solution was transferred completely into a boiling-tube. 
Reagent II (see below) (5 ml) was added and the mixture heated ona boiling water- 
bath for 20 min using an air condenser, preferably in the dark. It was then rapidly 
cooled in i-water and diluted to 25 ml and the absorbance of the pink solution 
was measured at 520 run. 

Reagent I was prepared by dissolving 1.5 g of iron (III) chloride hexa- 
hydrate in 30 ml of 85% phosphoric acid and diluting with 15 ml water. This 
solution (0.5 ml) was made up to 500 ml using 10% (v/v) sulphuric acid. 

Reagent II was prepared by dissolving 0.17 g of thiosemicarbazide in 100 ml 
water and mixing with a s<lIution of diacetyl monoxime (0.85 g) in 100 ml of warm 
water. The mixture was made up to 500 ml and kept in an amber-glass bottles. 

Procedure B. The products of the acetamide-formaldehyde reaction were 
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sepaded on silica gel plates using methanoLchloroform (312) am! the products of 
the benmmid~ormaldehyde reaction on silica gel plates using diethyi ether as the 
solvent The spots corresponding to the benzamide derivatives could he qu&tativeIy 
desected by iociination. The acetamide derivatives could be detected by spraying Perth 
the~~gentdtibed~ procedureA (m-itka sulphnric acidconcentration of nearly 

80 “A,- 

TABLE I 

R~VAL'JES.?,, AND MOLAR A%SORPTWnES (E) OF THE COLOUEED EXXcACFS 
OF THE VARIOUS COM.FOUNDS ANALYSED 

MMU’ 0.48 
DMU - 0.64 
MeDU - 0*4I 
DMC-liU’ 021 
TMeTeU ’ 0.053 
M&u.” 0.64 
Me%.&” 0.82 
MM%” 0.40 
Me%%” 0.72 
Urea’.“’ 0.37 
%enzimide *-.I 0.473 
Aeti&“. #I 0.432 

620 
520 
520 
520 
520 
570 
570 
570 
570 
- 

21100 
14701 
I1034 
14695 
12867 
- 

- 
- 

- 
- 

l Developed using pro&dun A. 
-- Devciopcd using proc&ure B. 

l *- De&S& using ErlicWs raged 
t Detected by iodination. 

s * Daected by chlorination folloadl by pcmssium iodidc-starcb solrrtion’. 

However, for quantitative determination the spots were located and marked 
in a UV chamber, scraped off separately, extracted with water and the silica gel 
removed by centrifuging. The clear solution was made up to 25 ml, mixed with 0.3 ml 
of 0. I M chromozropic acid and carefuuy made up to SO mi with couazntrateci 
sulphuric acid- It was then heated on a boiling water-bath for 10 min, cooIed to 
room temperature aud the absorbance of the violet solution measured at 570 mu. 

RJ3ULI-S AND DZSCUSSION 

Quantitative determinations were made from Beer’s iaw plots of absorbance 
r2rsus coucentration. The RF values of the compounds and 2,_ values and molar 
absorptivities of the dowed extracts are given in Table I. The accuracy of the 
method is * 2%_ 

The reaci5on between amides and formaldehyde is complex. However, the 
products can ‘be limited to methyfols and low-molecular-weight methyleue compounds 
by adjusting the reaction conditions. The initial products, in both ackiic and alkaline 
media, are the meth$ol derivatives_ These condense with amides to yield methylene- 
bisamides. In an acidic medium the methyIeuebisamides predominate over tie 
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meehylol derivatives. llte reaction cam be axret& for kinetic amiysis by adding 
sasuraFed biipbiFe soIution_ 

MMU, DMU, MeDU, DMeTU and TMeTeU are bydrolysed by sulpburic 
acid and Fhe formaldehyde liberated reacFs wiFh phenylhydmzine to @ve pink spots 
in the presence of iron (III) chIorid+ The liberated urea is determined by spectro- 
photomeFry_ The phenylbydrazone colour is discharged OQ heating and does not 
inFa?fixe in Fhe determination_ 

WiFb MMA, MeBA, MMB and MeBB, ffie formaldehyde liberated on 
hykolysis is determined by its colour reacFion wi~b chromotropic acid. 
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