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PO 
RESULTS 

The reaction of hydros- 

Y 1889 Hoffmaiin ( 5 )  shelved that a concentrated aqueous 
'-solution of acet,amide and hydroxylamine hydrochloride gave 
an almost quantitative yield of acethydroxamic acid. 

RCOISH, + SH?OII + RCOSHOH + XH:j 

This reaction is malogous to the conversion of esters or anhy- 
drides into hydroxamic acids. Therefore, it should be possibic 
to det'erniine amides by  the siinie colorimetric method, which has 
been so successfully applied to  these two groups of compounds 
(4) 7)-viz., t'he formation of a colored complex bct\\-een hydror- 
amic acid and ferric chloride. In  a few spor:tdic C R S ~ P  this has 
been done--e.p., for the determination of the phenylacetjamido 
group of penidlin G (1 ,  2). Hestrin (41, however, reported that 
amides failed to react under the conditions which he used for the 
determinat,ion of ester? (reaction time 1 minute a t  room tempers- 
ture). The author has now Rt'udied more thoroughly the condi- 
tions which permit, the analyticnl determinat,ion of amides as their 
corresponding hydrosmiic acids. This method is of special in- 
terest in view of rucent reports on the enzymatic conversion of 
amidw ( 3 )  and peptides ( 6 )  into hydroxamic acids. 

METHODS 

The reagents used differed but slightly from $those tiescrihetl 
hy  Hestrin (4). 

Solution 1. IIytlroxylamine sulfate, 2 S 
2. Sodium hydroxide, 3.5 S 
3. Hydrochloric acid, 3.5 S 
4. Ferric chloride. 0.74 IIf in 0.1 .V hydroctiloric 

-411 amides used in this investigation were dissolved in  water 
at concentrations of 5 or 10 X 10-3 M .  The alkaline hydrosyl- 
amine reagent (2 ml.), prepared by mixing equal volumes of 
solutions 1 and 2, and graded volumes of the amid(, solution, 
with the addition of enough water to give a total volume of 3 
nil., was kept a t  various temperatures for different periods of 
time. The reaction mixture n-aa then rapidly roolecl to room 
temperature, 1 ml. each of solutions 3 and 4 were added. axid the 
extinction determined in a Klett-Summerson photoelectric 
colorimeter, using filter S o .  54 (spectral range 500 to 570 nip). 
A KO. 50 filter (spectral range 470 to 530 mp) !vas used for 
Auoroacetamide, because fluoroacethydroxamic acid has its 
maximum of ahsorption near 500 mp. Readings n-ere carried 

acid solution 

- 

1 1 ,  I I 

found that the conditions 
for the maximum colori- 

-x-x-x- Formamide 
-0-0-0- Fluoroacetarnide 

metric value were different 
for each compound. In  Figures 1 to 4 are shown a nuni1,cr 
of representative curvep. Pure acethydroxamic acid gave a 
value of 105 under standard conditions. Acctamide reached this 
value after interaction for 8 hours a t  26" C., but at, 60" C. the 
niaxinium reached after 2 hours was only 90, and a t  100" C.. 65 
(reached after 10 minutes). Furthermore, the curves showed 
that at room temperature the maximum persisted over a period of 
iitLvcrnl hours, a t  60" C. only for 30 minutes, and a t  100" C. less 
than 5 minutes. Since other amides hehaved in a similar fashion, 
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TIME, MINUTES, FOR A L L  OTHER CURVES 
Figure 1. Rate of Reaction of Acetamide (Full Curves) and of N-Methylacetamide (Dashed 

Curve) with Hydroxylamine at Various Temperatures 
(Note that for this reason the initial slope for the acetamide curves at 26' and at 60" C. is not identical) 
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the following rules 
can be established: 

The rate of re- 
a c t i o n  b e t w e e n  
amides and hytlros- 
vlamine increases 
k i th  temperature, 
but a competitive 
reac tion-viz., the 
hydrolysis of the 
a m i d e  - becomes  
more and more pre- 
ponderant, thus de- 
pressing the jield of 
hydroxamic acid. 

If the reaction 
time is extended be- 
vond the optimal 
period required for 
maximum colori- 
metric yield, a grad- 
ual decomposition of 
the hydroxamic acid 
already formed is 011- 
served. Therefore, 
a t  elevated temper- 
atures, the optimal 
period is ronsiderahly 
shortened. This is 
duo to the fact that 
the energy of the car- 
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Table I .  Optimal Conditions for Conversion of -imides 
into Hydmuamic Acids 

N e t t  
Tem- Reaction Reading. 

ixrature.  Time, Units per 
S a m e  of Compound ' C .  Min. Micromole 

Acetamide 

A-Methylacetamide 
~ Acetanilide 

34-Acetylsulfanilamide 
Acetylglycine 
Fluoroaoetamide 
Formamide 

Dimethylformamide 
Succinimide 
Caprolactam 

420 
180 
240 
240 
60 
60 
i n  

57 
70 
70 
3s 
62 
80 
7.5 .. .. .. 

26 240 45 
60 120 85 
60 420 41 

Asparagine 60 180 38 
Glutamine 60 180 35 
Glutathione 60 120 48 
Glyc yigiycine 60 120 25 
Sicotinamide 26 480 45  
SI-hIethyinicotinamide methasulfate 

26 360 45 
60 240 30 

(1) 
Xicotinic acid methylamide 
Coramine (nicotinic acid diethyl- 

amide) 60 480 6 
Pantothenic acid, calcium salt 16 300 89 
Barbitone 100 45 1 . i  
Pentobarbitone BO 300 1.2  
Phenobarbitone 100 120 7 . .a 
Evipan, sodium 100 30 9 

Lon-nitrogen bond in amides and hydrosamic acids is nearly 
the same and conditions which lead to faster hydrolysis of 
the former will also p rduce  more rapid decomposition of the 
latter. 

The results obtained with about 20 amides are reprcsented in 
Table I. We can now relate, in many cases, the rate of reaction to 
the specific structure of an amide. For example, formamide 
reached its maximum a t  26" C. in less than 1 hour, acetamide af- 
ter 8 hours. Substitution of amide hydrogen reduced the speed 
of reaction considerably. 'I--Jlethylacetamide (Figure 1) 
reachedits maximum after 7 hours (SO0 C.) and 24 hours (2SoC.) ,  
respectively, as compared to 2 and 8 hours for acetamide itself. 
The corresponding figures for formamide were 10 and 40 minutes, 
for dimethyl formamide, 40 and 300 minutes, respectively. In 
accordance with this observation acetylglycine and peptides gave 
a don- reaction and Ion colorimetric values. A similar relation- 
ship was found among the derivatives of nicotinamide. Sicotin- 
amide itself reached its maximum value of 52 per pmole per ml. 
after reaction for 8 hours a t  26" C., whereas its S,*b--diethyl deriv- 
ative (coramine) gave a maximum value of 6 Klett units per 
p mole after 8 hours a t  60" C. On the other hand, the quatcmwy 
pyridinium salt (I) behaved like the parent compound. 

I 
substitution in the acyl residue also e w  tcd 

a pronounced influence. This could be demon- 
strated in two cases: 

Fluoroacetamide showed thc fastest reaction of 
all acetamides, reaching the speed of reaction of 
formamide (Figure 2) 

Pantothenic acid, although it is substituted in 
the amide group, gave a comparatively fast reac- 
tion a t  room temperature, reaching a high maxi- 
mum of 90 Klett units per pmole. At 100" C. 
i t  reacted instantaneously (45 seconds). This 
was undoubtedly due to the a-hydroxy group in 
the pantoic acid moiety. 

-1cetanilide (Figure 3), vhich was used 5s r e p  

resentative of N-arylarnides, has been reported by Hoffmann (5:t 
to react sluggishly in alcoholic solution. In aqueous solution 
there was rapid reaction Kith hydroxylamine, which reached its 
maximum at 60" C. after 3 hours. The reaction of .V4-acetylsul- 
fanilamide n-as similar, but slo\Ter. 

Succininiide, in agreement n-it,h theoretical predictions, gave 
only one equivalent of hydrosamic acid-Le., the nia.ximum value 
of 83 XYas comparable to the value obtained for ethyl hydrogen 
succinate (90). This the author ascribes to the fact that the alka- 
line reagent converts the amide into the sodium salt of the 
monoamido acid, n-hich then rcacts with hydrosylamine. 

An interesting behavior \vas found in the barbiturate series, 
where the applicabilit,y of thereaction dependedonthe substituents 
in the $position. Thus, barbitone and pentobarbitone gave read- 
ings of 1 to 2 N e t t  unitsper rmole per ml. ;it 100" C. phenobar- 
bitone reached a maximum of 7.5  aft,er 2 hours and evipan a max- 
imum of 9 after 0.5 hour. The nnalytically useful range of con- 
centration in this series was tliut! hetween 5 and 50 pmoles per 
ml. IR view of the inability of urea or guanidine salts to react 
with hydroxylamine under standard conditions, it  rras assumed 
that two diffcrrnt. courses of ring opening were possible in alka- 
line media. The main reaction occurred a t  the linkages N L  
C6 and N-C4, thus producing frtxe carboxyls which were not 
converted into hydrosamic acids. However, depending on the 
substituent a t  C6, the bonds S1--C2 and S3-C2 may be broken 
first in a ccrtain percentage of the molecules, thus producing the 
reactive amide grouping, a s  shown in the following scheme: 

I-Th-,-&=O SH? COO- MI,-C=O 

I( R? I R ?  

! 1 R i O H -  I I, R1 
i y < R 2  + F O  + A<'' or c( +co.-- 

S H ?  COO- SH:--C=O 
I 

HXi:--aC'=O 

* O t  

I 
1020 64 190 180 240 300 360 

TIME, MINUTES 

Figure 3. Reaction of Pantothenic Acid with 
Hydroxylamine at  Various Temperatures 
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Reaction of Acetanilide (in AqiieouR Solution) with 
TIME, MINUTES 

Hydroxylamine 
Figure 4. 
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This hypothesis requires a study of the course of the alkaline 
hydrolysis of barbiturates, as influenced by various substituents. 
which is now being undertaken. 
.is expected, betaines-e.g., trigonelline-do not react with hy- 

droxylamine. 
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DISCUSSION 

The reaction of amides with an alkaline hydroxylamine reagent 
represents a convenient method for the colorimetric determina- 
tion of amides. The advantages of the method are apparent es- 
pecially in those cases, where i t  is necessary to  determine for an 
acid and its amide simultaneously-e.g., nicotinic acid and its 
amide. On the other hand, themethoddoesnot distinguish between 
nicotinamide and its metabolic derivatives, which still contain 
the amide group. Another important example is the determina- 
tion of glutamine in  the presence of urea, or the determination of 
N4-acetylsulfanilamides in the presence of the free amines. The 
application of s w h  new possibilities to clinical analysis will be re- 
ported elsewhere. 

It is evident from the data that amides react much more slowly 
than the corresponding esters. In  many cases this may be used 
to analyze for both compounds successively by the same method. 
For example, ethyl acetate reacts completely a t  room temper% 
ture within 2 minutes, whereas acetamide requires 6 hours under 

Amperometric Determination of Fluoride 
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these conditions. 
comes a valuable tool for kinetic studies. 

The formation of hydroxamic acid? thus be- 
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Figure 1. Current-Voltage Curves 

A .  Superchrome Garnet Y alone 
B.  
Both solutions buffered at pH 4.6 

Superchrome Garnet Y plus aluminum 

Willard and Dean (8) used di-o-hgdroxyazo dyes for a polaro- 
graphic determination of aluminum. The method was based 
upon the polarographic behavior of Pontachrome Violet SW 
(Colour Index 169), which in the presence of aluminum forms an 
aluminum-dye complex ion. They found the diffusion current of 
the aluminum-dye compound to be proportional to the aluminum 
concentration. The present investigations showed that the addi- 
tion of fluoride ion to this complex resulted in the formation of 
AIFe--- ion, with the resulting decomposition of the complex. 

The method described depends upon the decrease in diffusion 
current of an aluminum-dye complex in the presence of fluoride 
ion with a coriesponding increase in the diffusion current of the 
free dye, I t  was found that the low solubility of Pontachrome 
Violet S\Y made it impractical for use in the aniperometric titra- 
tions. How ever, investigation shom-ed that Superchrome Garnet 
Y (Colour Index 168), which is the sodium salt of 5-sulfo-2-hy- 
droxybenzeneazoresorcinol, has similar polarographic character- 
istics and a much greater solubility. The currentrvoltage curves 
of this dye alone and in the presence of aluminum are shown in 
Figure 1. The total diffusion current remains constant, but part 
of the wave is displaced approximately 0.2 volt more negative 
than the original dye wave and now appears as a distinct second 
wave. The height of the first wave is proportional to the con- 
centration of free dye in the solution, while the height of the sec- 
ond Tvave is proportional to the concentration of the aluminum 
present ab an aluminum-dye complex ion. 

EXPERIMENTAL 

Apparatus and Reagents. A Sargent manual polarogra h, 
Model 111, was used to  obtain the titration curves. A modited 
Fredrickson cell ( 1 )  which could be used for sample volumes of 
30 to 100 ml., was used in all titrations. Water a t  25' Z!Z 0.1' C. 
was circulated through the cell from a thermostat. A4 satu- 
rated calomel electrode was used as a reference electrode with an 
agar-saturated potassium chloride salt bridge providing contact 


