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ABSTRACT OF THE DISCLOSURE 
A colorimetric method for quantitatively determining 

the iron content of aqueous solutions prepared from iron 
containing materials wherein the iron is present in its 
water-soluble ferrous state by treating the ferrous ions 
with 5 - (2 - pyridyl)-2H-1,4-benzodiazepines and water 
soluble salts thereof to produce a brilliant purple colored 
solution which can be quantitated by standard colorimet 
ric means. 

BACKGROUND OF THE INVENTION 
Techniques have been developed for quantitatively de 

termining the iron content of various aqueous solutions 
by means of reacting the iron in either its ferric or ferrous 
state with various color forming reagents such as ammo 
nium thiocyanate, bathophenanthroline, dipyridyl, etc. 
These techniques have been of importance in determining 
the iron content of various iron-containing materials such 
as ores, foods, beverages, such as wines, etc. However, 
this process has suffered from several disadvantage due 
to the fact that known color forming reagent are too 
sensitive to extraneous sources. In many cases, interfering 
bodies or contaminents do not produce with these color 
forming reagents, a sufficient color differentiation be 
tween the blank and the aqueous sample to be tested. 
This makes quantitative determination of the iron con 
tent in this sample difficult to carry out by standard color 
imetric instruments such as a Beckman Spectrophotom 
eter. 

SUMMARY OF THE INVENTION 
In accordance with this invention we have discovered 

that when a compound selected from the group consist 
ing of compounds of the formula: 

/ H X 
NY R 

wherein A is selected from the group consisting of 
(I) 

--N- 
R 

and 
-C-N- 

R4 O 

B is selected from the group consisting of 
O 

-C- 

and -CH-; R is selected from the group consisting of 
halogen, hydrogen, trifluoromethyl, nitro and amino; R2 
is selected from the group consisting of 

-R-C-Rs 
E. 
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hydrogen, lower alkyl and 

R 

Yr, 
n is an integer from 2 to 7: R is selected from the group 
consisting of hydrogen, hydroxy, lower alkyl, lower 
alkoxy and lower alkanoyloxy; R4 is 2-pyridyll; R5 is 
selected from the group consisting of lower alkyl and 
hydrogen; and Rs is selected from the group consisting 
of lower alkyl, hydrogen 

-C-EN 

s 
and -C=N; and R5 and Rs where taken together with 
their attached nitrogen atom form a radical selected from 
the group consisting of piperazinyl, pyrrollidinyl, piperi 
dinyl, lower alkyl substituted piperazinyl, lower alkyl sub 
stituted pyrrolidinyl, and lower alkyl substituted piperi 
dinyl; R is lower alkyl; and R8 is selected from the 
group consisting of lower alkyl and hydrogen; 
and water soluble salts thereof are added to an aqueous 
solution containing ferrous ions, a purple colored solu 
tion is obtained which can be quantitated as to its iron 
content by standard colorimetric means. 
The color differentiation with different concentrations 

of ferrous ions produced by the compound of Formula I 
above, is such that the concentration of iron therein can 
be easily determined by standard colorimetric instru 
ments. Furthermore, the compounds of Formula I above, 
are not sensitive to extraneous sources so as to include 
interferences from trace contaminants of iron. There 
fore, the method of this invention provides a simple 
colorimetric means of quantitatively determining the iron 
content of iron-containing materials such as iron ores, 
wines, foodstuffs, etc. 
DETAILED DESCRIPTION. OF THE INVENTION 
The term "lower alkyl' as used throughout this specifi 

cation includes both straight and branched chain alkyl 
groups having from 1 to 7 carbon atoms such as methyl, 
ethyl, propyl, isopropyl and the like. The term "lower 
alkanoyloxy" refers to both straight chain and branched 
chain aliphatic carboxylic acid moieties, such as acetoxy, 
propionyloxy, butyrloxy and the like. The term "halo 
gen' includes bromine, chlorine, fluorine and iodine. 

Also included within the purview of the present inven 
tion are the water soluble acid addition salts of the com 
pounds of Formula I above. Any conventional water 
soluble acid addition salts of the compounds of Formula 
I above, can be utilized in the process of this invention 
to quantitatively determine the iron content of aqueous 
solutions. Among the acid addition salts which may be 
utilized in accordance with this invention, includes salts 
of compounds of the Formula I with organic or inorganic 
acids such as hydrochloric acid, hydrobromic acid, nitric 
acid, sulfuric acid, acetic acid, formic acid, succinic acid, 
maleic acid, p-toluene sulfonic acid and the like. 

Examples of benzodiazepine compounds of Formula I 
above which are particularly suitable as the color form 
ing reagent in the process of this invention include the 
following: 

7 - bromo-1,3-dihydro-1-(4-(4-methyl-1-piperazinyl 
butyl)-5(2-pyridyl)-2H-1,4-benzodiazepin-2one; 

7-amino-1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodi 
azepin-2-one; 

1 - methyl - 1-3-(7-bromo-5-(2-pyridyl)-1,3-dihydro-2- 
oxo-2H-1,4-benzodiazepin-yl)propyl urea whose prepa 
ration is disclosed in U.S. patent application Ser. No. 
677,092, filed Oct. 23, 1967 in the name of Earley et al.; 

3-acetoxy-7,9-dibromo-1,3-dihydro-5-(2-pyridyl)-2H 
1,4-benzodiazepin-2-one; 
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7-bromo-1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodi 
azepine; 

7-amino-1,3-dihydro-1-methyl-5-(2-pyridyl)-2H-1,4- 
benzodiazepine; - 

7-bromo-1,3-dihydro-(3-dimethylaminopropyl)-5-(2- 
pyridyl)-2H-1,4-benzodiazepin-2-one; 

7-bromo-1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodi 
azepin-2-one 4-oxide; 

7-bromo-1,3-dihydro-1-(6-hydroxypropyl)-5-(2- 
pyridyl)-2H-1,4-benzodiazepin-2-one; 

7-bromo-5-(2-pyridyl)-1,3-dihydro - 1 - 3 - (N - cyano 
methylamino) propyl-2H-1,4-benzodiazepin-2-one whose 
preparation is disclosed in U.S. patent application Ser. No. 
677,092, filed Oct. 23, 1967, Earley. 
The benzodiazepine compounds of Formula I above, 

can be utilized in quantitating the ferrous ion content by 
colorimetric means in any aqueous solution containing 
ferrous ions. Therefore, the process of this invention pro 
vides a means for quantitating the iron content of any 
iron containing material. Among the many iron contain 
ing materials whose iron content can be quantitated by 
the process of this invention are included foods, bever 
ages such as wine, iron ores, etc. 

In order to quantitate the iron in the iron containing 
materials by the process of this invention, it is first neces 
sary to extract the iron from the sample of the iron-con 
taining material in the ferrous state into an aqueous solu 
tion. Any conventional means for extracting the iron into 
an aqueous solution in a ferrous state can be utilized in 
accordance with this invention. The various methods of 
extracting iron in the ferrous state into an aqueous solu 
tion from various iron-containing materials such as ores, 
foods, beverages and body fluids are well known in the 
art and do not form part of this invention. 

If the aqueous solution contains the free iron in the 
ferric state, the ferric ion can be treated with a chemical 
reducing agent to convert it to the desired ferrous state. 
In general, any known chemical reducing agent can be 
used in this step of the procedure. These include, for 
example, ascorbic acid, hydrazine sulfate, thioglycolic 
acid, sodium thioglycolate, sodium hydrosulfite, sodium 
metabisulfite, sodium bisulfite, sodium sulfite, hydroxyl 
amine hydrochloride, hydroxylamine sulfate, hydroquin 
one, stannous chloride, etc. In the preferred embodiment 
of the invention, however, the chemical reduction of free 
iron from the ferric state to the ferrous state is carried 
out using thioglycolic acid or ascorbic acid as the reduc 
ing agent. The use of thioglycolic acid or ascorbic acid 
is advantageous since it permits the reduction of the free 
iron from the ferric state to the ferrous state to be ac 
complished at room temperature. The quantity of ascorbic 
acid or thioglycolic acid which is used in this step of the 
process is not particularly critical. A sufficient amount of 
the reducing agent should be used, however, to completely 
convert the free iron to the ferrous state. An excess of 
thioglycolic acid can be used, if desired, to insure com 
plete conversion. 
When the iron has been liberated from the sample to 

be quantitated in the water soluble ferrous state, the com 
pound of Formula I above is added to an aqueous solu 
tion containing the extracted ferrous ions. Upon mixing, 
a complexing takes place between the ferrous ion and the 
compound of Formula I above. The formation of the 
complex is evidenced by the development of a brilliant 
purple color. The precise manner in which the compound 
of Formula I above is added to the ferrous ion solution 
does not limit the scope or practice of this invention. 
Generally, however, the compound of Formula I above is 
added to the system in the form of a relatively dilute 
aqeuous solution. In the preferred practice of the inven 
tion, there is used an aqueous solution containing from 
about 0.25 percent to about 0.75 percent by weight of 
the compound of Formula I above. 
The quantity of the compound of Formula I which is 

added to the aqueous solution is variable. In all instances, 
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4. 
however, a sufficient quantity of the compound of For 
mula I above should be provided to react with all of the 
ferrous irons present in the aqueous solution. In order to 
insure, however, that all of the ferrous ions present in 
the mixture have been complexed, it is preferred to add 
a quantity of the color forming compound of Formula 
I above, which is in excess of that actually required to 
complex all of the ferrous ions which are available for 
complexing. - 

The desired purple coloration of the mixture will be 
noted immediately upon the addition of the compound of 
Formula I above to the system. The color deepens as the 
reaction proceeds to completion. After standing for awhile 
at room temperature, color changes are no longer dis 
cernible to the naked eye. Accordingly, in order to 
insure uniform cloring, the aqueous solution should be 
allowed to stand until its color appears to have become 
constant. In general, it has been found that full develop 
ment of the purple color will occur over a period of from 
about 5 to 20 minutes. 
The quantitation of the iron in the sample can be 

carried out by any conventional colorimetric method 
utilizing standard spectrophotometers, such as a Beck 
man spectrophotometer, Coleman Junior spectrophotom 
eter, etc. 
The complex which is produced in the practice of the 

invention has its own spectral characteristics. Color 
was developed using a sample containing 6.0 ug. of iron. 
The absorbance of the mixture was then measured at 
wave lengths ranging from 450 to 700 mu in a Beckman 
spectrophotometer, Model DBG, using a 1 cm. cuvette. 
With increasing wave lengths above 450 mu, there was a 
progressive rise in absorbance which reached a maximum 
at about 580 mu. The absorbance diminished at higher 
wave lengths. 

In order to determine the speed and stability of the 
colorimeter response, a sample containing 6.0 ug. of iron 
was prepared. This sample was transferred to a 1 cm. 
cuvette immediately after the benzodiazepine salt color 
reagent had been added thereto. For a period of about 
one hour, absorbance measurements were made con 
tinuously at 580 mu. It was found that the absorbance 
increased rapidly reaching a maximum value in about 
seven minutes and, further, that the measurement changed 
little thereafter. 
The quantitative determination of iron in the sample is 

carried out as follows: the absorbance of the purple 
colored sample is measured against a reagent blank at 
580 mu using a standard spectrophotometer, e.g., a 
Coleman Junior spectrophotometer, employing a cuvette 
With 10 mm. light path. The quantity of iron in the 
Specimen is determined in the conventional manner from 
the absorbance of the specimen with reference to a 
standard. The iron content in a sample is calculated ac 
cording to the following formula: 

Iron content (mcg./100 ml.) = 
absorbance of sample 
absorbance of standard 

concentration of standard (mcg/100 ml.) 

As indicated heretofore, the present invention provides 
an extremely important diagnostic and analytical tool. 
The described method can be used to determine the iron 
in various materials rapidly and accurately. In addition 
to being a rapid and accurate method for making the 
determination, the results obtained by the test method 
are characterized by a high degree of reproducibility. 

For a fuller understanding of the nature and objects 
of this invention, reference may be had to the following 
examples which are given merely as further illustrations 
of the invention and are not to be construed in a limiting 
SelSe. 
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Example 
In this example absorbance measurements were made 

using a Beckman Model D.U. spectrophotometer. Meas 
urements of the pH were made using a Corning Model 
12 pH meter. 
A one millimolar solution of 7-bromo-1,3-dihydro-5- 

(2-pyridyl)-2H-1,4-benzodiazepin-2-one (labelled Com 
pound A solution) was prepared by weighing 36 mg. of 
this benzodiazepin-2-one into a 100 ml. volumetric flask 
containing 50 ml. of methanol, and diluting it to con 
centration by the addition of water. 
A 10 millimolar solution of 7-bromo-1,3-dihydro-1-(3- 

dimethylaminopropyl) - 5 - (2 - pyridyl) - 2H - 1,4-ben 
Zodiazepin-2-one dihydrochloride (labelled Compound B 
solution) was prepared by dissolving 474.3 mg. of this 
compound in sufficient water to make 100 ml. of solu 
tion. 
A 1 millimolar solution of ferrous sulfate was pre 

pared by adding 27.8 mg. of ferrous sulfate heptahydrate 
to a flask and thereafter dissolving this compound in 
sufficient water to make 100 ml. of solution. Further di 
lutions were made of this 1 millimolar solution in order 
to obtain the required concentrations utilized through 
out this example. 
A buffer solution was prepared by first adding 50 ml. 

of 0.1 molar potassium acid phthalate and 22.6 ml. of 
0.1 molar sodium hydroxide to a sufficient amount of 
water to prepare a 100 ml. of buffer solution. 
The various solutions to be tested were prepared by 

taking 1 ml. of the ferrous sulfate solution diluted to 
the desired concentration, 1 ml. of either Compound A 
Solution or Compound B solution and 8 ml. of the buffer 
solution. By means of this method, a series of test solu 
tions varying in ferrous ion concentration from 1X 10-5 
molar to 5X 108 molar were prepared. The concentra 
tion of either Compound A or B in these test solutions 
was maintained at 1X 10-3 molar. Furthermore, the pH 
of the solutions was maintained at 5. Blanks were pre 
pared by replacing the ferrous sulfate in the test solu 
tion with an equal volume of water. The absorption of 
each of the test solutions was measured at 580 mg. The 
observed absorption at 580 mu, was plotted against the 
ferrous ion concentration in moles per literx 105. The 
resulting graph was a straight line for both the test solu 
tions of Compound A and Compound B. The results 
of this determination is given in Tables I and II which 
follow. 

TABLE I 

Absorbance of iron containing solutions treated with 
Compound A 

Iron concentration Absorbance at 
(moles/liters x 105): 580 mu, 

0 ------------------------------------- 0. 
1 ------------------------------------ 0.177 
2 ------------------------------------ 0.355 
3 ------------------------------------ 0.540 
4 ------------------------------------ 0.730 
5 ------------------- - - - - - - - - - - - - - - - - - 0.920 

TABLE II 

Absorbance of iron containing solutions treated with 
Compound B 

Iron concentration Absorbance at 
(moles/liters X 10-5): 580 mu, 

0 ------------------------------------ O 
1 ------------------------------------ 0.195. 
2 ------------------------------------ 0.365 
3 ------------------------------------ 0.560 
4 ------------------------------------ 0.733 
5 ------------------------------------ 0.930 

An unknown solution containing ferrous ions was sub 
jected to analysis as to its iron content. This was done 
by preparing a solution composed of 1 ml. of the aqueous 

O 

15 

6 
solution containing an undetermined ferrous ion con 
tent, 1 ml. of either solution A or B and 8 ml. of the 
buffer solution. This solution was subjected to optical 
absroption measurements at 580 mp. From the absorb 
ance measurement, the concentrations of the ferrous ion 
in the original solution was also determined. This deter 
mination was easily made due to the fact that the con 
centration of ferrous ion varied in a linear relationship 
with the optical absorption. 
The linear relationship between ferrous ion concentra 

tion and absorbance was found to exist when dichloro 
methane rather than water was utilized as a solvent. Simi 
lar results in iron determination were found to exist when 
solutions of the following compounds were substituted 
for either the 7-bromo-1,3-dihydro - 1 - (3-dimethylami 
nopropyl) - 5 - (2-pyridyl)-2H-1,4-benzodiazepin-2-one 
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or 7-bromo-1,3-dihydro - 5 - (2-pyridyl)-2H-1,4-benzo 
diazepin-2-one: 7-bromo-1,3-dihydro - 1 - (4-4-methyl 
1-piperazinyl-butyl)-5-(2-pyridyl) - 2H - 1,4-benzodi 
azepin - 2 - one; 7-amino-1,3-dihydro-5-(2-pyridyl)-2H 
1,4-benzodiazepin - 2 - one; 1-methyl-1-3-(7-bromo-5- 
(2-pyridyl)-1,3-dihydro-2-oxo-2H-1,4-benzodiazepin - 1 
yl)propylurea: 7-bromo - 1,3 - dihydro-5-(2-pyridyl)- 
2H-1,4-benzodiazepine; 7-amino - 1,3 - dihydro-1-methyl 
5-(2-pyridyl)-2H-1,4-benzodiazepine; 7-bromo - 1,3 - di 
hydro - 5 - (2-pyridyl)-2H-1,4-benzodiazepin-2-one 4 
oxide; 7-bromo-1,3-dihydro - 1 - (6-hydroxypropyl)-5- 
(2-pyridyl)-2H-1,4-benzodiazepin - 2 - one; 7-bromo-5- 
(2-pyridyl)-1,3-dihydro - 1 - 3-(N-cyano-methylamino)- 
propyl-2H-1,4-benzodiazepin-2-one. 

Example 2 

To a stirred solution of 19 g. (0.06 mole) of 7-bromo 
1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodiazepin - 2 - one 
in 200 ml. of dry N,N-dimethylformamide was added por 
tion wise 3 g (0.063 mole) of 50 percent sodium hy 
dride. The resultant solution was then cooled with an 
ice-water bath while 39 g. (0.18 mole) of 1,4-dibromo 
butane was added dropwise during 25 min. After stirring 
overnight at room temperature, the solution was poured 
into 600 ml. of water and extracted with methylene chlo 
ride. The organic layer was separated, washed with brine, 
dried over sodium sulfate and concentrated. The resultant 
oil was dissolved in ether and then filtered from a small 
amount of precipitated solid (discarded). This filtrate 
was then put on silica gel and the silica gel washed with 
ether. The first 150-200 ml. of eluant was separated 
while the subsequent fractions (2. l. total) were con 
centrated to give 8 g. of 7-bromo-1-(4-bromobutyl)-5- 
(2 - pyridyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one a 
tan colored solid. 

Example 3 

A mixture of 9 g. (0.02 mole) of 7-bromo-1-(4-bromo 
butyl) - 5 - (2 - pyridyl)-1,3-dihydro-2H-1,4-benzodi 
azepin-2-one 3 g (0.03 mole) of N-methylpiperazine, 
3 g. (0.02 mole) of sodium iodide and 100 ml. of methyl 
ethyl ketone was stirred and refluxed for 22.5 hr. Solvents 
were removed at reduced pressure and the residue par 
titioned between methylene chloride and water. The meth 
ylene chloride layer was washed with brine, dried over 
sodium sulfate and concentrated. Upon the addition of 
ether to the resultant oil a solid separated. The suspension 
was filtered and the solid discarded. The ether filtrate 
was concentrated and the residual oil was converted to 
the dihydrochloride by the addition of the theoretical 
amount of methanolic hydrogen chloride followed by 
ether. The resultant highly hygroscopic solid was recrys 
tallized from ethanol-ether to give 7-bromo-1,3-dihydro 
4-(4-methyl-1-piperazinyl)butyl] - 5 - (2-pyridyl)-2H 
1,4-benzodiazepin-2-one dihydrochloride as white needles. 
We claim: 
1. A process for determining the amount of iron present 

in an aqueous solution wherein said iron is present in the 
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ferrous state comprising treating said solution with a 
compound selected from the group consisting of com 
pounds of the formula: 

N-B 5 

/ \" 
NA/ Ye, 

wherein A is selected from the group consisting of 

--N- 
R4 

0 

and 

| - 
Rg O 

B is selected from the group consisting of 

-C- 20 

and -CH-; R is selected from the group consisting of 
halogen, hydrogen, trifluoromethyl, nitro and amino; R2 
is selected from the group consisting of 

-R-C-Rs 
25 

hydrogen, lower alkyl and 
R6 

Rs 

n is an integer from 2 to 7; R is selected from the group 
consisting of hydrogen, hydroxy, lower alkyl, lower al 
koxy and lower alkanoyloxy; R4 is 2-pyridyl; R5 is se 
lected from the group consisting of lower alkyl and hydro 
gen; and Rs is selected from the group consisting of lower 
alkyl, hydrogen 

30 

35 

--NH. 
O 

and -C=N; and R5 and Rs where taken together with 
their attached nitrogen atom form a radical selected from 
the group consisting of piperazinyl, pyrrollidinyl, piperi 
dinyl, lower alkyl substituted piperazinyl, lower alkyl sub 
stituted pyrrolidinyl and lower alkyl substituted piperi 
dinyl; R is lower alkyl; and Rs is selected from the 
group consisting of lower alkyl and hydrogen; 

40 

45 

and water soluble acid addition salts thereof to form a 
colored solution and thereafter colorimetrically quantitat 
ing said iron content of said solution by means of said 
color. 

2. The process of claim 1 wherein said compound is 
7-bromo-1,3-dihydro - 1 - (3-dimethylaminopropyl)-5-(2- 
pyridyl)-2H-1,4-benzodiazepin-2-one. 

3. The process of claim 1 wherein said compound is 
7-bromo-1,3-dihydro - 1 - 4 - (4 - methyl-1-piperazinyl) 
butyl 5-(2-pyridyl)-2H-1,4-benzodiazepin-2-one. 

4. The process of claim 1 wherein said compound is 
7-bromo-1,3-dihydro - 5 - (2 - pyridyl)-2H-1,4-benzodi 
azepin-2-one. 

5. A process for quantitating the iron present in an 
iron-containing material comprising 

(a) extracting the iron in a ferrous state from the 
sample into an aqueous solution; 

(b) treating said solution with a compound selected 
from the group consisting of compounds of the for 
mula: 
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8 
wherein A is selected from the group consisting of 

and 

B is selected from the group consisting of 
O 
| 

-C- 

and -CH2-; R is selected from the group consisting 
of halogen, hydrogen, trifluoromethyl, nitro and 
amino; R2 is selected from the group consisting of 

hydrogen, lower alkyl and 

-CnHinN, 
Y. 

n is an integer from 2 to 7; R is selected from the 
group consisting of hydrogen, hydroxy, lower alkyl, 
lower alkoxy and lower alkanoyloxy; R is 2-pyridyll; 
R5 is selected from the group consisting of lower 
alkyl and hydrogen; and Rs is selected from the group 
consisting of lower alkyl, hydrogen 

and -C=N; and R5 and Rs where taken together 
with their attached nitrogen atom form a radical 
selected from the group consisting of piperazinyl, 
pyrrollidinyl, piperidinyl, lower alkyl substituted pi 
perazinyl, lower alkyl substituted pyrrolidinyl, and 
lower alkyl substituted piperidinyl; R is lower alkyl; 
and R3 is selected from the group consisting of lower 
alkyl and hydrogen; 

and acid addition salts thereof to form a colored solution; 
and 

(c) thereafter colorimetrically quantitating the iron 
content of said solution by means of said color. 

6. The process of claim 5 wherein said compound is 
7-bromo-1,3-dihydro - 1 - (3-dimethylaminopropyl)-5-(2- 
pyridyl)-2H-1,4-benzodiazepin-2-one. 

7. The process of claim 5 wherein said compound is 
7-bromo-1,3-dihydro - 1 - 4 - (4 - methyl-1-piperazinyl) 
butyl)-5-(2-pyridyl)-2H-1,4-benzodiazepin-2-one. 

8. The process of claim 5 wherein said compound is 
7-bromo - 1,3-dihydro - 5 - (2-pyridyl)-2H-1,4-benzodi 
azepin-2-one. 
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