
cedure after LCojci1)3]C13 had been reiiioved by 
dilution with ethanol. 

I t  is also interesting that  all compounds re- 
ported here have a distinct red color. It is gener- 
ally found that  the coordination of six nitrogens 
about a cobalt(TI1) ion results in a yellow com- 
pound. The unusual shift to red would indicate 
an extensive effect of the OH group on the metal 
ion. This interaction is also supported by the very 
large change in reactivity of the hydroxy group 
toward organic reagents. Sone of the reagents 
tested were found to attack the hydroxy group. 

I t  seems unlikely that  direct coordination of the 
OH to cobalt has occurred. This would imply 
that cobalt may assume a coordination number of 
nine in [Co(etolen)3]+3 and eight in [Co(etol- 
tlien)?] + 3 .  Complexes showing various, large co- 
ordination numbers would not be expected to have 
stabilities comparable to that  of [ C ~ ( e n ) ~ ] C l ; ~ ,  as 
is observed here. It is equally a s  unlikely that 
cobalt(II1) retains its coordination number of six 
by coardinatioii of OH leaving a free amine group. 
Such a free amine would be as reactive as a free 
hydroxy group. 

Inspection of molecular models suggests that  if 
the two nitrogens of each of the three N-hydroxy- 

ethylethylenediamines are coordinated to the iiietal, 
the three free hydroxy groups will be in a very 
favorable position for hydrogen bond formatiou 
with the hydrogen of the coordinated nitrogen atoin. 
The strong inductive effects resulting from the 
hydrogen bond may distort the field of the nitro- 
gen with a resulting shift in spectrum. 

The lack of chemical reactivity of the hydroxy 
group is not surprising in view of the mechanism 
generally accepted for attack by the reagents im 
vestigated. The functional groups of the attack- 
ing molecules may be represented as 

C1 
6 +  6 +  6 -  

I '  
0 Cl 
6 -~ 

NOz' R-'2-CI Ph--S=C=O ant i  6 ' s - 0  6 -  

The reaction is initiated by the attack of the posi- 
tive center oi the reagent on an electron pair of the 
hydroxy oxygen. Models show the oxygen of the 
OH lies close to the cobalt(II1) ion. Such a posi- 
tion places i t  in the large positive field of the co- 
balt. The activation energy necessary for the ap- 
proach of a positive center into the positive field 
of the ion would be large and attack would be 
greatly hindered or prevented. 

Metal Binding of the Benzimidazoles1 
1 3 ~  'lkolzr~s J. LANE, C.S.C., .\SD KENNETH P. QVI?;L~IN? 

RECEIVED J U N E  8, 1939 

The acid dissociation constants have been determined potentioxi~etrically for benzimidazole, 2- ine t l iy l l~c i iz i i i i i ( la~~~lc  allti 
2-ethylbenzimidazole in solutions of ionic strength 0.16 M (Nar\-OB) at 4 + 1, 25 i 0.1 and 35 zt 0.1". Tlic changes i n  
enthalpy, AHa, were found to be 8.7, 9.8 and 9.3 kcal./mole, respectively. Formation constants have bee11 determined fox- 
copper(I1) with benzimidazole by the Bjerrum potentiometric method in solutions of the same ionic strength a t  the threc 
above temperatures. An upper limit of the value of the formation constant for coppcr(I1) and ~ - t i i e t l ~ y l b e n z i n i i ~ a z o l e  at 
4' is reported. The formation constants for cadmium with benzimidazole and 2-metliylbenzimidazc~le have been dctcr- 
mined by the polarographic method in Results indicate that  the benzene portion of 
the benzimidazole hinders coordination with copper(I1). Formation constants of copper( 11) with P-hydroxymetli)-I- 
benzimidazole and 1-methyl-2-hydroxymethylbenzimidazole show that the unsaturated nitrogen is the active site in the 
substituted benzimidazoles. 

aqueous ethanol a t  25 i 0.1'. 

Introduction 
No formation constants have been reported for 

metal complexes of benzimidazole and its alkylated 
derivatives although the substituted benzimidazoles 
have been thoroughly studied as  analytical rea- 
g e n t ~ ~ - ;  and as part of the Vitamin B1z6 molecule. 

Freiser4 has postulated that the benzene part of 
the substituted benzimidazoles exhibits steric 
effects in the chelation of metallic ions. A com- 
parison of the difference in the stability constants 
of the imidazoles7 with those of the benzimidazoles 

(1) Presented at the 135th meeting of the American Chemical 

(2) The paper was abstracted from the Ph.D. thesis of Kenneth P. 

(3) R. G. Charles and H. Freiser, Anal .  Chim. Acta, 11, 1 (1954). 
(4) W. D. Johnston and H. Freiser, ibid., 11, 301 (1954). 
( 5 )  J.  I,. Walter and H. Freiser, Anal.  C h e m . ,  25,  127 (1953). 
( 6 )  M. T. Davies, P. Mamalis. V. Petrow, B. Sturgeon, G. H. 

Beaven, E.  R.  Holiday and E. A.  Johnson, J .  Phavm. Phnvmiicoi.,  4 ,  448 
i 1 9.52 j , 

[ 7 )  Y ,  Sc,Lctki, 1; I<. Y (;iir<l, I: I:. Clicii r ( i i< l  .i '1'. l C d ~ c , l l ,  ' I 'RIS 
J O U R N A L  79, 21'23 ( l ! l 3 7 ) .  

Society, Boston, Mass., 1959. 

Quinlan, Notre Dame University, 1959. 

may give conclusive evidence that the benzene 
portion of the molecule is sterically hindering the 
coordination. 

I t  has been assumed that  coordination with the 
substituted benzimidazoles takes place through 
the unsaturated nitrogen. Freiser'9 infrared studv 
on the chelates of the derivatives of benzimidazole 
seems to substantiate this assumption. study 
of the steric effect of the methyl group on the sta- 
bility constants of 2-hydroxymethylbenzimidazolc 
and l-methyl-2-hydroxymethylbenzin1idazole was 
undertaken to show which of the two iiitiogen 
atoms in the benzir~iidazole is coordinating. 

Experimental 
Materials, Apparatus and Solutions.-Benzimidazole, 2- 

methylbenziniidazole and 2-ethylbenzimidazole were ob- 
tained from the Aldrich Chemical Company, h e . ,  Milwau- 
kee, U'isconsiri , The compounds were recrystallized a t  
least three times before use and then purity was established 
b!- analysis and melting points. 

~ ~ ~~ . . .  

:8) 'I' I< I!arlins J 1. \\ ' , iltcr c !  l i .  I l ~ r r i i  , n l < l  11.  l : rc twr  
78. LliO (1!)3t i) .  
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2-Hydr~1xyn1ethylberizimidazole was prepared by the 
Phillips method.9 Equimolar amounts of o-phenylenedi- 
amine and glycolic acid were refluxed in 4 A- HC1 for 0.5 hr. 
The purity was determined by analysis and melting point. 
1-Methyl-2-hydroxymethylbenzimidazole was prepared 

by the method of Hughes and Lions.10 2-Hydroxymethyl- 
benzimidazole was treated with dimethyl sulfate, with the 
subsequent addition of sodium hydroxide. The anhydrous 
ccmpound melted a t  145.5-146.5 (lit. 143-144'). 

Anal. Calcd. for C~HloK20: C,  6 6 . Z ;  H,6.19. Found: 
C, 66.5; H ,  6.4. 

Sodium, potassium and cadmium nitrates were "Baker 
rlnalyzed" reagents; Triton X-100, Rohm and Haas Com- 
pany, Philadelphia, was used as maxiinurn suppressor. 

Stock solutions of metallic ions were prepared and titra- 
tions were carried out  as described by Freiser, Charles and 
Johnston .IL 

Fifty-five ml. of 0.32 M NaSOS solution, 50 ml. of 0.01 
N nitric acid and 5 ml. of 0.01 M metal solution were 
added to a weighed quantity of ligand under study. The 
ligand to metal ratio was 8: 1. The total ligand concentra- 
tion was approximately 5 X M .  Standardized sodium 
hydroxide (0.1 11') was added in small increments to the 
stirred solution. After each addition of base the PH of the 
solution was taken. Attainment of equilibrium was checked 
by successive pH determinations. 

Polarographic Measurements.-Current-voltage meas- 
urements were made with a Sargent XXI  Polarograph. 
The capillary (5-29419) had a value for m2/3t1;s of 2.49 a t  a 
potential of 0 .5  volt and mercury height of 58.4 cm. in a 
stock solution (described below) 0.1228 N in benzimida- 
zole. An "H" cell was used with an agar plug 1 AI with re- 
spect to pctassium nitrate. The potentials were measured 
to the nearest millivolt u-ith a Kubicon Dotentiometer. A11 
measurements were made at 25 i 0.1". 

;Z stock solution of 507, aqueous ethanol containing 1 X 
JI Cd(SOa)?, 0.16 M KN03 and 0.0047, Triton X- 

100 was prepared. An amount of the benzimidazole under 
study was dissolved in an  aliquot of this aqueous ethanolic 
solution to give a solution which was slightly less than satu- 
rated. The concentrations of the benzimidazole and 2- 
methylbenzimidazole were 0.40 and 0.37 M ,  respectively. 
Polarograms were obtained for solutions containing varying 
amounts of the benzimidazole by successive dilutions with 
the stock solution containing no benzimidazole. 

Oxygen was removed from all the solutions by lamp ni- 
trogen prior to polarographic measurement. 

Copper Chelates of the 2-Hydroxymethylbenzimidazoles. 
-An aqueous solution of copper(I1) nitrate (0.008 mole) 
was treated with an alcoholic solution of 2-hydroxymethyl- 
benzimidazole (0.017 mole) or 1-methyl-2-hydroxymethyl- 
benzimidazole (0.017 mole). The solutions were made 
basic by the dropwise additicn of ammonium hydroxide. 
.A bluish precipitate was obtained in the case of 2-hydroxy- 
methylbenzimidazole. The copper chelate of l-methyl-2- 
hydroxymethylbenzimidazole was precipitated on standing 
in the cold. The precipitates were Cltered, washed with 
ethyl alcohol and dried for 3 hr. a t  100 . The chelates were 
decomposed with perchloric and nitric acid mixture and the 
copper content was determined by electrodeposition. 

The analysis of the copper(I1) chelates of 2-hydroxymeth- 
ylbenzimidazole and l-methyl-2-hydrox~-methylbenzimida- 
zole indicated a ligand to metal ratio of 1 : 1 and 2: 1, respec- 
tively. 

Results 
Dissociation Constants.-Table I shows the pK' 

values for the dissociation of the protonated benzi- 
midazoles and the 2-hydroxymethylbenzimidazoles. 
The ionic strength was adjusted with sodium 
nitrate. The p H  value a t  the stoichiometric 
midpoint of the titration of the protonated reagent 
was taken as being equal to the pK of the basic 
nitrogen. The pK values were converted to the 
apparent acid dissociation constants, p K ' ,  for the 

(9) hl. A .  Phillips, J. Chem. Soc., 2820 (1929). 
(10) G. R. Hughes and F. Lions, J .  Pvoc. Roy .  Soc., A'. S. Wales ,  71, 

(11) H. Freiser, I<. G. Cliarles and W .  D. Johnston, T H I S  JOUHNAL, 

20!4 (1938). 

74, I383 (1922). 

particular ionic strength by means of the activity 
coefficient, 0.81, for the hydrogen ion.'* In a 
similar nianner the pH a t  the stoichiometric mid- 
point of the titration of the hydroxyl gioup was 
taken to be equal to the pK of the acid group, 
after corrections were applied to the hydrolysis of 
the reagent. In this range of PH values the sodium 
ion corrections were applied in all cases. Several 
solutions of the same ligand were run and these 
all agreed within f 0.02 Pk' unit. 

TABLE I 
APPARENT DISSOCIATION COSSTASTS FOR THE LIGANDS AT 

IONIC STRENGTH OF 0.16 IIf (KaN03) AND AT VARIOUS 

YPK'NII- P K ' o H  
41$ t5,c 35 25 o& 

TEMPERATURES 

0.1 0.1 

Benzimidazole 6 .00 5 58 5 .36  . . .  
2-1Llethylbenzirnidazole 6 .96  6 . 2 9  6.18 . . . 
2-Ethylbenzimidazole 6 .90  6 . 2 7  6 14 . . . 
2-Hydroxymethylbenzi- 

1-Methyl-2- hydroxy- 
midazole , , 5.4!) . .  11.55 

methylbenzimidazolc . , 5 55 . . 11.45 

The pK' values obtained in the present investi- 
gation agree closely with those recorded in the 
literature. DaviesJ3 reported values of 5.4S, 
6.19 and 6.20 a t  25' for benzimidazole, %methyl- 
benzimidazole and 2-ethylbenzimidazole, respec- 
tively. These values are slightly lower than the 
ones recorded here since the present work was 
carried out a t  a higher ionic strength. 

Values for AhTo cf 8.7, 9,s and 9.3 kcal.;'mole 
were obtained for benzimidazole, 2-methylbenz- 
imidazole and 2-ethylbenzimidazole, respectively. 
The maximum ermr in AHo is of the order of * 1.0 kcal. The heats of dissociation for the 
benzimidazoles are greater than those of the imid- 
azoles.? Therefore, the greater basicity of the 
imidazoles is an elitropy effect. The differecce 
between the standard free energy and the standard 
heat of dissociation for the benzimidazoles indi- 
cates a small positive entropy change for the ioni- 
zation. The standard entropy change for the 
imidazoles was in all cases negative and of the 
order of -G cal. deg.-l mole-'. 

The greater basicity of the 1-methyl-%hydroxy- 
methylbenzimidazole than that of 2-hydroxy- 
methylbenziniidazole is probably the result of the 
inductive effect of the methyl group in the 1- 
position. 

Association of Metals with Benzimidazole, 2- 
Methylbenzimidazole and 2-Ethylbenzimidazole - 
The association of the metals Cu(II) ,  Ni(II), Pb- 
(11), Co(II), Zn(I1) and La(II1) with the benzi- 
midazoles was studied by the B jerruml4 potentio- 
metric technique. The only systems that ex- 
hibited coordination before metal hydrolysis were 
Cu(I1) with benzimidazole and with 2-methyl- 
benzimidazole. These were studied a t  different 
temperatures. 

(12) J. Kielland, i b i d . ,  69, 1675 (1987). 
(13) hI. T. Davies, P. Mamalis, V. Petrow and B. Sturgeon, J .  

(14) J .  Bjerrum, "Metal Ammine Forniation in Aqueous Solution " 
Pharm. Piiarmacol., 5 ,  420 (1951). 

1'. Haas? and Sun. Copenhageu, 1941. 
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Values of the average number of ligands bound 
per metallic ion, i?., were found from the relation- 
ship 

I< + H +  
H +  

Tgz - BzH' __- 
A =  TM 

where K is the acid dissociation constant of the 
protonated benzimidazole, T B ~  is the total initial 
Concentration of the benzimidazole and Thf is the 
total concentration of the metal M. The con- 
centrat ons of the protonated benzimidazole, 
BzH+, were found from the expression 

BzH+ = OH- + NO*- - H +  - Na+ 
The negative log of the free ligand concentration 
pBz was found from the values of BzH+ and the 
acid dissociation constant. 

Log k values were calculated by the method of 
Scatchardl5 modified by Li, White and Doody.i6 

The coordination number, N ,  of copper with 
benzimidazole was taken as four. Plots of R 
versus pBz a t  4 =t 1" gave a value of i?. close to 
three prior to the hydrolysis of the copper ion. 
The shape of the formation curves indicated that  
the coordination number of copper with benz- 
imidazole was greater than three. 

The log k l ,  k2, ks  and 124 values for copper(I1) 
with benzimidazole a t  4 d= 1 were 3.82, 3.35, 2.86, 
2.4 and at 25 f 0.1" were 3.43, 2.98, 2.51 and 2.0, 
respectively. At 35" the formation constants for 
this chelate were obtained by extrapolation and 
were lower than the values a t  2.5' by approxi- 
mately 0.3 log unit. 

The standard enthalpy chaiige for the fiist 
step for the reaction of copper and benzimidazole 
was calculated to be -9.0 d= 1.0 kcal./inole. This 
value is higher than -6.7 kcal./mole, found for 
the reaction of Cu(I1) with 4-1nethylimidazole,~ 
even though the log 81 for the 4-methylimid- 
azole is higher. The lower value of log k1 for ben- 
zimidazole and copper(I1) is the result of an un- 
favorable entropy term. 

Chelation of Cu(I1) with 2-Hydroxymethyl- 
benzimidazoles.-The log kl values of the copper 
complexes of 2-hydroxymethylbenzimidazole and 1- 
methyl-2-hydroxymethylbenzimidazole in aqueous 
medium (p = 0.10) at 25 + 0.1" were found to be 
9.30 and 9.66, respectively. Formation curves 
for the two systems showed f i  approaching a limit- 
ing value of one, indicating the formation of a 1 : 1 
complex. The value of pR- a t  f i  = 0.5 was taken 
to be equal to log k l .  

The solid chelate of 2-hydroxymethylbenzimid- 
azole with copper(I1) indicated a ligand to metal 
ratio of 1 : 1 whereas that of 1 -methyl-2-hydroxy- 
inethylbenziinidazole showed a 2 : 1 ratio. This 
difference may be explained by the higher stability 
of the I-methyl-2-hydroxymethylbenzimidazole 
chelate. 

Polarographic Results.-The average values of 
the slopes of log(& - i) / i  versus &e. for cadmium- 
(11) complexes with the benzimidazoles in 50% 
aqueous alcohol solution was 0.03 (i 0.001), 
indicating reversible reactions for a 2 electron 

(1.5) J.  T. Edsall, G. Felsenfeld, D. S. Goodman and F. R. N 

(16) N. C. I i ,  J. M. White and E. Doody, i b i d . ,  76, G219 (1934). 
Curd, THIS JOURNAL, 76, 3054 (1954). 

reduction. The half wave potential for the siinple 
cadmium(I1) ion (0.562 v.) shifted to more nega- 
tive values on addition of varying amounts of 
ligand. A study of variation of id as a function of 
height of mercury gave an average value of 0.575 
=t 0.003, indicating the current was diffusion con- 
trolled. 

Plots of El/, wY.su.s log C B ~  were used to cal- 
culate the number of groups, p, coordinated to 
the cadmium ion. Formation constants mere 
calculated by 

RT 
nF f; In ~r - p - In cBZ 

For cadmium(I1) with benzimidazole these were : 
log kl = 2.00, log k2 = 1.42 and log k 3  = 1.02; 
and for cadmium(I1) with 2-methylbenzimidazole, 

The plots obtained for benzimidazole with Cd- 
(11) consisted of three lines. The straight lines 
gave slopes whose values of p were 0.99, 1.90 and 
2.88 corresponding to the species CdBz++, Cd- 
Bzq++ and CdBz?++, respectively. The CdBz3++ 
species existed in the widest concectration range 
of 0.40 to 0.09 111. The di-coordinated species 
existed in the range of 0 09 to 0.04 M and CdBzf+ 
below 0.04 11. 

The cadmium 2-methylbenzimidazo!e data 
showed that only one complex existed in the range 
(0.37-0.00 M) studied. The value of p (1.08) 
corresponded to the species CdbIeBz ++. 

Discussion 
The results of the present study show that bciiz- 

imidazole and its alkylated derivatives form less 
stable coordination compounds than those of the 
imidazoles.' This is the result of two factors: 
(1) the pK s of the imidazoles are greater tha:i 
those of the benzimidazoles; (2) the bulky ben- 
zene ring attached to the imidazole system in the 
benzimidazoles probably decreases their stabilities. 

Freiser4 has suggested that the benzene portion 
of the 2-substituted benzimidazoles interferes 
sterically with chelation. The present results 
compared to those for 4-methylimidazole7 and 2,4- 
dimethylimida~ole~ indicate that the benzene 
portion offers some steric hindrance. In the as- 
sociation of metal ions with the 4-alkylated imid- 
azoles, the methyl group is considered to be i n  the 
4-position with the coordinating nitrogen in the 
1-position as has been pointed out by E d ~ a l l . ~  
The ApK' for 4-methylimidazole (7.54) and 2,4- 
dimethylimidazole (8.38) is 0.84 pK' unit. The 
difference in their log kl values for the copper 
complex is 0.3, the 4-methylimidazole having thr 
greater affinity for coppcr. A maximum value of 
log kl (2.G) has been obtained for the copper(I1) 
2-methylbenzimi~azole complex a t  4" which when 
extrapolated to 25" would be about 2.2. The 
ApK' for benzimidazole and 2-methylbenzimid- 
azole (Table I) is 0.71 but the decrease in log 
kl value for copper is 1.2. This abnormally large 
difference, assuming the validity of the above 
extrapolations, could be attributed to the steric 
hindrance offered by the benzene portion and the 
methyl group. If the benzene portion did iiot 
offcr any steric cffect the tliffcreiicc of log ki values 

( E l / z ) c  - ( E ~ / z ) s  = - - 

log K1 = 1.37. 



for the benzimidazoles probably would be in the 
range of 0.4. 

This uiiusual tlccrease iii the stabilities with the 
benzimidazoles lias not been exhibited in the 
study with cadmium. Since cadmium forms 
tetrahedral complexes, the steric effects would be a t  
a minimum. 

Nozaki7 has studied the stereochemistry of the 
copper (11) complexes of imidazole and 4-methyl- 
imidazole. He concluded that  the 4-coordinated 
complexes could not have a coplanar stxucture be- 
cause of the marked overlapping of the van der 
Waals radii of the hydrogen atoms on adjacent 
imidazole molecules. Presumably, some or all 
the imidazole molecules must rotate around the 
Cu-N bond to give a puckered complex. This 
same type of reasoning could be applied to the 
present study with copper(I1) and benzimidazole. 
Fisher-Taylor-Hirschfelder models show that  the 
copper(I1) complex could not exist in a coplanar 
form by any reasonable change in dimensions. The 
structure which gives the least steric interference 
would be the one which has two adjacent benzene 
rings of the benziniidazole molecules orientated 
down with the other two benzene rings orientated 
upwards. Figure 1 shows the two types of orienta- 
tion of the benzimidazole molecules. 

The study of the stability constants of the 2- 
hydroxymethylbenzimidazole and 1-methyl-2-hy- 
droxymethylbenzimidazole showed cocclusively 

c >=( // \ 
FI--N N - ( ’ u + N  

\ C // \N-H 

Fig. 1.-Orientation of tlie benzene molecule in the 
copper( 11) complex. 

which of the two nitrogen atoms in the benzimid- 
azole is coordinating. Baso10~~ has shown that a 
methyl group on the nitrogen atom of ethylene- 
diamine decreases the stability of the complex 
even though the basicity of the chelating agent 
was increased. Results of the present study 
showed an increase in basicity and in chelate 
stability when the hydrogen atom in the 1-position 
of 2-hydroxymethylbenzimidazole is replaced by 
a methyl group. If coordination takes place through 
the nitrogen to which the methyl group is at- 
tached, a decrease in stability would be expected. 
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The acid dissociation constants of 2-hydroxymethylnaphth [1,2] imidazole and 2-hydroxymethylnaphth [2,3] imidazole and 
the stability constants of their chelates with various metal ions have been determined in 50y0 aqueous dioxane by the poten- 
tiometric titration method. The preparations of the 2-hydroxymethylnaphthimidazoles by the Phillips method3 are de- 
scribed. The 2-hydroxymethylnaphth [2,3] imidazole chelates of the divalent metal ions are more stable than the 1,2 isomer 
chelates. The difference is explained by the steric hindrance of the neighboring hydrogen atoms. 

Introduction 
In the preceding paper,4 i t  was established that 

the chelation sites are the unsaturated nitrogen 
atom and the oxygen atom of the 2-hydroxymethyl- 
benzimidazoles. As an extension of this work two 
compounds, Fig. 1, were chosen to show the steric 
effects of the ring system attached to the imidazole 
ring. 

Experimental 
Materials.-The dioxane was purified according to the 

It was kept over sodium and method described by V0ge1.~ 
distilled as needed. 

Stock solutions of the metallic ions were prepared by dis- 
solving the corresponding reagent grade perchlorates (G. 

(1) Presented before the Division of Physical Chemistry a t  the 
134th h-ational hleeting of the American Chemical Society, Chicago, 
Ill., Sept., 1968. 

(2) Abstracted from a thesis presented by Kenneth P. Quinlan in 
partial fulfillment of the requirements for the Degree of Doctor of 
Philosophy. 

(3) M. A. Phillips, J. Chc-m. Soc., 2820 (1929). 
(4) T. J. Lane and K. P. Quinlan. T H I S  JOURNAL, 82, 2994 (19GO). 
(5 )  A. I .  Vnzel. “Practical Organic Chemistry,” Longmans, Green 

and Co. ,  New Turk.  X. Y., 1948 p. 19.5. 

Frederick Smith Co.) in water t o  approximately 0.01 M. 
In the case of lanthanum and cadmium, the nitrates (E. H. 
Sargent and Co.) were used. The metal ion stock solutions 
were standardized by the accepted methods of analysis. 

Fisher reagent 0.1 N sodium hydroxide was standardized 
against Merck reagent grade potassium hydrogen phthalate. 
The 0.01 Nperchloric acid was prepared from the Fisher 
reagent grade acid. The perchloric acid was standardized 
against the sodium hydroxide. 

2-IIydroxymethylnaph th [ 1,2] imidazole was originally pre- 
pared by Malmberg and HamiltonB by a fusion method. A 
modified procedure of the Phillips3 method wa4 used by US to 
prepare the compound. A mixture of 1,2-diarninonaphtha- 
lene (7.2g., 0.043mole). glycolicacid (3.6g.,O.O48mole)and 
IS5 ml. of 4 N hydrochloric acid was refluxed for 6 hr. A 
red-colored product was filtered from tlie cooled solution 
and dissolved in water. The 2-hydroxymethylnaphth [ I  ,2]- 
imidazole precipitated from the aqueous solution on the 
addition of sodium carbonate. The imidazole was washed 
free of the excess 1,2-diaminonaphthalene with a small 
quantity of acetone. -4fter decolorization with charcoal 
and three recrystallizations from dioxane, the product was 
dried a t  132’ under vacuum for 3 hr.  The pure product 
melted at 253-255’ (dec.). The yield was 40%. This 

(6) E. Malmberg and C. Hamilton, THIS JOURNAL, TO,  2415 
(1948). 


