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THE evidence upon which Beaven, Holiday, Johnson, Ellis, and Petrow 
(Part VI)l based their conclusion that the phosphoryl la-D-ribofuranosyl- 
5 : 6-dimethylbenziminazolyl residue present in the B, molecule was co- 
ordinately linked to cobalt, as shown in (I), was largely spectroscopic in 
character. In the main it rested on the recognition of two anomalies 
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I 

in the contribution of the benziminazole chromophore to the spectrum of 
the parent vitamin, and the association of these anomalies with co- 
ordination of the type specified. 

Two spectroscopic features were held to distinguish the co-ordinated 
glycosylbenziminazole structure from an unattached phosphoryl-la-D- 
ribofuranosyl-5 : 6-dimethylbenziminazole : (i) the absence of a short 
wave shift in passing from pH 12 to pH 2, and (ii) the absence of a well- 
resolved fine structure band at X = 28851$, characteristic of glycosyl- 
5 : 6-dimethylbenziminazoles, but only evident in the cyanocobalamin 
spectrum as a slight inflection. 
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Their validity as criteria for co-ordination, however, was open to 
criticism, as the results were not based upon data derived from authentic 
benziminazolocobalt co-ordination compounds, per se, the preparation of 
which had not at the time been desciibed in the literature. Additional 
studies were therefore initiated in order to provide the remaining links in 
the chain of evidence leading to partial structure (I). 

The n-electron density at N 3  of a 1-substituted benziminazole must 
clearly play an important part in determining the stability of the resulting 
cobalt co-ordination complex.2 At the same time the electron density 
must also bear some relation to thepKa of the base. The first part of our 
study was therefore concerned with the relationship between chemical 
constitution and basicity in the benziminazole and glycosylbenziminazole 
series (Davies, Mamalis, Petrow and Sturgeon, Part VIII)3. The present 
communication takes the investigation a stage further by describing the 
preparation of some authentic benziminazolocobalt co-ordination com- 
pounds, and by showing that such materials fulfil the spectral criteria (i) 
and (ii) laid down in Part VI as evidence for co-ordination. 

Our first experiments were directed to the preparation of quadrico- 
ordinate cobaltous complexes of the type [ C ~ C l ~ - p y ~ ] * ~ ~ ~ ~  (where py 
= pyridine), which are generally prepared by simple admixture of the 
components in solvent media. Extension of this preparative method to 
1 -alkylbenziminazoles proved unsuccessful in those cases in which the 
pKa of the base was less than 3.22 in ethanol (50 per cent.) (l-methyl- 
5 : 6-dichlorobenziminazole, Part VII13). Glycosylbenziminazoles, though 
relatively basic compounds (pKa 3.92 to 4-70 in water), likewise failed to 
react, a result probably due to the operation of unknown factors associated 
with the sugar group. 1-Alkylbenziminazoles of pKa 4c 3.88 in ethanol 
(50 per cent.), in contrast, passed readily into the required dibenziminazolo- 
cobaltous chloride complexes [CoC1,.Bzm2] (11) (see Table IV), which were 
obtained as crystalline blue solids of striking appearance. 

Attempts to dissolve these compounds in water led to complete hydro- 
lysis as shown by (a) the colour change from deep blue to pink, (b)  the 
identification of free benziminazole in the solution by spectroscopic 
methods (vide infra), (c )  conductimetric measurements, the molar con- 
ductance at infinite dilution being that of cobaltous chloride itself, and 
( d )  solvent extraction, when over 90 per cent. of the ligand could be 
recovered. Concentration of such solutions led to reversal of the hydro- 
lytic reaction through a mass-action effect 

Co++-aq. + 2Bzm + 2C1- + [CoC1,-Bzm2] $- aq. 
(where Bzm = 1-substituted benziminazole) 

with separation of the complex in its crystalline form. In this state 
the benziminazole molecules were very firmly combined, not being removed 
by heating in V ~ C U O  at 150" to 160" C. We had thus to seek for organic 
solvents in which the compounds could be dissolved without dissociation 
in order to obtain solutions suitable for spectroscopic study. 

Success was ultimately achieved by employing dry acetone and dry 
n-butanol, wherein the compounds dissolved to give solutions retaining 
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FIG. 1. Di-[1 : 5 : 6-trimethylbenziminazolo]-cobaltous chloride 
Solvent . . n-Butanol 
Concentration Saturated at 20 c" (ca. 1 g./litre, 0.002 M) 
Cell length . . (a) 4.75 mm.. (b) 0.475 mm. - 

~ . . Dry n-butanol' ' - _  . . After adding 5 per cent. vol. of water. 
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unchanged the blue colours characteristic of the undissociated salts. 
Spectroscopic study of such solutions showed unmistakably that the 
authentic dibenziminazolocobaltous chloride co-ordination compounds 
(11) satisfied the spectral criterion (ii) (above) laid down by Beaven et aP as 
evidence for co-ordination, and thus provided the first direct evidence for 
its validity. The results obtained are illustrated in Figure 1 by reference 
to di-( 1 : 5 : 6-trimethylbenziminazolo)-cobaltous chloride in dry n-butanol 
solution. Inspection of the curve shows that the absorption of the 
benziminazole chromophore is anomalous with reduced resolution of the 
fine structure and with both the general form and location of the absorption 
bands intermediate between those of a free benziminazole in acid (cation) 
and alkaline (free base) solution. Addition of 5 per cent. volume of 
water increases the fine-structure resolution, and the spectrum alters 
towards that of the free base, though the full resolution of the fine structure 
is not regained. Solution in water, in contrast, leads to complete 
destruction of the complex, as shown in Figure 2, with reversion of the 
spectrum to that of the free benziminazole (cf. (b),  p. 449). 

220 250 300 350 400 450 500 550 6M) 

0.6 
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0.4 

0.2 

4.5 4.0 3.5 3.0 2.5 2.0 
- 
v (cm-1 x 10-4) 

FIG. 2. Di-[1 : 5-dimethylbenziminazolo]-cobaltous chloride 
Solvent . . Water 
Concentration (a) Saturated at 20" C. ca. 0.1 M 

(6) ca. O.OOO1 M 
Cell length . . (a) 2 cm. (b) 1 cm. 

.. p H 2  

. . pH 10. 
___ 
--- 

The absorption spectra in the visible region of the blue dibenziminazolo- 
cobaltous chloride complexes (11) differ markedly from that of the pink 
hydrated cobaltous ion, but resembIe that of the blue [CoCI,]-- ion, which 

45 1 



M. T. DAVIES et al. 

has been studied by Macwalter and Barratt,' Gr6h and Schmidt: and 
others (see Macwalter and Barratt for references). 

Compound Amax. (w)  Solvent 
[CoC12.( 1 -MeBzm),] (518) (592) 617 637 acetone 
[CoCI,.(l: 5 : 6-TriMeBzm)J (526) (592) 625 637 acetone 

(ca. 530) 585 621 637 n-butanot 
co++ 510 water+ 
[CoCl,]-- 625 680 ethanol/HCP 

585 678 acetonet 

* See Tables Annuelles de Constantes et Donnes Numeriques, No. 39. vol. 13, section 

t This work. 

The molar extinction coefficient (ems=) of the 637 mp. band (Fig. 1) of 
(11) is ca. 200, compared with ca. 5 for the 510 mp. band of hydrated Co++, 
and with cu. 300 for the 678 mp. band of [CoCl,]-- (in acetone). The 
latter figure is in good agreement with the values (630, 609) found by 
Macwalter and Barratt' and by Grbh and Schmidt,s respectively, as in 
neutral acetone only one-half of the cobalt is in the form of the complex 
ion :- 

33, p. 12 (Hermann, Paris, 1943). 

2COC1, + [CoCI,]-- + co++ 

The intense 678 mp. band present in the spectrum of the [CoCI,]-- 
ion is not evident in the spectra of the dibenziminazolocobaltous chloride 
complexes (11). This observation provides further proof that the latter 
exist in acetone and n-butanol solutions in the undissociated forms. 

It was, of course, not possible to confirm spectral criterion (i) (above) 
with the dibenziminazolocobaltous chloride complexes (11), owing to their 
marked instability to traces of moisture (see also Experimental part). 
We therefore turned our attention to the preparation of co-ordinated 
complexes derived from cobaltic cobalt, as it was thought that such com- 
pounds might show greater stability in aqueous solution (cf. Paulingg). 
Meisenheimer and Kiderlen,lo Ablov,11'12 and Bailar and Clapp13 had 
previously shown that trans-bisethylenediamino-dichlorocobaltic chloride 
[Co.en,CI,]Cl (VI ; en = ethylenediamine) reacts readily with arylamines 
and with heterocyclic bases to give compounds of the type [Co.en,.Base.Cl] 
Cl,. We now find that by heating (VI) with 1-methylber,ziminazole in 
aqueous ethanolic solution at 100" C. for 3 to 4 hours, or preferably by 
allowing the reaction to occur at room temperature for 1 to 2 days, a rose- 
red compound of empirical constitution [CoCl,.en,. 1-MeBzm], is readily 
obtained in excellent yield. 

Conductance measurements show that the molar conductance of 
this complex at infinite dilution corresponds to a salt of the type 
[Co complex]++C1,. Conductance titrations with silver nitrate likewise 
show that two-thirds of the chlorine content is ionic. There is little 
doubt, on this evidence alone, that the compound has the desired con- 
stitution of a [bis-ethylenediamino-l-methylbenziminazolochlorocobaltic] 
dichloride (IV, cis-form ; (VII), trans-form). It thus represents the first 
example of an authentic benziminazolocobaltic complex to be prepared 
in the laboratory. In addition, its physico-chemical characteristics 
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make it a suitable model compound for spectroscopic study. At the 
same time it is impossible to define rigidly its stereochemical configuration. 
The balance of evidence derived from chemical (p. 454) and spectroscopic 
studies (p. 457), however, appears to indicate that the cis-structure (IV) 
and not the trans-structure (VII) is the preferred form. (IV) has, there- 
fore, been adopted for usage in the present communication. 

Extension of the reaction to other 1-substituted benziminazoles has 
given the results listed in Table I, alongside the basicity of the ligands. 

Three types of behaviour are evident :- 
(a) I :5 :6-Trimethyl-, 1 :5-dimethyl-, 1-ethyl-, and 1 :Zhydroxyethyl- 

benziminazole react readily to give the co-ordination compound (IV) in 
yields greater than 60 per cent. 

(b) I-isoPropy1-, 1-n-propyl-, 1-allyl-, and 1 : 6-dimethyl-5-chloro- 
benziminazole give mixtures consisting largely of cis [bis-ethylenediamino- 
dichlorocobaltic] chloride (111), admixed with small quantities (< 5 per 
cent.) of the co-ordination compound, which is separated by fractional 
crystallisation from aqueous acetone. 1-n-Butyl-, and 1-methyl-5-chloro- 
benziminazole also appear to react in this way, as distinctly red fractions 
are obtained. Purification of the co-ordination compounds, however, 
could not be effected. 

( c )  1 : 2 : 5 : -Trimethyl-, la-~-arabopyranosyl-5 : 6-dimethyl-, and ~P-D-  
glucopyranosylbenziminazole afford only the cis-compound (111), no 
evidence for complex formation being obtained. 

TABLE I 

1 -isoPropyl- . . . . . . . .  
I-n-Propyl- . . . . . . . .  
I-Allyl- . . . . . .  
1 :6-Dimethyl-S~hloro-' . . . .  
I-n-Butyl- . . . . . . . .  
I-Methyl-5-chloro- . . . . . .  

Ethanol I (50 per pKa cent.) 
Benziminazole 

Bzm 

4.97 
4.83 
4.58 
4 . l t  
4.75 
3.88 

1 :5:6-Trimethyl- . , . . 5.45 
1 : 5-Dimethyl- . . . . . .  5.22 
I-Ethyl- . . . . . .  4.88 
1-Methyl- . . . . . .  4.88 
1 :2-Hydroxyethyl- . . . . . .  4.82 

1 : 2 : 5-Trimethyl .. 6.07 
la-~-Arabo-5:6-dimethyl- . . :I 4.2; 
1 P-D-Glucopyranosyl- . . . .  3.69 

Reaction product(s) 

[Co.en,.BzmCIICI. yield ~ 6 0  per cent. i 
011) plus [Co.en,.BzmCl]CI, in less than 

(111) plus possibly some 

5 per cent. yield 

} [Co.en,.BzmC1lCI, 

* Estimated from value measured in aqueous solution. 
t Calculated from figures given in Table V. Part VIIP. 

[Co.en,.Cl,]+ -+ (Co.en,.Cl}++ C1- 
trans- intermediate cation 
(W (VIII) 

+ Bzm 
,--+ [Co.en,.BzmCl]+' (IV) 

iCo.en,.C1)++ <+ r- 
+ [Co.en,.Cl,]++possibly trace of (VI) 

(k? cis- 

(111) 
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The explanation for this multiplicity of behaviour lies in the dual nature 
of the changes which can occur in mixtures of (VI) and a benziminazole 
in aqueous ethanolic solution. In addition to formation of (IV), we now 
find that (VI) undergoes spontaneous conversion into (111), a change 
previously thought to occur through participation of the co-present 
ligand.1°J3 

Both these competing reactions may be visualised as proceeding through 
initial formation of the intermediate cation (VIII) from the trans-salt (VI) 
by an S ,  1 type of mechanism. Addition of benziminazole or chloride ion 
then takes place, the relative proportions of the two products formed 
being governed by the specific reaction rates k and k‘. Thus benzimina- 
zoles in category (a)  react quickly with formation of complex (IV) in 
excellent yield. Category (b )  benziminazoles, in contrast, show slow 
reaction with concomitant production, in major amount, of the auto- 
transformation product (111), whilst category (c) compounds form either 
a special instance of such behaviour, or do not react at all. 

Inspection of Table I shows that, apart from the exceptions mentioned 
below, the yields of [Co.en,.BzmCl]Cl, run parallel to the basicity of the 
ligands. The relationship is not quantitatively proportional, however, 
as there is a definite break in the yield at about pK 4.8. The benzimina- 
zoles thus resemble the arylamines, in which compounds stronger than 
aniline (pKa 4.62 in 30 per cent. ethanol) give co-ordination compounds 
in high yield, whereas weaker bases appear to give solely the cis-compound 
(111) (Ablovll). At the same time the marked influence of basicity on 
complex formation may sometimes be overshadowed by the effect of other 
factors which cannot be strictly defined at present. Thus the basic 
1-isopropylbenziminazole gives only a minute yield of complex with (IV), 
whilst the strongly basic 1 : 2 : 5-trimethylbenziminazole fails to give 
evidence of reaction. The reason for this anomalous behaviour is not 
clear, but in the case of the latter compound may well be related to steric 
factors associated with the 2-substituent. 

In spite of the general similarity between the reactions of benziminazoles 
and arylamines with (VI), a point of difference is nevertheless observed 
in the behaviour of the former series with the cis-salt (111). Bailar and 
Clapp13 had previously reported that arylamines react with both (111) 
and (VI) to give similar products, but that “it cannot be stated with cer- 
tainty that the compounds from the two series are identical.” Benzimina- 
zoles, in contrast, fail to react with (111) under the conditions studied. 
This observation, however, does not provide data for a decision on the 
stereochemistry of the [bis-ethylenediamino-l-methylbenziminazolo- 
chlorocobaltic]dichloride complexes (p. 453), as their formation is thought 
to occur through the intermediate cation (VIII), from which both cis-(IV) 
and trans-(VII) types can be formed. It is known, moreover, that 
aqueous ammonia converts both (111) and (VI) into the cis-chloroam- 
mine [Co.en,.(NH,)CI,,] whilst methyl- and ethylamine react with dextro- 
(111) to give derivatives which are optically active (though readily race- 
mised) and thus unambiguously formulated as cis-complexes analogous to 
(IV).13 It seems reasonable to assume, on this evidence, that the cis- 
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structure (IV) may well be the preferred form in the present instance. 
Spectroscopic results, detailed below, point likewise in this direction. 

In contrast to the cobaltous complexes (11), the cobaltic salts (IV) 
proved readily soluble in water to give solutions stable at room temperature 
over the pH range 2 to 10. We were thus able to obtain further experi- 
mental evidence in support of criterion (ii) page 448), and, in addition, 
to establish beyond reasonable doubt the validity of criterion (i). For this 
purpose 6 of the complexes listed in Table I were examined spectroscopic- 
ally in aqueous solution. The results obtained are presented in such a way 
as to separate the absorption due to the “cobalt complex” chromophore 
(Table 11) from that of the co-ordinated benziminazole moiety (Table Ill) : 

TABLE I11 
FINE STRUCTURE BANDS OF 

[b~S-ETHYLENEDIAMINO-~-METHYLBENZIMINAZOLOCHLOROCOBAL~C] DICHLORIDE 
AND OF 1-METHYLBENZIMINAZOLE 

”,”H lo’ 
Complex 

I-MeBz” p H  2 
pn 10 

(IV) 

Amax. cmsx. Amax. emax. Amax. emax. 

278.2 7600 270.6 9400 (c. 262.5) (10500) 
278.5 7000 27 1.7 9100 263.9 9250 

274.4 6600 267.8 6950 26 1 .O 5400 
279.8 4600 272.9 5000 265.2 4500 

Values in parentheses refer to unresolved inflections. 
Wavelengths in mw. 
* See Beaven, Holiday and Johnson.” 

(a) The absorption of the “cobalt complex” chromophore is charac- 
terised by a band in the visible region at ca. 515 mp., an inflection in the 
near ultra-violet at ca. 375 mp., and an intense band at ca. 234 mp. 
The absorption contribution of the benziminazole moiety is superimposed 
on the long-wave side of this complex band, which thus makes an appreci- 
able contribution to the apparent densities of the benziminazole bands 
(cf. Table 111). 

(b)  The absorption of the benziminazole moiety is characterised by : 
(1) The absence of a long-wave shift when the pH of the solution is 

changed from 2 to 10, corresponding for a free benziminazole to 
complete conversion of the “acid” form (benziminazolinium cation) 
to the free base. 

(2) The low resolution of the fine structure in the long-wave band at 
270 to 290 mp. 

(3) The positions of the fine structure bands, which lie between the 
positions occupied by the corresponding bands of the free benzi- 
minazoles in acid and alkaline solution, respectively. 

These features, which are illustrated in Figure 3 by reference to the 
absorption of [bis-ethylenediamino- 1 -methylbenziminazolochlorocobaltic] 
dichloride (IV), are clearly in marked agreement with those postulated in 
criteria (i) and (ii) (p. 448) as evidence for co-ordination. In addition, it 
may be pointed out that donation of an unshared electron pair from 
N(3) of the benziminazole to a d2sp3 orbital of hexacovalent Co+++ 
is formally analogous to donation to a proton with formation of the 
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benziminazolinium cation. The observation that the absorption spectrum 
of a co-ordinated benziminazole tends towards the cationic form may 
therefore be regarded as further evidence for the concepts formulated in 
the present work. 

Comparison of the absorption spectrum (Fig. 3) of [bis-ethylene- 
diamino-l-methylbenziminazolochlorocobaltic]dichloride (IV) with those 

(w) 
220 250 300 350 400 450 500 550 600 

0.8 

0.6 

D 

0.4 

0.2 

4.5 4.0 3.5 3.0 2.5 2.0 - 
v (cm-l x I0-q 

FIG. 3. [Bis-ethylenediamino-1-methylbenziminazolochloro-cobaltic] dichloride 
Solvent . . Water 
Concentration 
Cell length . . 1 cm. 
- . . pH 2. 

(a) 0.00632 M; (b) 0-0000335 M 

. . p H  10. -- 

obtained from cis- [Co.en2.C1,]C1 (111) (see Fig. 4) and trans- [Co.en,.C12]C1 
(VI) (see Fig. 5), gives some information regarding the configuration of 
the benziminazolocobaltic complexes. The spectra of all three compounds 
show general similarity, although both (111) and (VI) show features at 
ca. 300mp. which are not present in the benziminazolo-complexes. In 
(VI) however, the visible band occurs at longer wavelengths (621 mp.) and 
is lower in intensity than in (111), and the inflection is similarly altered. 
It is, therefore, the cis-salt (111) which resembles the benziminazole 
complexes more closely with respect to absorption spectrum. More data 
on similar pairs of complexes of known configuration would be required, 
however, before this similarity could be considered as evidence of cis- 
configuration for the benziminazolo-complexes themselves. At the same 
time it seems reasonable to infer that the spectroscopic results support (IV) 
rather than the trans-structure (VII). 

Inter alia, we have examined the absorption spectrum of [Co.en,]Cl, (V) 
(see Fig. 6) ,  which is noteworthy for the absence of an intense shortwave 
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'FIG. 4. Cis-[bis-ethylenediaminodichlorocobaltic] chloride. 
Solvent . . Water 
Concentration (a) 0.0135 M ;  (b) 0.00027 M ;  (c) 0.000027 M 
Cell length . . 1 cm. 

( m d  
220 250 300 350 400 450 500 550 600 700 

4.5 4.0 3.5 3.0 2.5 2.0 I .5 

(cm-1 x 10-1) 

FIG. 5. Trans-[bis-ethylenediaminodichlorocobaltic] chloride 

(a) 00085 M ; (b) 0.00034 M ; (c) 0.0000272 M 
Solvent . . Water 
Concentration 
Cell length . . 1 cm. 

.. p H 2  

. . p H 6  ' 

-- .. pH 10. 

. _ ._ .  
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band at wavelengths greater than 220 mp. (contrast Figures 4 and 5) .  
This .feature may prove to be characteristic of complexes of this type, 
in which case its application in structure determination may be envisaged 
(cJ Tables Annuelles, No. 39, 13, section 33 (1943) 15.) 

0.8 

0.6 

D 

0.4 

0.2 

4.5 4.0 3.5 3.0 2.5 2.0 I .5 

G'(cm-1 x 10-4) 

FIG. 6 [Tris-ethylenediaminocobaltic] trichloride 
Solvent . . Water 
Concentration (a) 0.00925 M ; (b) 0.0000925 M 
Cell length . . 1 cm. 

. .  p H 2  

. . pH 6 ;  pH 10 (b only). 
. - . - . - .  

The above results show clearly that the spectroscopic criteria (i) and (ii) 
(page 448) may be used to establish the existence of the benziminazole- 
cobalt co-ordination linkage in simple organo-cobalt co-ordination com- 
pounds. Thus they give added support to the existence of such a linkage 
within the framework of the B,, molecule as indicated in partial structure 

EXPERIMENTAL 
(1). 

M.pt.s are corrected. Microanalyses are by Drs. Weiler and Strauss, 
Oxford. 

Dibenziminazolocobaltous chloride complexes :-The complexes listed 
in Table IV were prepared by treating a solution of the benziminazole 
(1 mole. in warm acetone with a concentrated aqueous solution of cobaltous 
chloride (0.6 mole.). The products obtained were collected, washed with 
water and acetone and dried at 100" C. 

Di [ 1 -methylbenziminazolo] cobaltous bromide and thiocyanate :-By 
carrying out the foregoing preparation in the presence of sodium bromide 
and ammonium thiocyanate, the corresponding bromide, Found : N, 11.6 
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[CoBr2*(C,H8N,),] requires N, 11.6, and thiocyanate, Found : N, 18.6 ; 
S, 14.8 [Co(SCN),-(C,H,N,),] requires N, 19.1 ; S, 14.6 per cent., were 
obtained. Both complexes crystallised in dark blue prisms of indefinite 
melting point. 

Di[ 1 : 5-dimethylbenziminazolo] cobaltous nitrate trihydrate was prepared 
by adding an aqueous solution of cobalt nitrate (880 mg.) to a warm 
solution of 1 : 5-dimethylbenziminazole (800 mg.) in acetone (5 ml.). 
It formed magenta needles. Found: C, 40.8; H, 4.8; N, 16-3. 
CO(NO,)~~(C,H,~N,),~~H,O requires C, 40-8; H, 5.0; N, 15.9 per cent. 

[Bis - ethylenediamino- 1 - rnethylbenziminazolochIorocobaltic] dichloride 
(IF') :- (a) A mixture of trans-(bis-ethylenediaminodichlorocobaltic) 
chloride (1 g.), 1-methylbenziminazole (1 g.), water (8 ml.), and a few 
drops of ethanol, was heated at 100" C. in an evaporating basin for 3 
hours. The residue was washed with ethanol and then recrystallised 
twice from water and acetone. The complex separated in rose-red 
prismatic needles, m.pt. 255" C. (decomp.). Found: N, 20-2; C1, 25.4. 
C,,H,,N6C1,Co requires N, 20.1 ; C1 25.5 per cent. 

(b) (VI) (2.9 g.), 1-methylbenziminazole (1-3 g.), water (5 ml.), and 
ethanol (3 ml.) were shaken together, when the chloride rapidly dissolved 
and the solution began to assume a red colour. Red prisms began to 
separate after 3 to 4 hours when ethanol (10 ml.) was added. The com- 
plex was collected after standing at 0" C. overnight. Found : N, 19.8 per 
cent. 

[Bis-ethylenediamino-l-ethylbenziminazolochlorocobaltic] dichloride was 
obtained (90 per cent.) by reacting 1-ethylbenziminazole (1.5 g.) with 
(VI) (3 g.) by method (b). It separated from aqueous acetone in deep 
red prisms, m.pt. 255" to 260" C. (decomp.) after turning green at 240" C. 
Found: N, 19.4; C1, 24.1. C,,H,,N,Cl,Co requires N, 19.5; Cl, 24.7 per 
cent. 

[Bis - ethylenediamino - l(2 - hydroxyethyl) - benziminazolo chlorocobal- 
tic] dichloride, prepared (65 per cent.) by method (b), formed dark red 
prisms from aqueous acetone, m.pt. 235" C. (decomp.). Found: N, 
19.2; C1, 23.7. 

[Bis - ethylenediamino - 1 : 5 - dimethylbenziminuzolochlorocobaltic] di- 
chloride was obtained (72 per cent.) from aqueous acetone in small pink 
platelets, m.pt. 202" to 204" C. (decomp.). Found: N, 17.4; C1, 22-2. 
C,,H2,N,C13Co~3H,0 requires N, 17.4; C1, 21.9 per cent. 

[Bis - ethylenediumino-1 : 5 : 6 - trimethylbenziminazochlorocobaltic] di- 
chloride was isolated (80 per cent.) from aqueous acetone in felted pink 
needles, m.pt. 255" C. (decomp.), after turning green at 230" C. Found : 
N, 19.0; C1, 23-6. 

[Bis-ethylenediumino- 1 -isopropylbenziminazolochlorocobaltic] dichloride : 
-The benziminazole (1.7 g.) was allowed to react with the trans-dichloride 
(VI) (2.9 8.) in cold aqueous ethanol for 1 week. Acetone was then added 
and the purple crystalline product collected the next day and identified as 
(111). A second crop, obtained by evaporation of the mother liquor, was 
red in colour and proved to be a mixture of the desired complex and (111). 
The latter was removed by repeated crystallisation from aqueous acetone 
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when [bis-ethylenediamino- 1 -isopropylbenziminazolochlorocobaltic] dichlor- 
ide (50 mg.) was obtained as dark red prisms, m.pt. 210" to 212" C. 
(decomp.). Found : N, 17.0. C14H28N,C13Co~2H,0 requires N, 1'1.4 per 
cent. 

The following complexes were prepared and isolated in essentially the 
same way :- 

[Bis-ethylenediamino-l-n-propylbenziminazolochlorocobaltic] dichloride, 
rose-red needles, m.pt. 215" C. (decomp.). Found: N, 18.9; C1 23.4. 
C,4H,8N,Cl,Co requires N, 18-9; C1, 23.8 per cent. 

[Bis-ethylenediamino-1-allylbenziminazolochlorocobaltic] dichloride, pur- 
ple red crystals, m.pt. 208" to 209". C. (decomp.). Found : N, 17.5 ; C1, 
22.7. 

[Bis-ethylenediamino-5 - chloro- 1 : 6-dimethylbenziminazolochlorocobaltic] 
dichloride, fine pink needles, m.pt. 255" to 256" C., after turning green at 
235" C. Found: N, 17.0; Cl, 29.3. C13H,,N,C14Co,H20 requires N, 
17.4; C1, 29.3 per cent. 
Molar Conductivities. Specific conductivities of aqueous solutions were 

determined employing the bridge and enclosed type cells of 3 ml. capacity 
manufactured by Mullard Electronic Products, Ltd. Temperature control 
was effected by immersion of the cells in a thermostatically controlled 
water-bath maintained at 25 f 0.05" C., bridge readings being taken after 
an equilibration period of 20 minutes. The electrodes were replatinised 
prior to each set of determinations. Potassium chloride, A.R., was 
employed as a standard in cell-constant determinations, the equivalent 
conductivity value of the salt being taken from the results of Shedlovsky, 
Brown and Ma~1nnes.l~ The overall accuracy of the determinations was 
within f 3 per cent. 
(1) Complexes of the type [CoC1,.2 Base] (11). 

The specific conductivities of solutions of (a) dipyridinocobaltous 
chloride, (b) di [ 1 : 5-dimethylbenziminazolo]cobaltous chloride, and (c) 
cobaltous chloride, A.R., determined with respect to the bridge standard 
internal impedance, are given in Table V. On plotting the corresponding 
values for AM against 100 Ma, linear plots are obtained (Fig. 7) for the 

TABLE V 
MOLAR CONDUCTIVITIES OF COBALTOUS CHLORIDE COMPLEXES (n) IN 

AQUEOUS SOLUTION AT 25" c. 

C,,H2,N6C1,Co,2H2O requires N, 17.5 ; C1, 23-3 per cent. 

CoCl,.6H,O . . . . .. 

[CoCl,.py,l . . . . . . 

Compound I 10'M 1 lOOM* I 10'k I AM 

44.00 6.63 10.55 240 
22.00 4.69 5.38 . 244 
4.40 2.10 ' 1.12 213 

100.00 10.00 21.74 217 
50.0 7.07 11.49 230 
25.0 5.00 5.96 238 

_ _ _ _ _ _ _ ~ _ _ _  

[CoCI,.( 1 : 5-DiMeBzm),] 8.09 13.97 222 
5.47 7.06 236 
3.62 3.17 242 
1.73 0.76 254 

Concentration (M) expressed in moles/l., specific conductivity (3) expressed in mhos.cm-', molar 
conductivity (Ahl) expressed in mhos.cm'. 
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260 

d 
0 2.0 4.0 6.0 8.0 10.0 

100 Ma 

FIG. 7. 

(I) 0 CoC1,.6H,O 
(11) A [COC1,.PY,l 
(111) V [CoCl,.(l-meBzm),] 

three substances which co-average on to the same limiting value for 
A, (where c = 0). Complete dissociation of (a) and (b )  therefore occurs 
in dilute solution. Deviations of the molar conductivity values of (a) and 
(b)  from those of cobaltous chloride at  the higher concentrations are 
possibly due to the presence of undissociated complex. 
(2 )  Complexes of the type [Co.en,.Bzrn.Cl]CI, (IV). 

The results obtained (Table VI) shown graphically in Figure 8, reveal 
that the complexes are of the type M" Cl,. 

Estimation of Ionic Chlorine. Ionic chlorine was estimated by titration 
of the aqueous solutions against N silver nitrate solution. Equival- 
ence points were determined conductimetrically, the bridge being em- 
ployed in conjunction with a robust dip-type cell of standard design. 
Smooth bright platinum foil electrodes were employed. 

The resuIts obtained are given in Table VII. 
Absorption measurements. Absorption spectra were measured with a 

twin-beam automatic recording spectrophotometer designed and built 

462 



CHEMISTRY OF ANTI-PERNICIOUS ANEMIA FACTORS. PART IX 

1 -Ethylbenziminazole- 
(a) run No. 1 . . . . . . 

TABLE VI 
MOLAR CONDUCTIVITIES OF COMPLEXES [Co.en,Bzm.Cl]CI, (IV) IN 

AQUEOUS SOLUTION AT 25" c. 

50.24 
12.56 
10.05 
5.02 

Bzm I 10'M 

1 : 5-Dimethylbenziminazole c3H,O)- 
(a) run No. 1 . . . . . . 

(b) run No. 2 . . . . . . 

24.62 
12.31 

(Pyridine) . . . . . . . . 

18.08 
9.04 
4.52 

1743 
8.92 
4.46 

I-Methylbenziminazole- 
(a) run No. 1 .. . . . .I 20.49 

10.25 
5.12 

(b) run No. 2 . . . . 

(b) run No. 2 . . . 

1 2'-Hydroxyethylbenziminazole- 
(a) run No. 1 . . . . 

3.01 

(b) run No. 2 . . . . 

- 
100 Mf 

11.09 
4.96 
3.51 

4.53 
3.20 
2.26 

4.48 
3.17 
2.24 

7.09 
3.54 
3.17 
2.24 

7.08 
3.54 
3.17 
2.24 

4.52 
3.20 
2.27 

3.47 
2.45 
1.74 

4.25 
3.0 I 
2.13 

4.22 
2.99 
2.1 1 - 

- 
10'k 

23.98 
5.46 
2.75 

4.69 
2.47 
1.27 

4.61 
2.42 
1.25 

10.37 
2.80 
2.28 
1.18 

10.40 
2.8 1 
2.33 
1.20 

4.44 
2.35 
1.21 

2.68 
1.40 
0.72 

4.22 
2.16 
1.08 

4.17 
2.13 
1.08 - 

194 
222 
224 

229 
24 1 
247 

229 
241 
250 

206 
223 
227 
236 

208 
225 
232 
240 

217 
229 
237 

222 
233 
238 

233 
239 
240 

234 
239 
243 

-- 

- 
TABLE VII 

ESTIMATION OF IONIC CHLORINE IN COMPLEXES OF TYPE [Co~en,~BzmC11C1, (IV) 
IN AQUEOUS SOLUTION, AT LABORATORY TEMPERATURE 

Number of 
Ionic chlorine ions 

chlorine 
105M per cent. molecule 

17.9 2.18 
17.4 2.38 

0.58 19.7 2.50 
~~ 

M = concentration of complex solution expressed in moles/l. 
M = concentration of complex in the titration vessel, near equivalence point, expressed in molesll. 

by Holiday and Sutton.l6 The spectrograms obtained from it are linear 
in wave number (;) and optical density (D), as shown in Figures 1 to 6, 
which are direct tracings of the records after correction for instrumental 
zero errors. Important features of the spectra listed in Table I11 were 
checked manually on a Unicam SP.500 single-beam spectrophotometer. 

Observations on (11) in the ultra-violet were made difficult by the sensi- 
tivity of the compounds to traces of water in the solvent. Satisfactory 
results were obtained, however, by using a variable-length cell. It was 
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100 M* 

FIG. 8. 
0 Pyridine (1) 
B 1-methylbenziminazole (11) 
A 1-ethylbenziminazole (not graphed) 

x 1 : 5-dimethylbenziminazob (IV) 
1 : 2’-hydroxyethylbenziminazole (Ill) 

thus possible to determine the absorption spectra of the blue solutions in 
the visible at long path lengths, and then to reduce the path length for 
ultra-violet determinations without fmther dilution of the solutions. By 
working in this way it was possible to confirm that the blue solutions of 
(11) had not decomposed before absorption in the ultra-violet had been 
determined. 
Eflect of cyanide on the cobaltic complexes (IV). Addition of cyanide 

to the cobaltic complexes (IV) led to rupture of the benziminazole-cobalt 
co-ordination linkage with formation of K,Co(CN), (cf. Pt VIl). 

SUMMARY AND CONCLUSIONS 
1. The preparation of some authentic benziminazolo-cobaltous and 

-cobaltic co-ordination compounds has been effected. 
2. Their spectroscopic study has proved the validity of the criteria 

[(i) and (ii), p. 4481 employed in Part VP to established the existence of 
the benziminazole-cobalt co-ordination linkage in vitamin B,. 
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