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Other Reactions.-In addition to the reactions which 
lead exclusively to the his complexes, there are tm-o 
other reactions 11-hich are worthy of note. The first 
is the equilibration of ii3(cis,cis-tach)zz+ with an equiva- 
lent quantity of Ni(Hs0)6?+ to give, a t  least in solution, 
Xi(cis,cis-tach) (H2O)3?+. n'hen the preparations of 
the Zn(I1) and Cd(1I) compounds were attempted, 
considerable quantities of the insoluble metal hydroxide 
It-ere obtained. No attempt was made to prepare the 
Co(I1) compound because of the ease of oxidation. 
The second reaction, which has been of considerable 
importance within this laboratory, is the acid decom- 
position of Ki(cis,cis-tach)z2+. From this reaction 
isomerically pure ligand can readily be obtained. 
Earlier,l the decomposition of Co(czs,~is-tach)~~+ in 
strong base vias described. Although this reaction 
serves the same purpose, the kinetic stability of the 
Co(II1) complex precludes utilization of this reaction as 
a preparative method. The lability of the Ni(I1) 
complex in strong acid, hoxever, facilitates the isolation 
of the pure ligand in large quantities, and additional 
studies which require the ligand uncontaminated with 
the cis,trans isomer have been possible. Some of these 
will be described in a subsequent publication. 
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Substantial evidence has accumulated to implicate 
bond breaking (dissociation) as the mode of activation 
in substitution reactions of octahedral complexes of 
cobalt(II1) . 3  However, several docu- 
ment the absence of a kinetically detectable five-co- 
ordinate intermediate in many cases. Of course, a dis- 
sociative mode of activation need not be accompanied 
by an intermediate. The point along the reaction 
coordinate with negligible bonding to either entering or 
leaving ligand may be merely the transition state. 
Such a situation has been termed dissociative inter- 
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The entering group will appear in the rate 
law for dissociative interchange because it is a stoichio- 
metric component of the transition state. However, 
all entering groups should react a t  the swne rate if 
their encountersg with the substrate site are equally 
probable. In ion pairs between a cationic complex 
and an anionic entering group, different anions should 
have very similar probabilities for encounter with the 
reactive site on the substrate complex. However, the 
complex is simultaneously in encounter with several 
solvent molecules so that i t  is more probable that the 
crucial site on the complex is in encounter with a sol 
vent molecule than an anion. Thus, we would ex- 
pect the first-order rate constants for formation of 
inner-sphere complexes from ion pairs to be similar 
for all anions (dissociative mode of activation) but to 
lie below the rate constant for solvent exchange (since 
the probability of encounter with the solvent is higher). 

The relationship between solvent-exchange rate and 
anation rate in ion pairs may distinguish dissociative 
interchange ( I d l o )  from the conventional dissociative 
pathway via an intermediate of reduced coordination 
number (DIO). Recently, WTatts and Lantzke" re- 
ported an elegant nmr experiment using a deuteriuni 
tracer to obtain the solvent-exchange rates of some di- 
methyl sulfoxide (dmso) complexes dissolved in di- 
methyl sulfoxide. For example, they report a rate 
constant of 3.07 + 0.017 X lop4 sec-l a t  35" for the 
reaction 
cis-Co(en)z~O*clmsoZ+ + dmso* = cis-Co(cn)lr\'Otdmso*2' + 

dmso (1) 

where the asterisk indicates labeled dmso and en is 
ethylenediamine. Tobe, Watts, and their coworkers 
have also shown that ion association between Co(II1) 
complex cations and simple anions is quite pronounced 
at low electrolyte concentrations in dimethyl sul- 
foxide.12s1Y In  this note, we report rates of the re- 
actions 
cis-Co(en)2~O2dmso2' -+ X- = cis-Co(cn)zNOtXz+ + dmso 

(2) 

(where X- = C1-, KOs-, and SCN-) in dimethyl 
sulfoxide a t  35.0" and a t  a constant ionic strength of 
0.050 M maintained with (C6Hs)&ClOq. As anion 
concentrations are increased, the pseudo-first-order 
rate constants obtained approach a limit in two of the 
cases. This limiting rate is clearly associated with 
saturation of the equilibrium forming the ion pairs 
cis-Co(en)&OzdmsoZ+,X-. The rate of formation of 
cis-Co(en)?N02X+ from these ion pairs is the limiting 
rate. It may be compared to the solvent-exchange 
rate. 
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Experimental Section 
(C6Hs)a- 

As+ salts were prepared by neutralization of ( CBH~)~ASOH with 
the appropriate acid or by ion exchange. The cation was ob- 
tained as (C8Hb)IAsCl in reagent grade from G. Frederick Smith 
Chemical Co. The salts were recrystallized from ethanol-water 
mixtures. The dmso complex was prepared by the method of 
Watts and Lantzke.l’ The product complexes and their trans 
isomers were prepared by the traditional methods.l4J6 Im- 
portant spectral characteristics are as follows: cis- [eo( en)?- 
NO~dmso](C104)2: X 440, E 87; X 470, e 115; X 490, E 125. cis- 
[Co(en)~NOzCl]Dl04: X 490, E 85. cis-[Co(en)?NOzNCS]- 
c104: X 470, e 274. cis-[Co(en)z(NOz)z]C104: X 440, e 180. X 
is the wavelength in mp and e is the molar extinction coefficient. 

The reactions were followed a t  two wavelengths in the visible 
region using a Beckman DU spectrophotometer with a Gilford 
absorbance indicator and equipped with a thermostated cell 
chamber maintained a t  35.0 + 0.1”. Anions were introduced as 
(CeH6)4As+ salts and the metal complex as its perchlorate. Tonic 
strength was maintained a t  0.050 M with (CsHs)4AsC104. The 
metal complex concentrations were chosen over the range (1-4) 
x 10-3 AI, and reactive anion concentrations were chosen in the 
range 0.001-0.050 M .  

First-order rates of approach to equilibrium (independent of 
complex concentration) are reported for each anion concentra- 
tion. They are calculated from data collected over 3 half-lives 
of the reactions. Satisfactory agreement with a first-order rate 
law is not expected for the experiment in which C1- concentra- 
tion equaled complex concentration (see Table I) .  A first-order 
plot was anomalously satisfactory. Comparison of “infinity 
time” spectra taken after 7 half-lives of the reactions with 
spectra of synthetic products shows that conversion to product 
was incomplete. However, percentage conversion to product 
calculated from data a t  the two different wavelengths suggests 
that the product formed was at least 95% cis. (No evidence for 
trans was obtained.) 

Dimethyl sulfoxide was Mallinckrodt reagent grade. 

Results 
Table I displays rates of approach to equilibrium as 

a function of entering anion concentration along with 
percentage conversion to anionic product a t  equilib- 
rium. A11 of these rates are pseudo-first order. 
Therefore, each rate of approach to equilibrium may 
be combined with the fraction of conversion via the 
formalism of opposed first-order reactions16 to give 
the pseudo-first-order rate constants for anations 
(eq 2) .  These anation rate constants are shown in 
Figure 1 as a function of anion concentration. The 
rate of dimethyl sulfoxide exchange is shown as a broken 
line a t  the top of the figure. 

Discussion 
The rates of anation of cis-Co(en)pNOzdmso2+ by 

chloride and nitrite reach limiting values a t  low anion 
concentration. The rate of reaction with thiocyanate 
does not reach a limit.” Clearly, the equilibrium con- 
stants for forming ion pairs between the complex and 
C1-, or NOz-, are larger than 102 where the corres- 
ponding constant for SCN- is less than 20. Values 
of ion-pairing constants of 650 for C1- and 120 for 

TABLE I 
RATES OF APPROACH TO EQUILIBRIUM (kes) ,  ANATION RATES 
( k a n ) ,  AND THE EQUILIBRIUM PERCENTAGE OF CONVERSION OF 

COMPLEX TO THE ANIONIC FORM ( % ) a  

-7 -- Anion concn, M- 
0.001 0.002 0.005 0.010 0.020 0.030 0.040 0.050 
7 

1. Chloride 
k , ,  3 . 6  6 . 5  9 .7  9 .3  7 .0  7.8 8 . 3  9 . 2  
k,,, ( 2 , 0 ) b  (3.6) 5 .4  5 .4  3 . 9  4 .4  4.6 5.4 
%” 56 56 56 56 56 56 

(14) A. Werner, A m . ,  386, 1 (1912). 
(15) H. F. Holtzclaw, Jr.,  D. P. Sheetz, and  B. D. McCarthy, Inouc. 

Syn., 4, 176 (1963). 
(16) A. A. Frost and R. G. Pearson, “Kinetics and Mechanism,” John 

Wiley and  Sons, Inc., New York, N. Y., 1953, p 172. 
(17) Experiments omitting ionic strength control show that  the limit is not 

reached at any  thiocyanate concentration below 0.3 M ,  although the highest 
observed rate is less than  the NO*- limiting rate. 

2. , Nitrite 
6.0 8 .9  11.1 15.3 15.7 15.8 
4 . 5  6.6 8.4 11.5 11.8 11.9 
75 75 75 75 75 75 

3. Thiocyanate 
0.47 0.83 1 . 6  2.4 2 .5  
0.39 0.64 1.3 2 .0  2 .1  

80 80 81 82 82 
a Note that the per cent conversion is independent of total com- 

plex concentration when the anion is in large excess. Rate con- 
stants are quoted in sec-’ X lo5. * The values in parentheses 
are to be considered less accurate. They were not expected t o  
conform to a first-order rate plot but did so within the consider- 
able experimental error. c This quantity is sufficient to  deter- 
mine the over-all equilibrium constant for the reaction. How- 
ever, it is convenient not to tabulate constants since two different 
ones may be defined. A t  lower anion concentrations it would be 
convenient to treat the reactants as the free ions. At higher 
anion concentrations it would be convenient to treat the reactant 
as an ion pair. The two treatments are connected by the value 
of K from eq 4 which is given in the text. 
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Figure 1.-Rate of anation of cis-Co(en)zN02dmsogf ion 
as a function of the concentration of the entering anion X-: 
A, X- = NOz-; 0, X- = C1-; 0,  X- = SCN-. The broken 
line shows the rate of the dmso-exchange reaction. 

NOz- fit the curvature of the low-concentration re- 
gions. The lack of curvature in the SCN- data im- 
plies a value less than 20. (These are the K’s of eq 4 
below.) This is consistent with Parker’s ideas about 
anion solvation in dimethyl sulfoxide. l8 

(18) A. J. Parker, Quart. Rev. (London), 16, 163 (1966). 
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We resolve the anation reaction (cq 2) into two steps 

( 3 )  

IC 
Lzs-Co(en),N02dmso2+ + X- e czs-Co(eii)zr\'0,dinso2+,~- 

czs-Co(en)2N02dmso2f,X- + cis-Co( en)2N02X+ 4- dmso 

u here K is the equilibrium constant for ion association 
and k is the first-order rate constant for anation. The 
observed pseudo-first-order rate constants, k o b s d ,  are 
related to k and K by 

k 

(4) 

The brackets in (4) represent molar concentrations. 
It follows that the limiting rate observed with C1- and 
NO2- is k. The slope of the thiocyanate plot is kK. 
(The difficulty we experience in finding k for SCX- is 
parallel to the results of Watts, Tobe, and coworkers.) 

Values of R for C1-, NOz-, and SCN- are, respec- 
tively, 5.0 X 1.2 X lop4, and >5.0 X 
(probably <1.0 x see ref 17). All these values 
are  ell below the solvent-exchange rate and span a 
range of little more than a factor of 2. If one admits 
that  there would be a difference among the anions in the 
probability of occupancy of the reactive site in the ion 
pair (from the stereochemistry it seems that it would 
be adjacent to the leaving dmso), the results are ac- 
commodated by the I d  model. A model focusing on 
nucleophilic attack by the anions would face the dif- 
ficulty that the equilibrium data imply a stronger 
cobalt-ligand bond to any of the anions than to dmso. 
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It has been found that tridentate Schiff bases de- 
rived from N,N-substituted ethylenediamines and 
ortho-substituted benzaldehydes form pentacoordinate 
complexes with nickel(I1) salts when the terminal 
nitrogen atom of the ethylenediamine possesses ap- 
propriate steric hindrance. Examples of this are the 
complexes formed with the Schiff bases derived from 
N,N-diethyl- and N,N-dimethylethylenediamine and 
o-methylaminobenzaldehyde (set N'NN),2 o-methyl- 
thiobenzaldehyde (set SNN),3 and o-methoxybenz- 

(1) Research Fellow from the  Department of Chemistry, University of 

(2) L. Sacconi, I. Bertini, and R. Morassi, Iizorg. Chem., 6 ,  1948 (1067). 
(3) L. Sacconi and G. P. Speroni, ibid. ,  7 ,  295 (1068). 

Washington, Seattle, Wash. 

aldehyde (set ONN),4 respectively. In  order to 
study the stereochemistry of the complexes formed when 
a heterocyclic nitrogen donor is substituted for a 
nitrogen donor attached to the ring, we have prepared 
a new ligand, which is the Schiff base formed from py- 
ridine-2-carboxaldehyde and N,N-dimethyl- and N,N- 
diethylethylenedianiine (I), indicated as PyAenRz, 

NR2 
,CH2-CH2 \ 

/CH=N 

I 

possessing the set of donor atoms NNN. We have 
also synthesized a similar ligand, derived from furan- 
2-carboxaldehyde and N,N-dimethylethylenediamine, 
indicated as FuAenRz, and possessing the potential 
set of donor atoms ONN, in order to study its co- 
ordinating capacity toward cobalt(I1). All of the com- 
plexes obtained have the general formula XLX2 
(91 = Co, Ni; L = PyAenR2, FuAenR2; X = 

C1, Br, I, NO3). During the course of this work two 
papers regarding pentacoordinate complexes of co- 
l ~ a l t ( I I ) ~  and nickel(1I)'j with tridentate ligands con- 
taining the pyridyl group have appeared. 

Experimental Section 
Preparation of the Compounds.-The compounds were prc- 

pared by two methods and identical crystalline compounds were 
always obtained. In the first method equimolar quantities of 
pyridine-2-carboxaldehyde or furan-2-carboxaldehyde and the 
appropriate substituted ethylenediamine were heated undcr 
reflux for 0.5 hr using ethanol as a solvent. The Schiff base 
formed in this way was then distilled under vacuum and used 
without further purification. Samples of 10 mmol of the crude 
Schiff base and 10 mmol of the appropriate metal halide were 
dissolved in 50 ml of 1-butanol and heated to boiling. The mix- 
ture was concentrated and cooled slowly to obtain needlelike 
crystals. The complexes were filtered in an atmosphere of dry, 
pure nitrogen and then dried in a vacuum oven. In  the second 
method of preparation the substituted ethylenediamine, pyridine- 
2-carboxaldehyde or furan-2-carboxaldehyde, and the metal 
halide were dissolved in 1-butanol (10 mmol of each compound in 
50 ml of solvent); the solution was then heated, concentrated, 
and cooled. In  both cases the yield was about 50-60%. 

Physical Measurements.-The electronic spectra, magnetic 
measurements, and molecular weight and conductometric 
measurements were performed as reported in ref 2. 

Results and Discussion 
The analytical data and properties of the complexes 

are reported in Table I. The complexes are all of the 
high-spin type. The compounds are soluble in nitro- 
ethane and 1,2-dichloroethane and are insoluble in 
nonpolar solvents. Molecular weight and conduc- 
tivity values (see Table I) indicate that the complexes 
are essentially monomeric and nonelectrolytic in so- 
lution in inert solvents. 

The spectra of the solid compounds are practically 
identical with those in solution. The halide deriva- 
tives show three main peaks a t  ca. 6000, 14,000, and 
22,000 cm-' for the nickel complexes (see Figure 1) and 

(4) I.. Sacconi and I. Bertini, submitted for publication. 
( 5 )  F. Lions, I. G. Dance, and J. Lewis, J. Chenz. Soc., A ,  965 (1967). 
(6) S. Ll. Nelson and J. Rodgers, Inoug. Chem., 6 ,  1390 (1967). 


