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1073 s71 for the S-bonded (sulfito)pentaammine and the O-
bonded tren species (entry no. 4) to 1072 57! for the O-bonded
pentaammine complex. The only platinum (IV) species for
which we observed redox is no. 7, the S-bonded bis(sulfito)
congener, with a rate about 2.5-fold slower than that of the
S-bonded cobalt(III) example (no. 2). This somewhat slower
electron transfer for the Pt(IV)/S(IV) system is most likely
a result of differences in reactivity of Pt(IV) and Co(III) as
oxidants, since theory predicts a decrease by a factor of only
2-4 in going from a one-electron to a comparable two-electron
transfer system,?® though this figure is derived for gaseous
systems only. There is also the necessity of drastic stereo-
chemical rearrangement in the Pt(IV) to Pt(II) conversion
unlike the case for the Co!/Col! system.

Ha

(23) Gurnee, E. F.; Magee, J. L. J. Chem. Phys. 1957, 26, 1237. Ann. Phys.
(Leipzig) 1939, [5] 34, 341.

Notes

Another comparison of interest concerns the reactions which
clearly involve O-bonded to S-bonded sulfito isomerization,
nos. 3 and 6 (Table XI). These have very similar rate con-
stants at 25 °C, although the temperature parameters are
rather different. It is noteworthy that reaction no. 5, which
we have concluded previously’ does not involve sulfito isom-
erization but only S-bonded addition, is the only clearly sec-
ond-order process in the tabulation. It also has a pseudo-
first-order rate constant much in excess of the simple first-order
isomerization rate of no. 3 even in sulfite as dilute as 0.01 M
(k =4 %1073 s7!, as compared to ~3 X 10 s7!). Itis of
further interest that reaction no. 6, in which S-bonded sulfite
replacement of NH; occurs accompanied by O- to S-bonded
isomerization, is rate limited by the latter process, since no
sulfite concentration dependence is observed. The above
discussion thus suggests that sulfite replacement of normally
“stable” cis ligands such as OH~ (reaction no. 5) or NH;,
(reaction no. 6) can take place much more rapidly than
isomerization in systems of this type.

Acknowledgment., Financial support of this research from
the Charles D. and Frances H. Larkin Foundation of the State
University of New York at Buffalo is gratefully acknowledged.
The authors are also grateful to V. K. Joshi of this laboratory,
who independently confirmed the preparative procedure for
aquopentaammineplatinum(IV) perchlorate.

Registry No. I, 86767-51-3; II, 86767-52-4; III, 86767-53-5;
[Pt(NH,)sOH,](ClO,),, 86767-49-9; SO,, 7446-09-5; HSO;,
15181-46-1.

Contribution from the Lehrstuhl fiir Anorganische Chemie I,
Ruhr-Universitit Bochum, D 4630 Bochum, West Germany

Redox Potentials of Bis(1,4,7-triazacyclononane)
Complexes of Some First Transition Series Metals(II, III).
Preparation of Bis(1,4,7-triazacyclononane)nickel(IIT)
Perchlorate

Karl Wieghardt,* Wilfried Schmidt, Willy Herrmann,
and Heinz-Josef Kiippers

Received January 28, 1983

Since its original preparation in 1972! and the subsequent
synthesis of a series of transition-metal complexes,? it has been
recognized that the cyclic amine 1,4,7-triazacyclononane
([9]aneN,) is a strong tridentate chelating ligand.? To date,
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only octahedral complexes containing two such ligands of

(1) Koyama, H.; Yoshino, T. Bull. Chem. Soc. Jpn. 1972, 45, 481.

(2) Yang, R.; Zompa, L. J. Inorg. Chem. 1976, 15, 1499.

(3) (a) Zompa, L. J. Inorg. Chem. 1978, 17, 2531. (b) Nonayama, M.
Transition Met. Chem. (Weinheim, Ger.) 1976, 1, 70.
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cobalt(III),! nickel(II),2* and copper(II)? have been isolated
and characterized. The three N donors can only coordinate
facially, which is in contrast to the well-known open-chain
amines (2-aminoethyl)-1,2-ethanediamine (dien) and (3-
aminopropyl)-1,3-propanediamine (dpt), the cobalt(III) species
of which are dominated by the meridional structures.>$
Recently, the facially coordinating ligand 1,2,3-triamino-
propane (ptn) has become available in good yields,” and the
[Co(ptn),]** and [Ni(ptn),]?** complexes”® have been isolated.
We have now extended the series of bis(triamine)metal(11, 1II)
complexes and have studied their relationship in aqueous so-
lution, determining formal redox potentials of the couples
[([9]aneN;),M]**/2* (M = Mn, Fe, Co, Ni).

Results and Discussion

Syntheses of Complexes. A series of bis(1,4,7-triazacyclo-
nonane)metal(II) complexes have been synthesized by fol-
lowing a procedure described by Pedersen® for the preparation
of chromium(III)-amine complexes in excellent yields. The
appropriate metal chloride, MCl,»xH,0 (M = Mn, Fe, Co,
Ni), was dissolved in dimethyl sulfoxide at 190 °C. At this

(4) Zompa, L. J.; Margulis, T. N. Inorg. Chim. Acta 1978, 28, L157.

(5) (a) Keene, F. R.; Searle, G. H. Inorg. Chem. 1974, 13, 2173, (b) Keene,
F. R.; Searle, G. H.; Yoshikawa, Y.; Imai, A.; Yamasaki, K. J. Chem.
Soc., Chem. Commun. 1970, 784. (c) Keene, F. R.; Searle, G. H. Inorg.
Chem. 1972, 11, 148.

(6) (a) Hambley, T. W.; Searle, G. H.; Snow, M. R. Aust. J. Chem. 1982,
35, 1285. (b) Searle, G. H.; Hambley, T. W. Ibid. 1982, 35, 1297.

(7) Henrick, K.; McPartlin, M.; Munjoma, S.; Owston, P. G.; Peters, R,;
Sangokoya, S. A.; Tasker, P. A. J. Chem. Soc., Dalton Trans. 1982,
225

(8) Maﬁn, F. G.; Pope, W. J. J. Chem. Soc. 1928, 2675, 2681.
(9) Pedersen, E. Acta Chem. Scand. 1970, 24, 3362.
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Table 1. UV-Visible Absorption Spectra of [(9]aneN,),M] Complexes

Notes

M Amaxs 1M (¢, L mol™! ecm™) dan bt LB ref
Cr(11I) 340 (64), 439 (88) d? not measd this work
Fe(Il) 601 (6), 387 (17), 288 (560) d° diamag this work
Fe(llD) 500 (sh), 430 (82), 336 (288) ds 2.3 this work
Co(HI) 458 (100), 333 (89) ds diamag 1
Co(ID) 318 (sh), 462 (5.9), 545 (sh), 630 (1.4), 850 (2.4) d’ 4.8 this work
Ni(D) 870 (sh), 800 (7), 505 (5),308 (12) d® 2.8 2
Ni(III) 570 (65), 312 (7.2 X10%) d’ 2.0 this work

420 °C.
i 200 mV.s~!
c T=3C
v=200mV. 571
. \ l-
: v
Pa L FE 100my.s

250A

5 o O

v=100mV.s! 50 A

50 mv.s™

20 mv. s
10 mv.s-!

' T Elvvs Agiagd]

temperature, the former water of crystallization of the di-
chlorides was allowed to evaporate, and at temperatures be-
tween 20 and 70 °C the cyclic amine dissolved in ethanol (~1
M) was added. In all cases, precipitates of [([9]aneN,),M]Cl,
formed immediately.

[([9]aneN;),Ni]Cl, had been prepared previously.> The
crystals of [([9]aneN;),Co]Cl, had a nondescript gray color
and were not stable in air. In aqueous solution and in the solid
state, oxidation to the yellow [([9]aneN,),Co!!]3* cation by
dioxygen occurred. The UV-visible spectrum (Table I) and
the magnetic moment (4.8 ug) are typical for a d” high-spin
Co(II)-N, chromophore of high symmetry. Similar data are
reported for [Co(sep)])?* and [Co(en);]?+.!°® The stability of
[([9]aneN,),Co]?* in aqueous solution (pH 5-7) is high. At
25 °C no decomposition due to hydrolysis was observed for
at least 3 h. The same ion formed readily from the yellow
[([9]aneN;),Co!']** cation by reduction with Zn in aqueous
solution. Oxidation by dioxygen produces H,O, and the co-
balt(III) species. Crystals of [([9]aneN;),Mn]Cl, are col-

(10) Creaser, I. I; Geue, R. J.; Harrowfield, J. M.; Herlt, A. J.; Sargeson,
A.M.; Snow, M. R.; Springborg, J. J. Am. Chem. Soc. 1982, 104, 6016.

(11) Haines, R. 1.; McAuley, A. Coord. Chem. Rev. 1981, 39, 77.

(12) Oison, D. C,; Vasilevskis, J. Inorg. Chem. 1969, 8, 1611.

(13) Bencini, A.; Fabbrizzi, L.; Poggi, A. Inorg. Chem. 1981, 20, 2544,

4 E (Vvs. Ag/AgCI)

Figure 1. (A) Cyclic voltammogram of [({9]aneN;),Co]**/2* at 25 °C (0.1 M LiClO,). (B) Cyclic voltammograms of [([9]aneN;),Ni]>+/2*
at 25 °C (0.1 M LiClO,). (C) Cyclic voltammograms of [([9]aneN;),;Mn}3*/2* at 3 °C (0.1 M KCI).

orless. Aqueous solutions at pH 7 and 25 °C are relatively
stable to decomposition, but they are air sensitive. Crystals
of [([9]aneN,),Fe]Bry»3H,0 are faint blue and diamagnetic
as was judged from a magnetic measurement of a powdered
sample (Faraday method). Aqueous solutions are stable at
25 °C but are air sensitive.

The same procedure as described above has been used to
prepare [([9]aneN,),Cr]Br;:SH,0 from Me,SO solutions of
CrCl;6H,0. Beautiful yellow crystals of the bromide salt were
obtained from recrystallizations of the chloride in water with
sodium bromide. Using FeCl;:6H,0 as starting material, this
procedure yielded orange crystals of [([9]aneN,),Fe}Bry-5H,0.
Aqueous solutions of the latter at pH 7 and 25 °C were stable
to hydrolysis. The magnetic moment of 2.3 ug indicates a
low-spin d electron configuration of Fe(III).

When violet-red [([9]aneN;),Nij(ClO,), (pH 2) was treated
with potassium peroxodisulfate at 20 °C, a color change to
orange-brown was observed within a few minutes. Upon ad-
dition of sodium perchlorate, gold-brown crystals of [([9]-
aneN;),Ni](ClO,); precipitated. The UV-visible spectrum
of the cation [([9]aneN;),Ni]** (Table I) and its magnetic
moment of 2.0 ug are in agreement with a low-spin d’ con-
figuration of a Ni(III) center in a pseudooctahedral environ-
ment of six N donors.!'"!* Again, aqueous solutions of this
species were stable in the absence of reductants. Addition of
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Table II. Formal Reduction Potentials of
Bis(triamine)metal(I[)/Bis(triamine)metal(I1I) Couples
vs. NHE at 25 °C

AE,f
E°,V mV
[([9]aneN,),Cr]**2+ —1.14 63 reversible®
{([9]aneN,),Mn]®*/?* 10.62¢ 1209 quasi-reversible/
[([9]aneN,),Fe]**/?* +0.13¢ 60 reversible
[([9]aneN.).Co]™*/2* —~0.415 70  reversible®

[([9]aneN,),Ni]**/?* +0.950 75 quasi-reversible’

[Ni(ptn),]3*/%* +0.93 115 quasi-reversible
[Co(ptn),]®*+/2* -0.34 70 reversible®
[Co(dpt), |>*/* +0.282 60  reversible®

@ Scan rate 50 mV s, ® Measured in 0.1 M LiC10,.
€ Measured in 0.1 M KClat 3 °C. ¢ Scan rate 200 mV s™',
¢ Hanging-mercury-drop electrode. f Glassy-~carbon electrode.

sodium iodide or sodium bromide yielded iodine or bromine
and [([9]aneN,),Nill]>*.

Electrochemistry, Cyclic voltammograms of the [([9]-
aneN;),M™]3* jon (~107 M) in 0.1 M KClI (or 0.1 M Li-
Cl0,), where M(I11) = Cr(III), Fe(III), Co(III) (shown for
Co(I1I) in Figure 1a), exhibited one wave in the potential range
+1.0t0-1.5 Vvs. Ag/AgCl. The peak-to-peak separations
(Table II) and an iy,/iy ratio of 1.0 indicated the electro-
chemical reversibility for the respective one-electron redox
process. Formal redox potentials summarized in Table II
indicate a strong stabilization of the oxidation state +3 for
the chromium and cobalt complexes, the reduced species being
strong reductants; contrasting is the [([9]aneN,),Fel]3*
complex, which appears to be a weak oxidant.

Figure 1B shows the cyclic voltammogram of the couple
[([9]aneN;),Nil[]2*/3* in 0.1 M LiClO,. One wave was ob-
served in the potential range +1.2 to —1.5 V vs. NHE. The
peak-to-peak separation, AE,, increases with increasing scan
rate (10-200 mV s™') whereas the iy, /i, ratio remains constant
(1.0). This behavior is typical for a quasi-reversible one-
electron redox process.!* The formal redox potential of +0.95
V vs. NHE indicates that the Ni(III) complex is a strong
oxidant. This is in good agreement with other Ni(II)/Ni(III)
couples containing other macrocyclic N-donor ligands.'>13 A
very similar quasi-reversible electrochemical behavior was
observed for the couple [Ni(ptn),]?*/3*. A formal redox po-
tential of +0.93 V has been determined.

The cyclic voltammogram of [([9]aneN;),Mn]** in 0.1 M
KCl is more complex. At 25 °C one highly irreversible oxi-
dation peak at 0.68 V vs, NHE was observed, but the corre-
sponding reduction peak has not been detected. At lower
temperatures (3 °C) and scan rates of 200 mV s! the cyclic
voltammograms shown in Figure 1C has been recorded, which
now contained a reduction peak at +0.58 V vs. NHE. Rep-
etitive fast scans showed a time-dependent decrease of /,, and
ipe, indicating the chemical decomposition of the F([9]-
aneN;);Mn!l']3* species.

Finally, the cyclic voltammograms of two further cobalt(III)
complexes containing two tridentate amine ligands have been
measured. The couples [Co(ptn),])**/?* and [Co(dpt),]>*/?*
exhibit reversible electrochemical behavior (Table II). In-
terestingly, a dramatic difference of formal redox potentials
for the two complexes [Co(ptn),]** (E° = -0.34 V vs. NHE)
and [Co(dpt),]** (E° = +0.28 V) is observed. The latter
complex is a strong Co(III) oxidant containing an octahedral
Ng-donor set whereas the former is a strong reductant in the
+2 oxidation state (as is [Co([9]aneN,),]?*, [Co(sep)]?*,!0
or [Co(dien),]**'%). Even for the [Co(NH;)¢]**/** couple

(14) Nicholson, R. S.; Shain, 1. Anal. Chem. 1964, 36, 706.
(15) Ohsaka, I.; Oyama, N.; Yamaguchi, S.; Matsuda, H. Bull. Chem. Soc.
Jpn. 1981, 54, 2475.
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Figure 2. Correlation between the maxima of the first d—d transitions
of bis(triamine)cobalt(III) species and the redox potential of [(tri-

amine),Co]**/2* couples (values for [Co(sep)]**, [Co(azamesar)]**,
and [Co(en);]** from ref 10; those for [Co(dien),]** from ref 15).

a formal potential of only +0.10 V vs. NHE has been esti-
mated.'® The unusual positive potential for [Co(dpt),]**/?*
is readily explained in terms of differing Co—N bond lengths
in the +2 and +3 oxidation states of the cobalt center. The
crystal structure of [Co(dpt),](ClO,);% reveals that due to
steric constraints of the ligands four Co—N bond lengths are
rather long (~2.03 A), resembling distances found for Co-
(ID)-N bonds, whereas only two Co—N bond lengths per bound
ligand exhibit the normal Co(III)-N distance of 1.97 A. Thus,
due to the steric requirements of the dipropylenetriamine
ligand, the +2 oxidation state of cobalt is already preformed
in the ground state of the [Co(dpt),]** cation.

Quite the contrary seems to be the case for the [Co(ptn),]**
species.” Here, the crystal structure shows six rather short
Co(IIT)-N bond lengths (1.96 A), which agree well with the
steric demands of the ligand 1,2,3-triaminopropane and an
electronic d® low-spin configuration. A Co-N bond length-
ening (Co(II)-N ~ 2.15 A) in going from Co(III) to Co(II)
increases the strain of the coordinated triamines considerably.
Therefore, the +3 oxidation state is stabilized over the +2
state. Exactly the same situation has been envisaged for the
encapsulated cobalt center-in Sargeson’s [Co(sep)]**,'? and
for [Co([9]aneN,),]* the same arguments are believed to be
valid.

It is noted that a correlation between the maxima of the first
d—d transitions (!A,—'T,) of bis(triamine)cobalt(III) complexes
and their respective redox potentials may exist. In Figure 2
the correlation is shown. The [Co(en);]** species also roughly
conforms to it, whereas the encapsulated complexes [Co-
(azamesar)]** and [Co(sep)]** appear to be offset. Such
correlations have been found for Co(I1I) macrocyclic com-
plexes,!7 but Lintvedt’s caveat!® should be borne in mind. A
second more linear correlation is possible among [Co([9]-
aneN;),]**, [Co(ptn),)**, [Co(dien),]**, [Co(en);])**, and
[Co(NH;)4]?* in which case the [Co(dpt),]** complex does
not fit. But it should be borne in mind that the [Co-
(NH;)6]**/?* potential represents an estimate! and has not
been measured experimentally.

(16) Latimer, W. “Oxidation Potentials”, Prentice-Hall: Englewood Cliffs,
NJ, 1952.

(17) Rillema, D. P.; Endicott, J. F.; Papaconstantinou, E. Inorg. Chem. 1971,
10, 1739.

(18) Lintvedt, R. L.; Fenton, D. E. Inorg. Chem. 1980, 19, 571.
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Table IIl. Analytical Data
% C % H % N % metal % hatide
complex color calcd  found caled found ©calcd found caled found «caled found

[(C4H,N;),Cr]Br,-5H,0 yellow 22.51 224 630 6.1 13.13 13.3 8.12 8.2 3745 37.6
[(C,H,sN,),Mn]Cl, colorless 37.51 37.6  7.87 8.0  21.87 22.2
[(C4H,  N,),Fe]Br,-3H,0 faint blue  27.29 26.8  6.87 6.9 1591 15.2 10.58 10.5  30.25 30.7
[(C4H4N,),Fe]Br;-5H,0 orange 22.38 224 6.26 6.1 13.05 13.0 8.67 8.8 37.22 37.0
[(C¢H,N;),Co]Cl, gray 37.12 37.0 779 7.6  21.65 214 18.26 183
[(C4H,5N;),Nil(C10,), violet 27.9 27.8 59 6.0 16.2 16.3
[(C,H;N,),Ni](ClO,),-H,0 yellow 22.75 226  5.09 5.0 13,27 13.5 47.10 47.1

Experimental Section

The triamines used in this study were obtained commercially
((3-aminopropyl)-1,3-propanediamine) or synthesized according to
procedures described in the literature (1,4,7-triazacyclononane,'®
1,2,3-triaminopropane’). Analytical data for the new complexes are
summarized in Table III.

Preparation of Complexes. The complexes [([9]aneN,),Co]-
Bry:5H;0,! [([9]aneN;),;Ni]Cl,-4H,0,? [Co(dpt),](ClO,);,% and
[Co(ptn);](ClO,);” were prepared according to previously published
procedures.

A general method for the synthesis of bis(1,4,7-triazacyclono-
nane)metal(II) (metal = Mn, Fe, Co, Ni) complexes follows: A
4-mmol sample of dichloride, MCl,xH,0, was dissolved in 30 mL
of dimethyl sulfoxide at 190 °C. The volume of this solution was
reduced to 20 mL by evaporation at 190 °C. To the cooled solution
(20 °C) was added 10 mL of an ethanolic solution of 1,4,7-triaza-
cyclononane (1 M) with stirring. Precipitates of [([9]aneN;),M]Cl,
formed immediately, which were filtered off, washed with ethanol
and ether, and dried. Except [([9]aneN,),Ni]Cl,, all other complexes
are air sensitive in the solid state and in solution. Therefore, all
preparations were carried out under an argon atmosphere. In general,
the yields were better than 60%. [([9]aneN;),Fe]Cl, was converted
to the blue bromide salt [([9]aneN,),Fe]Bry;3H,0 from an oxy-
gen-free, aqueous solution of the chloride with sodium bromide.

[([9]aneN,),Cr]Br;-5H,0. CrCly:6H,0 (1 g) was dissolved in 50
mL of dimethyl sulfoxide at 190 °C, and 10 mL of this solution was
allowed to evaporate. To the cooled solution was added 10 mL of
1,4,7-triazacyclononane in ethanol (1 M) at 70 °C. The temperature
was slowly raised to 170 °C and maintained for 30 min, after which
time the yellow precipitate of [([9]aneN,),Cr]Cl; was filtered off and
dissolved again in 10 mL of water at 50 °C. To this solution was
added 5 mL of concentrated NaBr solution. After the mixture was
cooled, yellow crystals of [([9]aneN;),Cr]BrySH,0 precipitated; yield
1.6 g.

[([9]aneN;),Fe]Br;:SH,0. FeCl;-6H,0 (0.5 g) was dissolved in 20
mL of Me,SO at 140 °C and the resultant solution cooled to 20 °C.
A 5-mL portion of 1,4,7-triazacyclononane dissolved in ethanol (1
M) was added with stirring. The yellow-brown precipitate was filtered
off (0.6 g) and was recrystallized from a minimum amount of water
at 20 °C by adding solid sodium bromide. Orange-red crystals were
filtered off, washed with ethanol and ether, and air-dried; yield 0.4

g

[([9]aneN;),Ni[(C10,);. A 0.5-g sample of [([9]aneN;),Ni](ClO,),,
which was prepared from an aqueous solution of the chloride salt with
sodium perchlorate, was dissolved in 20 mL of water. K,S,05 (3 g)
was dissolved in 50 mL of water, and 2 mL of concentrated perchloric
acid was added. After 2 h at 0 °C, the precipitated KClO, was filtered
off. A 3-mL sample of the resulting oxidant was added to the above
solution containing the nickel(II) complex. A color change from
red-violet to brown was observed. After this solution was stirred for
20 min at 20 °C, 1 g of solid sodium perchlorate was added, which
initiated the precipitation of gold-brown crystals. After 2 hat 0 °C,
these crystals were filtered off, washed with ethanol and ether, and
air-dried; yield 0.5 g.

Apparatus. Cyclic voltammograms were recorded with Princeton
Applied Research equipment, which included the Model 173/179
potentiostat—galvanostat and the Model 175 programmer. Voltam-
mograms were recorded at scan rates from 5 to 200 mV s™! on an
X-Y recorder (Kipp & Zonen). The electrochemical cell (Metrohm)

(19) (a) Richman, J. E.; Atkins, T. J. J. Am. Chem. Soc. 1974, 96, 2268.
(b) Wieghardt, K.; Schmidt, W.; Nuber, B.; Weiss, J. Chem. Ber. 1979,
112, 2220.

employed the standard three-electrode configuration: the working
electrode (hanging mercury drop or glassy carbon), a Pt-wire auxiliary
electrode, and the reference electrode (Ag/AgCl in saturated KCl).
In general, potentials were measured at 25 & 1.0 °C under a nitrogen
atmosphere. Solutions were ~107* M in sample and 0.1 M in sup-
porting electrolyte (KCl or LiClO,). Potentials were corrected to the
normal hydrogen electrode (NHE) by adding 0.200 V to the measured
potential. E,, values were taken as the average of the anodic and
cathodic peak potentials. Electrochemical reversibility was judged
on the basis of the peak-to-peak separation (AE;) for the comple-
mentary cyclic voltammetric waves relative to the theoretical value
of 5194 mV for a reversible one-electron process and an #,./i, ratio of
1.0

The magnetic susceptibilities of powdered samples were measured
by using the Faraday method, and diamagnetic corrections were
applied with use of published tables.2
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The complexes of the ligand tetramethyicyclam (TMC)
(Figure 1), first reported by Barefield et al.,!* adopt an unusual
five-coordinate structure, which is kinetically determined.? It
has been suggested® that complexes with this structure, shown
as I in Figure 2, are formed as the first step in the metal ion
entering the cavity of macrocycles such as cyclam itself.
Cyclam complexes can undergo inversion at the nitrogen to
give the thermodynamically more stable isomer II, which is
not possible for TMC complexes because of the tertiary ni-
trogens. Another class of macrocyclic ligands with tertiary
nitrogens is the acetate derivatives such as 1,4,8,11-tetraaza-
cyclotetradecane-N,N’/,N",N"-tetraacetate (CTA), whose
formation constants are already known.* Kaden et al.’ have

(1) Barefield, E. K.; Wagner, F. Inorg. Chem. 1973, 12, 2435,

(2) D’Aniello, M. J.; Mocella, M. T.; Wagner, F.; Barefield, E. K.; Paul,
1. C. J. Am. Chem. Soc. 1975, 97, 192.

(3) Buxtorf, R.; Kaden, T. A. Helv. Chim. Acta 1974, 57, 1035.
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