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Figure 1. Electron spin resonance spectrum of bis(3,5-dimethyl- 
pyrazole-I-carbodithioato)copper(II) in 50:50 Me2SO/CHC13 
(temperature 100 K; frequency 9.086 GHz). The “extra” (asterisk) 
weak peak on the low-field side of the - 3 / 2  parallel line is due to the 
Cu63 isotope effect. The C d 3  isotope present also accounts for the 
two extra peaks on the overshoot line (double asterisk). 

constant also support a N2S2 environment.” The magnitude 
of the coupling to the nitrogens indicates a very covalent Cu-N 
bond, something which is quite unusual in the presence of 
sulfur ligand atoms. For comparison, one can examine the 
ESR spectra of copper(I1) complexes of N2S2 Schiff base 
complexes where the nitrogen constant is significantly less, 
ranging from 10 to 13 G.12 The large nitrogen coupling here 
suggests a particularly important role of the five-member 
pyrazole ring in the bonding scheme. 

The key to unraveling the bonding question lies in the 
chemistry displayed by the copper(I1) complex. We find, as 
did Trofimenko, that the metal complex of this dithio- 
carbamate ligand is unstable with respect to loss of CS2.7 
While the mechanism for this reaction represented below seems 
logical and as such may be a good indication of the electron 
density distribution in the complex, it is only speculation on 
our part; yet it is reasonable that a partial negative charge may 
reside on the 1-nitrogen. 
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The result of the extra electron density on the five-membered 
ring would be to increase the donor ability of the nitrogen atom 
coordinated to the metal atom, thus producing a more covalent 
metal-nitrogen bond. This effect is most easily seen in the 
larger unpaired electron density on the nitrogen from the 
antibonding molecular orbital, which is mainly of copper d 
character. Since the ligand itself is unstable in the solid state, 
the decomposition is ligand induced and not metal induced. 
In some ways, the decomposition in the presence of a metal 
is the reverse reaction of the well-known CS2 insertion reaction 
of metal amides. We investigated the solid-state decomposition 
of this complex. As CS2 is lost, the resulting complex is 
diamagnetic as indicated by the total loss of a detectable ESR 
signal (in solution), by the decrease in the magnetic moment 
measured in the solid state, and by the disappearance of C=S 
(1340 cm-’) and Cu-S (390 cm-I) absorptions in the infrared 
spectrum. The data we obtained are listed in Table 11. W e  
were not able to obtain a compound whose stoichiometry was 
exactly Cu(pyraz01ate)~ by decomposition of the dithio- 
carbamate. It is possible that a copper(I1)-copper(I1) dimer 
or higher aggregate is formed or that a copper(1)-copper(II1) 
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Table 11. Magnetic Susceptibility (pB) 

>1 h 1.85 36 h 1.37 
12 h 1.64 2 months 0.79 
24 h 1.46 

complex results. Our  data  do not allow us to differentiate 
between these possibilities. 
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Recently, we reported the synthesis of a novel tetraphosphine 
macrocyclic ligand, 1,4,8,11-tetraphenyl-l3,14-benzo-1,4,- 
8,11 -tetraphosphacyclopentadecane, Benzo- 1 5-P4, having a 
15-membered core.’ Others have also prepared similar tet- 
radentate macrocycles having 1 62- and 143-membered cores, 
but as  yet, no physical information dealing with the coordi- 
nation properties of these ligands has appeared. In lieu of this, 
we wish to present some data which tend to support our 
contention that these ligands are of the strong-field variety, 
possibly comparable to the  phthalocyanine^.^ 

fi 
1,Ph 
P 

ph-p“ph 

Benzo-15-P9 

Experimental Section 

using 
All UV-vis spectra were recorded on a Cary 15 spectrophotometer 

M solutions in either water, methanol, or chloroform. 
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Table I. Physical Data on Ni(Benzo-15-P4)X, Complexes 
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340 ( l l O O ) b  198 90d diamag 
NCS- 340(1000)b 197 64d diamag 
CN- 340 + 44OC e 

* A in nanometers. ti Solvents: H,O, CH,OH, CHCI,. 0 SOL 
vent: methanol (extinction coefficient not known). d These val- 
ues rise as the lo-, M solutions are aged. e Concentration 
dependent; see Figure 1. In MeOH di-univalent electrolytes have 
molar conductances near 200 while uni-univalent electrolytes have 
molar conductances near 100 pmhos. All the complexes were 
essentially nonconductors in CHCl, (see ref 6). 
determined by the NMR method (see ref 5). 

Diamagnetism 

Matched standard 1-cm Beckmann cells were utilized in both the 
sample and reference beams. Conductivity measurements were 
recorded at 25 OC in CHCI3, CH30H, or H 2 0  using an Electro Mark 
Analyzer (Model 4400) from Markson Science Co. The instrument 
was calibrated using standard solutions of aqueous or methanolic 
potassium chloride. Nuclear magnetic resonance s p t r a  were recorded 
on a JEOL C-60 instrument. Magnetic susceptibilities in solution 
were measured on this instrument by the NMR technique.5 All 
elemental analyses were performed by Micro-Analysis, Inc., Wil- 
mington, DE 19808. All synthetic manipulations were concluded 
under nitrogen. Solvents used in synthetic preparations were de- 
oxygenated by purging with nitrogen. 

Preparation of Ni(Benzo-15-P4)Clz. In 100 mL of absolute ethanol 
was dissolved 5.7 g (0.01 1 mol) of 1,4,8,1l-tetraphenyl-1,4,8,11- 
tetraphosphaundecane.' To this mixture was added a solution of 2.6 
g (0.01 1 mol) of NiC12.6H20 in 40 mL of absolute ethanol. The 
solution immediately turned deep red. After being gently refluxed 
under N2 for 2 h, this red solution was filtered hot and the solvent 
removed under reduced pressure to yield 6.8 g (93%) of a reddish 
brown, glassy solid. Recrystallization from 2-propanol yielded 6.3 
g of an orange solid whose analysis is consistent with the formulation 
C3,H3,P4NiC1,.H,0. Anal. Calcd for C3,H36P4NiC12.H20 c, 54.36; 
H, 5.59. Found: C, 54.21; H, 5.72. 

To 100 mL of absolute ethanol was added 1.0 g (1.5 mmol) of the 
above prepared orange solid. To this solution was added 2.0 g (0.015 
mol) of anhydrous KZCO3, and this mixture was stirred for 25 min 
before addition of a solution of 0.4 g (1.5 mmol) of a,d-dibromo- 
o-xylene in 40 mL of absolute ethanol. The deep orange color of the 
solution changed to light orange within 1 h, and stirring was continued 
for an additional 47 h. A solution of excess KC1 in ethanol was added, 
and the entire mixture filtered. The supernatant ethanol solution was 
evaporated to dryness under reduced pressure to yield a bright orange 
oil along with some white solid. The oil was dissolved in chloroform, 
the mixture filtered, and the chloroform removed by evaporation to 
yield 0.60 g (52%) of an orange solid. Careful recrystallization from 
2-propanol afforded 0.45 g of an orange solid whose elemental analysis 
was satisfactory. Anal. Calcd for C39H42P4NiC12: C, 61.29; H, 5.54; 
C1, 9.29. Found: C, 61.11; H, 5.67; C1, 9.57. 

Preparation of Ni(Benz0-15-P~)(BF~)~. To 0.5 g (0.65 mmol) of 
Ni(Benzo-15-P4)Clz, dissolved in 25 mL of methanol, was added an 
excess of NaBF4 (1.5 mmol). This mixture was stirred and gently 
refluxed for 1 h after which the solution was filtered hot and the solvent 
removed. The resulting orange-yellow solid was recrystallized from 
methanol to yield 0.43 g of an orange-yellow solid whose elemental 
analysis was satisfactory for C39H42P4NiB2F8. Anal. Calcd for 
C39H42P4NiB2F8: C, 54.03; H, 4.88; P, 14.29. Found: C, 53.89; H, 
4.94; P, 14.83. 

Preparation of N ~ ( B ~ ~ ~ O - ~ ~ - P ~ ) ( N C S ) ~  This derivative was made 
in exact analogy to the above BF4- salt by substituting 1.5 mmol of 
NaNCS for NaBF,. A yield of 0.37 g was obtained after recrys- 
tallization of the yellow-orange solid from methanol. Elemental 
analysis was consistent for C41H42P4NiNZS2. Anal. Calcd for 
C41H42P4NiN2S2: C, 60.83; H, 5.23; N, 3.46. Found: C, 60.37; H, 
5.31; N, 3.22. 

Results and Discussion 
As part of our study of the nickel(I1) complexes of the 

prepared macrocycle Benzo-1 5-P4' we chose to study a series 
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Figure 1. Plot of molar concentration vs. molar conductance during 
the early stages of the titration of Ni(Benzo-15-P4)(BF4), with KCN 
in methanol. The linear data for KBF4 have been subtracted so that 
the points are representative of Ni(Benzo-1 5-P4)CN.BF4 in methanol. 
This plot is, therefore, a combination of the linear strong electrolyte 
Ni(Benzo-15-P4)CN+ + BF4- and the nonlinear weak electrolyte 
described in the text. 

of monodentate ligands that span a wide range of spectro- 
chemical values. As can be seen by the data presented in Table 
I, most of the selected monodentate ligands do not bond to 
the axial sites of the nickel(I1) cation when the macrocycle 
is in the equatorial plane of the metal. This means that the 
square-planar Ni"(Benzo-1 5-P4)2+ complex is the predominant 
species in aqueous solution when the counterion is BF4-, C1-, 
or NCS-. This is evidenced by the single d-d transition at 340 
nm, the diamagnetism of the compounds, and the di-univalent 
electrolyte behavior of these solutions. In methanol and 
chloroform solutions, the physical data are very similar, al- 
though the conductance behavior of these materials is 
somewhat different. We  believe that since the single d-d 
transition a t  340 nm is unchanged and the solutions remain 
diamagnetic regardless of the solvent, other interactions 
between the macrocycle backbone and the counteranions must 
be contributing to the observed conductance phenomena. This 
explanation is partially substantiated by the observation that 
a continually rising molar conductance in methanol has also 
been previously observed6 with similarly o-xylyl-substituted 
macrocycles. An exact description of this interaction is not 
possible a t  the present time. 

The inability of most monodentate anions to substantially 
interact with the nickel(I1) cation is in sharp contrast to the 
cyanide ion which is capable of completely removing the 
macrocycle from the metal.' Conductometric titration of the 
BF4- complex with potassium cyanide produces data, during 
the first 10-20% oF titration, which are  readily rationalized 
in terms of the formation of a weak electrolyte system su- 
perimposed upon the strong electrolyte KBF,. (After ap- 
proximately 20% of the titration was completed, irreproducible 
results were obtained due to the decomposition of the complex 
in the presence of large quantities of cyanide ion.) If the 
conductance data for KBF4 in methanol are taken into account, 
a curve is generated which is displayed in Figure 1. This type 
of curve indicates that there is an equilibrium between the 
four-coordinate, square-planar macrocyclic complex and a 
five-coordinate complex having one cyanide ligand in an axial 
site. This interpretation is confirmed by the appearance of 
a 440-nm band7 in the visible spectrum as cyanide ion is added 
under similar conditions to those which existed during the 
titration. This further means that there is a rapid estab- 
lishment of the equilibrium between the four- and five-co- 
ordinated metal complexes. The equilibrium constant for the 
process can be calculated if one assumes that during the initial 
stages of the titration cyanide ion contributes little to the 
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conductance. Using this assumption and the Ostwald dilution 
law, we calculate8 a n  equilibrium constant of 3.9 X for 
the reaction 

Ni(Benzo-15-P4)CN+ + Ni(Benzo-15-PJ2+ + CN- 

The fact that only the cyanide ion is capable of entering the 
axial site of this complex is indicative of the strong ligand field 
strength of this macro~ycle ,~  and thus these macrocycles have 
some similarity to the  phthalocyanine^.^ 

The effect of ring size on ligand field strength of macrocyclic 
ligands has been amply demonstrated.l0 It has been concluded 
in the case of the nitrogen macrocycles that the 14-membered 
ring is probably a very tight fit while the 15-membered ex- 
ample may be very close to ideal when high-spin nickel(I1) 
is the encapsulated metal. The same types of arguments can 
be used in the present situation to conclude that the 15- 
membered phosphorus macrocycle is a very tight fit for the 
larger high-spin nickel(II), and thus, when encapsulated by 
Benzo-15-P4, the nickel(I1) ion prefers to remain in the smaller, 
low-spin configuration. Whether this explanation or the 
well-known back-bonding capabilities of ligating phosphine 
moieties are  dominating the coordination chemistry of these 
macrocyclic phosphines will have to await further studies of 
variously sized phosphorus macro cycle^.^^^ 

Registry No. Ni(Benz0-15-P,)(BF,)~, 68024-58-8; Ni(Benzo- 
15-P4)c12, 65296-99-3; Ni(Benzo- 1 5-P4)(NCS):, 68024-59-9; Ni- 
(Benzo-15-P4)(CN)(BF4), 68024-61-3; 1,4,8,1 l-tetraphenyl-1,4,- 
8,ll-tetraphosphaundecane, 65201-65-2; a,a'-dibromo-o-xylene, 
91-13-4; C31H36P4NiC12, 65296-98-2. 
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In order to explore the biological application of macrocyclic 
tetraamines, we have investigated kinetics of the replacement 
of triglycine by L' and L2 on copper(I1) ions, as shown by (1) 

C ~ ( H - ~ t r i g l y ) -  + L - ( C U L ) ~ '  + trigly (1) 

which represents the most fundamental reaction of copper 
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L' L2 L3 

1,4,7,1 O-tetra- 1,4,8,12-tetra- 3,6-diazaoctane- 
azacy clododecane azacwlopentadecane 1 ,&diamine 

Reaction 1 is also of interest from a mechanistic point of 
view. The replacement by L3 occurs almost via a nucleophilic 
mechanism, wherein dissociation of triglycine in the rate- 
determining step is caused by the direct attack of the nitrogens 
of L3. The restricted flexibility and steric hindrance of 
macrocycles might render the nucleophilic pathway unfeasible. 
The use of the two extreme macrocyclic tetraamines, the most 
rigid L1 and the least rigid L2 among the well-investigated 12- 
and 15-membered t e t r a a m i n e ~ , ~ - ~  may help identifying the 
reaction mechanism. This work constitutes a series of the 
investigations of macrocyclic polyamine replacement reac- 
t i o n ~ . ~ ~ *  

Experimental Section 
The macrocyclic tetraamines L' and L2 were prepared as described 

b e f ~ r e . ~ . ~  The mixed protonation constants used, log K ,  and log K Z ,  
respectively, were 10.70 and 9.70 for Ll and 11.20 and 10.10 for L2.334 
The values of log K3 and log IC4 are less than 2 for both, and the kinetic 
contributions of the tri- and tetraprotonated species were negligible 
in the borate buffer conditions used. Triglycine was obtained 
commercially. Copper-triglycine solution was prepared by mixing 
a stock solution of copper nitrate (standardized against EDTA) and 
triglycine (2% molar excess) in borate buffers (sodium borate-boric 
acid). Constant ionic strength was maintained at 0.2 M by adjusting 
with NaC104. All the work was at  25.0 f 0.1 "C. The data associated 
with protonation constants are  based on pH readings. 

Kinetic runs were followed spectrophotometrically by measuring 
the increase in absorbance at  the wavelengths sensitive to the formation 
of CuL, 630 nm for L' and 645 nm for L2, on a Union Giken 
stopped-flow instrument with a 2-cm cell path. The second-order 
(unequal concentrations) plots and the initial-slope method gave 
practically the same observed rate  constants kobsd Typical data  by 
the second-order plots are  shown in Table I .  

Results and Discussion 
In the p H  range of 8.2-9.6 used,9 the copper-triglycine 

complex exists mostly in the form of C~(H-~trigly)-, 'O the 
macrocyclic tetraamines in diprotonated form (H2L)2+, and 
the macrocyclic complexes in ( C U L ) ~ + . ~ % ~  The log of the 
conditional equilibrium constants for (1) at pH 9 are estimated 
at  11 and 9.8, respectively, for L' and L2 from the available 
 constant^.^,^*^^ Experimentally, the spectra of the product 
solutions corresponded to those of (CuL)" and showed no 
evidence of mixed complexes. 

The transfer of Cu" from triglycine to the macrocyclic 
tetraamines by the reaction 1 is much slower than to the linear 
homologue L3: the half-lives are ca. 1 s (L') and 2 s (L2) as 
against 0.1 ms (calculated value for L3 using the data in ref 
2 )  a t  the concentrations given in the caption to Figure 1 and 
p H  9. The exchange reactions were first order in [Cu- 
(H-,trigly)] and first order in [L],,. The small pH dependence 
of the kobsd indicates that the reactive forms of L are mainly 
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