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The formation constants of mono- and bischelate copper(l) complexes with four phenanthroline derivatives have
been determined by absorption spectrophotometry in acetonitrile and in a ternary acetonitrile/dichloromethane/
water 80/15/5 (v/v) mixture. The influence of electron-donating methyl and anisyl substituents in positions 2 and

9 of the phenanthroline core has been investigated using both symmetrical {dr3®-dimethyl-1,10-
phenanthroline; dap= 2,9-di(p-anisyl)-1,10-phenanthroline) and unsymmetrical (map2-(p-anisyl)-1,10-
phenanthroline; Memag 2-(p-anisyl)-9-methyl-1,10-phenanthroline) ligands. The equilibrium constants show

no significant dependence upon the solvent composition. The binding affiniyodfdiimine ligands and their
methyl-substituted derivatives is governed by #héonation of the nitrogen atoms. In contrast, anisyl substituents
exert a destabilizing effect on the monochelate complexes likely due to steric hindrance, but favor the formation
of the bischelate species. The resulting positive cooperativity was rationalized in terms of intramotecular
stacking interactions between the electron rich anisyl groups and the electron accepting phenanthroline moieties.
Cyanide-assisted demetalation kinetic studies were carried out in order to gain further insight into the structural
properties of the four bischelate complexes examined. The rate constants, which reflect subtle geometrical variations,
span over more than 5 orders of magnitude and reveal an unexpected high accessibility of the copper(l) center in
the unsymmetrical complexes Cu(mgppand Cu(Memap) .

Introduction the discovery of phenanthroline, analytical chemists have taken
advantage of the intriguing deep red color developed by the
copper(l) and iron(ll) adducts and designed numerous colori-
metric analytical protocol$However, it is only recently that a
detailed understanding of the metal-to-ligand charge-transfer
(MLCT) absorption and luminescence features has been
achieved®® The impetus for the photophysical studies stems
from the discovery by McMillin and co-workers of the photo-
luminescence at room-temperature of Cu(dghgimp= 2,9-
dimethyl-1,10-phenanthroline, Figure ®¥).*2 Long-lived lumi-
nescent excited states have been achieved with 2,9-aryl-
substituted 1,10-phenanthroline bischelate copper(l) complexes
as a result of their more rigid and protecting entwined
topographyt*15 Due to the reducing character of the excited
states, these and related copper(l) phenanthroline systems offer
new possibilities in solar light harvesting and energy conversion
by photocatalytic reduction processés!® With the recent

One hundred years after the publication of the first synthetic
procedure by Blad,1,10-phenanthroline (phen) is still of major
interest to a large and diverse scientific commuAithis rigid
planar heterocycle is the parent of an important class of chelating
agents belonging to the family of,a’-diimine ligands which
encompasses the bipyridine (bipy) and biquinoline (biq) frame-
works (Figure 1). Of particular significance, are the 2,9-
disubstituted phenanthroline derivatives obtained by nucleophilic
addition with the corresponding alkyl- or aryllithium reagent
followed by the rearomatization in the presence of an excess of
manganese dioxide* The steric hindrance introduced by
noncoordinating groups adjacent to the nitrogen donor atoms
has a strong influence on the stereochemistry of first-row
transition metal complexes as it destabilizes the square planar
square-pyramidal, trigonal-bipyramidal, and octahedral coordi-
nation geometries in favor of pseudotetrahedral environniehts.

The presence of 14 electrons distributed in 7 low-energy  (7) schilt, A. A. Analytical Applications of 1,10-Phenanthroline and
orbitals delqcalized over t_he aromatic ring con.fers peculiqr o Eegﬁed éﬁo'\rllnpﬁﬂucn,\cﬂiﬁ;rggmgn‘]P}rjehsssz gﬁgorrrg,g 11:3635 0071
spectroscopic, photochemlcalj 'and electrochemical properties Egg MY:Mi?/Iin, D. R.; Kirchhoff, J. R..;.Goo{iv-vin, K. VCoord. Cherm. Re
to phenanthroline-based transition metal complexes. Following 1985 64, 83.

(10) Buckner, M. T.; McMillin, D. RJ. Chem. Soc., Chem. Comm{878
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* Laboratoire de Chimie Organo-Mirade. (12) McMillin, D. R.; Buckner, M. T.; Ahn, B. TInorg. Chem1977, 16,
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(3) Dietrich-Buchecker, C. O.; Marnot, P. A.; Sauvage, J&rahedron (14) Kirchhoff, J. R.; McMillin, D. R.; Robinson, W. R.; Powell, D. R;
Lett. 1982 23, 5291. McKenzie, A. T.; Chen, Slnorg. Chem.1985 24, 3928.
(4) Pallenberg, A. J.; Koenig, K. S.; Barnhart, D. Morg. Chem1995 (15) Gushurst, A. K. I.; McMillin, D. R.; Dietrich-Buchecker, C. O.;
34, 2833. Sauvage, J. Anorg. Chem.1989 28, 4070.
(5) McBryde, W. A. E.IUPAC Chemical Data Serig®ergamon Press: (16) Edel, A.; Marnot, P. A.; Sauvage, J.Row. J. Chim.1984 8, 495.
Oxford, 1978; No. 17. (17) Alonso-Vante, N.; Ern, V.; Chartier, P.; Dietrich-Buchecker, C. O.;
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copper(l), is the high-yield preparation of topological nontrivial
architectures such as catenates and trefoil k908 The success
of the template strategy relies primarily on the high stability of
the bischelate synthon which is the only species formed in
solvents showing no binding affinity for cuprous ions such as
R, R, water, alcohols, ketones, nitromethane, DMF, or halogenated
hydrocarbons$:3¢ In contrast, Lewis bases such as acetonitrile
—H —H phen or pyridine strongly stabilize the-1 (_)?(idation state _of copper
which becomes much less sensitive to air oxidation. The
drawbacks of the competition between coordinating solvent and
—CH, —CH, dmp ligand molecules are (i) the stabilization of the monochelate
relative to the bischelate specié® and (ii) the base catalysis
ocH map of substitution reactions at the copper(l) cerffet
3 Prompted by the importance of the bisphenanthroline copper-

: (I) core in medicinal and supramolecular chemistry, we have

OCH; Memap investigated the formation equilibria of four systems including
dmp, map (24¢-anisyl)-1,10-phenanthroline), Memap (2(
anisyl)-9-methyl-1,10-phenanthroline), and dap (2, p-difisyl)-
1,10-phenanthroline) (Figure 1) and related the thermodynamic
and kinetic properties of the corresponding bischelate complexes
to their structure. This sequence of ligands offers for the first
time the opportunity to systematically explore the steric and
7 N/ N . . : =
electronic effects of alkyl and aryl substituentsimposition to
R R the nitrogen diimine atoms on the stability of the corresponding
1 2 .
mono- and bischelate copper(l) complexes. Furthermore, the
R R kinetic parameters related to the decomplexation by cyanide of
1 2 : - ; :
the corresponding bisphenanthroline complexes were determined
—H —H bipy in order to gain structural informaticfi:*1:4?

OCH, dap

Experimental Section
—CH3 —CH, dmbipy
Except for 2,9-dimethyl-1,10-phenanthroline (dmp) which is com-
mercially available (Neocuproine monohydrate, Aldrich) p2agisyl)-
7 N \ . 1,10-phenanthroline (map), (-anisyl)-9-methyl-1,10-phenanthroline
—N N_ biq (Memap), 2,9-di¢-anisyl)-1,10-phenanthroline (dap), their correspond-
ing tetrafluoroborate bischelate copper(l) complexes, and crystalline
Figure 1. Molecular structure of the ligands considered in this study CcOPPer(l) tetrakisacetonitrile tetrafluoroborate were prepared following
(bipy = 2,2-bipyridine, dmbipy= 6,6-dimethyl-2,2-bipyridine, big previously described procedures, and their purity was checked by
= 2,2-biquinoline). elemental analysi§° Spectrophotometric grade acetonitrile (Merck,
Uvasol) and methylene chloride (Merck, Uvasol) were used as received.
Distilled water was further purified by passing through a mixed bed of
ion-exchanger (Millipore) and saturated with argon. The ionic strength
of all solutions was adjusted to 0.1 with tetrabutylammonium trifluo-

discovery of the efficient nuclease activity of Cu(phgnnew
fields of applications have emerged which include biology and
medicine?20

Phenamhm“ne-based Coplper(ll) Co;npletxes have also foufn(|1(27) Dietrich-Buchecker, C. O.; Sauvage, J. P.; De Cian, A.; Fischér, J.
prominent uses in supramolecular chemistry as most usefu Chem. Soc.. Chem. Commui994 2231.
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pseudo-rotaxané?,and rotaxane%, including models of the  (29) E_'esﬁe" ?A; Ha”'m&?' A F‘{‘ﬁéﬁ' é-?g;l/gg'?ﬂ%léy g"s-ng-; De Cian, A.;
: . . 6 _ Iscner, ngew. em., Int . EN A 3 .
bacterial phc_)tosxr;ghetlc reaction ceref® and of double (30) Sauvage, J. Pcc. Chem. Red99Q 23, 319,
stranded helice¥~2° However, the most spectacular achieve- (31) Dietrich-Buchecker, C. O.; Sauvage, J. PBioorganic Chemistry

ment which takes advantage of the tridimensional template effect Frontiers Dugas, H., Ed.; Springer-Verlag: Berlin, 1991; Vol. 2, p

; ; i 195.
induced by the pseudotetrahedral coordination geometry of (32) Diefrich-Buchecker, C. O.: Sauvage, JBRIl. Soc. Chim. Fr1992
129 113.
(18) Alonso-Vante, N.; Nierengarten, J. F.; Sauvage, J. Ehem. Soc., (33) Amabilino, D. B.; Stoddart, J. Ehem. Re. 1995 95, 2725.
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(19) Ruthkosky, M.; Castellano, F. N.; Meyer, G.ldorg. Chem.1996 Comprehensie Supramolecular Chemistrizehn, J. M., Ed.; Perga-
35, 6406. mon Press: Oxford, 1996; Vol. 9, p 43.
(20) Sigman, D. SAcc. Chem. Red.986 19, 180. (35) Dietrich-Buchecker, C.; Rapenne, G.; Sauvage, Chem. Commun.
(21) Goodman, M. S.; Hamilton, A. D.; Weiss,JJ.Am. Chem. So4995 1997, 2053.
117, 8447. (36) James, B. R.; Williams, R. J. B. Chem. Socl961, 2007.
(22) Linton, B.; Hamilton, A. D.Chem. Re. 1997 97, 1669. (37) Ayranci, H.; Daul, C.; Zobrist, M.; von Zelewsky, Adelv. Chim.
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romethanesulfonate (Fluka, puriss. p.a. electrochemical grade). All stock 0.4
solutions were prepared by careful weighing using an analytical balance

(precision: 1/100 mg). lon-pair formation has been neglected since

the association constant in pure acetonitrile of the supporting electrolyte 0.3
is 4.4+ 2.1 M1 The temperature was maintained constant at 25.0-
(1) °C.

Spectrophotometric Titrations. Formation constants were deter-
mined in both pure acetonitrile and in a freshly prepared homogeneous
ternary solvent containing acetonitrile, methylene chloride and water
(80/15/5 viv). Copper(l) tetrakisacetonitrile tetrafluoroborate ([[eu
~ (1-2) x 104 M) and variable aliquots of a ligand stock solution (0
< [Ligand}et < ~1073 M) were mixed in 5 mL volumetric flasks using
a precision piston microburet (Manostat). Although the formation
kinetics are fast as evidenced by an instantaneous color change, the 350 450 550 650
solutions were allowed to equilibrate for at ledsh in thedark in a Wavelength (nm)
water bath maintained at 25.0(1}. Absorption spectra were recorded  Figure 2. Spectrophotometric titration of Cu(GBN),* by dap in
on an Uvikon 860 (Kontron) spectrophotometer equipped with 1 cm CH3;CN/CH,Cl/H,0O 80/15/5 (v/v).I = 0.1 ("-C4Ho)sNCRSGOs; T =
quartz cells (Hellma) thermostated at 25.01T) Typically, absorbance 25°C; 1 =1 cm; [Cuf] = 107 uM and [dap]= 886, 590, 295, 236,
data recorded at 20 wavelengths spanning the-B80 nm region for 207,177, 148, 118, 89, 81, 784 (spectra +11); [Cu'] = 214.7uM
15—20 solutions were refined with the nonlinear least-squares program and [dap]= 118, 103, 89, 74, 5@M (spectra 12-16, the displayed
Letagrop-Spefo employing a pit-mapping minimization metffot absorbances are divided by 2).

Alternatively, the entire multiwavelength data sets comprising absor- . o .

bances measured in one nanometer steps were decomposed in thelions in the visible range by taking advantage of the strong
principal components by factor analysis, and subsequently the formation metal-to-ligand charge-transfer bands (MLCT) occurring in this
constants and extinction coefficients were adjusted to the reduced dataregion. The experiments were carried out in two different
sets by a nonlinear least-squares method based on the Marquardsolvents, pure acetonitrile for comparison purposes with the
algorithm with t_he cqmmercial SPECFIT progr_é?nn each case, both literature data and a ternary homogeneous mixturezCIN
methods gave identical results _and the formqtloq constt_ant_s are reportectHZCb/Hzo 80/15/5 vIv) previously used in studies of copper-
as the average of gt least three independent titrations. Distribution curves(|) threaded complexes and molecular kiiSt& A typical set
were calculated with the help of the Haltafall progrém. of absorption spectra recorded in the presence of variable

Kinetic Measurements. The cyanide-assisted demetalation of Cu- . . . .
(dmp)*, Cu(map)", Cu(Memapy*, and Cu(dapy was carried out in amounts of 2,9-dianisyl-1,10-phenanthroline is presented in

the ternary solvent mixture (GEN/CH.Clo/H,O 80/15/5 v/v) in an Figure 2. Below 380 nm (data not shown), the spectra of the
analogous way to that adopted for threaded and knotted dinuclearfree ligands are dominated by intense~z* and n—z*
copper(l) complexe®“? The tetraethylammonium cyanide (Fluka, transitions. In the presence of copper(l), these bands are slightly
purum) concentrations were always in large excess (at least 10 times)red shifted, broader and undergo hypochromic effects. However,
with respect to the concentrations of the copper(l) complexd9(® the main feature is the appearance of broad absorption bands
M) in order to obtain pseudo-first-order conditions. The measurement in the visible region due to MLCT charge transfer. At high

of the dec_omplexation rates req_uired a fast mixing device. Either a metal-to-ligand concentration ratio, the main absorption band
Durrum-Gibson D-110 or an Applied Photophysics DX17MV stopped- s centered at 360 nm for dmp. For the aromatic-substituted

flow spectrophotometer interfaced to a microcomputer was used. The . ; i
data sets averaged out of at least five replicates recorded at the!Igands (map, Memap, and dap), the corresponding transition

absorption maximum of the MLCT band, were processed on-line with IS bll_J?'Sh'ﬂed and thus ov_erlaps_WIth _the Ilgand-ce_ntered
commercial software based on Marquétdir Simplexs algorithms. transitions. As the concentration of ligand increases, an intense
The pseudo-first-order rate constants thus derived are included in thePand develops at lower energy; its position and intensity are
Supporting Information. The second-order rate constants were calculatedstrongly dependent on the nature of the'-substituentsAmax
by nonweighted linear regression and are given together with their = 455 (dmp), 435 (map and Memap), and 430 nm (dap).
corresponding standard deviation. Factor analysis of the spectrophotometric data recorded
between 350 and 650 nm for the four ligands examined indicated
the presence of three absorbing species in solution, one of them
Equilibrium Measurements. The copper(l) complexing being readily assigned to the free ligand. In each case, the best
properties of foura,o’-disubstituted phenanthroline ligands refinement with the nonlinear least-squares programs Letagrop-
(Figure 1) have been investigated by spectrophotometric titra- Spefd’>* and SPECFIT was achieved with the model
including a mono- and a bischelate mononuclear complex.
(43) Dietrich-Buchecker, C. O.; Nierengarten, J. F.; Sauvage, J. P.; Identical results were obtained with both minimization methods.

Absorbance
o
N
|

o
o
|

o
(=}

Results

ﬁf;g;O'h N.; Balzani, V.; De Cola, LJ. Am. Chem. S0d.993 115 The adjustment led to a statistical distribution of the residues
(44) Dietrich-Buchecker, C. O.; Sauvage, JTBtrahedror.99Q 46, 503. and their root-mean-square deviation was Iowe_r than thg_ error
(45) Kubas, G. J.; Monzyk, B.; Crumbliss, A. Inorg. Synth.199Q 28, in absorbance measuremenig\(= 0.002). The refined stability
68. constants are defined by egs 1 and 2.
(46) Fujinaga, T.; Sakamoto, J. Electroanal. Chem1976 73, 235.
(47) Sillen, L. G.; Warngvist, BArk. Kemi1968 31, 315. +
(48) Sillen, L. G.: Warnqvist, BArk. Kemi1968 31, 341. Cut + L= cul* _ [CuLT] 1
(49) Arnek, R.; Sillen, L. G.; Wahlberg, QArk. Kemi1968 31, 353. u —LuL, 1 + 1)
(50) Brauner, P.; Sillen, L. G.; Whiteker, Rrk. Kemi1968 31, 365. [Cu ][L]
(51) Sillen, L. G.; Warnqvist, BArk. Kemi1968 31, 377. +
(52) Binstead, R. A.; Zubeitler, A. D. SPECFIT v. 2.1; Spectrum + . + [CULz]
Software Associates: Chapel Hill, NC, 1994. CuL” +L=Cul,, T 2)
(53) Ingri, N.; Kakolowicz, W.; Sillen, L. G.; Warnqvist, Balanta1967, [CUL ][L]
14, 1261.
(54) SpectraKinetic SoftwareApplied Photophysics Ltd.: Leatherhead, " " [CuL|+]
UK., 1992. Cu"+IL=Cul", By = 3)

(55) Bioking v. 3.14; Bio-logic Co.: Echirolles, France, 1991. [CU+][L] l
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Table 1. Stability Constants of Copper(l) Complexes 100 =
log cu' Cu(dmp)2+
ligand  logK: log K> logfB. K,—logKi ref 75 —
bipy 13.18 38 B +
32(5) 2.7(1) 50 05 37 3 Cu(dmp)
3.69(8) 2.80(5) 6.49 -0.89 62 = 50 —
3.90(7) 2.94(2) 6.84 —0.96 62 é
dmbipy 5.36(20) 4.81(20) 10.17 -0.55 66 -
biq 16.5 36 25 —
4.00(3) 4.14(5) 8.14 0.14 682
4.4(1) 4.4(1) 8.80 0 40
6.4(3) 56 0 T T I 1
~9 56
phen 15.82 36 0 1 2 3 4
5.2(1) 4.5(1) 9.7  -07 62 [dmp], /ICu]
ot tot
5.7(1) 4.9(1) 10.6 -0.8 62 100
dmp 6.6(2) 5.7(4) 12.3 -0.9 this work? cut Cu(dap).*
6.3(2) 5.4(4) 11.7 -0.9 this work? 2
5.3(2) 4.6(1) 99 -07 62 75 —
5.93(7) 5.02(6) 10.95 —0.91 62 _E
6.0(1) 4.9(2) 10.9 -1.1 38 3
6.0(1) 5.5(2) 115 -05 63 = 50
7.2(3) 7.0(3) 14.2 -0.2 40 O,
19.1 36 =
8.8 10.2 19.0 14 57 25 —
map 5.3(2) 6.0(5) 11.3 0.7 this wotk Cu(dap)*
5.5(3) 5.7(6) 11.2 0.2 this work
Memap 5.0(1) 5.7(3) 10.7 0.7 this wotk 0 T T T |
4.9(1) 5.5(2) 104 0.6 this work 0 1 9 3 4
dap 4.7(2) 6.0(4) 10.7 1.3 this wotk
481)  64()  11.2 16  thiswork [dap], /ICUl, ,
5.0(2) 6.0(4) 11.0 1.0 68
~15 67 Figure 3. Species distribution diagrams of copper(l) complexes with

. dmp (top) and dap (bottom) in GBN/CH,CI,/H,O 80/15/5 (v/v)l =
aH,0; 1 = 0.1 K;SOy; T = 25°C; potentiometry? CH;CN; | = 0.1 0.1p(n(-C4p}2|g)4NCF3pS(O3' T :)25 o% [Cu+|_]|2=21(T24 M. (VA)
(CoHs)INCIOy4; T = 25 °C; potentiometry® CH;CN; | = 0.1 ' '

Egz:zgz“g:g: 1T :zggé_cs;ngﬁgtgﬁg?grf;‘g%ﬁgé:&h_' Tzzoz'é 28)5859and acts therefore as an efficient copper(l) scavenger.

SC: spectrophotometry.CHsOH: T = 25 °C; spectrophotometry. The demftalatlon kinetics of the bischelate Cu(d;rh,p}_:u-
9CHLCN; | = 0.1 (-CaHe):NCFRsSOs: T = 25.0(2) °C; spectropho- (Memap)*, and Cu(dap)’ complexes has been studied by
tometry." CH:CN/CH,Cly/H;0 80/15/5 (vAv)] = 0.1 (-CaHo)aNCF:SO; stopped-flow absorption spectrophotometry. The overall reaction
T = 25.0(2) °C; spectrophotometry.CH;CN; spectrophotometry. is expressed by eq 4 where L represents the phenanthroline-
I CHLCN; T = 25 °C; spectrophotometry.H,O; pH = 5.2; T = 22(1) based ligand.

°C; calculated from redox potential measuremeh@-:;CN/CH,Cl,/
H,0O 80/10/10 (v/v)]l = 0.1 (n-C4Hg)aNCIOy4; T = 25 °C; spectropho-
tometry.™ CHsCN/CH,Cl2/H,O 80/10/10 (v/v)] = 0.01 (GHs)4NCIOg;
T = 25 °C; spectrophotometry.

CuL,” + 4CN™ — 2L + Cu(CN),>~ @)

Under pseudo-first-order conditions (excess ¢Nhe reaction

Their average values calculated for at least three independeniS quantitative as evidenced by the total disappearance of the
replicates are collected in Table 1 together with their corre- characteristic color of the complexes. The monoexponential
sponding standard deviation. Representative species distributiorbsorbance decay as a function of time, recorded at the maxi-
diagrams calculated for a given total copper(l) concentration Mum of the charge-transfer band, indicates a single rate-limiting
(104 M) are shown in Figure 3 for 2,9-dimethyl- and 2,9- decomplexation process. The variations of the pseudo-first-order
dianisyl-1,10-phenanthroline. In each case, the proportion of the fate constant&o,s with the analytical cyanide concentrations
monochelate complex reaches its maximum at equimolar ligand- Show a linear dependence (Figure 5; the raw data may be found
to-metal ratio. Under the experimental conditions considered in the Supporting Information). The corresponding rate law is
in the present work, Cu(dmp)is formed up to 60% whereas €xpressed by eq 5 whekg andken, collected in Table 3, stand
Cu(dap) corresponds at most to only 7% of the total metal for the direct first-orde( and the cyanide-assisted bimolecular
concentration, thus reaching the limit of validity of the spec- ate constants, respectively.

trophotometric method. Almost quantitative formation of the

bischelate species occurs for 2.5 and 4 equiv of dap and dmp, _ d[Culylir cultl =
respectively. V5T T a Kopd CUL Jiot =
The calculated visible absorption spectra of the mono- and {Ko + kenCN T [CUL;]mt (5)

bischelate complexes formed with the four considered ligands

are dgplcted in Figure 4_ and the_ extinction coefﬁ_uenps COIre- o cu(Memapy', both the Studeft and Hamiltos! tests
sponding to the absorption maxima are summarized in Table
2. The spectroscopic properties in pure acetonitrile or in the (5g) Frei, U. M. Ph.D. Thesis, Eidgéssische Technische Hochschule
ternary solvent mixture were found to be identical within Ziirich, Switzerland, 1989.
experimental error. (57) Lei, Y.; Anson, F. CJnorg. Chem1995 34, 1083.
S . . . (58) Kunschert, F. ZZ. Anorg. Allg. Chem1904 41, 359.

Kinetic Measurements.Cyanide anion is a strong nucleo-  (sg) Bjerrum, JMetal Ammine Formation in Aqueous Solutiéh Haase

phile known to form stable copper(l) complexes (I8¢ = and Son: Copenhagen, 1957.
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Figure 4. Calculated visible absorption spectra of the Culess intense spectrum) and Gil(most intense spectrum) species formed with (a)
dmp, (b) map, (c) Memap, and (d) dap in €N/CH,CI/H,O 80/15/5 (v/v).l = 0.1 (n-C4Hg)aNCFSOs; T = 25 °C.

Table 2. Absorption Maxima (nm) and Extinction Coefficients Discussion
(M~1 cm™) of the Mono- and Bischelate Copper(l) Complekes

Thermodynamic Properties. The complexation equilibria

A
max () of 2,9-dimethyl-1,10-phenanthroline described in egs 1 and 2
CH:CN/ICH,Clo/H,0 b have been studied by several authors in pure acetonitrile. Owing
complex CHCN 80/15/5 (viv) CHCI AT o
to the apparent simplicity of the system, it might be expected
Cu(phemy™ 435 (7000) that the reported values of the thermodynamic parameters are
Cu(dmp) 360 (2300) 360 (2350) . I
N quite close to each other. However, examination of the data
Cu(dmp) 455 (8000) 455 (8300) 454 (7950) : S e
Cu(map)* 435 (4000) 435 (4100) collected in Table 1 reveals high discrepancies (i.e., more than
Cu(Memap)" 435 (4700) 435 (4740) 2 orders of magnitude) which justified the reinvestigation of
Cu(dap)* 430 (2800) 430 (2800) 436 (2310)  the copper(l)/dmp coordination equilibria. Leupin determined

the formation constants of Cu(dmipand Cu(dmpy* in the pres-
ence of tetraethylammonium perchlorate as supporting electro-
lyte (I = 0.1) both by spectrophotometry and potentiometry
using a copper wire as working electrddeDespite the Nern-
indicated thatkp was not statistically significant at the 95%  stjan behavior of the electrochemical Cu/Cu¢C),+ half-
probability level, and thus the experimental data were adjusted ce|l, the potentiometric data afforded significantly lowarand
to a line passing through the origin by linear regression. In the K, values. The stability constants obtained by spectrophotometry
case of Cu(map), only a lower limit estimate of the bimo-  are in good agreement with those quoted by Atkins &t ahd
lecular demetalation rate constant could be determined sincealbrecht-Gary and Brenn&tin absence of an inert electrolyte.
the reaction proceeded to completion within the mixing-time |n, the latter studies, the ionic strength was defined by the total
(<4 ms) of the stopped-flow instrument even under stoichio- copper(l) concentratior - 10-4) since the titrations were car-
metric conditions. ried out by increasing the concentration of dmp. The influence
The experimental rate law supports the following mechanism of the ionic strength on equilibria (1) and (2) is expected to be
which involves a dissociation path related to the intrinsic prop- small and it was shown that the formation of [Cu(dg@)O.
erties of the complex in absence of cyanitg)( and a cya-  jon-pairs in acetonitrile is negligible up to 4 103 M. The
nide first-order dependent pathwake(). Since only one rate-  values of the formation constants determined in the present study
limiting step is observed and the U\Wis spectra at the end of  (average of 4 replicates) using tetrabutylammonium trifluoro-
the reaction are identical to the spectra of the free ligands, the methanesulfonate to maintain the ionic strength at 0.1 are, within
subsequent substitution steps at the copper(l) center by cya-experimental error, in good agreement with the published data.
nide have to occur faster than its initial bimolecular attack pue to the high coordination tendency of dmp, the values of
(Scheme 1). K1 andK; are expected to be less accurate than their kafie
K2/K1 which corresponds to the equilibrium constant for eq 6:

al = 0.1 (n-C4Hg)aNCRsSGO;; T = 25 °C. The errors are estimated
to 1 nm for the wavelengths and to 5% for the extinction coefficients.
b Reference 155 Reference 7.

(60) Commissariat &Energie Atomique.Statistique Appligle a I'Ex-
ploitation des MesuredMasson: Paris, 1979.

(61) Hamilton, W. C.Statistics in Physical SciencRonald Press: New
York, 1964.

(62) Leupin, P. Ph.D. Thesis, Universidle Fribourg, Switzerland, 1980.
(63) Albrecht-Gary, A. M.; Brenner, M., unpublished results.



2284 Inorganic Chemistry, Vol. 38, No. 10, 1999 Meyer et al.

75 — Table 3. Kinetic Parameters Relative to the Dissociation of
Bischelate Copper(l) Complexes by Cyarfide
complex ko(0) (s7Y) ken(o) (M~1s7)
50 - Cu(dmp)* 2.9(3) 1.92(2)x 10°
e 4.8(6¥ 0.82(4)x 10°P
= Cu(mapy)™ c >10
2 Cu(Memap)* c 2.37(2)x 10*
* o5 Cu(dap)* 0.50(1) 8.8(4)
0.48(1¥ 6.5(7p
Cu(dmp),* 2 CHsCN/CH,Cl,/H,0 80/15/5 (v/v);l = 0.1 (1-C4He),NCF:SO;; T
= 25°C. P CHsCN/H0 90/10 (v/v);l = 0.1 (1-C4Ho)sNCIOg; T = 25
0 T T 1 °C; ref 41.¢ The value ofkp was constrained to zero.
0 10 20 30
[CN]M x 10% (M) using the less stable Cu(bit)complex (big= 2,2-biquinoline)
300 — and dmp as competitor in 0.1 molar tetraethylammonium
perchlorate solution®), result from a highks value (logKsz =
—0.18(5)) and suffer from the lower accuracy of the experi-
mental design and from the uncertainty in the stepwise formation
200 constants for Cu(big)(log Ky = 4.4(1)) and Cu(big)" (log K>
= 4.4(1))*° In a previous report, Arnaud-Neu et al. have
estimated the equilibrium constant of Cu(dgp)n CHsCN/
100 — CH,CI,/H,0 80/10/10 (v/v) from competitive measurements in
the presence of dmid. The reported stability (log12 ~ 15) is
Cu(Memap)," overestimated by a factor of 4@ompared to the values mea-
0 | ' | sured by direct titrations in three different solvents (Tablé1).
Since copper(l) chemistry is largely controlled by the
0 5 310 15 solvation properties of the bulk medium (permittivity, donating
[CNT,,, X107 (M) power, etc.), the presence of appreciable amounts of noncoor-
1.0 - dinating solvents of low polarity like dichloromethane is
expected to have a marked influence on the complexation
equilibria. Considering the substantial difference between the
0.8 - disproportionation constants of copper(l) in acetonitrile and in
water (1021 and 16 M1, respectivelyy>®which is unable to
stabilize thet| oxidation state, an even more important effect
x is expected when water is added to acetonitrile. In pure water,
0.6 the bischelate complexes are stabilized with respect to the
¢ . monochelate species (Table 1) due to the lower heat of solvation
Cu(dap). of copper(l) in water {607 kJ mot) compared to acetonitrile
0.4 T T I T 1 (—679 kJ mot?).79 However, the experimental results displayed
0 10 20 30 40 50 in Table 1 reveal no significant difference between pure
[CNT. x 10> (M) acetonitrile and ternary mixtures contalnlngﬂlﬁ% dichlo-
tot romethane and-510% water. This suggests similar structures

Figure 5. Plot of the pseudo-first-order rate constlmgasafqnction of the monochelate complexes in pure and water-containing
of cyanide concentration for Cu(dmp)top), Cu(Memapy® (middle), acetonitrile solutions, with one or probably two bound aceto-

and Cu(dap)" (bottom) in CHCN/CH,CI,/H,O 80/15/5 (v/v).l = 0.1 i . d
(n-C4Ho)NCF:SOy; T = 25 °C. nitrile molecules completing the approximately tetrahedral

coordination polyhedron of copper(l).

The introduction of methyl groupe to the nitrogen donor
atoms of 1,10-phenanthroline is known to stabilize the low
oxidation state of copper in a pseudo-tetrahedral coordination
The experimentally determined value of Isg= —0.9 is very geometry because the steric requirements of the substituents
close to that found by LeuptAand Atkins et aP® and suggests  hinder the metal center from adopting a square planar or five-
that the previously quoted stability constants are likely affected coordinate geometry favored by copper(ll). Furthermore, the
by systematic errors. These can originate from the presence ofinductive effect of the methyl groups enhances the basicity of
impurities which form complexes with copper(l), such as acetate
ions or ammonia produced by the hydrolysis of acetoniffile.  (64) Smith, R. M.; Martell, A. E.; Motekaitis, R. JIST Critically Selected

"

O

™

obs

K.
2Cu(dmp) == Cu(dmp)" + cu* (6)

Chloride anions contained in the copper(l) or in the tetraethyl- gggir'gcg?g;nﬁo 0£6Me,\}zlti(‘)ﬁﬂ?}'gﬁe%?ggﬁﬁgssgﬁgﬁagghnoI
: ; A " NoO. 46: .

ammonium perchlorate salt coordinate strongly to™dn ogy: Gaithersburg, MD, 1997.

acetonitrile (log311 = 4, logB12=9.55,1 = 0.1 (GH5)4NCIOs,, (65) Ahrland, S.; Nilsson, K.; Tagesson,&cta Chem. Scand., Ser1883

T = 25°C)6% and thus interfere with the ligand. Furthermore, 37, 193.

strict control of the temperature is required, since this factor (¢6) %%hlse”bei”* U. Ph.D. Thesis, Universite Fribourg, Switzerland,

affects not only the equilibria according to the van't Hoff (67) Armaud-Neu, F.; Marques, E.; Schwing-Weill, M. J.; Dietrich-
equation, but also the extinction coefficients of the mono- and Buchecker, C. O.; Sauvage, J. P.; Weisd\dw J. Chem198§ 12,

; ioh ; 15.
the bl.SChelate. complexes WhICh Increase “nearl.y Wﬁlh5§_7|'he_ (68) Albrecht-Gary, A. M.; Saad, Z., unpublished results.
significantly higher formation constants determined by Frei and (69) Ahrland, S.; Rawsthome, Acta Chem. Scand.97q 24, 157.
Geier for Cu(dmp) and Cu(dmpy" by a competition method  (70) Johnsson, M.; Persson,ldorg. Chim. Actal987, 127, 43.
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14 — Table 4. Stability Constants of Various dmp and dap Metal
- Complexes
11 cation dmp dap
o - Cuta log Ky 6.3(2) 4.8(1)
o 8 - log K> 5.4(4) 6.4(3)
o o log Kz — log Ky —-0.9 1.6
5 AgtP log K1 6.7(2) 5.8(2)
° < log K> 6.0(5) 5.4(4)
log Kz — log Ky -0.7 -0.4
FrTT T T U ek 6@ 40
0g K2 . .
3.0 35 40 K4.5 50 55 log K> — log K1 —11 —04
LA Ceprb log Ky 5.5(2) 3.4(1)
Figure 6. Linear free energy relationships between the overall stability log Kz 4.7(5) 4.1(3)
constants (logsy) of CuL* (I = 1, closed circles) and Cuyt (I = 2, log Kz — log Ky -0.8 0.7

open circles) complexes in acetonitrile, and the first protonation L .
constants (K, in water/dioxane 50/50 (v/v) of the corresponding ? CHLCN/CH,Cl/H,0 80/15/5 (vv)[l = 0.1 (-CaHe)NCRSOs; T

ligands: biq (3.10), bipy (3.62), dmbipy (4.23), phen (4.53), and dmp :Czs(zg\;gghis-rv‘f)r;bo((::}.—lscf’\lé(;HZCIZ/HZO 80/10/10 (viv)i = 0.01
(5.35). K4 values are taken from refs 29 and 36. (CaHs)s 4, T=25°C; ref 67.

the a,o-diimine nitrogen atoms as evidenced by the values of fects. The conjugation of the anisyl substituents with the phenan-
the first protonation constants reported for bipy (3.62) and throline core may favor a flattened structure of the free ligand
dmbipy (4.23), phen (4.53) and dmp (5.35) in water/dioxane which hinders metal binding. In absence of crystallographic data,
(50/50 viv,| = 0.3 KNOs) mixtures?936 Figure 6 shows the it is difficult to discuss this point further but it is reasonable to
linear free energy relationship between the protonation and theassume a distortion of the coordination geometry induced by
stability constants of Cut (811 = K1) and Culy™(B12) for L = the bulky anisyl group in Cu(map)and Cu(Memayp). Likely,

big, bipy, dmbipy, phen, and dmp in acetonitrile. For this series such distortions are less severe with the symmetric ligand dap.
of ligands, both linear correlations indicate that thdonation The tilted orientation of both anisyl rings with respect to the

of the nitrogen atoms to Cu(GEBN),t and to CuL(CHCN)," phenanthroline plane also provides a more shielded environment
(x=1 or 2) is enhanced by an increase of the electron density around the metal center which slows down the solvent exchange
(i.e., the basicity) at the imine sites. reaction. The similar stabilities of Cu(map)Cu(Memap}, and

Among the four ligands studied, dmp forms the most stable Cu(dap) may also be due to the increased basicity of dap com-
monochelate complex. The presence of one anisyl substituentpared to map or Memap which cancels in part the destabilization
adjacent to the nitrogen atoms in map and Memap lowers theintroduced by a second anisyl substituent.

K1 value by about 1.5 logarithmic units. However, the introduc-  The overall stability of the bischelate complexes decreases
tion of a second anisyl group in position 9 induces only a slight as the steric hindrance and the lipophilicity of the phenanthroline
destabilization of the Cu(dapspecies compared to Cu(mdp)  derivatives increase (Table 1). It is interesting to note that the
or Cu(Memapj. This effect appears not to be restricted to decrease of th@;, values reflects only the destabilization of
copper(l) alone, since silver(l), zinc(I), and cadmium(ll) form the monochelate species, since the stepwise stability constants
monochelate complexes with dap that are 10 to 100 times lessK, remain almost constant along the ligand series. Thus, the
stable than the corresponding species involving dmp (Talflé 4). mono- and the bischelate complexes involving both monoanisyl
Considering the electron donating properties of the anisyl ring, ligands exhibit a similar stability, whereas Cu(dgpis about

the basicity of the nitrogen sites is expected to increase with 30 times more stable than Cu(daplurthermore, the thermo-
respect to phenanthroline. However, map, Memap, and dap formdynamic data collected in Table 4 clearly indicate that the
mononochelate copper(l) complexes which are less stable thancooperative formation of the bis(2,9-dianisyl-1,10-phenanthro-
Cu(pheny. The fact that the correlation displayed in Figure 6 line) species observed for copper(l) extends to silver(l), zinc-
does not apply to these ligands, outlines a major difference (ll), and cadmium(ll), whereas the formation constants with 2,9-
between the alkyl- and the aryl-substituted.'-diimine ligands. dimethyl-1,10-phenanthroline point out a relative destabilization
The lower coordination power of aryl-substituted phenanthroline of the bis- over the monochelate complexes. In the general case,
ligands may be ascribed to steric, electronic, and solvation ef- the stepwise stability constants decrease steadily as the number
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of bound ligands increases due to (i) statistical, (ii) steric, and the average transition energy of the absorption b&his a
(iii) Coulombic effects. For a metal ion that binds a maximum scaling factor, an® represents the transition dipole length given
of two ligands, the statistical factor is expressed by the by the separation between the charge centroids of the donor
relation: Ko/K; = 1/4 (logK; — log Ky = —0.60)7! Exceptions and acceptor orbitals.
to this rule are rare, but a few positively cooperative systems
(i.e., the experimentd;; /K ratio is greater than the statistical Vo, f e(v)dv = K(Cl%lw Ri' + cﬁlx R)Z() 7)
factor) are well-known. Classical examples include the mercury-
(I/chloride systemK4 ~ K3)%* and the silver amine complexes Cu(dmp)* exhibits three overlapping MLCT transitions in
where the first ammonia displaces one water molecule from a agreement with aD-flattened geometr§’98182 The most
tetrahedral silver(l) cation, while the second displaces the threeintense bande(~ 8000 Mt cm™?), denoted as band Il, appears
remaining water molecules in [Ag(NP{H20)s] " to give alinear ~ at 455 nm and corresponds to thgXa) — bs(y) transition
Ag(NHs)," ion 5972 Despite the net increase in the number of polarized along the axis which joins the metal and ligand
molecules in the second complexation reaction, the associatedcenters. The second symmetry-allowed transition showing
entropy is negative and therefore the anomalous stability in- polarization is B(y2—ba(y) (band I) which gives rise to a
version is due to the change in hybridization which is an en- shoulder at lower energy. This transition is sensitive to distortion
thalpic effect. The iron(ll)/phen equilibria afford another case since it arises from an inactivéA, term associated with the
of reversed order of the formation constars ¢ K»).64 The e(xzy2—e(y) excitation inDzy symmetry81-82The high energy
higher stability of Fe(pheg}* relative to Fe(phenj™ has been ~ shoulder (band Ill) lies around 390 nm and is due to the b
ascribed to the high- to low-spin crossover which occurs upon (yY2—a() and k(y2—bi(y) transitions polarized along the
coordination of the third phen ligand. Albrecht-Gary et al. have andy axes, respectively. Band lll is less intense than band Il
reported the cooperative formation of neutral calcium and because th& andy components of the dipole moment operator
magnesium ionophore complexes which is driven by the higher provide less oscillator strength compared to theomponent
lipophilicity of the neutral ML, species in methanol compared oriented toward the center of the ligand. Furthermore, the weak
to the charged ME complex’3 Positive cooperativity of entropic  intensity of band Il results also from a less efficient overlap of
origin (solvation effects) has recently been quoted for a number the metal-centered d and ligand-centergdorbitals as evi-
of lanthanide complexes formed with tripodal tridentate ami- denced by the lower value of th€y, coefficient (0.2442)
nophenol binders where the coordination number of the metal compared to that o€y, (0.4135)’° In accord with the results
changes as the equilibrium shifts from the mono- to the bisligand of Dietrich-Buchecker et af3 the blue-shift of the MLCT
specied? In the case of dap and to a lesser extent of map and absorption maximum by 2625 nm, the bandwidth broadening
Memap, the origin of the cooperative formation of the corre- and the considerable intensity increase of band | relative to that
sponding bischelate metal complexes is likely enthalpic and is of band Il when anisyl substituents are introduced, clearly point
assigned to interligand—s stacking effects. In the solid state, out a splitting of the metal-centered d levels induced by a
Cu(dap)* shows an encaged structure due to strong charge-distortion of the coordination geometf$8? Since the spectro-
transfer interactions between the anisyl substituents and thescopic properties of Cu(mag) and Cu(Memap) are inter-
overlapping phenanthroline core of the second chelating’&init. mediate between those of Cu(dmipand of Cu(dap)’, it might
Proton NMR studies have demonstrated that the entwined be concluded that the former complexes exhibit a less flattened
topography is maintained in solution with tilted anisyl moieties structure than Cu(dap).
(ca. 50 with respect to the phenanthroline plane) that provide ~ The spectral intensity reflects mainly the sensitivity of the
an efficient shielding of the central metal catitrin turn, the dipole length for the electronic properties of the substituents
almost statistical formation of the dmp metal complexes (Table attached in positions 2 and 9 of the phenanthroline moiety (Table
4) is easily rationalized since this ligand cannot lead to electronic 2). Accordingly, Day and Sanders explained the hyperchromic
donor-acceptor interactions. effect observed for Cu(dmgp) relative to Cu(phen) by a
Electronic Absorption Properties. The spectrophotometric ~ redistribution of the electronic density due to the electron
data of the various copper(l) complexes (Table 2) are consistentdonating properties of the methyl substituetitSimilarly, the
with the band energy and intensity assignments derived from 20% increase of the extinction coefficient of Cu(Memgapyith
molecular orbitals calculations. A general feature among the respect to that of Cu(mag) accounts for a lengthening of the
Ca,-symmetrico,,o -diimine ligands is the low energy gap (0.036  transition dipole. In contrast, Phifer and McMillin have shown
eV for phen) between the symmetrig({) LUMO and the that the sharp decrease in the molar absorptivity in the presence
antisymmetric &) SLUMO orbitals which become accessible 0f phenyl substituents correlates with a shortening of the
to MLCT transitions’”.”8 Extended Huakel computations re- transition dipole length as a consequence of the delocalization
vealed a higher coefficient of the nitrogen atom’s grbital of the m-accepting LUMO and SLUMO orbitals over the
(Cn) in the k() than in the &(y) molecular orbitalg®79Within aromatic substituents. The strong hypochromic effect with
the general framework of Mulliken’s theory of charge-transfer respect to Cu(phes) (¢ = 7000 Mt cm™*) induced by anisyl
interactions®® the oscillator strength which is a measure for the Substituents in the 2 and 9 positiors= 4000 and 2800 M!
absorption intensity is expressed by eq 7 whegestands for ~ ¢m * for Cu(map)* and Cu(dap)", respectively) supports this

interpretation.

(71) Perlmutter-Hayman, BAcc. Chem. Re<986 19, 90.

(72) Maeda, M.; Arnek, R.; Biedermann, G. Inorg. Nucl. Chem1979 (77) Daul, C.; Schigfer, C. W.; Goursot, A.; Regault, E.; Weber, Them.
41, 343. Phys. Lett.1981 78, 304.

(73) Albrecht-Gary, A. M.; Blanc, S.; David, L.; Jeminet, lBorg. Chem. (78) Ernst, S.; Vogler, C.; Klein, A.; Kaim, W.; ZdlisS. Inorg. Chem.
1994 33, 518. 1996 35, 1295.

(74) Caravan, P.; Hedlund, T.; Liu, S.;"8frg, S.; Orvig, CJ. Am. Chem. (79) Phifer, C. C.; McMillin, D. R.Inorg. Chem.1986 25, 1329.
Soc.1995 117, 11230. (80) Mulliken, R. S.J. Am. Chem. S0d.952 74, 811.

(75) Geoffroy, M.; Wermeille, M.; Dietrich-Buchecker, C. O.; Sauvage, J. (81) Parker, W. L.; Crosby, G. Al. Phys. Chem1989 93, 5692.
P.; Bernardinelli, Glnorg. Chim. Actal99Q 167, 157. (82) Eggleston, M. K.; Fanwick, P. E.; Pallenberg, A. J.; McMillin, D. R.

(76) Dietrich-Buchecker, C. O.; Marnot, P. A.; Sauvage, J. P.; Kintzinger, Inorg. Chem.1997, 36, 4007.
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Deconvolution by nonlinear least-squares refinement of the compact structure. Replacement in Cu(dapdf one anisyl
spectrophotometric data enabled the derivation of the absorptionsubstituenta. to the nitrogen atoms by one methyl group
properties of the monochelate complexes (Figure 4). Although increases the second-order cyanide-assisted demetalation rate

the theoretical treatment outlined above pertains primarily to
monoligated metal complexé%the monophenanthroline com-

constant by more than 3 orders of magnitude. As the steric
hindrance of the nonaromatic substituent is further reduced, as

plexes have attracted much less attention due to the difficulty in Cu(map)*, the dissociation rates become too fast to be

to stabilize and to isolate them. The spectrum of Cu(dniyas
previously been reported by Atkins et al. and is in excellent
agreement with that obtain in this stuéfit shows a dramatic
hypochromic blue shift of the absorption maxima of band II
with respect to the spectrum of Cu(drappand the concomitant
disappearance of the secangolarized transition, band I. These

measured by stopped-flow technique, even under stoichiometric
conditions. However, the fact that Cu(Memgapglissociates 10
times more rapidly than the symmetrical and sterically less
encumbered Cu(dmy) complex is more surprising. This result
clearly indicates that the metal center is more efficiently shielded
by the ligands in Cu(dmpgj than in Cu(map)” and Cu-

spectroscopic features are very similar to those exhibited by (Memap}™.

two mixed copper(l) complexes [Cu(phen)(BRh (Amax= 366
nm, e = 2800 M1 cm™1) and [Cu(dmp)(PP)2] " (Amax= 365
nm, e = 2700 M1 cm™1), where PPk designates triphen-
ylphosphiné#84In the ground state, the monochelate complexes
adopt a distorted tetrahedral geometry of approxim@ig
symmetry. Under this assumption, tvepolarized transitions
are allowed: B(x2—bi(y) and a(xy)—a(x). The absorption
maximum occurring at 360 nm for Cu(dmp)s assigned to
the h(x2—by(y) excitation on the basis of the more efficient
overlap of the copper(l),dorbital with the LUMO of dmp’8
As expected, the influence of aryl substituents on the MLCT
band’'s energy and intensity is qualitatively the same for the
mono- as for the bischelate complex&snd results in a weak
(e ~ 300 Mt cm™) and almost flat absorption spectrum for
Cu(dap) which might arise in part from the intrinsically weak
a(xy)—a(y) absorption.

Structural Effects on the Demetalation Kinetics. In the

In agreement with the measurements carried out at equilib-
rium, the higher reactivity of the unsymmetrical compared to
the symmetrical bischelate complexes toward the entering cy-
anide anions reflects the distortion of the coordination polyhe-
dron induced byr— stacking interactions which create a steric
anisotropy of the complex’s topography. In absence of crystal-
lographic data, the strong shielding of the anisyl proton reso-
nances in théH NMR spectra of Cu(mapj or Cu(Memap)*
provides evidence for the overlap of theaccepting phenan-
throline core with the singla-donor anisyl substituent attached
to the second phenanthroline core and vice versa. Similar effects
assigned tor—s interactions have previously been reported for
Cu(dap)™.78 In addition, the deshielding of the methyl protons
of Cu(Memap)* by ca. 0.2 ppm with respect to Cu(dnap)
further supports the idea of a distorted coordination polyhedron
in Cu(Memap)™ which deviates from the pseudo-tetrahedral
geometry encountered in Cu(drnap)

presence of cyanide, the four studied copper(l) bischelate 1,5 the molecular shape that emerges for Cu(griam)d
complexes dissociate according to a single rate-limiting step Cu(Memap)* is an entwined structure where both ligands are

mechanism which involves a bimolecular pathway first-order
with respect to the nucleophile’s concentratid@n) and a
monomolecular, cyanide-independent paitb) (as previously
observed for related complex€&s!-42The rate constants derived

in the present study are compared in Table 3 with those obtained,,

for Cu(dmp)*™ and Cu(dap)" under slightly different experi-
mental conditioné! The solvent composition has a limited effect
on the first-order rate constanks which is not unexpected
considering that these values primarily reflect the thermody-

tilted with respect to the pseud®, axis, giving likely rise to

two sets of unequal CuN distances$® The overlapping of the
anisyl group of one ligand with the phenanthroline nucleus
belonging to the second chelate obstructs a highly crowded pole
hich faces a widely open and thus accessible hemisphere
oriented toward the hydrogen or the methyl substituents. This
assumption is fully consistent with the X-ray structure of both
coordination polyhedra described for a related dinuclear face-
to-face compleX®® Indeed, the similarities between the spec-

namic stability of the complexes. However, for unsymmetrical trophotometric and the kinetic properties of Cu(Memagnd

complexes, the solvent-induced dissociation path is disfavored gse corresponding to the dinuclear compound, suggest almost
and becomes insignificant with respect to the cyanide-assistedijentical coordination geometries of the copper(l) cation in both
path. In contrast, the data collected in the ternary solvent '”d'catecomplexe§.2

a 2—3-fold enhanced reactivity of the cyanide anion toward the
cationic complexes which is consistent with the lower permit-
tivity of the reaction medium containing 15% dichloromethane
compared to the acetonitrile/water mixture (90/10 v/v) and is
qualitatively predicted by the theory of the activated comfex.
Furthermore, the lower viscosity of dichloromethane favors the
diffusion of the reactants.

The great sensitivity of the second-order rate constants to
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subtle variations in structural properties such as the compactness Supporting Information Available: Tables of the pseudo-first-

around the metal centét'#?is highlighted by the approxi-
mately 200-fold slower demetalation rate of Cu(dapglative

to Cu(dmp)™. This strong substituent effect has been attributed
to an efficient shielding against cyanide provided by a tight

packing of four bulky anisyl groups around an encapsulated

copper(l) coré! The influence of a nonsymmetric ligand struc-

ture is evaluated by comparing the results obtained for Cu-

(map)t, Cu(Memap)*, and Cu(dap). It may be expected that
Cu(dap)* provides a more protective environment of the central
copper(l) cation than Cu(mag) or Cu(Memap)y" due to its

order dissociation rate constants for Cu(dsip)Cu(Memap)*, and
Cu(dap)’. This material is available free of charge via the Internet at
http://pubs.acs.org.
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