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Structure and physicochemical properties of copper(l) complexes of the tridentate ligarftisN-bis[2-(6-
methylpyridin-2-yl)ethyl]phenethylamine) ahd (N,N-bis[2-(2-pyridyl)ethyl]-methylphenethylamine) have been
examined to obtain deeper insights into modulation of the coordination chemistry of copper(l) complekes. [Cu
(L?)(CH3CN)](CIOy4) (2:CH3CN) has a distorted tetrahedral geometry, which consists of three nitrogen atoms of
the ligand and one nitrogen atom of the boundsCN. Steric repulsion between the 6-methyl group on the
pyridine nucleus ol.? and the metal ion of the complex prevents the cuprous complex from adaptation to a
three-coordinate geometry which must have a shorterNI{pyridine) distance+1.88 A). Thus, the four-coordinate
copper(l) complexZ-CHsCN) with a longer Cu-N bond (1.98-2.13 A) becomes favorable, resulting in rather
strong binding of CHCN to the metal ion. In [Ci{L3)](CIO4) (3), there is a Cl+x interaction between the
cuprous ion and the phenyl group of the ligand sidearm. Such a copparéije interaction is essentially weak,

but is significantly stabilized in comple® The methyl group at the benzylic position Iof reduces the degree

of freedom of sidearm rotation to make the phenyl group stick on the cuprous ion. Thus, the reactivity of the
copper(l) complexes of 2 and L3 toward dioxygen is significantly diminished, showing sharp contrast to the
high reactivity of the copper(l) complex supported by a similar tridentate ligdr(t,N-bis[2-(2-pyridiyl)ethyl]-
phenethylamine).

Introduction per(Il) complex A in Scheme 1), generated by treating
CUu(LYH]t with Oy or [CU'(LD]Z" with HO, at a low
emperature {£80 °C), decomposes, leading to benzylic hy-
droxylation of its ligand sidearm to give!©H (Chart 1).
Mechanistic studies have suggested that a«biso)dicopper-
(I intermediate B in Scheme 1), formed from the peroxo
complex @A) by O—O bond homolysis, is the actual active
oxygen species for the aliphatic-& bond activatior?. Reglier

et al recently investigated a closely related system.

The structure and reactivity of copper complexes has been
demonstrated to alter significantly by introducing a small change
in the supporting ligands. One of the most remarkable examples
is found in copper/dioxygen chemistry with the TMPA [tris(2-
pyridylmethyl)amine] ligand system (Chart 1). The copper(l)
complex of TMPA itself afforded au(-1,2-peroxo)dicopper(ll)

Great success has been brought about in copper/dioxyge
chemistry using a variety of bis[2-(2-pyridyl)ethyllamine-based
tridentate ligand$ Karlin and co-workers first developed a series
of dinuclear copper(l) complexes supported by dinucleating
ligands containing two bis[2-(2-pyridyl)ethyl]Jamine units, and
they succeeded in mimicking the structures and functions of
the active sites of hemocyanin and tyrosinase (reversible O
binding and aromatic ligand hydroxylatiohSuch pioneering
works by Karlin and co-workers attracted many researchers in
the related area to open the new field of copper/dioxygen
bioinorganic chemistry:2 Our contribution in this field is finding
quantitative aliphatic ligand hydroxylation with a mononuclear
copper complex of ligand.® (N,N-bis[2-(2-pyridiyl)ethyl]-
phenethylamine, Chart #)Namely, a {-% n?-peroxo)dicop-

(3) (a) Kitajima, N.; Moro-oka, YChem. Re. 1994 94, 737-757. (b)
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complex C in Scheme 1) in the reaction with,Gat a low
temperaturé,while introduction of 6-methyl group into two of
the three pyridine nuclei of the ligand (MEMPA:bis(6-methyl-
2-pyridylmethyl)(2-pyridylmethyl)amine, Chart 1) resulted
in formation of a bisg-oxo)dicopper(lll) complex B) under
similar experimental conditiorisln this case, a small perturba-

(7) Jacobson, R. R.; Tyeklar, Z.; Farooq, A.; Karlin, K. D.; Liu, S.; Zubieta,
J.J. Am. Chem. Sod 988 110, 3690-3692.

(8) Hayashi, H.; Fujinami, S.; Nagatomo, S.; Ogo, S.; Suzuki, M.; Uehara,

A.; Watanabe, Y.; Kitagawa, T. Am. Chem. So€00Q 122 2124~
2125.
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tion in the ligand triggers a drastic change in the oxidation state
of metal (Clf versus Cl) and oxygen (peroxo versus oxo).
Such a drastic change in the structure of copper complexes
induced by the 6-methyl substituent has also been found in a
copper(l)/disulfide system, where ligahd (Chart 1) affords a
disulfide—dicopper(l) complex (typeD in Scheme 1), and
reductive cleavage of the-S bond of the ligand occurs to
give a bisfi-thiolato)dicopper(ll) complex (typ& in Scheme

1) in the case of ligandl® (Chart 1)? Such prominent effects

of the 6-methyl substituent of the pyridyl ligands have also been
observed in the related iron chemistfy.

Effects of the alkyl linker chain in the tetradentate ligand
system (methylene in TMPA versus ethylene in TEPA, tris(2-
pyridylethyl)amine, Chart 1) have also been investigated to
demonstrate that the longer ethylene linker of TEPA can adapt
its cuprous complex to a tetrahedral geometry, stabilizing the
Cu(l) state of the comple} Thus, the copper(l) complex of
TEPA does not react with £this is in sharp contrast to the
high reactivity of the copper(l) complex of TMPAIn the
copper(l)/disulfide case as well, ligand® (Chart 1) with the
ethylene linker between the tertiary amine nitrogen and the
pyridine nucleus affords a different type of disulfiddicopper-

(I) complex (typeF in Scheme 15.

In our continuing effort to clarify the ligand effects on the
copper/dioxygen reactivity, we report herein the substituent
effects on the structure and reactivity of copper(l) complexes
supported by bis[2-(2-pyridyl)ethyllamine-based tridentate ligands,
L2 andL? (Chart 1). Only one methyl substitution either at the
6-position of the pyridine nucleus or at the benzylic position of
the ligand sidearm of.? resulted in a drastic change in the
structure and reactivity of the copper(l) complexes, providing
further insight into the ligand control of copper/dioxygen
chemistry.

Results and Discussion

Synthesis of Ligands and Copper(l) Complexes.igands
L2 andL® were prepared by a Michael addition of phenethyl-
amine to 6-methyl-2-vinylpyridine and gi-methylphenethyl-
amine to 2-vinylpyridine, respectively, in refluxing methanol
under acidic conditions. The copper(l) complexe& &andL3
were obtained by treating the ligand with an equimolar amount
of [CU'(CH3CN)4](ClOg4) in CH,Cl, under anaerobic conditions
(in a glovebox). All compounds gave satisfactory results in the
elemental and MS analyses (see Experimental).

Crystal Structure. Crystal structures of the copper(l) com-
plexes of ligand4.2 andL3, [Cu'(L2)(CH3CN)](ClOy) (2:CHz-
CN) and [CU(L3)](CIOg) (3), have been determined by X-ray
crystallographic analysis, as shown in Figures 1 and 2. The
crystallographic data and selected bond lengths and angles are
summarized in Table 1 and Tables 2 and 3, respectively. Despite
our great efforts, single crystals of the copper(l) complex of
ligand L%, [CU(L1Y)](CIO4) (1),%2 suitable for X-ray crystal-
lographic analysis have not been obtained so far. Thus, we used

(9) ltoh, S.; Nakagawa, M.; Fukuzumi, $. Am. Chem. So@001, 123

4087-4088.

(10) (a) Zang, Y.; Elgren, T. E.; Dong, Y.; Que, L., Jr Am. Chem. Soc
1993 115 811-813. (b) Que, L., Jr.; Dong, YAcc. Chem. Re4996
29, 190-196. (c) Zheng, H.; Zang, Y.; Dong, Y.; Young, V. G., Jr.;
Que, L., JrJ. Am. Chem. S0d 999 121, 2226-2235. (d) Chen, K;
Que,L., JrAngew. Chem., Int. EA999 38, 2227-2229. (e) Costas,
M.; Tipton, A. K.; Chen, K.; Jo, D.-H.; Que, L., Jd. Am. Chem.
Soc 2001, 123 6722-6723.

(11) (a) Karlin, K. D.; Sherman, S. Enorg. Chim. Actal982 65, L39—
L40. (b) Schatz, M.; Becker, M.; Thaler, F.; Hampel, F.; Schindler,
S.; Jacobson, R. R.; Ty€klaZ.; Murthy, N. N.; Ghosh, P.; Chen, Q.;
Zubieta, J.; Karlin, K. DInorg. Chem 2001, 40, 2312-2322.
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Table 1. Summary of X-ray Crystallographic Data
[CU(L?)(CH3CN)]CIO, [CU(L3)]CIO,4

empirical formula  GgH32N4O,CICu GosH27/N304CICu
formula weight 563.56 508.49
crystal system triclinic triclinic
space group P1 (#1) P—1 (#2)
a A 11.956(1) 15.621(2)
b, A 12.073(1) 17.202(2)
c, A 10.379(1) 8.2593(9)
o, deg 106.494(2) 92.232(6)
B, deg 106.108(5) 90.706(4)
y, deg 99.266(3) 87.545(4)
vV, A3 1332.5(2) 2215.6(4)
z 2 4
F(000) 588.00 1056.00
Deale, 9/Cn® 1.405 1.524
Figure 1. ORTEP drawing of the cationic part of [U?)(CHsCN)]- T,°C —115 —100
ClO4 (molecule 1) showing 50% probability thermal ellipsoids. The  cryst size, mm 0.3% 0.30x 0.20 0.20x 0.20x 0.20
counteranions and hydrogen atoms are omitted for clarity. u (MoKo),cmt  9.58 11.42
diffractometer Rigaku Rigaku
RAXIS—RAPID RAXIS—RAPID
radiation Mo Ko Mo Ko
(0.71069 A) (0.71069 A)
20max deg 55.0 55.0
no. of reflns measd 9468 13360
no. of reflns obsd 4862 [> 1.50(1)] 6018 [ > 3.00(1)]
no. of variables 714 638
R2 0.042 0.046
R.? 0.064 0.072

2R = 3 |IFol — IFcll/X|Fol. ® Ri={ SW(IFo| — |Fcl)?/>WFo%}2
Table 2. Selected Bond Lengths (A) and Angles (deg) of

[CU'(L?)(CH3CN)]CIO,
Molecule 1 Molecule 2
Cu(1)-N(1) 2.216(7)  Cu(2yN(5) 2.152(6)
) ) o Cu(1}-N(2) 2.054(6) Cu(2)yN(6) 1.996(7)
Figure 2. ORTEP drawing of the cationic part of [GL2)]CIO,4 Cu(1)-N(3) 2.009(7) Cu(2}N(7) 2.133(6)
(molecule 1) showing 50% probability thermal ellipsoids. The coun-  Cu(1)-N(4) 1.930(8) Cu(2)yN(8) 2.005(6)
teranions and hydrogen atoms are omitted for clarity. N(1)—Cu(1-N(2)  98.3(3) N(5-Cu(2-N(6)  98.3(3)

N(1)-Cu(1)-N(@3) 96.3(2)  N(G}-Cu(2-N(7) 96.9(3)
the reported crystal structures of copper(l) complexes supported N(2)—Cu(1)}-N(3) 122.0(3) N(6-Cu(2-N(7)  123.3(3)
by similar tridentate ligands containing the same bis[2-(2- N(1)-Cu(1)-N(4) 113.7(3) N(5-Cu(2}-N(8) 114.3(3)
pyridyl)ethylJamine moiety for comparisof:13 N(2)-Cu(1}-N(4) ~ 122.4(3)  N(6)Cu(2)-N(8)  124.8(3)

The unit cell of [CHL2)(CHCN)](CIOs) (2:CH:CN) consists ~ NG)~Cu@)=N(4) ~ 101.4@3)  N(7)-Cu(2-N(8)  96.6(3)
of two crystallographically independent Geomplex ions,  Taple 3. Selected Bond Lengths (A) and Angles (deg) of
including two N-bound acetonitrile molecules and two GIO [CU(L3)]CIO,
ions. The cuprous ion i2-CH3;CN has a distorted tetrahedral

. Molecule 1 Molecule 2

geometry with an N4 donor set, one from the bound;CN

and the others from the tridentate ligahd. Although bond gﬂg)):mg; géﬁgg gﬂgg“gg gégigg
distances and angleg between the two molecules (molecule 1Cu(1)_N(3) 2:003(4) Cu(2yN(6) 1:980(4)
and molecule 2) are different slightly from each other, structural cu(1)-c(19) 2.251(4) Cu(2)C(42) 2.242(4)
parameters (CuN distances and NCu—N angles) of2:CHs- Cu(1)-C(20) 2.375(5) Cu(2yC(43) 2.189(4)
CN are fairly similar to those of the reported dinuclear Cu  C(15)-C(16) 1.367(8) C(38)C(39) 1.370(7)
complex, [Clu(N4PY2)(CHCN),](CIO4), (4-CH:CN), where C&gﬁgg% ﬂgggg 8&23385183 i'2‘8§§?§
each copper ion has a pseudotetrahedral geometry supporte (17)-C(18) 1'368(8) Ca0yC(a1) 1.366(6)
by the bis[2-(2-pyridyl)ethyl]amine unit and one molecule of  c(18)-c(19) 1:397(7) C(4BC(42) 1:413(6)
CHiCN (Cu—N distances, 1.9452.151 A; N~Cu—N angles, C(19)-C(20) 1.382(7) C(42C(43) 1.404(6)

98.1-122.8) (Scheme 2}2 Thus, the 6-methyl group of the ~ N(1)-Cu(1)-N(2) = 102.2(2) N(4yCu(2)-N(5)  100.6(1)
pyridine nucleus of 2 induces little effect on the structure of “g;:gﬂg)):mg ﬂg%gg Hfggﬂgmg 1(1)(1)‘11%
the four-coordinate coppe_r(l) complex. N(1)—Cu(1)-C(19) 111'_9(2) N(4) Cu(2)-C(42) 982(2)
On the other hand, Karlin and co-workers have also reported N2)-cu(1)-C(19) 97.9(2) N(5yCu(2)-C(42)  139.8(2)
the nearly T-shaped three-coordinate copper(l) com@ex  N(3)-Cu(1)-C(19) 129.5(2) N(6)}Cu(2-C(42) 99.8(2)
supported byN,N-bis[2-(2-pyridyl)ethyl]benzylamine (Scheme  N(1)—Cu(1)-C(20) 82.5(2)  N(4}Cu(2>-C(43) 87.5(1)
3)12 where the CuN,y, distances are significantly shorter ~ N(2)—Cu(1)-C(20) ~ 124.3(2) N(5yCu(2)-C(43)  108.9(2)
N(3)—Cu(1)}-C(20) 120.0(2) N(6}Cu(2}-C(43) 136.6(2)
(12) Blackburn, N. J.; Karlin, K. D.; Concannon, M.; Hayes, J. C.; Gultneh, C(19-Cu(1)-C(20)  34.6(2) C(42yCu(2)-C(43) 36.9(2)

Y.; Zubieta, J.Chem. Commuril984 939-940. . ;
(13) Kariin. K. D. Haka M. S+ Cruse, R, W.: Meyer, G. J.; Farooq, A. (1.873, 1.893 A) than those BCH:CN and4-CH:CN. In this
Gultneh, V.; Hayes, J. C.; Zubieta, 1. Am. Chem. Sod 988 110 study, however, such a three coordinate copper(l) complex could

1196-1207. not be obtained when ligaric? was employed. This is probably
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due to the steric effect of the 6-methyl group lid, which ] o ) ]
prohibits formation of such a three-coordinate copper(l) complex Molecule occupies the fourth coordination site (Figure 1). In
having the shorter GuN,, distance. It has previously been the case of compleg as well, coordination of CCN to the
demonstrated that the donor ability of the pyridine nucleus Metal center prevents the copper(l) complex from making such
carrying the 6-methyl group is diminished due to the steric & Cu—aromatic interactiod] and the Clr-aromatic interaction
repulsion between the methyl group and metal®#4Thus, IS easily broken when compléis dissolved in CHCN.*® Thus,
only the four-coordinate tetrahedral geometry with the longer the coordinative interaction between the cuprous ion and the
Cu—N distance is available in the? ligand system. Conse- aromatics is essentially weak.
quently, removal of the bound GBN from 2-CHsCN becomes Physicochemical Properties and Reactivity in Solution.
difficult. This point will be discussed later in more detail. UV —visible spectra of [CYLY)](CIO,) (1),%2[Cu'(L?)(CH:CN)]-
The copper(l) complex [G(L3)](CIOy) (3) also affords two ~ (ClOs) (2:CHsCN), and [CUL3)](CIO4) (3) in CH.Cl, are
crystallographically independent Eeomplex ions in the crystal ~ presented in Figure S2.The complesx3 exhibits an absorption
(see Table 3). Notably, the phenyl ring of the ligand sidearm band at 290 nme(= 9700 M™* cm™) that can be assigned to
of L3 comes closer to the cuprous ion, making a coordinative the metat-to—phenyl charge transfer (MLCT), as suggested for
interaction in a2 fashion (Figure 2). Thus, the cuprous ion in  complex7 (metat-to—indole) by Shimazaki et al (308 nra,
3 also adapts a distorted tetrahedral geometry, consisting of the= 18000 M™* cm™1).1820A similar absorption band at 290 nm
three nitrogen atoms of the ligand and the CEGJ20) moiety s also observed with compleix(Figure S1). This suggests that
of the phenyl ring (C(42)C(43) in molecule 2). This bonding  there is a similar Clu-phenyl interaction withinl when it is
interaction is unsymmetrical, Cu@g(19), 2.251(4) A; Cu- dissolved in a nonpolar solvent, such as;CH. On the other
(1)—C(20), 2.375(5) A in molecule 1 and Cuf2F(42), 2.242- hand, however, comple2-:CH;CN does not show such an
(4) A; Cu(2)-C(43), 2.189(4) A in molecule 2, and these values absorption band around 300 nm in &% (Figure S1),

are comparable to the & distances in the known Ctin?- indicating that the coordination of GBN in 2:CH3CN is rather
benzene complexes (2.69.30 AY516 and in the recently strong so as to prevent the Cyphenyl interaction as discussed
reported Cli-#n2-naphthalenes (2.129, 2.414 AY and Cu— above.

n?indole 7 (2.228, 2.270 A¥ complexes (Scheme 4). Such an  To confirm this idea, titration oft by CH;CN was carried
interaction between the cuprous ion and the aromatic group of out in CHCl, at —20°C (Scheme 5). Figure 3 shows a spectral

the ligand sidearm is not seen in compin which CHCN change of the titration. The absorption band at 290 nm due to
the Cl—phenyl interaction decreases while increasing the added

(14) Nrf]igao, H., Komeda, N.; Mukaida, M.; Suzuki, M.; Tanakalrtrg. CH3CN concentration, and the final spectrum of the titration
Chem 1996 35, 6809-6815. ; it

(15) Tumer, R. W.. Amma, E. LJ. Am. Chem. Sodl966 88, 1877 resembles the spectrum2iCH;CN in CH;CN. The association
1882.

(16) Dines, M. B.; Bird, P. HJ. Chem. Soc., Chem. Commud®f73 12. (19) See Supporting Information.

(17) Striejewske, W. S.; Conry, R. Rhem. Commurl998 555-556. (20) The Cli—phenyl interaction in the cuprous complex is now being

(18) Shimazaki, Y.; Yokoyama, H.; Yamauchi, @ngew. Chem., Int. Ed investigated in more detail using a series pfubstituted phenyl

1999 38, 2401-2403. derivatives of ligand.1.52



6608 Inorganic Chemistry, Vol. 40, No. 26, 2001

constantKss = [1-CH3CN]/[1][CH3CN] at —20 °C has been
determined as 6.4 M by analyzing the absorption change, as
indicated in the inset of Figure 3. The conformational change
induced by the CBCN coordination has also been indicated
by 'H NMR. Namely, shargH NMR peaks due to the ethylene
linker of 1 (—CH,—CH,—Ph) appear ai = 2.82 and 3.18 (both
triplet, J = 6.1 Hz) in CDBCl,, while those peaks become a
broad singlet§ = 3.0) in CD;CN. Thus, the two methylene
groups of the ethylene linker are nonequivalent as a result of
the coordination of the phenyl group in @0l,, while such a
Cu—phenyl interaction is broken in GGN, letting the two
methylene groups be nearly magnetically equivalent. In addition,
the 6-proton of the pyridine nucleus {Hs) atd = 8.07 in Ch-

Cl, shifts tod = 8.46 in CxCN. Such a downfield shift of
Hpy-6 may be due to the disappearance of a ring current effect
by the phenyl group, as shown in Scheme 5, where the phenyl
group in conformation (a) sits right above thgyks to induce

the upfield shift of Hy—s, whereas such a ring current effect by
the phenyl ring disappears in conformation (b). Thé-Ganenyl
interaction in complext is further supported by3C NMR in
CD,Cl,. Namely, thel3C NMR peaks of the phenyl ring df
appear at 123.1 (ff, 127.43 (G), 129.36 (G ), and 138.92
(C1) ppm, which are rather similar to those®§121.20, 127.60,
129.44, and 138.93 ppm in GDI,), which has the Cu-phenyl
interaction, but are relatively different from those2f127.09,
128.55, 129.12, and 140.20 ppm in &I) in which such an
interaction is absent.

The K,svalue of3 has also been determined as 0.21'Nh
the same way. The significantly small&s value of 3 as
compared with that ofl clearly demonstrates that the 'cu
phenyl interaction, which is essentially weaklinis enhanced
significantly in complex3. The methyl group of the ligand
sidearm ofl.® may occupy a less crowded space in com@Bex
(conformation (a) in Scheme 5), placing the phenyl group on
the cuprous ion to stabilize the Ciphenyl interaction entropi-
cally.2°

Complex2-CH3CN exhibited a reversible redox couple at
0.30 V versus Fc/Fc (ferrocene/ferrocenium) in CGi&l,, as
shown in Figure S22 The good reversibility of the cyclic
voltammetry indicates that the coordination of £HN in 2-
CH3CN is maintained during the electrochemical redox process.
In other words, the coordination of GAN in 2:CH3CN is
strong enough to keep the four-coordinate copper ion, as
discussed above. On the other hahdind 3 provided quasi-
reversible redox couples at lower potentials (0.08 and 0.07 V
versus Fc/Ft, respectively), but the reversibility of their cyclic
voltammetry became worsa&E;;, = 0.53 and 0.35 V, respec-
tively) as compared with the case of compRCH;CN (AE;),
= 0.17 V). This suggests that a larger conformational change

Osako et al.
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Complex1 is known to react with @rapidly to generate a
peroxo species at low temperature80 °C), as illustrated in
Scheme 6:°2In sharp contrast to this, neith2rCH;CN nor3
reacts with dioxygen at ambient temperature (Scheme 6). The
high oxidation potential 02-CH3;CN (0.30 V versus Fc/Fg
as compared with (0.08 V vs Fc/Fg) is certainly an important
factor for the stability toward dioxygen. The strong binding of
CH3CN to CU in 2:CH3CN may also prohibit the initial
coordination of Q to the metal center, which is required for
formation of the peroxo species froband Q.52 In the case of
complexl, O, can easily bind to the copper ion in place of the
weak Cl—phenyl bonding, as suggested by the latggvalue.

In the case of compleg, the stronger Cu-phenyl interaction,
as demonstrated by the smalkeg value, may be the main factor
for prohibiting the direct interaction of the metal ion with
dioxygen, since the redox potential 8f(0.07 V versus Fc/
Fc') is essentially the same as the valuelof0.08 V versus
Fcl/Fch).

In conclusion, the small perturbation induced by the methyl
substitution at the 6-position of the pyridine nucleud.fhand
at the benzylic position of the ligand sidearmLid leads to a
drastic change in the structure and reactivity of the copper(l)

occurs during the electrochemical redox process in the cases ocomplexes. Because of a repulsive interaction between the

1 and3. In the previous study, we reported the crystal structure
of the copper(ll) complex of ligantl!, in which there is no
interaction between the cupric ion and the aromatic pentiant.
Thus, the conformational changeslirand 3 could be largely
attributed to the change of position of the ligand sidearm, i.e.,
Cu—phenyl interaction in the copper(l) state while little
interaction between Cluand the phenyl group in the copper(ll)
state. The higher redox potential @CH;CN (0.30 V) as
compared with those of others (0.08 and 0.07 V) can be
attributed to the bound GIE€N, which stabilizes the copper(l)
state of the complex. The 6-methyl groupliAmay also result

in increase ok, since Tanaka and co-workers have demon-
strated that introduction of the 6-methyl group induces a positive
shift in Ey» of the copper(ll) complexes of TMPA ligands.

6-methyl group ofL2 and the metal ion, the cuprous complex
resists having a three-coordinate geometry with a shorteiNCu
bond length, such as found in compl&x~1.88 A). Thus, the
copper(l) complex ofL? tends to have a four-coordinate
tetrahedral geometry with a longer €N distance (1.982.13

A) in which CHsCN occupies the fourth coordination site. Such
a steric effect by the 6-methyl group bf makes the binding
of CH3CN to the metal ion rather strong. Thus, the reactivity
of 2:CH3CN toward Q is almost lost. On the other hand, the
methyl group at the benzylic position bf reduces the degree
of freedom of the sidearm movement to enhance the stability
of the CU—phenyl interaction. In this case as well, a direct
interaction between the cuprous ion angd i® prohibited due
to the stable Cu-phenyl interaction. These results will provide
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important insights into modulation of the structure and reactivity three times and dried (41% yield). All procedures were done in a

of copper(l) complexes. glovebox ([Q] < 0.1 ppm).*H NMR (600 MHz, acetonek): ¢ 2.04
(3 H, s, bound EI;CN), 2.73-2.80 (4 H, m,—CH,—CH,—Ph), 2.90
Experimental Section (6 H, s,—CHj), 3.20 (4H, br,—CH;—CH,—Py or —CH,—CH,—Py),

31 (4 H, t,—CH,—CH,—Py or —CH,—CH,—Py), 7.06-7.21 (5 H
General. All chemicals used in this study except the ligands and %Sargmaiic’ Hg: 724?(22 H ){Jci 7(; ﬁ'ZCH)Z . o);)i-l 05_7 54 Eg H7
y y 1 ’ . y Fhy— py-5), I ,

the complexes were commercial products of the highest available purity d,J= 7.7 Hz, Fhy-3 0F Hoy-s), 7.97 (2 H, tJ = 7.7 Hz, Hy_s). FT-IR
yJ — L. y Tpy— py—5)y [ y L — 1. y Tpy—4)-

and were fu_rther pu_rified by _the standa_rd method_s, if ne_ce§§ary. (KBr): 1105, 1086, and 625 cri(CIO, ). FAB—MS (pos),m/z422.28
6-Methyl-2-vinylpyridine was kindly supplied by Koei Chemical Co. \1+y"Anal. for [CU(L2)-CHsCN]CIO. Caled for GeHa:0MNLCuCl: C,
Ltd, and was purified by fractional distillation. Synthetic procedures 55.41 H. 5.72- N. 9.94. Found: C. 55.28: H. 5.66° N. 9.67.

of ligandL " and its copper(l) c_omplex were reported previousiyT - [Cu"(L’3)]CIO’4 (é). This compounci was p;ep:etred ir’l a ’manner similar
IR spectra were recorded with a Shimadzu FTIR-8200PC—U¥ 3}0 that described above using ligahd (172.7 mg, 0.5 mmol) and

spectra were measured using a Hewlett-Packard HP8453 diode array _ | o
spectrophotometer with a Unisoku thermostated cell holder designed \[/f/:eurécyosr?;\l)iﬂCallo“lc()%/i(l))jxm(aj)of S]FOI)’;)Zlﬁ yllle'\l/ﬂ.?A(l:lgg(r)OﬁS;res
for low-temperature measurements. Mass spectra were recorded with 9 -+ Ppm). ’

a JEOL JMS-700T Tandem MS statiéhl NMR spectra were recorded i‘?ﬁnwg;gﬁ'g%(g H, g";;s'27HZ§|__|CH3)’ 2'65_3'7& (11H, n&

on a JEOL FF-NMR Lambda 300WB or a Bruker Advance 600. O &30 (Pl ) I e A et e ol
The cyclic voltammetry (CV) measurements were performed on an (Pé)gr;" 1'121 108‘9 e;ngygzé c.‘rﬁ (CiO B FA,B—"\AlS-’!yEGC.)S) 2

ALS-630A electrochemical analyzer in anhydrousCH containing 408 2'8 ) Anal fér [CU(L?)]CIO Caléd i‘or GaHzO NpCuCI c

0.1 M NBuCIO; as supporting electrolyte. The Pt working electrodes ., “27 \ W2 J 5 ot o o0 o é‘ 4 20 H 533% lil 38 poi

were polished with a polishing alumina suspension and rinsed with = 77 "7 === 7% =22 o e T e T e )

CH,Cl, before use. The counter electrode was a Pt wire. A silver pseudo ~ Caution! The perchlorate salts used in this study are all potentially

reference electrode was used, and the potentials were determined usin§*P!0sive and should be handled with care.

the ferrocene/ferricenium (Fc/Frcouple as a reference. All electro- X-ray Structure Determination. Single crystals 0B-CH;CN and
chemical measurements were carried out #i&nder an atmospheric 3 suitable for X-ray structural analysis were obtained by vapor diffusion
pressure of Ar in a glovebox (Miwa Co. Ltd.). of ether into a CHCI; solution of the complex. In the case &fCHs-

Synthesis of Ligands.Ligands L2 and L3 were prepared by a  CN, a few drops of CECN was added to the GBI solution of2
Michael addition of phenethylamine to 6-methyl-2-vinylpyridine and CHsCN. The single crystal was mounted on a glass fiber. Data of X-ray
of -methylphenethylamine to 2-vinylpyridine, respectively, in refluxing ~ diffraction were collected by a Rigaku RAXtRAPID imaging plate
methanol containing acetic acid, and the products were purified by flash two-dimensional area detector using graphite-monochromated élo K
column chromatography (SifDas reported previousfif.The structure radiation ¢ = 0.71070 A) to 2 max of 55.0. All the crystallographic

of the products were confirmed Bt NMR. calculations were performed by using the Crystal Structure software
N,N-Bis[2-(6-methylpyridin-2-yl)ethyl]phenylethylamine (L?). Pale package of the Rigaku Corporation and Molecular Structure Corporation
brown oil; *H NMR (300 MHz, CDC}): ¢ 2.52 (6 H, s—CHs), 2.67— (version 1.01, 2000). The crystal structure was solved by direct methods
2.83 (4 H, m,—CH,—CH,-), 2.85-3.00 (8 H, m,—CH,—CHy-), 6.83 and refined by full-matrix least squares using SIR-92. All non-hydrogen
(2 H, d,J=7.5Hz, Hy-30r Hy-s), 6.95 (2 H, dJ = 7.5 Hz, Hy-3 and hydrogen atoms were refined anisotropically and isotropically,
or Hyy—s), 7.10-7.27 (5 H, m, GHs), 7.42 (2 H, t.J = 7.5 Hz, Hyy_4). respectively. Summary of the fundamental crystal data and experimental
N,N-Bis[2-(2-pyridyl)ethyl]- B-methylphenylethylamine (L3). Pale parameters for structure determinations is given in Table 1. The
brown oil; I1H NMR (300 MHz, CDC}): ¢ 1.12 (3 H, d,J = 6.6 Hz, experimental details including data collection, data reduction, structure
—CHg), 2.53-2.97 (11 H, m,—CH- and—CH,—CH;"), 7.05-7.28 (7 solution and refinement, the atomic coordinates, BgfBeg anisotropic
H, m, aromatic H), 7.49 (2 H, dil = 1.7 and 7.7 Hz, }-4), 8.52 (2 displacement parameters and intramolecular bond distances and angles
H, d,J = 4.3 Hz, Hy-s). have been deposited in the Supporting Information.
Synthesis of Copper(l) Complexes. [C{L?)-CH3CN]CIO,4 (2 . .
CH;{;N). Ligansz(Fljga(l)mg, 0_55 mmo,g Vb‘asireated w]ith E(IT.ISis- Acknowledgment. This work was partially supported by

CN)CIO; (112.3 mg, 0.35 mmol) in C¥Cl, (5 mL) under Ar Grants-in-Aid for Scientific Research on Priority Area (Nos.
atmosphere. After stirring for 30 min at room temperature, the insoluble 11228205, 11228206) and Grants-in-Aid for Scientific Research
material was removed by filtration. Addition of ether (100 mL) to the (No. 13480189) from the Ministry of Education, Science,
filtrate gave a pale yellow powder that was precipitated by allowing Culture, and Sports, Japan. The authors also acknowledge Ms.
the mixture to stand for several minutes. The supernatant was thenMasumi Doe of Osaka City University for her help in obtaining
removed by decantation, and the remaining pale yellow solid was measurements on the 600 MHz NMR.
dissolved in CHCN (5 mL). Addition of ether (100 mL) to the filtrate
gave a pale yellow powder that was precipitated by allowing the mixture  Supporting Information Available: UV —vis spectra of the cuprous
to stand for several minutes. The supernatant was then removed bycomplexes in ChCl; (Figure S1), cyclic voltammogram @& CH;CN
decantation, and the remaining pale yellow solid was washed with etherin CH,CI, (Figure S2), and X-ray crystallographic files f3fCH,CN
and3 in CIF format. This material is available free of charge via the
(21) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. Rurification of Internet at http://pubs.acs.org.
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