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Because of the redox characters of many cuproproteins, theScheme 1
relationship between the geometry around their copper centers

2+
and their oxidation states has always been a matter of importance e Cu2*, MeOH / 4
in bioinorganic chemistry:2 For d'® Cu(l), the stereochemistry QS Sp N <j%:5\0u's§i>
2 —n17 Sa—
=0 o= N N

is dictated by the steric and charge effects of the ligands, and CNH
so prefers coordination such as tetrahedral or trigonal, while as 2 —
a i system, Cu(ll) adopts stereochemistries providing some cu2*, MeoH | =2 1

crystal field stabilization energy. Sterically demanding ligands NH,
tend to stabilize the-1 oxidation state: [C(6,6-Me;Bipy);]?"

has been reportédito undergo autoreduction in EtOH to the M/ _|+ Vo —|2+
Cu(l) form and the Schiff bases derived from 2-pyridinecar- Qs‘cdsp - Q:S\cdsp
boxaldehyde and 1,6-hexanediamine or bis(2-aminoethyl) dis- =N" 'N= =N" 'N=

ulfide also form air-stable Cu(l) complexes from copper(ll)
perchloraté® In a general sense, for macrocyclic Cu(ll) 2 3
complexes, increasing flexibility in the imine linkage favors their
electrochemical reduction, while opening the macrocycle might

be thought of as corresponding to extrapolation to infinite ring the geometry around the Cu centers. 1jrthe Cu(ll) adopts a
size4 Kinetic and thermodynamic studfewith N,S, macro- square-planar geometry with very little distortion (0.004 A) of

cycles also demonstrate the enhanced stability of Cu(l) with the Cu fro_m the mean plane_ defin_ed by thélsdonor set and
more flexible ligands. Although this important aspect of Cu thg least interplanar angle involving Cu and the donor atoms
redox chemistry is rather widely accepted, no closely related being CuS(l)S(Z) and CuN(1)N(2), aT.GThg overall shape
pair of Cu complexes is available to date, wherein it is ©f the cationl resembles a butterfly, with benzo-wings
demonstrated structurally. We report here Cu(ll) and cu(l) (interplanar angle 93. In 2, the Cu(l) adopts a somewhat
complexes of macrocyclic #, ligands which show the
appropriate selection of oxidation state with change in ligan

The structural analyses dfand?2 (Figures 1 and Z)reveal

d (6) 1(ClO4)2: To 1,4-bis(2-formylphenyl)-1,4-dithiabutah€0.302 g, 1
mmol) suspended in 25 mL of GBH was added a mixture of Cu-

flexibility. (ClOy)2-6H,0 (0.371 g, 1 mmol) and 1,3-diaminopropane (0.074 g, 1
; _hic(D- 1 A mmol) in 25 mL of CHOH. Refluxing the green solution (5 h)
.T.he reaC“Oﬁ (SChe.me 1) of 1.’4 bis(2 formylphe.nyl)'l,4 produced dark green crystals, which were filtered off, washed with
dithiabutane with eqwmolar_ 1,5-d|az_apentane (1,_3-d|am|n0pro- CH:OH, and recrystallized from G} &N/CH;OH to give diffraction-
pane) and Cu(Clg),-6H,0 in refluxing CHOH gives dark quality crystals. Yield: 0.48 g (80%). Anal. Calcd for¢BizoN,-
green 1, whose solution and solid-state optical spectra are ~ Cl20sSCu: C, 37.9;H, 3.32/ N, 4.65. Found: C, 38.2; H, 3.21; N,

identical. When 1,6-diazahexane (1,4-diaminobutane) is used jij'nlrjnvgv'l_s é]poﬂﬂdfgifgm:aﬁz‘;géﬂ;“'llgg()(ggs)uggf(g\ffg%s_

instead of 1,5-diazapentane, the bright yellow perchlorate or (FAB): miz= 403 M — 2CIO;)%*. 2(CFsS0s)-CH;OH: A mixture
triflate salt2 is isolated. of Cu(CRSGs)2 (0.362 g, 1 mmol) and 1,4-diaminobutane (0.088 g,
1 mmol) in 25 mL of CHOH was added to a suspension of 1,4-bis-
(2-formylphenyl)-1,4-dithiabutane (0.302 g, 1 mmol) in 25 mL of£H

T Drexel University. OH. After about 20 min the green reaction mixture became yellow.
*Howard University. This conversion of Cii to Cu" is more rapid in acetonitrile. Following
§ The University, Hull. 3 h of reflux, the solution’s volume was reduced to about 10 mL
(1) (a) Kaim, W.; Rall, JAngew. Chem., Int. Ed. Endl996 35, 43. (b) (rotavapor); it was allowed to stand overnight and the resulting yellow
Bioinorganic Chemistry of CoppgKarlin, K. D., Tyeklar, Z., Eds.; crystals harvested (0.43 g, 72%). Single crystals were grown by
Chapman & Hall: New York, 1993. (c) Sykes, A. Struct. Bonding diffusing ether into a CBDH solution. Anal. Calcd for @Hazs
199Q 73, 1. NoF304S:Cu: C, 44.1; H, 4.34; N, 4.68. Found: C, 43.9; H, 4.28; N,
(2) (a) Shepard, W. E. B.; Anderson, B. F.; Lewandoski, D. A.; Norris, 4.55. UV-vis (CHsCN): Amax M (€, L mol~t cm™1) = 283 (sh),
G. E.; Baker, E. NJ. Am. Chem. Sod99(Q 112, 7817. (b) Goodwin, 355 (2770). MS(FAB): Mz = 417 M — CRSOs*. 3: Bulk
J. A.; Stanbury, D. M.; Wilson, L. J.; Eigenbrot, C. W.; Scheidt, W. electrolysis 0f2(CFS0;)-CH3OH in CH;CN at a Pt-mesh working
R.J. Am. Chem. S0d.987 109 2979. electrode (NEICIO,4 as supporting electrolyte) at 450 m¢Ag™ (0.01
(3) (a) Kitagawa, S.; Munakata, M.; Higashi, lorg. Chim. Actal984 M, 0.1 M NE%CIlO4, CH3CN)/Ag gave a deep green solution.
84, 79. (b) Sakurai, T.; Kimura, M.; Nakahara, Bull. Chem. Soc. Reduction of an aliquot back @with copper powder for measurement
Jpn. 1981, 54, 2976. of its UV absorbance yielded the molar absorptivitie80UV—vis
(4) (a) Long, R. C.; Hendrickson, D. N.. Am. Chem. Sod.983 105, (CH3CN): Amax M (¢, L mol~t cm™1) = 295 (sh), 387 (5450), 615
1513. (b) Mandal, S. K.; Thompson, L. K.; Newlands, M. J.; Gabe, (1010).
E. J.Inorg. Chem.1989 28, 3707. (c) Diaddario, L. L.; Dockal, E. (7) Lindoy, L. F.; Busch, D. HJ. Am. Chem. S0d.969 91, 4690.
R.; Glick, M. D.; Ochrymowycz, L. A.; Rorabacher, D. Bnorg. (8) Crystal data forl(ClO4), and, in parentheseg(CF;S0;)-0.43CH:-
Chem.1985 24, 356. (d) Aronne, L.; Dunn, B. C.; Vyvyan, J. R.; OH: dark green prism (yellow rhombs), 1681,0N2Cl,0sS,Cu
Souvignier, C. W.; Mayer, M. J.; Howard, T. A.; Salhi, C. A.; Goldie, (Ca1.4H23.7N203.4353F3Cu), fw = 602.95 (580.91), triclinic (mono-
S. N.; Ochrymowycz, L. A.; Rorabacher, D. Biorg. Chem.1995 clinic), space grougPl (No. 2) (P2/n), a = 10.566(9) A (7.704(5)
34, 357. (e) Addison, A. Winorg. Chim. Actal989 162 217. A), b=12.671(4) A (22.107(4) A)c = 8.766(4) A (14.655(3) A)at
(5) (a) Balakrishnan, K. P.; Zuberbler,A. D. Helv. Chim. Actal984 = 99.89(3%, f = 99.41(5) (91.98(3}), y = 79.28(5), V = 1126(1)
64, 2068. (b) Balakrishnan, K. P.; Kaden, T. A.; Zubérkar, A. D. A3 (2494(2) B), andZ = 2 (4). Data are from a Rigaku AFC6S
Helyv. Chim. Actal984 67, 1060. diffractometer.
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Figure 1. ORTEP drawing forl. Selected bond distances (A) and
angles (deg): CuS(1) 2.302(2), Ct+S(2) 2.289(2), Ct+N(1) 1.996-
(6), Cu—N(2) 2.008(4); S(1)yCu—S(2) 87.48(7), S(tyCu—N(1) 88.5-
(1), N(1)-Cu—N(2) 94.7(2), N(2)-Cu—S(2) 89.7(1), S(B-Cu—N(2)
175.2(1), S(2y-Cu—N(1) 173.6(1), Cu-O(CIO,s7) 5.597(5).

Figure 2. ORTEP drawing for2. Selected bond distances (A) and
angles (deg): CuS(1) 2.277(2), CtS(2) 2.284(2), CtrN(1) 1.956-
(5), Cu—N(2) 1.961(5); S(1)yCu—S(2) 95.64(6), S(tyCu—N(1) 98.2-
(2), N(1)-Cu—N(2) 115.3(2), N(2)-Cu—S(2) 97.6(2), S(tyCu—N(2)
127.4(2), S(2yCu—N(1) 123.5(2).

flattened tetrahedral geometry, the least dihedral angle {69.5
involving CuS(1)S(2) and CuN(1)N(2)) acting as an index of
the distortion from regular tetrahedral (90 A noteworthy
feature of these two structures is that the-&uand Cu-N
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Table 1. EPR (77 K) and Electrochemical (298 K) Data

compound g 10MA oo (9i— 2)/|Al  Eyd
[Cu—(CHp)—](CIOQ21t 2278 170 2.04 16 —40
[Cu—(CH.)s—](ClO)¢ 218 180 206 10  +207
[CU—(CH2)4—](CF38Q3) +293
[Cu—(CHa)u—]?+ 216 190 205 8.4

aAincm, Eyzin mV vs Agt(0.01 M, 0.1 M NE;CIO,4, CHCN)/
Ag in CH;CN solutions with Pt working and auxiliary electrodes at a
scan rate of 100 mV 3. ® No. of carbon atoms corresponds to the
Schiff base macrocycle formed from the appropriate diamine and 1,4-
bis(2-formylphenyl)-1,4-dithiabutané DMF. ¢ CHzNO,/MeOH.
e CHsNO,/MeOH/NEYCIO,. fKey: q, quasireversible; r, reversible.

bonds shorten in passing from Cu(ll) to Cu(l), as reported for
the Cu(l,Il) complexesof 2,5-dithiahexane and 3,6-dithiaoctane.
For these latter, the longer Cud$ bond lengths were rational-
ized in terms ofz-back-bonding or the change in coordination
number. However, the present study shows that the longer
bonds (observed also for the €M linkages) occur despite the
constancy of coordination number at 4 for both oxidation states.
Indeed, we attribute the increase in bond distances simply to
the mechanical consequences of packing the four donor atoms
into a plane as opposed to the less mutually repulsive disposition
at the apices of the pseudotetrahed¥on.

The redox potential (Table 1) for the Cu(ll)/Cu(l) couple is
more positive ir2, indicating the easier formation of Cu(l) with
increasing ligand flexibility. The EPR-based distortion index
(a1 — 2)/|A)|*? shows (Table 1) that this addition efCH,—
groups to the imine linkage results in a relaxation of the Cu(ll)
geometry as well. Indeed, examination of models shows that
contrary to the usual situation with acyclic ligands, shorter
interimine (or S-S) linkages in these unsaturated3) mac-
rocyclic systems actually results in more strain for the square-
planar geometry, forcing the metal into a tetrahedral distortion
and exaggerating the butterfly motif. The overall outcome is
that although ligand flexibility associated with longer-N or
S-S linkages favors a planar geometry around Cu(ll), its
potential ability to provide a tetrahedral environment to Cu(l)
makes the Cu(Il)/Cu(l) couple more positive. These results also
reflect the potential for enhanced recognition of Cu(l) over Cu-
(II) by appropriate adjustment of the macrocycle framework.
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