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Table 1. Relevant Crystallographic Data for [MCL,*3] (M = Co,
Ni, Cu)

[CoCl,-3] [NiCl,* 3] [CuCl,-3]
formula C36H30CLCOoN,S;  CiH3gCILNGNiS;  CigH3oCl,CuN,Ss
formula weight 744.65 744.43 749.26
crystal system  orthorhombic orthorhombic orthorhombic
space group Pbca Pbca Pbca
temp, K 120(2) 120(2) 90(2)

a, A 16.696(3) 16.5832(18) 16.315(2)
b, A 17.612(3) 17.568(3) 17.785(3)
c, A 22.944(3) 22.977(4) 22.955(3)
v, A’ 6746.9(17) 6694.1(17) 6660.6(18)
z 8 8 8

u(Mo Ka) 0.886 mm"™ 0.960 mm™ 1.038 mm™
6 range/deg 3.02-27.48 3.03-27.48 3.06-27.48
reflns colled 61237 60522 60478
reflns/Rint 7714/0.095 7640/0.026 7625/0.042
refined params 415 415 536

R (%) (I>20[1])" 3.96 3.09 2.69

R, (%) 8.27 8.16 6.91

“R =3||Fo| - |Fc|[/Z[Fol. "R = [Z(w(Fo’ - Fc*)?)/Ew(Fo?)*]"2.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
[MCl,-3] M = Co, Ni, Cu)

[CoCl,+3] [NiCl,*3] [CuCl,+3]
M-CI(1) 2.2810(7) 2.2687(5) 2.2677(5)
M-CI(2) 2.2776(7) 2.2659(5) 2.2756(5)
M-N(1) 2.003(2) 1.9736(14) 1.9503(13)
M-N(4) 1.982(2) 1.9586(14) 1.9387(13)

The atom labeling scheme is shown in Figure 1.

Table 2. (Continue)

[CoCl,+3] [NiCl,-3] [CuCl,+3]
S(1)-N(1) 1.4682(2) 1.4702(14) 1.4716(13)
S(1)-NQ) 1.667(2) 1.6606(14) 1.6539(14)
S(2)-NQ) 1.554(2) 1.5570(14) 1.5604(13)
S(2)-N(3) 1.5581(19) 1.5561(13) 1.556(13)
S(3)-N(3) 1.675(2) 1.6758(13) 1.6758(13)
S(3)-N(4) 1.468(2) 1.4719(13) 1.4700(13)
CI(1)-M-CI2)  111.60(3) 117.019(19) 104.954(18)
CI(1)-M-N(1)  112.09(6) 108.50(4) 104.96(4)
CI(1)-M-N@)  11227(6) 111.58(4) 125.98(4)
CI2)-M-N(1)  112.64(6) 113.99(4) 125.96(4)
Cl2-M-N(4)  108.46(6) 106.26(4) 101.06(4)
N(D-M-N@)  99.13(8) 97.81(6) 96.25(6)
N(D-S(D-NQ)  121.37(11) 121.23(7) 120.70(7)
N(D-S(D-C(1)  115.34(12) 116.42(8) 116.92(8)
N(D-S(D-CQ2)  111.62(11) 111.07(8) 110.57(7)
N@)-S(3)-C3)  109.63(12) 109.35(8) 109.42(8)
N@)-S(3)-C@)  117.44(12) 117.58(8) 116.40(8)
M-N(1)-S(1) 124.68(12) 125.69(8) 125.78(8)
S(1)-N(2)-S2)  118.95(12) 118.58(8) 117.36(8)
S(2)-N(3)-S(3)  118.78(12) 118.23(8) 119.08(8)
M-N(4)-S(3) 128.19(13) 128.87(8) 128.03(8)

The atom labeling scheme is shown in Figure 1.

Figure 1. ORTEP drawing of [CoCl, - 3] [50% probability
thermal ellipsoids; H and C atoms (apart from the Ca atoms of
the phenyl rings) have been omitted for clarity.
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Table 3. Relevant Crystallographic Data for [M-3,][2Cl] (M =
Co, Ni, Cu)

Table 4. Selected Bond Lengths (A) and Angles (deg) for [M-
3,][2C1] M = Co, Ni, Cu)

[Co-3,][2C1]

Co(1)-N(1) 1.996(4) S(1)-N(1) 1.480(4)
Co(1)-N(4) 1.994(4) S(3)-N(4) 1.472(4)
Co(1)-N(5) 1.991(4) S(4)-N(5) 1.468(4)
Co(1)-N(8) 1.965(4) S(6)-N(8) 1.467(4)

N(D)-Co(1)-N(4)  10326(16)  N(5)-Co(1)-N(8)  105.87(16)
N(D-Co(1)-N(5)  107.46(16)  Co(1)-N(1)-S(1)  131.2(3)
N(D)-Co(1)-N(8)  113.88(16)  Co(1)-N(4)-S(3)  125.0(2)
N@)-Co(1)-N(5)  117.64(16)  Co(1)-N(5)-S(4)  136.4(3)
N(@)-Co(1)-N(8) ~ 109.02(16)  Co(1)-N(8)-S(6)  140.0(3)

[Ni-3,][2C1]
Ni(1)-N(1) 1.9201(14)  S(1)-N(1) 1.4792(14)
Ni(1)-N(4) 1.9165(14)  S(3)-N(4) 1.4717(14)
N(D-Ni(1)-N(4)  92.20(6) N(@)-Ni(1)-N(4y*  180.00(8)
N(D-Ni(1)-N(1)*  180.008)  Ni(1)-N(1)-S(1)  124.24(9)
N(D-Ni(1)-N(4y*  87.80(6) Ni(1)-N(4)-S3)  130.65(9)

[Cu-3,][2C1]
Cu(1)-N(1) 1.984(3) S(1)-N(1) 1.471(3)
Cu(1)-N(4) 1.984(3) S(3)-N(4) 1.468(3)
N(D-Cu(1)-N(4)  91.68(11)  N(4)-Cu(1)-N(4)*  180.00(19)
N(D-Cu(1)-N(1)*  180.00(19)  Cu()-N(1)-S(1)  125.36(17)
N(D-Cu(1)-N(4)*  8832(11)  Cu(1)-N@)-S(3)  125.17(19)

[Co-3,][2C1] [Ni-3,][2C1] [Cu-3,][2C1]

formula C7HgCLCoNgSs  CoHgoCINgNiSs  C7,HgoCl,CuNg S,
*2MeOH*9H,0 *4H,0

formula weight 1569.89 1359.25 1428.08

crystal system  monoclinic monoclinic monoclinic

space group P21/a P21/c P21/c

temp, K 90(2) 90(2) 123(2)

a, A 17.544(3) 10.146(2) 10.470(3)

b, A 23.162(4) 17.284(4) 18.848(4)

c, A 21.496(4) 17.518(4) 17.112(6)

f, deg 111.023(6) 93.260(9) 91.751(12)

v, A’ 8154(3) 3067.1(12) 3375.1(16)

z 4 2 2

u(Mo Ka) 0.489 mm"™ 0.661 mm™ 0.645 mm"™

6 range/deg 2.98-23.26 2.99-27.48 3.03-27.49

reflns colled 46760 29012 13082

reflns/Rint 11655 /0.0456 7004 /0.0270 7692 /0.0359

refined params 989 524 551

R (%) (I>20[1])" 6.96 3.13 571

R, (%) 19.26 9.18 14.49

“R =3||Fo| - |Fc|[/Z[Fol. "R = [Z(w(Fo® - Fc*)?)/Ew(Fo?)*]"2.

The atom labeling scheme is shown in Figure 2-4.

Figure 2. ORTEP drawing of [Co*3,][2Cl] [50% probability
thermal ellipsoids; H, C atoms (apart from the Co atoms of the
phenyl rings), two methanol, and nine water molecules have
been omitted for clarity.

Figure 3. ORTEP drawing of [Ni-3,][2Cl] [50% probability
thermal ellipsoids; H and C atoms (apart from the Ca atoms of
the phenyl rings) have been omitted for clarity.



Figure 4. ORTEP drawing of [Cu*3,][2Cl] [50% probability
thermal ellipsoids; H, C atoms (apart from the Co atoms of the
phenyl rings), and four water molecules have been omitted for
clarity.
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Table 5. Stability Constants (log K) of [MCl,*3]
and [M-3,][2C1] (M = Co, Ni, Cu)"

M= Co M =Ni M=Cu
[MCl,-3] 1.48" N.D. 2.88"
[M-3,][2Cl]  2.23¢ 2.344 3.23¢

‘B, is the formation constant based on the reaction:
M* + nL = [ML,]. ‘log K; = log . “logk, =
log(B-p1). “logh.
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Table 6. Oxidation Potentials of [MCl,*3] and [M-
3,][2C1] (M = Co, Ni, Cu) in CH,Cl,
Second (Epa + Epc)/2

First

[CoCl,-3] 0.883 1.277 —
[NiCl,-3] 0.956 1.235 —
[CuCl,-3] 0.409 0.850 0.357
[Co-3,][2Cl]  0.898 — 0.835
[Ni-3,][2Cl] 0.956 — —
[Cu-3,][2Cl]  0.876 — —

Conditions of cyclic voltammetric measurements:
glassy carbon working electrode; Ag/Ag’ reference
electrode. Scan rate: 100 mV/s. Electrolyte:
tetracthylammonium perchlorate.
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