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General Procedures: All reagents and solvents were obtained from commercial sources and were used as

received. The synthetic intermediates rac-3-amino-3-phenylpropanoic acid,' methyl rac-3-amino-3-

phenylpropanoate,2 methyl S-3-amino-3-phenylpropanoate,' and methyl R-3-amino-3-phenylpropanoate 4

were prepared as described in the literature.

S-3-amino-3-phenylproprionohydroxamic acid (S-p-phenylalaninehydroxamic acid; S-P-pheha).4 A

solution of KOH (5.99 g, 107 mmol) in CH 30H (15 ml) was added to a warm solution of NH 20H.HCl

(4.12 g, 59.3 mmol) in CH 30H (20 ml) resulting in the deposition of KCL. After standing for 10 minutes at

0 'C under N2 the mixture was filtered, and to the filtrate was added a solution of methyl S-3-amino-3-

phenylpropanoate (5.30 g, 29.6 mmol) in CH 30H (5 ml). The resultant solution stirred under nitrogen at

room temperature overnight. To the then yellow solution was added 12 M HCl (2.5 ml, 30 mmol) causing

the deposition of KCL. The mixture was filtered and the filtrate stored at -20 "C for several hours, yielding

the product as colorless crystals, 3.23 g (61%), Mp 148-150 oC, [a]D26 = + 13.6 ± 0.2 (c 0.51 M, 0.15 M

NaOH) 'H NMR (200 MHz, D2 0) 8 7.46-7.34 (in, 5H), 4.37 (t, J = 8 Hz, 1H), 2.57 (m, J = 0.8 Hz, 8 Hz,

2H) ppm; FTIR (KBr) 3339, 3282, 3029, 2959, 2917, 1657, 1585, 1525, 1490, 1454, 1370, 1264, 1243,

1152, 1068, 1019, 927, 842, 759, 737, 702, 604, 526 cm; LRCIMS (CH4) m/z 163 ([M-OH]', 100%);

Anal. Calcd for C9H12N20 2*0.33 HCl: C, 56.20; H, 6.46; N, 14.56. Found: C, 56.21; H, 6.37; N, 14.59.

The structure of S-P-pheha was further confirmed by X-ray crystallography. X-ray data for S-P-pheha:

C9H,2N20, MW = 180.21, colorless plate crystal, monoclinic space group P2, (#4) with a = 4.7884(6) A,

b = 6.5067(9) A, c = 14.625(2) A, p = 95.954(2)o, V= 453.6(1) A' at 173(2) K, Z= 2, pald = 1.319 gcm

20.. = 50.000 (Mo Ka). Data were collected on a Siemens SMART system, and the structure was solved

by direct methods. Full-matrix least squares refinement on F2 converged to current residuals R1 = 0.0455,

wR2 = 0.0888, and S = 1.148 for 1330 independent reflections with I > 2(a) I and 122 parameters. Full

details will be reported separately.

R-3-amino-3-phenylproprionohydroxamic acid (R-0-pheha). A procedure identical to that used for the

preparation of the S-isomer was followed, substituting methyl R-3-amino-3-phenylpropanoate. The yield

of crystalline product was 60%, Mp 151-152.5 oC, [a]D26 - 8.48 + 0.1 (c 0.25 M, 0.15 M NaOH); Anal.

Calcd for C9 H12N202-0.50 HCl: C, 54.48; H, 6.35; N, 14.12. Found: C, 54.78; H, 6.23; N, 14.18.

CU(II)SO4[2"MCCu(H)N(S-3-pheha)-4], S,S,S,S-1: To a stirred suspension of S-p-phenylalaninehydroxamic

acid (0.201 g, 1.12 mmol) in H20 (10 mL) was added a solution of CuSO4 -5H 20 (0.348 g, 1.28 mmol)

S2



D 1998 American Chemical Society, Inorg. Chem., Halfen ic9807386 Supporting Info Page 3

Manuscript # IC9807386

and NaOAc (0.183 g, 2.07 mmol) in H20 (10 mL). The ligand dissolved within minutes, and the product

began to precipitate soon thereafter. The suspension was stirred for 0.5 h, and the solid product was then

collected, washed with Et20 and dried in vacuo, 0.275 g (87%), Mp > 220 oC. 'H NMR (200 MHz,

CD 30D) 8 34.82, 8.53, 5.31, -2.69, -8.32 ppm; FAB-MS (MNBA) m/z 1124 ([M+H], 100%); Anal.

Calc'd for C36H40N8012SCu 5-2H20 (C36H44N8014SCu5): C, 37.19; H, 3.81; N, 9.64. Found: C, 37.24; H,

3.90; N, 9.52.

Cu(II)(OAc)2[12-MCcun)N(-p-pheha)-
4 ], S,S,S,S-2, and Cu(II)C[12-MCCu(H)N(S- -pheha) 4]*Cu(II)(OAC)3,

S,S,S,S-2'. S-j-phenylalaninehydroxamic acid (0.180 g, 1.00 mmol) was dissolved in 15ml of methanol.

Cu(OAc) 2-H20 (0.250 g, 1.25 mmol) and NaOAc (0.083 g, 1.01mmol) were added and the reaction was

stirred for 2 hours before being gravity filtered. The product crystallized as dark green prisms, 0.245 g,

(79%). IH NMR (200 MHz, CD 30D) 43.6, -10.0, -17.0 ppm; FAB-MS (MNBA) m/z 1088 ([M-OAc] ,

45%), 1029 (100%, [M]'); Anal. Calcd for C 84H 12 7 04oN16CUl1Cl1: C, 36.75; H, 5.03; N, 8.16, Cu, 25.46;

Found: C, 36.40; H, 4.40; N, 7.96; Cu, 25.2.

1. Kuehne, P.; Linden, A.; Hesse, M. Helv. Chim. Acta 1996, 79, 1085-1094.

2. Furness, B. S.; Hannaford, A. J.; Smith, P. W. G.; Tatchell, A. R. Vogel's Textbook of Practical

Organic Chemistry; Longman Scientific & Technical: Essex, U.K., 1989; p 801.

3. Hanessian, S.; Sanceau, J-Y. Can. J. Chem. 1996, 74, 621-624.

4. Hauser, C. R.; Renfrow, W. B. Org. Synth. Col. Vol. 1943, 2, 67-68.
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Table 1. Crystal data and structure refinement for S,S,S,S-2/S,S,S,S-2'.

Identification code

Empirical formula

Formula weight

Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions a =12.5406(3) A

b =13.8416(3) A

c =16.6932(4) A

Volume

S, S, S,S-2/S, S, S,S-2'

Cu11C85HjooN 16O42C1

2752.20

158(2) K

0.71073 A

Triclinic

P1

alpha =88.7370(10)0

beta =76.0010(10)o

gamma =71.1350(10)0

2655.57(11) A
3

Z
Density (calculated)

Absorption coefficient

F(000)

Crystal size

q range for data collection

Limiting indices

Reflections collected

Independent reflections

Absorption correction

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [I>2s(I)]

R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

1

1.721 Mg/m
3

2.274 mm
1

1394

0.08 x 0.12 x 0.18 mm

2.42 to 29.380

-17<h<16,-17<k<18,-22<1<22

30681

23856 (Rint = 0.0198)

None

Full-matrix least-squares on F2

23856 / 9 / 1397

1.041

R1 = 0.0376, wR2 = 0.0849

R1 = 0.0458, wR2 = 0.0905

0.011(7)

1.449 and -0.851 eA-3
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Table 2. Atomic coordinates [ x 10'] and equivalent isotropic displacement parameters

[A2 x 10
3 ] for S,S,S,S-2/S,S,S,S-2'. U(eq) is defined as one third of the trace of

the orthogonalized Uij tensor.

x y z U(eq)

Cu(1) 2278(1) -7815(1) -9486(1) 14(1)

Cu(2) 2235(1) -6639(1) -6943(1) 14(1)

Cu(3) 3881(1) -4236(1) -8072(1) 15(1)

Cu(4) 4538(1) -5817(1) -10603(1) 16(1)

Cu(5) 2919(1) -5903(1) -8781(1) 12(1)

N(1) 1775(3) -7199(3) -7817(2) 15(1)

N(2) 1620(3) -7493(3) .-6116(2) 15(1)

N(3) 2956(3) -4929(3) -7300(2) 14(1)

N(4) 4204(3) -3518(3) -7188(2) 15(1)

N(5) 4209(3) -4712(3) -9759(2) 16(1)

N(6) 5693(4) -5315(3) -11377(2) 24(1)

N(7) 3132(3) -7065(3) -10266(2) 15(1)

N(8) 2501(3) -8860(3) -10348(2) 18(1)

0(1) 2195(3) -6908(2) -8625(2) 18(1)

0(2) 1477(3) -8399(2) -8556(2) 19(1)

0(3) 2429(2) -5534(2) -7626(2) 13(1)

0(4) 2821(3) -5977(2) -.6216(2) 18(1)

0(5) 3562(3) -4841(2) -8967(2) 17(1)

0(6) 4746(3) -3675(3) -9006(2) 19(1)

0(7) 3231(3) -6162(2) -9955(2) 14(1)

0(8) 4547(3) -6893(3) -11353(2) 20(1)

C(1) 1432(4) -7984(3) -7857(3) 14(1)

C(2) 974(4) -8425(3) -7077(3) 15(1)

C(3) 613(4) -7778(3) -6260(3) 14(1)

C(4) 146(4) -8344(3) -5540(3) 16(1)
C(5) -1022(4) -7972(4) -5124(3) 22(1)

C(6) -1467(4) -8485(4) -4465(3) 27(1)

C(7) -735(5) -9371(4) -4213(3) 25(1)
C(8) 434(4) -9744(4) -4648(3) 24(1)

C(9) 860(4) -9236(4) -5298(3) 20(1)

C(10) 3105(4) -5222(3) -6563(3) 16(1)

C(11) 3657(4) -4672(3) -6114(3) 18(1)

*C(12) 3521(4) -3562(3) -6324(3) 14(1)

C(13) 3862(4) -2998(3) -5714(3) 15(1)
C(14) 3245(4) .- 1974(3) -5489(3) 18(1)

C(15) 3564(4) -1441(4) -4948(3) 21(1)
C(16) 4484(4) -1921(4) -4611(3) 24(1)

C(17) 5100(4) -2946(4) -4821(3) 23(1)

C(18) 4798(4) -3482(4) -5374(3) 21(1)

C(19) 4783(4) -4088(4) -9699(3) 18(1)

C(20) 5546(5) -3842(4) -10472(3) 28(1)

C(21) 5447(4) -4189(4) -11303(3) 22(1)
C(22) 6263(4) -3855(4) -12011(3) 21(1)

C(23) 5802(5) -3112(5) -12502(4) 37(1)

C(24) 6553(6) -2821(5) -13172(4) 45(2)

C(25) 7707(6) -3262(5) -13315(3) -43(2)

C(26) 8188(5) -3991(5) -12822(4) 41(1)
C(27) 7467(5) -4290(4) -12157(4) 35(1)

C(28) 3833(4) -7359(3) -10998(3) 16(1)

C(29) 3747(4) -8248(4) -11474(3) 21(1)
C(30) 2596(4) -8458(4) -11185(3) 17(1)
C(31) 2406(4) -9151(4) -11795(3) 20(1)

C(32) 1527(4) -8741(4) -12205(3) 24(1)
C(33) 1287(4) -9359(4) -12720(3) 29(1)
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C(34)
C(35)
C (36)
0(9)
0(10)
0(11)
C(37)
C(38)
Cu(11),
Cu (12)
Cu (13)
Cu(14)
Cu (15)
Cu (16)
N(11)
N(12)
N(13)
N(14)
N(15)
N(16)
N(17)
N(18)
0(12)
0(13)
*0(14)
0(15)
0(16)
0(17)
0(18)
0(19)
C (41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C (60)
C (61)
C(62)
C(63)
C(64)
C(65)
C(66)
C (67)
C(68)
C(69)
C(70)
C(71)

1918(5)
2804(5)
3047(5)
5971(3)
4782(3)
4224(3)
4576(4)
4767(5)

-2184(1)
-912(1)
482(1)

-1643(1)
-744(1)

-1570(1)
-1292(3)
-1696(3)

334(3)
1166(3)
-446(3)

-1641(3)
-2126(3)
-3472(3)
-1105(3)
-2349(3)

92(3)
-502(3)
-278(3)

672 (3)
-1319(3)
-2792 (3)
-1931(4)
-2222(4)
-1533(4)
-1909(4)
-2803(4)
-3168(4)
-2649(4)
-1761(5)
-1399(4)

12(4)
313(4)

1388(4)
1838(4)
1071(4)
1476(5)
2652(5)
3424(5)
3018(5)

82(4)
-22(4)

-448(4)
-384(4)

-1084(5)
-924 (5)
-114(5)

577(5)
436(4)

-2831(4)
-3741(4)
-3473(4)
-4344(4)

S6

-10396(4)
-10794(4)
-10182(4)

-6893 (2)
-7321(3)
-8061(3)
-8071(4)
-9034(4)
-8398(1)
-7478(1)
-5155(1)
-5441(1)
-6865(1)

-11044(1)
-8328(3)
-8023 (3)
-6198(3)
-4477(3)
-5193 (3)
-4291(3)
-7255(3)
-8626(3)
-8089(2)
-9225(2)
-7069(2)
-6547(3)
-5714(2)
-4350(2)
-6754(2)
-5912(2)
-8931(3)
-9279 (3)
-9127(3)
-9597(4)
-9031(4)
-9514(4)

-10544(4)
-11110(4)
-10636(4)

-6025(3)
-5179(4)
-4971(3)
-4334(4)
-3476(4)
-2901(4)
-3182(4)
-4023(4)
-4608(4)
-4512(3)
-3859 (3)
-4220(3)
-3510(4)
-2483(4)
-1829(4)
-2194(4)
-3211(4)
-3867(4)
-6762(3)
-7192(3)
-8345(3)
-8675(3)

-12848(3)
-12462(3)
-11931(3).
-10034(2)

-8618(2)
-7470(2)
-8245(3)
-8743 (3)
-7821(1)

-10412(1)
-9530(1)
-6958(1)
-8689(1)
-8545(1)
-9521(2)

-11108(2)
-10228(2)
-10471(2)

-7849(2)
-6246(2)
-7151(2)
-6959(2)
-8756(2)
-8710(2)
-9862(2)

-11218(2).
-8608(2)
-8662(2)
-7516(2)
-6184(2)
-9428(3)

-10173(3)
-11026(3)
-11679(3)
-12028(3)
-12591(3)
-12799(3)
-12441(3)
-11898(3)
-10927(3)
-11424(3)
-11316(3)
-11988(3)
-12232(3)
-12845(3)
-13229(3)
-12987(3)
-12363(3)

-7944(3)
-7204(3)
-6350(3)
-5700(3)
-5578(3)
-5031(3)
-4578(3)
-4691(3)
-5235(3)
-6471(3)
-5987(3)
-6103(2)
-5446(3)

29(1)
32(1)
27(1)
22(1)
30(1)
23(1)
19(1)
29(1)
14(1)
14(1)
14(1)
14(1)
12(1)
19(1)
14(1)
17(1)
14(1)
16(1)
14(1)
23(1)
15(1)
16(1)
15(1)
16(1)
15(1)
21(1)
19(1)
18(1)
15(1)
19(1)
15(1)
16(1)
14(1)
18(1)
20(1)
26(1)
24(1)
30(1)
23(1)
18(1)
23(1)
16(1)
19(1)
23(1)
25(1)
30(1)
32(1)
27(1)
14(1)
15(1)
16(1)
18(1)
28(1)
32(1)
29(1)
32(1)
27(1)
16(1)
17(1)
14(1)
15(1)
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C(72)
C(73)
C(74)
C(75)
C(76)
0(20)
0(21).
0(22)
C(82)
C(83)
0(23)
0(24)
C(84)
C(85)
0(25)
0(26)
C(86)
C(87)
0(43)
0(44)
C(88)
C(89)
0(30)
0(31)
C(90)
0(32)
C(91)
0(33)
0(34)
0(35)
0(36)
0(37)
0(38)
0(39)
0(40)
0(41)
0(42)
0(45)
C(93)
C1(1)

-5538(4)
-6315(.4)
-5924(4)
-4744(5)
-3958(4)
-2378(3)

-949(3)
-440(3)
-350 (4)
572(5)

-278(3)
-314(3)
177(4)

1359(5)
-2854(3)
-2407(3)
-2998(4)
-3946(5)
1804(16)
3562(22)
2810(24)
2789(15)
-3140(3)
-567(13)
508(17)
4473(4)
5705(7)
5482(3)

-1520(4)
1081(3)
3616(3)
3820(3)
1783(3)
2998(3)

-4122(4)
6080(8)

-3047(9)
-1324(16)

-367(42)
-2607(1)

-8289(4)
-8565(4)-
-9214(4)
-9609(4)
-9348(4)

-11472(3)
-9685(2)

-11267(3)
-10609(3)
-10999(4)
-11078(3)
-12342(3)
-11752 (4)
-11788(5)
-10863 (3)
-12559 (3)
-11684(4)
-11530(5)

-6742(7)
-6911(7)
-6574(8)
-5892(7)
-4299(3)
-5838(6)
-6333 (8)

-10784(4)
-11007(6)
-5942(4)
-3921(4)
-9967(3)
-9554(3)

-11313 (3)
-12770 (3)
-11354(3)
-12275(4)
-6110(7)
-5285(5)

-7061(10)
-6524(15)
-5731(1)

S7

-5387 (3)
-4762(3)
-4166(3)
-4230(3)
-4854(3)
-9293 (2)
-7300(2)
-7875(2)
-7392(3)
-6923(3)
-9502(2)

-10300(2)
-10118 (3)
-10630(3)
-7579(2)
-7581(3)
-7284(3)
-6497(4)

-13318(6)
-13014(6)
-13443 (6)
-14133 (6)
-7572(2)

-14744(5)
-14418(5)
-10345(3)
-10628(6)
-7819(3)
-9555(3)
-9292(2)
-6678(2),
-7612(2)
-8604(3)
-8983 (2)
-8780(3)

-13091(4)
-14542(4)
-12730(7)

-13732(22)
-9356(1)

22(1)
22(1)
26(1)
29(1)
22(1)
24(1)
25(1)
23(1)
19(1)
29(1)
24(1)
32(1)
22(1)
38(1)
23(1)
41(1)
30(1)
45(2)

306(13)
585(28)
681(48)
154(7)
24(1)

173(6)
141(7)
50(1)
68(2)
47(1)
60(1)
25(1)
27(1)
33(1)
40(1)
36(1)
56(1)

140(4)
170(5)
232(8)

553 (29)
36(1)
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Table 3. Bond lengths [A] for S,S,S,S-2/S,S,S,S-2'.

Cu(1)-0(1)
Cu(1) -0(2)
Cu(1)-N(8)
Cu (1) -N(7)
Cu(2) -0(3)
Cu (2) -O(4)
Cu(2) -N(1)
Cu(.2) -N(2)
Cu(3) -0(5)
Cu (3) -N(3)
Cu(3)-0(6)
Cu(3) -N(4)
Cu (4) -0 (7)
Cu (4) -0(8)
Cu(4) -N(5)
Cu (4) -N(6)
Cu(4)-0(9)
Cu(5) -0(1)
Cu(5) -0(5)
Cu (5) -0 (3)
Cu(5) -0(7)
N(1)-C(1)
N(1) -0 (1)
N(2)-C(3)
N(3) -C(10)
N(3) -0 (3)
N(4) -C(12)
N(5) -C(19)
N(5) -0 (5)
N(6) -C (21)
N(7) -C(28)
N (7) -0 (7)
N(8)-C(30)
0(2) -C (1)
0(4) -C(10)
0(6)-C(19)
0(8) -C (28)
C (1) -C (2)
C(2) -C(3)
C(3) -C(4)
C(4.) -C(5)
C (4) -C (9)
C(5) -C(6)
C (6) -C (7)
C(7)-C(8)
C (8) -C (9)
C(10) -C(11)
C(11)-C(12)
C(12)-C(13)
C (13) -C (14)
C(13)-C(18)
C(14) -C(15)
C(15)-C(16)

.C(16)-C(17)
C(17)-C(18)
C(19) -C(20)
C(20) -C(21)
C(21)-C(22)
C (22) -C (23)

1.891(3)
1.946(3)
1.969(4)
1.975 (4)
1.931(3)
1.942(3)
1.951(4)
1.976(4)
1.912(3)
1.967 (4)
1. 971(3)
1.986(4)
1.927(3)
1.962 (3)
1.975(4)
1.988(4)
2.320(3)
1.876(3)
1.879(3)
1.904 (3)
1.921(3)
1.300(6)
1.423 (4)
1.511(5)
1.325(6)
1.408(4)
1.499(5)
1.309(6)
1.415 (4)
1.489(6)
1.306(5)
1.416(4)
1.484(6)
1.293(5)
1.292(5)
1.286(5)
1.291(5)
1.492 (6)
1.537(6)-
1.522(6)
1.389 (6)
1. 388 (6)
1.396(7)
1.401(7)
1.399(7)
1.372 (6)
1.495 (6)
1.533 (6)
1.514(6)
1.387 (6)
1.395(6)
1.383 (6)
1.375(7)
1.384 (7)
1.387 (6)
1.513 (6)
1.524(7)
1.535(6)
1.367(7)

S8

C(22)-C(27)
C(23)-C(24)
C(24)-C(25)
C (25) -C (26)
C(26)-C(27)
C(28) -C(29)
C(29)-C(30)
C (30) -C (31)
C(31)-C(36)
C (31) -C (32)
C(32)-C(33)
C-(33) -C (34)
C (34) -C (35)
C(35) -C(36)
0(10)-C(37)
0(11) -C(37)
C(37)-C(38)
Cu(11)-0(12)
Cu(11)-0(13)
Cu(11) -N(17)
Cu(11)-N(18)
Cu(11)-0(21)
Cu(12) -0(15)
Cu(12) -N(11)
Cu(12)-O(14)
Cu(12) -N(12)
Cu(13)-0(16)
Cu(13)-0(17).
Cu(13) -N(13)
Cu(13)-N(14)
Cu(14)-0(18)
Cu(14) -N(15)
Cu(14)-0(19)
Cu(14)-N(16)
Cu(15)-0(16)
Cu(15)-0(12)
Cu(15) -0(18)
Cu(15) -0(14)
Cu(16) -0(2 5)
Cu(16)-0(22)
Cu(16)-0(23)
Cu(16) -0(20)
Cu(16) -0(13)
N(11) -C (41)
N(11)-0(12)
N(12) -C(43)
N(13) -C(50)
N(13)-0(14)
N(14)-C(52)
N(15) -C (59)
N(15)-0(16)
N(16) -C (61)
N(17)-C(68)
N(17) -0(18)
N(18) -C (70)
0(13)-C(41)
0(15) -C(50)
0(17) -C(59)
0(19) -C(68)

1.394(7)
1.419(8)
1.339(9)
1.366 (9)
1.399(8)
1.526(6)
1.526(6)
1.524(6)
1.385(7)
1.396 (7)
1.374(7)
1.389 (8)
1.374 (8)
1.388(7)
1.264(6)
1.261(5)
1.507(7)
1.943 (3)
1.983 (3)
1.988(4)
1.991(4)
2.264(3)
1.939 (3)
1.941(4)
1.946(3)
1.991(4)
1.894(3)
1.951(3)
1.956(4)
1.972(4)
1.937(3)
1.953 (4)
1.959(3)
2.009(4)
1.884(3)
1.902(3)
1.906(3)
1.964 (3)
1.937(3)
1.955(3)
1.970(3)
1.993 (3)
2.425(3)
1.315 (6)
1.417(4)
1.482(6)
1.318(6)
1.425(4)
1.504 (5)
1.303 (6)
1.408(4)
1.498(6)
1.302(5)
1.418(4)
1.489 (5)
1.300 (5)
1.281(5)
1.304(5)
1.300 (5)
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C(41)-C(42)
C(42)-C(43)
C(43)-C(44)
C(44)-C(49)
C(44)-C(45)
C(45)-C(46)
C(46)-C(47)
C(47)-C(48)
C(48)-C(49)
C(50)-C(51)
C(51)-C(52)
C(52)-C(53)
C(53)-C(54)
C(53)-C(58)
C(54)-C(55)
C(55)-C(56)
C(56)-C(57)
C(57)-C(58)
C(59)-C(60)
C(60)-C(61)
C(61)-C(62)
C(62)-C(63)
C(62)-C(67)
C(63)-C(64)
C(64)-C(65)
C(65)-C(66)

1.508(6)
1.525(6)
1.521(6)
1.389(7)
1.392 (7)
1.404(6)
1.374(7)
1.396(7)
1.368(7)
1.515(6)
1.518(6)
1.525(6)
1.389(7)
1.388(7)
1.384(6)
1.386(7)
1.376(8)
1.405(7)
1.501(5)
1.529(6)
1.514(6)
1.397(7)
1.394(7)
1.390(7)
1.372(8)
1.382 (8)

C(66)-C(67)
C(68)-C(69)
C(69)-C(70)
C(70)-C (71)
C(71)-C(72)
C(71)-C(76)
C(72)-C(73)
C(73)-C(74)
C(74)-C(75)
C(75)-C(76)
0(21)-C(82)
0(22) -C(82)
C(82)-C(83)
0(23)-C(84)
0(24)-C(84)
C(84)-C(85)
0(25)-C(86)
0(26)-C(86)
C(86)-C(87)
0(43)-C(88)
0(44)-C(88)
C(88)-C(89)
0(31)-C(90)
0(32)-C(91)
0(45)-C(93)

. S9

1.379(7)
1.511(6)
1.527(6)
1.525(6)
1.396(6)
1.406(6)
1.384(6)
1.396(7)
1.379(8)
1.380(7)
1.247(5)
1.278 (5)
1.503(7)
1.292(5)
1.250(6)
1.507(7)
1.278(6)
1.237(7)
1.509(7)
1.32 (2)
1.28(2)

1.473(11)
1.52(2)

1.431(9)
2.08(5)
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Table 4. Bond angles [0] for S,S,S,S-2/S,S,S,S-2'.

0(1)-Cu(1)-0(2)
0(1)-Cu(1)-N(8)

0(2) -Cu(1)-N(8)
0(1)-Cu(1)-N(7)
0(2)-Cu(1)-N(7)
N(8)-Cu(1)-N(7)
0(3)-Cu(2)-0(4)
0(3)-Cu(2)-N(1)
0(4)-Cu(2)-N(1)
0(3)-Cu(2)-N(2)
0 (4) -Cu (2) -N(2)
N(1)-Cu(2)-N(2)
0 (5) -Cu (3) -N (3)
0(5)-Cu(3)-0(6)
N(3)-Cu(3)-0(6)
0(5)-Cu(3) -N(4)
N (3) -Cu (3) -N (4)
0(6)-Cu(3)-N(4)
0(7)-Cu(4)-0(8)
0(7)-Cu(4) -N(5)
0(8)-Cu(4)-N(5)
0(7)-Cu(4)-N(6)
0(8)-Cu(4)-N(6)
N(5)-Cu(4)-N(6)
0(7)-Cu(4)-0(9)
0(8)-Cu(4)-0(9)
N(5)-Cu(4)-0(9)
N(6)-Cu(4)-0(9)
0(1)-Cu(5)-0(5)
0(1)-Cu(5)-0(3)
0(5)-Cu(5)-0(3)
0(1) -Cu(5) -0(7)
0 (5) -Cu (5) -0 (7)
0 (3) -Cu (5) -0 (7)
C(1)-N(11-O(1)
C(1)-N(1)-Cu(2)
0(1) -N(1) -Cu(2)
C(3)-N(2)-Cu(2)
C(10)-N(3)-0(3)
C(10)-N(3)-Cu(3)
0(3)-N(3)-Cu(3)
C(12)-N(4)-Cu(3)
C(19)-N(5)-0(5)
C(19)-N(5)-Cu(4)
0(5)-N(5)-Cu(4)
C(21)-N(6)-Cu(4)
C(28)-N(7)-0(7)
C(28)-N(7)-Cu(1)
0(7) -N(7) -Cu(1)
C(30)-N(8)-Cu(1)
N(1)-0(1)-Cu(5)
N(1)-O(1)-Cu(1)
Cu(5)-O(1)-Cu(1)
C(1)-0(2)-Cu(1)
N(3)-0(3) -Cu(5)
N(3)-0(3)-Cu(2)
Cu(5) -0(3) -Cu(2)
C(10) -0(4) -Cu(2)
N(5)-0(5)-Cu(5)

81.07(13)
174.1(2)

97.76(14)
88.15(13)

169.06(13)
92.8(2)

82.04(12)
89.51(13)

170.74(14)
164.47(14)
96.98(13)
92.17(14)
88.75(13)
80.64(12)

169.37(13)
175.87(14)
94.58(14)
96.05(14)
80.81(12)
88.82(13)

168.83(14)
170.1(2)

97.64(14)
91.9(2)

98.31(12)
94.45(13)
91.13(14)

91.5(2)
176.16(14)

90.67(13)
90.35(12)
88.81(12)
89.73(12)

173.03(13).
110.6(3)
132.0(3)
114.6(2)
115.9(3)
110.6(3)
125.9(3)
118.5(2)
115.9(3)
110.2(3)
130.3 (3)
114.9 (3)
114.7(3)
110.9(3)
129.9(3)
117.7(2)
112.6(3)
120.9(2)
114.1(2)
123.5(2)
111.6(3)
118.6(2)
113.0(2)

113.99(14)
110.7(3)
121.7(2)

S10

N(5)-0(5)-Cu(3)
Cu(5)-0(5)-Cu(3)
C(19)-0(6)-Cu(3)
N(7)-0(7) -Cu(5)

N(7) -0(7)-Cu(4)
Cu(5)-0(7)-Cu(4)
C (28) -0(8) -Cu(4)
0(2)-C(1)-N(1)
0(2.)-C(1)-C(2)
N(1)-C(1)-C(2)
C(l)-C(2)-C(3)
N(2)-C(3)-C(4)
N(2)-C(3)-C(2)
C(4)-C(3)-C(2)
C(5)-C(4)-C(9)
C(5)-C(4)-C(3)
C(9)-C(4)-C(3)
C(4)-C(5)-C(6)
C(7)-C(6)-C(5)
C(8)-C(7)-C(6)
C(9)-C(8) -C(7)
C(8)-C(9)-C(4)
0(4)-C(10)-N(3)
0(4)-C(10)-C(11)
N(3)-C(10)-C(11)
C(10)-C(11)-C(12)
N(4)-C(12)-C(13)

N(4)-C(12)-C(11)
C(13)-C(12)-C(11)
C(14)-C(13)-C(18)
C(14)-C(13)-C(12)
C(18)-C(13)-C(12)
C(13)-C(14)-C(l5)
C(16)-C(15)-C(14)
C(15)-C(16)-C(17)
C(16)-C(17)-C(18)
C(17)-C(18)-C(13)
0(6)-C(19)-N(5)

0(6)-C(19)-C(20)
N(5)-C(19)-C(20)
C(19) -C(20)-C(21)
N(6)-C(21)-C(20)
N(6) -C (21) -C (22)
C(20)-C(21)-C(22)
C(23)-C(22)-C(27)
C(23)-C(22)-C(21)
C(27)-C(22)-C(21)
C(22)-C(23)-C(24)
C (25) -C (24) -C (23)
C(24) -C(25)"-C(26)
C(25) -C(26) -C(27)
C(22)-C(27)-C(26)
0(8)-C(28)-N(7)
0(8)-C(28)-C(29)
N(7)-C(28)-C(29)
C(30)-C(29)-C(28)
N(8)-C(30)-C(31)
N(8)-C(30)-C(29)
C(31)-C(30)-C(29)

114.3(2)
120.1(2)
110.8(3)
119.5(2)
113.1(2)

115.10(14)
111.0(3)
121.9(4)
118.7(4)
119.4(4)
118.3 (4)
110.8(3)
110.8(3)
110.6(3)
119.1(4)
119.5(4)
121.4(4)
120.3(5)
120.2(5)
118.7(4)
120.6(5)
121.1(4)
123.3(4)
117.9(4)
118.8(4)
116.4(4)
110.5(3)
110.8(4)
112.5(3)
118.6(4)
119.9(4)
121.5(4)
120.6(4)
120.6(4)
119.5(4)
120.2(4)
120.4(4)

123.2(4)
117.3(4)
119.5(4)
117.5(4)
111.8(4)
110.7(4)
110.1(4)
119.5(5)
119.5(5)
121.0(5)
119.6(6)
120.2(6)
121.2(5)
119.8(6)
119.7(5)
122.7(4)
118.9(4)
118.3(4)
114.7(4)
112.0(4)
109.7(4)
113.5(4)
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C(36)-C(31)-C(32)
C (36)-C (31)-C (30)
C(32)-C(31)-C(30)
C(33)-C(32)-C(31)
C(32)-C(33)-C(34)
C(35)-C(34)-C(33)
C(34)-C(35)-C(36)
C(31)-C(36)-C(35)
0(11)-C(37)-0(10)
0(11)-C(37)-C(38)
0(10)-C(37)-C(38)
0(12)-Cu(11)-0(13)
0(12)-Cu(l1)-N(17)
0(13)-Cu(11)-N(17)
0(12)-Cu(11)-N(18)
0(13)-Cu(11)-N(18)
N(17)-Cu(11)-N(18)
0(12)-Cu(11)-0(21)
0(13)-Cu(11)-0(21)
N(17)-Cu(11)-0(21)
N(18)-Cu(11)-0(21)
0(15)-Cu(12)-N(11)
0(15)-Cu(12)-0(14)
N(11)-Cu(12)-0(14)
0(15)-Cu(12)-N(12)
N(11)-Cu(12)-N(12)
0(14)-Cu(12)-N(12)
0(16)-Cu(13)-0(17)
0(16)-Cu(13)-N(13)
0(17)-Cu(13)-N(13)
0(16)-Cu(13)-N(14)
0(17)-Cu(13)-N(14)
N(13)-Cu(13)-N(14)
0(18)-Cu(14)-N(15)
0(18)-Cu(14)-0(19)
N(15)-Cu(14)-0(19)
0(18)-Cu(14)-N(16)
N(15)-Cu(14)-N(16)
0(19)-Cu(14)-N(16)
0(16)-Cu(15)-0(12)
0(16)-Cu(15)-0(18)
0(12)-Cu(15)-0(18)
0(16)-Cu(15)-0(14)
0(12)-Cu(15)-0(14)
0(18)-Cu(15)-0(14)
0(25)-Cu(16)-0(22)
0(25)-Cu(16)-0(23)
0(22)-Cu(16)-0(23)
0(25)-Cu(16)-0(20)
0(22)-Cu(16)-0(20)
0(23)-Cu(16)-0(20)
0(25)-Cu(16)-0(13)
0(22)-Cu(16)-0(13)
0(23)-Cu(16)-0(13)
0(20)-Cu(16)-0(13)
C(41)-N(11)-0(12)
C(41)-N(11) -Cu(12)
0(12)-N(11)-Cu(12)
C(43)-N(12)-Cu(12)
C(50)-N(13)-0(14)
C(50)-N(13)-Cu(13)

118.9(4)
122.2(4)
118.8(4)
120.3(5)
120.8(5)
118.9(5)
120.9(5)
120.1(5)
123.3(4)
117.7(4)
119.0(4)

80.49(12)
89.58(13)

163.53(14)
171.25(14)
94.94(14)

93.1(2)
100.71(13)
97.56(12)
97.18(13)
87.24(14)

174.12(14)
82.76(13)
91.96(13)
94.21(14)

91.4(2)
170.53(14)
82.13(13)
87.49(14)

167.40(14)
175.6(2)

96.61(14)
94.3 (2)

88.43(14)
81.35(12)

169.74(14)
164.9(2).
90.8(2)

99.27(14)
175.68(14).
88.95(13)
90.78(12)
88.84(12)
90.77(12)

171.01(13)
92.57(14)

173.97(14)
86.42(14)
93.57(14)

154.88(14)
89.83(14)
87.76(12)

108.64(12)
86.94(12)
95.94(12)
111.3 (3)
131.5(3)
115.2(2)
113.4(3)
111.3 (3)
124.5(3)

0(14)-N(13)-Cu(13)
C(52)-N(14)-Cu(13)
C(59)-N(15)-0(16)
C(59)-N(15)-Cu(14)
0(16)-N(15)-Cu(14)
C(61)-N(16)-Cu(14)
C(68)-N(17)-0(18)
C(68)-N(17)-Cu(11)
0(18)-N(17)-Cu(11)
C(70)-N(18) -Cu(11)
N(11)-0(12)-Cu(15)
N(11)-0(12)-Cu(11)
Cu(15)-0(12)-Cu(11)
C(41)-0(13)-Cu(11)
C(41)-0(13)-Cu(16)
Cu(11)-0(13)-Cu(16)
N(13)-0(14)-Cu(12)
N(13)-0(14)-Cu(15)
Cu(12)-0(14)-Cu(15)
C(50)-0(15)-Cu(12)
N(15)-0(16)-Cu(15)
N(15)-O(16)-Cu(13).
Cu(15)-0(16)-Cu(13)
C(59)-0(17)-Cu(13)
N(17)-0(18)-Cu(15)
N(17)-0(18)-Cu(14)
Cu(15)-0(18)-Cu(14)
C(68)-0(19)-Cu(14)
0(13)-C(41)-N(11)
0(13)-C(41)-C(42)
N(11)-C(41)-C(42)
C(41)-C(42)-C(43)
N(12)-C(43)-C(44)
N(12)-C(43)-C(42)
C(44)-C(43)-C(42)
C(49)-C(44)-C(45)
C(49)-C(44)-C(43)
C(45)-C(44)-C(43)
C(44)-C(45)-C(46)
C(47)-C(46)-C(45)
C(46)-C(47)-C(48),
C(49)-C(48) -C(47)
C(48)-C(49)-C(44)
0(15)-C(50)-N(13)
0(15)-C(50)-C(51)
N(13)-C(50)-C(51)
C(50)-C(51)-C(52),
N(14)-C(52)-C(51)
N(14)-C(52)-C(53)
C(51)-C(52)-C(53)
C(54)-C(53)-C(58)
C(54)-C(53)-C(52)
C(58)-C(53)-C(52)
C(55)-C(54)-C(53)
C(54)-C(55)-C(56)
C(57)-C(56)-C(55)
C(56)-C(57)-C(58)
C(53)-C(58)-C(57)
0(17)-C(59)-N(15)
0(17)-C(59)-C(60)
N(15)-C(59)-C(60)

119.4(2)
116.1(3)
111.2(3)
133.6(3)
113.7(2)
112.5(3)
111.4(3)
130.6(3)
117.0(2)
113.4(3)
116.0(2)
111.9(2)

118.69(14)
109.8(3)
114.8(3)

111.82 (13)
110.0(2)
115.5(2)

104.44(14)
109.7(3)
123.0(2)
113.3(2)
123.7(2)
109.8(3)
119.1(2)
112.7(2)
117.0(2)
110.7(3)
122.4(4)
118.1(4)
119.4(4)
117.7(4)
113.6(4)
109.3(3)
108.7(3)
118.6(4)
119.2(4)
122.1(4)
119.9(4)
120.4(5)
119.5(4)
120.1(5)
121.6(5)
124.1(4)
118.7(4)
117..2(4)
115.4(4)
110.7(4)
110.7(3)
113.0(4)
119.4(4)
120.4(4)
120.3(4)
120.5(5)
120.2(5)
120.0(4)
120.1(5)
119.9(5)
122.7(4)
118.3(4)
119.0(4)

Si
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C(59)-C(60)-C(61)
N(16)-C(61)-C(62)
N(16)-C(61)-C(60)
C (62)-C (61)-C (60)
C(63)-C(62)-C(67)
C(63)-C(62)-C(61)
C(67)-C(62)-C(61)
C(64)-C(63).-C(62)
C(65)-C(64)-C(63)
C(64)-C(65)-C(66)
C(67)-C(66)-C(65)
C(66)-C(67)-C(62)
0(19)-C(68)-N(17)
0(19)-C(68)-C(69)
N(17)-C(68)-C(69)
C(68)-C(69)-C(70)
N(18)-C(70)-C(71)
N(18)-C(70)-C(69)
C(71)-C(70)-C(69)
C(72)-C(71)-C(76)
C(72)-C(71)-C(70)
C(76)-C(71)-C(70)
C(73)-C(72)-C(71)
C(72)-C(73)-C(74)
C(75)-C(74)-C(73)
C(74)-C(75)-C(76)
C(75)-C(76)-C(71)
C(82)-0(21)-Cu(11)
C(82)-0(22)-Cu(16)
0(21)-C(82)-0(22)
0(21)-C(82)-C(83)
0(22)-C(82)-C(83)
C(84)-0(23)-Cu(16)
0(24)-C(84) -0(23)
0(24)-C(84)-C(85)
0(23)-C(84)-C(85)
C(86)-0(25)-Cu(16)
0(26)-C(86)-0(25)
0(26)-C(86)-C(87)
0(25)-C(86)-C(87)
0(44)-C(88)-0(43)
0(44)-C(88)-C(89)
0(43)-C(88)-C(89)

117.4(4)
113.2(3).
110.7(4)
108.6(4)
118.4(4)
121.9(4)
119.6(4)
120.3 (5)
120.5(5)
119.6(5)
120.6(5)
120.5(5)
123.1(4)
118.0(4)
118.9(4)
116.4(4)
112.5(3)
110.3 (4)
109.2(3)
118.3(4)
121.8(4)
119.9(4)
120.6(4)
120.7(5)
118.8(4)
121.2(5)
120.5 (5)
145.1(3)
127.1(3)
125.0(4)
119.0(4)
116.0(4)
126.8(3)
123.6(4)
120.6(4)
115.7(4)
115.8(3)
124.9(5)
120.0(5)
115.0(5)

125.7(12)
131(2)
103 (2)

S12



© 1998 American Chemical Society, Inorg. Chem., Halfen ic9807386 Supporting Info Page 13

Manuscript # IC9807386

Table 5. Anisotropic displacement parameters [A2

2'.The anisotropic displacement factor exponent
+2h**Ul2 ]

x 103] for S,S,S,S-2/S,S,S,S-
takes the form: -2p2

Ull U22 U33 U23 U13 U12

Cu (1)
Cu (2)
Cu (3)
Cu (4)
Cu (5)
N(1)
N(2)
N(3)
N(4)
N(5)
N(6)
N(7)
N(8)
0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
0(7)
0(8)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C (15)
C(16)
C(17)
C(18)
C(19)
C (20)
C (21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C (29)
C (30)
C(31)
C(32)
C(33)
C(34)

18(1)
20(1)
19(1)
20(1)
16(1)
20(2)
21(2)
20(2)
18(2)
21(2)
30(2)
22(2)
21(2)
28(2)
28(2)
18(1)
28(2)
26(2)
24(2)
22(2)
25(2)
16(2)
21(2)
17(2)
22(2)
23(2)
25(2)
35(3)
33(3)
23(2)
16(2)
29(2)
15(2)
20(2)
22(2)
35(3)
37(3)
27(2)
24(2)
19(2)
39(3)
26(2)
28(2)
43(3)
69(4)
68(4)
39(3)
36(3)
20(2)
25(2)
22(2)
24(2)
25(2)
26(3)
42(3)

16(1)
14(1)
16(1)
16(1)
13(1)
19(2)
16(2)
11(2)
15(2)
18(2)
22(2)
15(2)
22(2)
25(2)
.24(2)
11(1)
16(2)
22(2)
23(2)
13(2)
23(2)
15(2)
15(2)
14(2)
18(2)
21(2)
35(3)
30(3)
23(3)
22(2)
12(2)
16(2)
15(2)
11(2)
15(2)
12(2)
26(3)
26(3)
19(2)
17(2)
37(3)
22(2)
24(2)
41(3)
58(4)
62(4)
44(4)
27(3)
18(2)
22(2)
19(2)
24(2)
25(3)
40(3)
35(3)

10(1)
11(1)
11(1)
12(1)
11(1)
10(2)
12(2)
16(2)
15(2)
10(2)
19(2)
13(2)
15(2)

8(1)
10(1)
13 (1)
17(2)

8(1)
13(2)
11(1)
14(2)
14(2)
12(2)
15(2)
11(2).
22(2)
22(2)
16(2)
20(2)
17(2)
20(2)
15(2)
13(2)
16(2)
17(2)
19(2)
16(2)
22(2)
22(2)
19(2)
16(2)
18(2)
15(2)
40(3)
40(3)
19(3)
42(3)
38(3)
12(2)
17(2)
13(2)
13(2)
21(2)
22(2)
16(2)

S13

-1 (1)
1(1)

-2(1)
-1(1)
0(1)
4(1)
1(1)

-1(1)
1(1)
1(1)
0(2)

-1(1)
1(2)

1(1)
-2(1)
0(1)
3(1)
1(1)

-2(1)
-2 (1)
-1(1)
-1(2)

3(2)
3(2)
1(2)
0(2)
1(2)
2(2)
7(2)
4(2)
1(2)
4(2)
1(2)

-3(2)
-1(2)
-3(2)
-1(2)

1(2)
-3(2)
-1(2)
-1(2)

3(2)
2(2)

18(3)
31(3)

9(3)
3(3)
8(2)
3(2)

-5(2)
-2(2)
-3 (2)
-8(2)
-4(2)
-4(2)

-1(1)
-4(1)
-1(1)
0(1)

-3(1)
-3(1)
-5(1)
-7(1)
-1{(1)

2(1)
3(2)

.- 4(1)
-1(2)
0(1)

-2(1)
-5(1)
-9(1)
2(1)

-1(1)

-2(1)

4(1)
-7(2)
-7(2)

-5(2)
-4.(2)
-1(2)

0(2)
2(2)

-6(2)
-3(2)
-7(2)

-11(2)
-2 (2)
-3(2)
-5(2)
-6(2)
-6(2)

-11(2)
-5(2)

0(2)
1(2)
3(2)

-2(2)
-19(3)
-33 (3)

-5(3)
1(3)
1(2)

-4(2)
2(2)

-3(2)
1(2)
0(2)

-6(2)
-1(2)

-11(1)
-10(1)
-11(1)
-11(1)
-9(1)

-12(2)
-11(2)
-9(2)

-11(2)
-12(2)
-16(2)
-13 (2)
-15 (2)
-19(1)
-19(1)
-8(1)

-14(1)
-19(1)
-15(1)
-12(1)
-17(1)

-5(2)
-9(2)
-9(2)

-12(2)
-11(2)
-15(2)
-23(2)
-13 (2)
-10(2)

-4(2)
-12(2)

-7(2)
-9(2)
-4(2)

-10(2)
-21(2)
-13 (2)
-9(2)

-10(2)
-27(3)
-15(2)
-18 (2)
-29(3)
-50(4)
-53.(4)
-22(3)
-13 (2)
-10(2)
-13(2)
-12(2)
-16(2)

-9(2)
-13 (2)
-28(3)

h *)2U11 +
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C(35) 51(3) 24(3) 24(3) -1(2) -12(2) -16(2)
C(36) 46(3) 22(3) 22(2) 0(2) -15(2) -16(2)
0(9) 20(2) 19(2) 25(2) -5(1) -4(1) -5(1)
0(10) 33(2) 24(2) 31(2) 3(2) -3(2) -11(2)
0(11) 21(2) 26(2) 23(2) 3(1) -6(1) -9(1)
C(37) 13(2) 23(2) 20(2) 3(2) -4(2) -7(2)
C(38) 31(3) 26(3) 29(3) -3(2) -3(2) -11(2)
Cu(11) 17(1) 15(1) 11(1) -1(1) -1(1) -10(1)
Cu(12) 19(1) 15(1) 11(1) 1(1) -3(1) -10(1)
Cu(13) 22(1) 16(1) 9(1) 1(1) -3(1) -12(1)
Cu(14) 16(1) 14(1) . 12(1) -1(1) -1(1) -9(1)
Cu(15) 15(1) 13(1) 10(1) 0(1) -2(1) -9(1)
Cu(16) 18(1) 17(1) 23(1) -1(1) -3(1) -9(1)
N(11) 18(2) 14(2) 14(2) -1(1) -4(1) -9(2)
N(12) 23(2) 18(2) 12(2) 1(1) -3(1) -11(2)
N(13) 18(2) 10(2) 16(2) 3(1) 0(1) -7(2)
N(14) 20(2) 18(2) 12(2) 0(1) -4(1) -11(2)
N(15) 18(2) 18(2) 7(2) -2(1) -3(1) -9(2)
N(16) 22(2) 27(2) 19(2) -9(2) 4(2) -15(2)
N(17) 17(2) 13(2) 17(2) 3(1) -2(1) -10(2)
N(18) 19(2) 18(2) 13(2) 2(1) -6(1) -8(2)
0(12) 23(2) 21(2) 7(1) -2(1) -2(1) -14(1)
0(13) 21(2) 20(2) 11(1) 0(1) -2(1) -13(1)
0(14) 21(2) 14(2) 12(1) 2(1) -3(1) -11(1)
0(15) 35(2) 22(2) 14(2) 4(1) -10(1) -17(2)
0(16) 32(2) 22(2) 8(1) -4(1) 0(1) -20(2)
0(17) 26(2) 19(2) 13(2) 2(1) -4(1) -15(1)
0(18) 19(2) 16(2) 12(1) -2(1) 1(1) -12(1)
0(19) 24(2) 15(2) 17(2) -1(1) 1(1) -10(1)
C(41) 19(2) 10(2) 16(2) 1(2) -4(2) -7(2)
C(42) 22(2) 16(2) 14(2) 1(2) -4(2) -10(2)
C(43) 18(2) 14(2) 14(2) -4(2) -4(2) -8(2)
C(44) 23(2) 24(2) 10(2) -2(2) -3(2) -14(2)
C(45) 19(2) 23(2) 19(2) -7(2) -3(2) -9(2)
C(46) 23(2) 45(3) 15(2) 1(2) -6(2) -17(2)
C(47) 29(3)- 32(3) 17(2) -7(2) -6(2) -17(2)
C(48) 38(3) 26(3) 28(3) -8(2) -6(2) -15(2)
C(49) 29(3) 20(2) 21(2) -1(2) -8(2) -9(2)
C(50) 26(2) 17(2) 15(2) 2(2) -8(2) -9(2)
C(51) 32(3) 26(3) 19(2) 6(2) -10(2) -20(2)
C(52) 24(2) 15(2) 10(2) 1(2) -2(2) -10(2)
C(53) 30(2) 18(2) 12(2) 0(2) -2(2) -16(2)
C(54) 28(2) 23(3) 20(2) 4(2) -4(2) -14(2)
C(55) 43(3) 20(2) 19(2) 9(2) -10(2) -19(2)
C(56) 50(3) 32(3) 15(2) 6(2) 0(2) -29(3)
C(57) 30(3) 33(3) 29(3) 3(2) 8(2) -18(2)
C(58) 31(3) 27(3) 24(3) 3(2) -5(2) -12(2)
C(59) 14(2) 19(2) 10(2) -1(2) -3(2) -8(2)
C(60) 22(2) 15(2) 15(2) -3(2) -6(2) -12(2)
C(61) 22(2) 16(2) 11(2) -4(2) -1(2) -9(2)
C(62) 21(2) 22(2) 13(2) -2(2) 0(2) -14(2)
C(63) 43(3) 17(2) 24(3) -3(2) -13(2) -6(2)

C(64) 50(3) 18(3) 26(3) -7(2) -9(2) -10(2)
C(65) 38(3) 37(3) 21(2) -1(2) -7(2) -25(2)
C(66) 32(3) 44(3) 23(3) -11(2) -14(2) -11(2)
C(67) 23(2) 33(3) 24(2) -9(2) -8(2) -5(2)
C(68) 21(2) 15(2) 13(2) 2(2) -2(2) -8(2)
C(69) 18(2) 15(2) 16(2) -1(2) 4(2) -7(2)

C(70) 14(2) 17(2) 12(2) -1(2) -1(2) -6(2)
C(71) 20(2) 14(2) 11(2) 0(2) -2(2) -8(2)
C(72) 23(2) 25(3) 20(2) 4(2) -3(2) -12(2)
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C(73) 21(2) 30(3) 19(2) 3(2) 0(2) -16(2)

C(74) 34(3) 34(3) 17(2) 1(2) 1(2) -25(2)

C(75) 49(3) 31(3) 21(2) 14(2) -18(2) -25(3)

C(76) 26(2) 21(2) 27(2) 9(2) -12(2) -13(2)

0(20) 25(2) 22(2) 29(2) -2(1) -6(1) -14(1)

0(21) 28(2) 15(2) 31(2) 0(1) -11(2) -4(1)

0(22) 25(2) 21(2) 26(2) -1(1) -9(1) -7(1)

C(82) 18(2) 15(2) 21(2) 2(2) 0(2) -7(2)

C(83) 34(3) 25(3) 32(3) 1(2) -15(2) -10(2)

0(23) 25(2) 25(2) 23(2) -6(1) 1(1) -13(2)

0(24) 30(2) 32(2) 34(2) -14(2) -2(2) -16(2)

C(84) 26(2) 18(2) 22(2) -3(2) -7(2) -6(2)

C(85) 35(3) 48(4) 29(3) -15(3) 5(2) -22(3)

0(25) 20(2) 22(2) 28(2) 9(1) -3(1) -10(1)

0(26) 28(2) 25(2) 74(3) 17(2) -16(2) -13(2)

C(86) 17(2) 31(3) 44(3) 18(2) -12(2) -9(2)

C(87) 26(3) 51(4) 52(4) 35(3) -1(3) -15(3)

0(43) 661(32) 62(6) 82(7) -20(5) 110(13) -115(12)

0(44) 1655(85) 95(8) 127(10) 78(7) -402(26) -324(23)

C(88) 2000(142) 140(13) 41(6) 53(7) -248(26) -541(42)

C(89) 361(22) 51(6) 53(6) 22(5) -44(9) -78(9)

0(30) 18(2) 27(2) 26(2) .4(1) -4(1) -6(1)

0(31) 399(17) 85(6) 63(5) -19(4) 10(7) -164(9)

C(90) 378(21) 42(5) 24(4) 4(4) -47(8) -99(9)

0(32) 38(2) 56(3) 50(3) 9(2) -6(2) -10(2)

C(91) 60(5) 56(5) 90(6) 7(4) -30(4) -13(4)

0(33) 28(2) 72(3) 42(2) -20(2) -4(2) -20(2)

0(34) 50(3) 39(3) 75(4) 21(2) 0(2) -9(2)

0(35) 28(2) 21(2) 28(2) -6(i) -4(1) -12(2)

0(36) 27(2) 22(2) 33(2) 4(2) -9(2) -8(2)

0(37) 43(2) 24(2) 36(2) 5(2) -14(2) -15(2)

0(38) 27(2) 22(2) 63(3) -7(2) 3(2) -6(2)

0(39) 42(2) 32(2) 40(2) 10(2) -19(2) -13(2)

0(40) 41(2) 74(3) 61(3) -27(3) 11(2) -43(3)

0(41) 172(8) 147(7) 48(4) -30(5) 24(6)

0(42) 296(12) 73(5) 50(4) -36(3) -81(6) 91(6)

0(45) 428(23) 162(11) 150(10) 86(9) -135(13) -115(13)

C(93) 1254(84) 86(15) 549(42) 34(22) -739(54) -151(31)

C1(1) 26(1) 31(1) 51(1) 1(1) -9(1) -10(1)
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Table 6. Hydrogen coordinates ( x 104)
(A2 x 103) for S,S,S,S-2/S,S,S,S-2'.

and isotropic displacement parameters

x y z U(eq)

H(2C)
H(2D)
H(4C)
H(4D)
H(6C)
H(6D)
H(8C)
H(8D)
H(2A)
H(2B)
H(3A)
H(5A)
H(6A)
H(7A)
H(8A)
H(9A)
H(11A)
H(11B)
H(12A)
H(14A)
H(15A)
H(16A)
H(17A)
H (18A)
H(20A)
H(20B)
H(21A)
H(23A)
H (2 4A)
H(25A)
H (2 6A)
H (27A)
H (29A)
H (29B)
H(30A)
H(32A)
H (33A)
H(34A)
H (35A)
H(36A)
H(9B)
H(9C)
H (3 8A)
H(38B)
H(38C)
H (12C)
H (12D)
H(14C)
H(14D)
H(16C)
H(16D)
H(18C)
H (18D)
H(42A)
H (42B)
H (43A)

2217(3)
1389(3)
4983(3)
4059(3)
6415(4)
5721(4)
3166(3)
1884(3)
1577(4)
290(4)
-24(4)

-1520(4)
-2269(4)
-1027(5)

938(4)
1656(4)
4498(4)
3325(4)
2681(4)
2598(4)
3142(4)
4696(4)
5731(4)
5231(4)
6366(5)
5371(5)
4630(4)
4983(5)
6236(6)
8201(6)
9009(5)
7797(5)
3864(4)
4386(4)
1960(4)
1093 (4)

682(4)
1741(5)
3256(5)
3654(5)

5900(19)
6739(3)
5039(5)
4034(5)
5353 (5)

-2480(3)
-1412(3)

678(3)
1860(3)

-2121(3)
-1935(3)
-4170(3)
-3413 (3)
-3056(4)
-2120(4)

-689(4)

-8086(3)
-7151(3)
-3792(3)
-2842(3)
-5638(3)
-5499(3)
-9398(3)
-9106(3)
-9077(3)
-8596(3)
-7133.(3)
-7367(4)
-8232(4)
-9713,(4)

-10353 (4)
-9500(4)
-5063 (3)
-4678(3)
-3202(3)
-1635(3)

-736(4)
-1552(4)
-3284(4)
-4183(4)
-4151(4)
-3091(4)
-3845(4)
-2792(5)
-2313 (5)
-3063 (5)
-4294(5)
-4787(4)
-8105(4)
-8874(4)
-7785(4)
-8032 (4)
-9074(4)

-10824(4)
-11498(4)
-10470(4)
-6610(14)
-6952(21)

-8941(4)
-9181(4)
-9606(4)
-7662(3)
-7919(3)
-3815(3)
-4448(3)
-3684(3)
-4386(3)
-8246(3)
-9304(3)
-8917(3)

-10017 (3)
-9498(3)

-6099(2)
-5604(2)
-7205(2)
-7306(2)

-11285(2)
-11910(2)
-10351(2)
-10223(2)

-7024(3)
-7141(3)
-6299(3)
-5289(3)
-4187(3)
-3755(3)
-4494(3)
-5587(3)
-6227(3)
-5513 (3).
-6299(3)
-5708(3)
-4807(3)
-4238(3)
-4586 (3)'
-5521(3)

-10444(3)
-10461(3)
-11347(3)
-12395(4)
-13519(4)
-13767(3)
-12931(4)
-11807(4)
-12067(3)
-11424(3)
-11132 (3)
-12127(3)
-12992(3)
-13198(3)
-12559(3),
-11662(3)

-9483(9)
-10390(11)

-9332(3)
-8648(3)
-8574(3)

-10964(2)
-11653 (2)
-10455(2)
-10400(2)

-6378(2)
-5701(2)
-7064(2)
-6994(2)

-10135(3)
-10139(3)
-11073 (3)

S16

18
18
18
18
28
28
22
22
18
18
17
27
33
31
29
24
22
22
17
22
26
28
27
25
34
34
26
44
54
52
49
42
25
25
20
29
34
34
38
33
33
33
43
43
43
20
20
19
19
27
27
19
19
20
20
17
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H(45A)
H(46A)
H(47A)
H(48A)
H (49A)
H(51A)
H(51B)
H(52A)
H (54A)
H(55A)
H(56A)
H(57A)
H(58A)
H (60A)
H(60B)
H(61A)
H(63A)
H(64A)
H(65A)
H (66A)
H(67A)
H(69A)
H(69B)
H (7 0A)
H(72A)
H(73A)
H (74A)
H(75A)
H(76A)
H(20C)
H(20D)
H(83A)
H(83B)
H(83C)
H(85A)
H (85B)
H(85C)
H(87A)
H (87B)
H (87C)
H(89A)
H (89B)
H(89C)

-3167(4)
-3776(4)
-2893(4)
-1407(5)

-785(4)
-359(4)
426(4)

2015(4)
263(4)
946(5)

2926(5)
4232(5)
3550(5)
-559(4)
751(4)
94(4)

-1671(5)
-1379(5)

-29 (5)
1155(5)
902(4)

-4481(4)
-3867(4)
-2678(4)
-5819(4)
-7123 (4)
-6461(4)
-4468(5)
-3149(4)
-3103(3)
-2555 (3)

965(5)
211(5)

1140(5)
1608(5)
1317(5)
1919(5)

-4325(5)
-3607(5)
-4522(5)
2068(15)
3458(15)
2827(15)

-8319(4)
-9127(4)

-10869(4)
-11824(4)
-11028(4)

-4541(4)
-5354(4)
-5647(3)
-3284(4)
-2310(4)
-2796(4)
-4207(4)
-5191(4)
-3166(3)
-3795(3)
-4919(3)
-2229(4)
-1125(4)
-1751(4)
-3460(4)
-4568(4)
-6844(3)
-7017(3)
-8696 (3)
-7833(4)
-8310(4).
-9380(4)

-10068(4)
-9625(4)

-10922(3)
-12089(3)
-11733(4)
-10880(4)
-10637(4)
-11277(5)
-11639(5)
-12470(5)
-10796(5)
-11863(5)
-11830(5)

-5774(7)
-6210(7)
-5238(7)

S17

-11886(3)
-12830(3)
-13182(3)
-12574(3)
-11666(3)
-11268(3)
-12017,(3)
-11355(3)
-11976(3)
-13003 (3)
-13659(3)
-13243(3)
-12199(3)

-7245(3)
-7237(3)
-6307(3)
-5870.(3)
-4971(3)
-4189(3)
-4390(3)
-5295(3)
-6140(3)
-5392(3)
-6020(2)
-5780(3)
-4738(3)
-3724(3)
-3838(3)
-4884(3)
-9295(2)
-9097(2)
-7059(3)
-6328(3)
-7076(3)

-10399(3)
-11201(3)
-10624(3)

-6348(4)
-6050 (4)
-6581(4)

-14308(6)
-14598(6)
-13952 (6)

24
32
29
36
28
27
27
19
27
30
36
38
32
18
18
19
34
38
34
38
33
21
21
17
26
27
31
35
27
36
36
44
44
44
56
56
56
67
67
67

231
231
231
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Figure Si: Visible spectrum (top) of S,S,S,S-2/S,S,S,S-2' and circular dichroism (CD) spectra

(bottom) of S,S,S,S-2/S,S,S,S-2' (solid line) and R,R,R,R-2/R,R,R,R-2' (broken line) in
methanol.
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Figure S2: Thermal ellipsoid representation and numbering scheme for S,S,S,S-2'
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Figure S3: Thermal ellipsoid representation of S,S,S,S-2/S,S,S,S-2' as found in the

crystal structure. The top 2 views are orthogonal side-on view of the pair of metalla-

crowns and the bottom is a top view of the pair.
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S,S,S,S-2

C59

C61 (-1

S,S,S,S-2'

Figure S4: Displacement of metallacrown core atoms from the mean plane of the 4 metallac-

rown ring oxygens (01, 03, 05, 07 for SSSS-2; 012, 014, 016, 018 for S,S,S,S-2'). Dis-
placements are given in units of 0.01A.
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" Nul

Figure FSS. (Top) Side view thermal ellipsoid representation (50%
probability) of the X-ray crystal structure of S,S,S,S-2 including bound
acetate and water; all nonwater hydrogen atoms are omitted for clarity.
(Middle) Top view thermal ellipsoid representation of S.SSS-2 with
bound acetate, bound water and hydrogen atoms omitted for clarity.
Selected interatomic distances (A) and angles (deg): Cu5-Ol, 1.877-
(3); Cu5-05, 1.881(3); Cu5-03, 1.906(3); CuS-07, 1.921(3); Cul-
CuS, 3.3176(7): Cu2-Cu5, 3.2155(7); Cu3-Cu5, 3.2850(7); Cu4-Cu5,
3.2469(7); Cul -Cu2, 4.5620(7); Cul -Cu4, 4.6308(7); Cu2-Cu3,
4.5989(7); Cu3-Cu4, 4.5694(7); 01 -Cu5-OS, 176.2(2): 01 -Cu5-03, r
90.71(14); 05-Cu5-03, 90.33(13); Ol-Cu5-07, 88.74(13); 05-
Cu5-07, 89.78(13); 03-Cu5-07, 173.11(14). (Bottom) Representation
of 3 drawn from crystallographic positional parameters reported in ref
12. All three structures are on the same scale.
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CHO 0 0
+ EtOH, A (50%)

+ 2 NH 40Ac

1. CH 30H, SOCI2,
A (85%)

2. L-tartaric acid,
CH3OH (30%)

O NH2

H3CO

O NH2

HO

1. NH2OH, KOH,
CH3OH

2. HCI (aq)
(60%)

HO,'NH NH2

s-H2-j3-pheha

1.25 CuSO 4, 2 NaOAc,
H20 (89%) -

1.25 Cu(OAc) 2,1 NaOAc
CH30H (79%) .S,SS,S-2/S,S,S,S-2'

Scheme Si (Manuscript # IC9807386)


