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ABSTRACT 

Metal complex, bis[(2,2’)-dimethyl 2,2’-(1,10-phenanthrline-2,9-diyl)bis(methan-1-yl-1-ylidene)-bis(hydrazinecarrbo 
dithioate)copper(I)], was synthesized from the reaction of Schiff base, (2,2’)-dimethyl 2,2’-(1,10-phenanthroline-2,9- 
diyl)bis(methan-1-yl-1-ylidene)-bis(hydrazinecarbo dithioate) and CuCl2 at reflux condition in methanol. The copper 
centers of the complex appear to be reduced. This probably was facilitated by in situ oxidative formation of disulfide 
bond at the uncomplexed ligand moieties. Single crystal X-ray diffraction analysis reveals the distorted tetrahedral ge- 
ometry around the copper centers. This compound crystallizes in the triclinic space group, P-1 with crystallographic 
parameters: a = 10.006(3) Å, b = 13.272(3) Å, c = 22.123(6) Å, α = 85.656(6)˚, β = 81.656(6)˚, γ = 73.097(5)˚, µ = 
1.223 mm−1 , V = 2779.5(13) Å3, Z = 2, Dc = 1.437 Mg/m3, T = 293 (2) K. 
 
Keywords: Schiff Base; Copper Complex; Metal Complex; Phenanthroline; Hydrazinecarbo Dithioate,  

X-Ray Diffraction 

1. Introduction 

Schiff bases bearing bidentate N,N’ chelating agents 
such as 1,10-phenanthroline (phen) have been used ex- 
tensively as a ligand in both analytical and preparative 
coordination chemistry as well as in the preparation of 
many mixed-ligand complexes [1]. These complexes 
have interesting physiochemical properties and have high 
potential as antibacterial, antifungal and chemotherapeu- 
tic agents [2]. Metal complexes derived from 1,10-phe- 
nanthroline have also been found to be widely used in 
areas such as molecular catalysis, solar energy conver- 
sion, calorimetric analysis, herbicides, molecular recog- 
nition, self-assembly, antineoplastic agents and nucleic 
acid probes [3]. The key feature of 1,10-phenanthroline 
is π-electron deficient nitrogen which stabilizes various 
metal complexes in lowered oxidation states [4]. The 
copper/phen complexes are able to interact and cleave 

the DNA/RNA backbone [5,6]. Recently, it has been 
found that copper(II) complexes of ferrocene(Fc)-con- 
jugated reduced Schiff base of L-tyrosine are cytotoxic in 
HeLa (human cervical cancer) and MCF-7 (human breast 
cancer) [7]. 1,10-phenanthroline and its copper (I and II) 
complexes showed interesting magnetic, electronic and 
redox process [8]. 

Schiff base containing amino thiol group (HN2-NH- 
CS-R) and their metal complexes exhibit various bio- 
logical activities. Thiosemicarbazone containing com- 
pounds was first used as drugs against tuberculosis, lep- 
rosy [9], small pox [10] and tumour [11]. Recently, Tri- 
apine (3-amino pyridine-2-carboxaldehyde thiosemicarba 
zone) has been developed as an anticancer drug and has 
completed clinical phase II on several cancer types [12, 
13]. 

Schiff bases have been made by reacting 1,10-phe- 
nanthroline-2,9-dicarboxaldehydehemi hydrate with sul- 
fur containing amines and studied their antibacterial *Corresponding author. 
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properties [14]. However, the synthesis of metal com- 
plexes of these Schiff bases has not been studied. We 
report the synthesis & characterization of an interesting 
dimeric copper (Cu) complex by using one of these 
Schiff bases. 

2. Materials and Methods 

2.1. Materials 

The CuCl2 salt and the solvents were commercially avail- 
able and used without further purification. The Schiff 
base (2,2’)-dimethyl 2,2’-(1,10-phenanthroline-2,9-diyl) 
bis(methan-1-yl-1-ylidene)-bis(hydrazinecarbodithioate) 
(1) was prepared according to a published procedure [15]. 
Infrared spectra were recorded on a Thermo Nicolet iS10 
FTIR spectrometer equipped with ATR accessory. NMR 
spectra were recorded on a Bruker 400 MHz spectrome- 
ter. Diffraction study was done on a Rigaku XtaLab mini 
bench-top instrument. Data collection and data reduction 
was done with the software of the instrument, “Crystal 
Clear” [16]. The radiation source was MoKα (λ = 0.71075 
Å). 

2.2. Synthesis 

Copper (II) chloride (0.0134 g, 0.1 mmol) dissolved in 
methanol (2 ml) was mixed dropwise with boiling solu- 
tion of the Schiff base 1 (0.044 g, 0.1 mmol) in hot me-
thanol (20 ml). The mixture was refluxed for 1 h and 
then left to stand overnight (Scheme 1). This resulted in 
precipitate of the copper complex 2, which was then fil- 
tered off and kept in desiccator over silica gel. Then the 
precipitate was dissolved in DMSO for recrystallization. 
After 15 days, black crystals of X-ray quality was formed 
(% yield = 30%). IR: ν (cm−1). 3100, 2900 (C-H aromatic 
and aliphatic), 1570 (C=N), 1500, 1600 (C=C, aromatic), 
1030 (C=S). 1H-NMR (DMSO-d6, ppm): δ H 13.75 (s, 2 
NH), 8.65 (d, J = 8.7 Hz, 2H), 8.30 (d, J = 8.7 Hz, 2H), 
8.60 (s, 2H), 8.07 (s, 2H), 2.01 (s, 6H). 

2.3. Single Crystal X-ray Analysis 

Crystals of the complex 2 were grown from DMSO at  

room temperature. A crystal of 0.17 × 0.13 × 0.09 mm 
dimension was mounted on a MiTeGen loop with Apie- 
zon grease at ambient temperature. Diffraction study was 
done on a Rigaku XtaLab mini bench-top instrument. 
Data collection and data reduction was done with the 
software of the instrument “Crystal Clear” [17]. The ra- 
diation source was MoKα (λ = 0.71075 Å). The com- 
pound crystallized in a triclinic crystal system with P-1 
space group. Unit cell dimensions: a = 10.006(3) Å, b = 
13.272(3) Å, c = 22.123(6) Å, a = 85.656(6)˚, b = 
81.656(6)˚, g = 73.097(5)˚ and volume = 2779.5(13) Å3. 

Structure Solution and Refinement: The structure was 
solved by direct methods [16] and expanded using Fou- 
rier techniques. The non-hydrogen atoms were refined 
anisotropically. Hydrogen atoms were refined using the 
riding model. The final cycle of full-matrix least-squares 
refinement on F2 was based on 6595 observed reflections 
and 607 variable parameters. Which converged with un- 
weighted and weighted agreement factors of: R1 = 
0.0823 and wR2 = 0.2222. This was conducted using the 
program suite WINGX [18]. The compound crystallized 
as solvates. Disordered DMSO molecules were present in 
the lattice that could not be completely modeled. One of 
the DMSO molecules was located close enough to be 
within the range of hydrogen bonding interaction. The 
crystal data and structure refinement details are listed in 
Table 1. 

3. Results and Discussion 

The coordination sphere around each copper center re- 
veals that copper in the complex was reduced. The ligand 
in this reaction had only neutral donor atoms as starting 
material. Hence in order to satisfy the charge neutrality 
of the complex there needs to be two chloride ions. How- 
ever, no chloride ion was detected in the structure. This 
could be rationalized by the fact that thionic sulfur can 
readily be oxidized to a disulfide form [19,20]. In the 
process of oxidation of the ligand the copper (II) becomes 
reduced to copper (I). The C-S bond distance (1.712) of 
the coordinating sulfur atom in the complex suggests that. 
this distance is longer that the distance of C=S (1.651)  
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Scheme 1. The synthetic route for the preparation of dimeric copper (II) complex of Schiff base 1. 
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Table 1. Crystal data and structure refinement for com- 
pound 2. 

Chemical formula C36 H32 Cu2 N12 S8 

Formula weight 1016.3396 

CCDC deposit 944921 

Temperature 293(2) K 

Wavelength 0.71075 Å 

Crystal system Triclinic 

Space group P-1 

Unit cell dimensions a = 10.006(3) Å 

 b = 13.272(3) Å 

 c = 22.123(6) Å 

 α = 85.656(6)˚. 

 β = 81.656(6)˚. 

 γ = 73.097(5)˚. 

Volume 2779.5(13) Å3 

Z 2 

Density (calculated) 1.437 Mg/m3 

Absorption coefficient 1.223 mm−1 

F(000) 1232 

Crystal size 0.17 × 0.13 × 0.09 mm3 

Theta range for data collection 3.02˚ to 22.00˚. 

Index ranges 
−10 ≤ h ≤ 10, −13 ≤ k ≤ 13, 

−23 ≤ l ≤ 23 

Reflections collected 16584 

Independent reflections 6767 [R(int) = 0.0562] 

Completeness to theta = 22.00˚ 99.3% 

Absorption correction None 

Max. and min. transmission 0.8979 and 0.8190 

Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 6767/0/619 

Goodness-of-fit on F2 1.052 

Final R indices [I > 2sigma(I)] R1 = 0.0823, wR2 = 0.2222 

R indices (all data) R1 = 0.1131, wR2 = 0.2586 

Largest diff. peak and hole 2.779 d − 0.733 e. Å−3 

 
bond in the ligand.  

3.1. Bond Lengths and Angles 

The ORTEP drawing of the complex is given in Figure 1. 

Cu atom has distorted tetrahedral coordination with sul- 
fur and nitrogen atoms. The bond angles for standard 
tetrahedral is 109.5˚ but from the Figure 1 it has been 
shown that the angle between S(5)-Cu(1)-N(42) is 86.5 
(2)˚ whereas the angle between S(5)-Cu(1)-N(38) is 
131.66 (19)˚. The other two angles for central Cu(1) 
atom are 81.8 (3)˚ and 100.3 (3)˚ for angles N(38)- 
Cu(1)-N(39) and N(39)-Cu(1)-N(42) respectively. How- 
ever, the Cu(1)-N(38), Cu(1)-N(39), Cu(1)-N(42) and 
Cu(1)-S(5) distances are 2.038 (6), 2.086 (7), 2.066 (7), 
and 2.228 (3) Å respectively. 

The methyl group attached to S(9) was refined at two 
positions with site occupancy factors of 0.61 and 0.39 for 
major and minor conformations, respectively. The me- 
thyl group at S(7) atom apparently did not have such 
freedom probably due to the solvent molecules nested in 
the lattice around this sulfur atom limiting the free rota- 
tion around the single bond. The bond angles and bond 
distances for other copper center, Cu(2) resembles to that 
of the first copper center (Table 2). Here overall geome- 
try of the complex is cliplike. The clip appearance is 
provided by semi parallel phen moiety. Although the 
geometry is cliplike, there is not much clearance for an- 
other molecule to fit in due to steric hindrance (Figure 
2).  

The average values of bond distances and angles in 
different atoms are in agreement with the literature val- 
ues [18]. Selected bond distances and bond angles of 
molecule 2 are shown in Table 2. 

Hydrogen Bonds 
The bond distance between hydrogen and oxygen, hy- 
drogen and noted noted X-H (Å) and the possible intra- 
molecular interactions by hydrogen bonds noted X-H (Å) 
of molecule 2 is shown in Table 3. Tables 4 and 5 pro- 
vide isotropic displacement parameters and Anisotropic 
displacement parameters of compound 2. These different 
hydrogen bonds showed in Figure 3 are responsible of 
the molecular packing in the unit cell. 
 

 

Figure 1. Perspective view of dimer of bis[(2,2’)-dimethyl 
2,2’-(1,10-phenanthroline-2,9-diyl)bis(methan-1-yl-1-ylidene)- 
bis(hydrazinecarbodithioate)] Cu(I) complex showing the 
labelling scheme. 
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3.2. Crystal Packing 

Hydrogen bonds played crucial roles in the crystal pack 
ing. Figure 4 shows the presence of two molecules in the 
unit cell which corresponds to the centrosymmetric tri- 
clinic space group P-1 with two general positions (x, y, z) 
and (−x, −y, −z). 

4. Conclusion 

The new dimeric coordination complex, bis-[(2,2’)-di- 
methyl 2,2’-(1,10-Phenanthroline-2,9-diyl) bis(methan-1- 
yl-1-ylidene)-bis(hydrazinecarbodithioate) copper(I)], 
was synthesized with a moderate yield and its crystal 
structure was determined by X-ray diffraction analysis at 
room temperature. Structural studies reveal the syner- 
gistic multicenter coordination by thiosemicarbazide mo- 
iety of the Schiff base ligand. The phen moieties of the 
two ligands are semi-parallel to each other while coordi- 
nated to two copper centers. Because of this structural 
arrangement, the complex looks like a molecular clip. 
However, the clearance between the two phen moiety is  
 

 

Figure 2. Space filling model of the compound demonstrat- 
ing limited clearance for clipping in a molecule. 
 

 

Figure 3. Hydrogen bonding between oxygen of the DMSO 
solvent molecule and the hydrogen atom of N-H of the li-
gand moiety. 

 

Figure 4. The packing diagram (view along a-axis) showing 
void in the lattice, where disordered solvent molecules are 
likely to populate. 
 
Table 2. Selected bond angle and bond distances of the com- 
pound. 

Bond distances Å Bond angles ˚ 

Cu(1)-N(38) 2.038(6) N(38)-Cu(1)-N(42) 130.4(3) 

Cu(1)-N(42) 2.066(7) N(38)-Cu(1)-N(39) 81.8(3) 

Cu(1)-N(39) 2.086(7) N(42)-Cu(1)-N(39) 100.3(3) 

Cu(1)-S(5) 2.228(3) N(38)-Cu(1)-S(5) 131.66(19)

Cu(2)-N(49) 2.038(7) N(42)-Cu(1)-S(5) 86.5(2) 

Cu(2)-N(45) 2.063(8) N(39)-Cu(1)-S(5) 126.6(2) 

Cu(2)-N(48) 2.070(7) N(49)-Cu(2)-N(45) 133.1(3) 

Cu(2)-S(6) 2.223(3) N(49)-Cu(2)-N(48) 80.4(3) 

S(3)-C(50) 1.734(11) N(45)-Cu(2)-N(48) 103.1(3) 

S(4)-C(50) 1.651(10) N(49)-Cu(2)-S(6) 128.5(2) 

S(5)-C(43) 1.729(10) N(45)-Cu(2)-S(6) 85.6(2) 

S(6)-C(47) 1.694(12) N(48)-Cu(2)-S(6) 129.3(2) 

S(8)-C(53) 1.693(17) C(43)-S(5)-Cu(1) 93.7(3) 

S(11)-C(53) 1.652(15) C(47)-S(6)-Cu(2) 94.7(4) 

N(40)-C(37) 1.277(11) C(36)-N(38)-Cu(1) 130.8(5) 

N(40)-N(41) 1.368(10) C(33)-N(38)-Cu(1) 111.5(5) 

N(41)-C(50) 1.369(12) C(25)-N(39)-Cu(1) 129.5(6) 

N(42)-C(23) 1.278(11) C(29)-N(39)-Cu(1) 111.2(5) 

N(42)-N(44) 1.403(10) C(23)-N(42)-Cu(1) 124.4(6) 

N(44)-C(43) 1.287(12) N(44)-N(42)-Cu(1) 116.8(5) 

N(45)-N(46) 1.384(11) C(24)-N(45)-Cu(2) 122.9(7) 

N(51)-N(52) 1.340(13) N(46)-N(45)-Cu(2) 117.5(6) 

N(52)-C(53) 1.347(15) C(20)-N(48)-Cu(2) 129.0(6) 

  C(16)-N(48)-Cu(2) 112.6(5) 

Open Access                                                                                           CSTA 
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Table 3. Possible hydrogen bonds. 

Donor H Acceptor D….A H -D  H...A D-H...A 

N(41) H(41) N(40) 1.3675(3) 0.86 1.95774(19) 36.632(11) 

N(41) H(41) O(40) 2.7231(6) 0.86 1.87416 168.890(3) 

N(52) H(52) N(51) 1.3403(3) 0.86 1.92982(18) 36.527(11) 

 
Table 4. Atomic coordinates (×104) and equivalent isotropic 
displacement parameters (Å2 × 103) for compound 2. U(eq) 
is defined as one third of the trace of the orthogonalized Uij 
tensor. 

 x y z U(eq) 

Cu(1) 4792(1) 8600(1) 1368(1) 43(1) 

Cu(2) 5408(1) 8590(1) 3686(1) 49(1) 

S(3) 483(3) 11013(2) −1033(1) 59(1) 

S(4) 92(3) 8883(2) −1217(1) 66(1) 

S(5) 5485(3) 6965(2) 1031(1) 67(1) 

S(6) 5205(4) 7129(2) 4205(1) 71(1) 

S(7) 4819(5) 5108(2) 1615(2) 91(1) 

S(8) 9418(4) 9709(4) 5933(2) 104(1) 

S(9) 6324(8) 4950(3) 3787(2) 174(3) 

S(11) 10601(5) 7381(6) 6051(3) 173(3) 

N(38) 4287(7) 10031(5) 919(3) 32(2) 

N(39) 5968(7) 9322(5) 1803(3) 38(2) 

N(40) 2165(7) 9968(6) −204(3) 45(2) 

N(41) 1645(8) 9276(6) −457(3) 49(2) 

N(42) 3726(7) 8015(5) 2118(3) 41(2) 

N(44) 3834(9) 6935(6) 2132(3) 50(2) 

N(45) 6651(8) 7594(6) 3023(3) 51(2) 

N(46) 6791(11) 6527(7) 3118(4) 74(3) 

N(48) 3974(7) 9668(6) 3200(3) 41(2) 

N(49) 5519(7) 9954(6) 4014(3) 43(2) 

N(51) 7899(9) 9247(8) 5122(4) 62(2) 

N(52) 8724(11) 8363(9) 5356(5) 91(3) 

C(10) 7142(10) 9164(9) 4711(4) 57(3) 

C(11) 6278(10) 10105(8) 4446(4) 48(2) 

C(12) 6232(11) 11096(9) 4613(5) 61(3) 

C(13) 5428(14) 11969(10) 4337(5) 72(3) 

C(14) 4613(11) 11866(8) 3898(4) 56(3) 

C(15) 4680(10) 10832(7) 3766(4) 44(2) 

C(16) 3892(9) 10681(7) 3303(4) 40(2) 

C(17) 3777(13) 12712(8) 3582(5) 67(3) 

C(18) 3018(12) 12588(8) 3149(5) 68(3) 

C(19) 3101(10) 11535(7) 2980(4) 49(2) 

C(20) 3309(9) 9500(7) 2746(4) 39(2) 

C(21) 2521(9) 10311(7) 2400(4) 42(2) 

C(22) 2391(10) 11345(8) 2532(4) 50(2) 

C(23) 3465(9) 8393(7) 2651(4) 45(2) 

C(24) 6811(10) 7878(8) 2455(4) 51(2) 

C(25) 6702(9) 8966(7) 2260(4) 43(2) 

C(26) 7259(9) 9611(9) 2560(4) 51(2) 

C(27) 7075(10) 10631(9) 2374(4) 54(3) 

C(28) 6264(9) 11062(7) 1903(4) 45(2) 

C(29) 5732(9) 10354(6) 1624(4) 37(2) 

C(30) 5970(11) 12111(8) 1680(5) 56(3) 

C(31) 5204(11) 12469(8) 1230(5) 59(3) 

C(32) 4586(9) 11784(7) 949(4) 46(2) 

C(33) 4828(9) 10727(6) 1153(4) 36(2) 

C(34) 3726(11) 12124(7) 477(4) 54(3) 

C(35) 3233(10) 11412(7) 248(4) 51(2) 

C(36) 3503(9) 10377(6) 475(4) 36(2) 

C(37) 2949(9) 9628(7) 217(4) 40(2) 

C(43) 4590(11) 6471(7) 1656(4) 51(2) 

C(47) 6179(15) 6308(9) 3652(5) 81(4) 

C(50) 769(10) 9669(8) −892(4) 53(2) 

C(53) 9554(13) 8457(13) 5763(6) 95(4) 

C(55) 10574(15) 9523(18) 6502(6) 150(9) 

C(56) −720(12) 11280(10) −1582(5) 79(4) 

C(57) 3850(20) 4810(11) 2299(7) 158(9) 

S(10) 1925(5) 6556(3) 380(2) 90(1) 

O(10) 2573(11) 7253(7) −21(5) 116(3) 

C(78) 2910(20) 5241(12) 184(11) 171(9) 

C(79) 380(20) 6542(15) 7(11) 168(9) 

S(14) −229(12) 5663(8) −1671(10) 343(10) 

O(1) −1140(30) 6190(20) −1824(17) 305(14) 

C(1) 500(40) 4490(20) −1812(15) 330(30) 

C(2) 1150(40) 6340(40) −2110(30) 580(60) 

S(15) 10120(14) 7030(20) 3770(9) 594(19) 

S(10’) 2080(60) 6330(40) −310(30) 250(20) 

C(58) 6850(30) 4277(18) 3141(14) 144(17) 

C(58’) 6030(40) 4810(20) 4511(13) 91(16) 
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Table 5. Anisotropic displacement parameters (Å2 × 103) compound 2. The anisotropic displacement factor exponent takes 
the form: −2,2[h2a * 2U11 + ··· + 2 hka * b* U12]. 

 U11 U22 U33 U23 U13 U12 

Cu(1) 57(1) 35(1) 41(1) 1(1) −13(1) −18(1) 

Cu(2) 60(1) 46(1) 41(1) −3(1) −13(1) −12(1) 

S(3) 56(2) 69(2) 55(2) 0(1) −21(1) −19(1) 

S(4) 58(2) 90(2) 62(2) −18(2) −14(1) −34(2) 

S(5) 111(2) 42(2) 45(2) −6(1) 0(1) −22(2) 

S(6) 109(2) 54(2) 47(2) 3(1) −7(2) −19(2) 

S(7) 157(3) 38(2) 79(2) −5(2) −1(2) −34(2) 

S(8) 75(2) 205(5) 60(2) −28(2) −8(2) −74(3) 

S(9) 379(9) 43(2) 73(3) 9(2) −50(4) −11(3) 

S(11) 111(4) 224(6) 154(5) −3(4) −82(3) 29(4) 

N(38) 39(4) 34(4) 28(4) −3(3) −8(3) −16(3) 

N(39) 32(4) 44(5) 39(4) −4(3) −6(3) −9(3) 

N(40) 44(4) 57(5) 36(4) −11(4) −2(4) −18(4) 

N(41) 53(5) 53(5) 45(4) −10(4) −10(4) −19(4) 

N(42) 44(4) 40(4) 38(4) −3(3) −14(3) −8(3) 

N(44) 78(6) 35(4) 46(5) 0(4) −18(4) −25(4) 

N(45) 58(5) 44(5) 44(5) 1(4) −13(4) 0(4) 

N(46) 115(8) 50(6) 36(5) 8(4) −23(5) 15(5) 

N(48) 45(4) 46(5) 37(4) −2(3) −6(3) −21(3) 

N(49) 42(4) 54(5) 37(4) −2(4) −4(3) −19(4) 

N(51) 54(5) 92(7) 45(5) −6(5) −10(4) −23(5) 

N(52) 85(7) 95(8) 90(7) 0(6) −49(6) −7(6) 

C(10) 53(6) 77(7) 49(6) −11(5) −16(5) −24(5) 

C(11) 52(6) 73(7) 27(5) −4(5) −5(4) −29(5) 

C(12) 74(7) 72(8) 51(6) −10(6) −11(5) −40(6) 

C(13) 113(10) 71(8) 50(6) −12(6) −9(6) −51(7) 

C(14) 80(7) 51(6) 45(6) −2(5) −10(5) −31(5) 

C(15) 54(6) 51(6) 36(5) −3(4) −8(4) −27(5) 

C(16) 42(5) 50(6) 32(5) −4(4) −3(4) −19(4) 

C(17) 104(9) 46(6) 62(7) 1(5) −22(6) −34(6) 

C(18) 91(8) 38(6) 68(7) 4(5) −8(6) −9(5) 

C(19) 56(6) 46(6) 44(5) 7(5) −7(5) −17(5) 

C(20) 40(5) 47(6) 31(5) −8(4) 0(4) −15(4) 

C(21) 42(5) 49(6) 41(5) −2(4) −12(4) −21(4) 

C(22) 48(6) 54(6) 45(5) 2(5) −8(4) −9(5) 

C(23) 43(5) 50(6) 44(6) 11(5) −11(4) −19(4) 

C(24) 53(6) 63(7) 37(6) −4(5) −12(4) −10(5) 

C(25) 37(5) 53(6) 38(5) 2(4) −7(4) −9(4) 
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C(26) 43(5) 81(8) 32(5) −6(5) −11(4) −19(5) 

C(27) 54(6) 76(8) 48(6) −12(5) −13(5) −36(5) 

C(28) 43(5) 56(6) 44(5) −14(5) 1(4) −27(5) 

C(29) 43(5) 38(5) 34(5) −5(4) −2(4) −19(4) 

C(30) 63(7) 58(7) 56(6) −24(5) 3(5) −30(5) 

C(31) 80(7) 49(6) 58(6) −3(5) −5(6) −34(5) 

C(32) 51(6) 43(6) 39(5) −6(4) 4(4) −11(4) 

C(33) 43(5) 36(5) 29(4) −2(4) −2(4) −11(4) 

C(34) 73(7) 39(5) 46(6) 1(5) −11(5) −9(5) 

C(35) 60(6) 51(6) 40(5) −3(5) −13(4) −10(5) 

C(36) 42(5) 36(5) 30(4) 2(4) −2(4) −15(4) 

C(37) 50(5) 38(5) 30(5) −5(4) −10(4) −8(4) 

C(43) 85(7) 31(5) 41(6) 1(4) −12(5) −23(5) 

C(47) 127(11) 44(7) 61(8) 2(6) −37(7) 3(6) 

C(50) 45(5) 79(7) 40(5) −6(5) −5(4) −25(5) 

C(53) 60(8) 144(13) 77(8) −2(9) −24(7) −17(8) 

C(55) 81(10) 330(30) 72(9) −48(13) −20(8) −94(14) 

C(56) 65(7) 103(10) 83(8) 24(7) −43(6) −35(7) 

C(57) 260(20) 48(8) 125(14) 12(9) 73(15) −31(11) 

S(10) 108(3) 62(2) 99(3) −6(2) −18(3) −20(2) 

O(10) 121(8) 77(6) 150(9) 17(6) −3(7) −40(6) 

C(78) 181(19) 58(10) 230(20) −2(12) −2(17) 24(11) 

C(79) 145(18) 130(16) 250(30) 0(17) −54(17) −61(14) 

S(14) 184(9) 144(7) 680(30) −66(12) −152(13) 50(6) 

O(1) 230(30) 190(20) 490(40) −20(30) −100(30) −32(19) 

C(1) 350(50) 210(30) 240(30) 40(30) 70(30) 160(30) 

C(2) 190(30) 560(90) 1080(160) −580(100) 190(60) −220(50) 

S(15) 186(11) 1140(60) 490(30) −280(30) −102(14) −140(20) 

C(58) 200(40) 55(16) 170(30) −10(16) −40(20) −19(17) 

C(58’) 170(40) 32(17) 60(20) 18(13) 10(20) −34(18) 

 
inadequate for the complex to serve as a functional mo- 
lecular clip. 
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