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X-Ray crystal structure analysis.

General: Data were collected at 150.0-(1) K on a Nonius Kappa CCD diffractometer using a
Mo Ko (A = 0.71070 A) X-ray source and a graphite monochromator. All data were measured
using phi and omega scans. Experimental details are described in Tables S1-1 — S3-1. The
crystal structures were solved using SIR 97 and ShelxI-97.2 ORTEP drawings were made
using ORTEP Il for Windows?® CCDC XXX- XXX contain the supplementary
crystallographic data for this paper. These data can be obtained free of charge at

www.ccdc.cam.ac.uk/conts/ retrieving.html or from the Cambridge Crystallographic Data

Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: (internat.) +44-1223/336-033; E-

mail: deposit@ccdc.cam.ac.uk

Crystallographic data for 5:

Figure S1: Molecular structureof 5
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Table S1-1. Crystal datafor 5

Compound 5

Molecular formula Cs9Hg4ClO18PsZr3
Molecular weight 1513.24

Crystal habit colorless block
Crystal dimensions(mm) 0.50x0.20x0.16
Crystal system hexagonal
Space group R3c

a(A) 14.063(1)

b(A) 14.063(1)

c(h) 57.883(1)

o(®) 90.00

B(°) 90.00

v(°) 120.00

V(A3 9913.7(1)

z 6

d(g-cm?) 1.521

F(000) 4644

w(em™) 0.909
Diffractometer KappaCCD
X-ray source MoK o

MA) 0.71069
Monochromator graphite

T (K) 150.0(1)

Scan mode phi and omega scans

Maximum 6 30.03



Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2009

HKL ranges
Reflections measured
Unique data

Rint

Reflections used
Criterion

Refinement type
Hydrogen atoms
Parameters refined
Reflections / parameter
wR2

R1

Flack's parameter
Weightsa, b

GoF

difference peak / hole (e A ™)

-1515;-1912;-5081
12120

5068

0.0227

4079

| > 201)

Fsqd

constr

226

18

0.0921

0.0336

0.25(4)

0.0533 ; 0.0000

1.023

2.001(0.083) / -0.730(0.083)
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Table S1-2: Atomic Coordinates and equivalent isotropic displacement parametersfor 5
atom
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Table S1-3: Bond lengths (A) and angles (°) for 5
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6:

3:
z+1l 9:
z+5/12:
Zz+215:
z+7/18:

X-y, 2
z+1/2
-y+2/3, x-y+1/3,
X+2/3, x-y+1/3,

X-Y,
-y+1/3, x-y+2/3,

x+1/3, x-y+2/3,

2: -y,

5: x,
z+1/3 8:
z+5/11:
z+2/3 14:
z+7/17:

X, YV, Z
4: -y, -x, z+1/2
7: x+2/3, y+1/3,
10: -y+2/3, -x+1/3,
x+1/3, y+2/3,
-y+1/3, -x+2/3,

1:

Estimated standard deviations are given in the parenthesis.

13:

1l6:

Symmetry operators ::
Table S1-4: Anisotropic displacement parametersfor 5
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atom Ull u22 U33 U23 Ul3 Uiz
Zr (1) 19(1) 19 (1) 18(1) 0 0 10(1)
zr(2) 29(1) 29 (1) 17 (1) 0 0 14 (1)
zZr(3) 27(1) 27 (1) 17 (1) 0 0 13 (1)
Cl(1) 40(1) 57 (1) 30(1) -2(1) -12(1) 22 (1)
Cl(2) 50(1) 39(1) 30(1) 11 (1) 2(1) 22 (1)
P(1) 21 (1) 21 (1) 22 (1) 1(1) -2(1) 11 (1)
P(2) 21 (1) 19 (1) 21 (1) -2(1) -2(1) 9(1)
0(1) 26 (1) 25(1) 21 (1) -2(1) -2(1) 14 (1)
0(2) 20(1) 26 (2) 36 (2) 3(1) -3(1) 11 (1)
0(3) 23 (1) 25 (1) 30(2) 6(1) -3(1) 11(1)
0(4) 30(1) 29 (1) 20(1) 0(1) -2(1) 15(1)
0(5) 24 (1) 25(1) 31(2) -10(1) -3(1) 13 (1)
0(6) 22 (1) 19(1) 32(2) -4 (1) -1(1) 5(1)
C(1) 23 (1) 24 (2) 19(1) -2(2) 0(1) 14 (2)
Cc(2) 19(2) 49 (3) 74 (4) -36(3) 5(2) 5(2)
C(3) 31(3) 70 (4) 210(10) 82 (5) -28(4) 3(3)
C(4) 32 (3) 200 (10) 95 (6) 93 (6) -21(3) -33(4)
C(5) 32(2) 24 (2) 22 (2) -4(2) -1(2) 17(2)
c(6) 51 (3) 45 (3) 42 (3) -2(2) 17(2) 29 (3)
C(7) 43 (3) 27(2) 40 (3) 1(2) 3(2) 20(2)
c(8) 31(2) 26 (2) 30(2) 7(2) 1(2) 14 (2)
C(9) 34 (2) 34 (2) 48 (3) 9(2) 7(2) 22 (2)
C(10) 46(3) 28 (2) 55(3) 6(2) 10(2) 21(2)
C(11) 22(2) 46 (3) 76 (4) 27(3) 0(2) 14 (2)
C(12) 31(3) 72 (4) 183 (8) -76(5) -31(4) 28(3)
C(13) 33(2) 56 (3) 62 (4) -15(3) 3(2) 23 (2)

The anisotropic displacement factor exponent takes the form
2 pi®2 [h*2a*"2U(11) +...+ 2hka*b*U(12)]

Table S1-5: Hydrogen Coordinates (A x 10"4) and equivalent isotropic displacement
parameters (A"2 x 10" 3) for 5

atom X Y b4 U(eq)
H(2) 1051 3748 854 63
H(3R) 915 3886 455 172
H(3B) -241 2964 556 172
H(3C) 540 2615 425 172
H(4R) 321 1536 746 225
H(4B) -205 1997 928 225
H(4C) 946 2072 983 225
H(5) 3586 3605 381 30
H(6A) 5405 5008 312 66
H(6B) 5359 3861 271 66
H(6C) 5863 4530 506 66
H(7R) 4527 2786 710 54
H(7B) 3837 2136 488 54
H(7C) 3240 2363 699 54
H(8) 3050 3260 1614 35
H(9R) 1251 2873 1679 55
H(9B) 1342 1801 1726 55
H(9C) 805 1909 1491 55
H(10R) 2230 1750 1241 63
H(10B) 2618 1481 1480 63
H(10C) 3485 2460 1320 63
H(11) 5581 5786 1101 59
H(12A) 5809 6481 1478 141
H(12B) 6931 6558 1394 141
H(12C) 6132 5603 1567 141
H(13R) 6111 4242 1298 76
H(13B) 6794 5105 1098 76
H(13CQ) 5588 4105 1046 76
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Crystallographic data for 6:

Figure S2: Molecular structureof 6

Table S2-1. Crystal data for 6

Compound
Molecular formula
Molecular weight
Crystal habit
Crystal dimensions(mm)
Crystal system
Space group

a(A)

b(A)

c(A)

a(°)

B(°)

¥(°)

V(A3

Z

d(g-cm®)

F(000)

u(em™)

Absorption corrections
Diffractometer

X-ray source

MA)

6

C35H56C| aN>O15P4Zr, Z(CH 2C| 2)
1336.88
Colorless Block
0.22x0.18x0.18
triclinic

P-1

13.038(1)
13.797(1)
17.773(2)
103.393(1)
91.348(1)
104.745(2)
2996.1(4)

2

1.482

1368

0.862
multi-scan ; 0.8330 min, 0.8603 max
KappaCCD
MoKo

0.71069
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Monochromator graphite

T (K) 150.0(2)

Scan mode phi and omega scans
Maximum 6 27.48

HKL ranges -1416;-17 16, -22 23
Reflections measured 29970

Unique data 13554

Rint 0.0332

Reflections used 10551

Criterion | > 2cl)

Refinement type Fsqd

Hydrogen atoms constr

Parameters refined 611

Reflections / parameter 17

WR2 0.1059

R1 0.0383

Weightsa, b 0.0453; 3.1145

GoF 1.017

difference peak / hole (e A ™) 1.379(0.078) / -1.085(0.078)

Table S2-2: Atomic Coordinates and equivalent isotropic displacement parametersfor 6

atom x v z U(eq)
Zr (1) 5620 (1) 1933 (1) 4986 (1) 23 (1)
Cl(1) 5904 (1) 2626 (1) 6387 (1) 38 (1)
Cl(2) 4852 (1) 3302 (1) 4704 (1) 36 (1)
P(1) 7733 (1) 1988 (1) 4684 (1) 24 (1)
P(2) 3139(1) 168 (1) 5093 (1) 22 (1)
0(1) 7125 (1) 2826 (1) 4751 (1) 26 (1)
0(2) 4255 (1) 873 (1) 5055 (1) 25 (1)
0(3) 8161 (2) 1754 (1) 3860 (1) 28 (1)
0(4) 8810 (2) 2420 (1) 5220 (1) 31(1)
0(5) 2587 (2) 760 (1) 5757 (1) 30(1)
0(6) 2412 (2) 103 (1) 4356 (1) 29 (1)
N(1) 5269 (2) 1226 (2) 3615 (1) 28 (1)
Cc(1) 6787 (2) 1004 (2) 4859 (1) 24 (1)
Cc(2) 9082 (2) 2444 (2) 3619 (2) 37 (1)
C(3) 8796 (4) 3375 (3) 3484 (3) 89 (2)
C(4) 9400 (3) 1811 (3) 2912 (2) 65 (1)
C(5) 8816 (3) 2699 (2) 6066 (2) 40(1)
C(6) 9650 (3) 2279 (3) 6370 (2) 66 (1)
C(7) 9052 (4) 3848 (3) 6337 (2) 70 (1)
c(8) 3089 (2) 1295(2) 6548 (2) 33 (1)
C(9) 3018 (3) 2389 (3) 6683 (2) 56 (1)
C(10) 2509 (3) 716 (3) 7100 (2) 58 (1)
C(11) 2125 (2) 1026 (2) 4226 (2) 37(1)
c(12) 2254 (3) 1010(3) 3382 (2) 53(1)
C(13) 1009 (3) 974 (3) 4448 (2) 56 (1)
C(14) 5685 (2) 1775 (2) 3108 (2) 34 (1)
C(15) 5656 (3) 1341 (3) 2322 (2) 43 (1)
C(16) 5171 (3) 301(3) 2037 (2) 44 (1)
C(17) 4731 (3) -273(2) 2549 (2) 40 (1)
C(18) 4799 (2) 208 (2) 3324 (2) 33(1)
zZr (2) 4410(1) 3051 (1) -32(1) 22 (1)
Cl(3) 5091 (1) 1671 (1) 318(1) 34 (1)
Cl(4) 4638 (1) 2485 (1) -1400(1) 38(1)
P(3) 2203 (1) 2822 (1) -147(1) 24 (1)
P(4) 6899 (1) 4931 (1) 124 (1) 22 (1)
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Table S2-3: Bond lengths (A) and angles (°) for 6
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Table S2-5: Hydrogen Coordinates (A x 10n4) and equivalent isotropic displacement
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Theoretical Calculations

Computational details: Calculations were performed with the GAUSSIAN 03 series of
programs.* The B3PW91 functional®® was used in combination with the 3-21G* basis set for
al non-metal-bound atoms (C, H), the 6-31G* for all metal-bound-atoms (C, H, P, O) and the
LANL2DZ basis’ for zirconium. The stationary points were characterized as minima by full

vibration frequencies calculations (no imaginary frequency).

Cartesian coor dinates, three lower frequencies and thermochemistry of 5t

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
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.665215
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.722652
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.511795
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IR Inten --

Sum
Sum
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Sum

of
of
of
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electronic
electronic
electronic
electronic

HF=-4222.482639

13.4237
6.5391
0.0007
0.0542

and zero-point Energi
and thermal Energies=
and thermal Enthalpie
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5.3237
0.0013
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S=

and thermal Free Energies=
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Cartesian coor dinates, three lower frequencies and thermochemistry of compound 8t

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z

1 6 0 -1.520936 0.042946 0.034109
2 15 0 -1.681986 -1.597805 -0.049430
3 15 0 -1.589106 1.679814 -0.167586
4 8 0 -0.065918 2.038683 -0.140344
5 8 0 -0.180759 -2.038429 -0.021328
6 8 0 -2.308163 2.179793 -1.504406
7 8 0 -2.369231 2.572980 0.927898
8 8 0 -2.458352 -2.147832 -1.334334
9 8 0 -2.483679 -2.367437 1.120676
10 1 0 -2.669176 3.647666 -2.871206
11 6 0 -2.172341 3.568278 -1.9024098
12 1 0 -2.660243 4.223035 -1.174082
13 1 0 -1.114611 3.829945 -2.005075
14 1 0 -0.954312 2.803522 2.460418
15 6 0 -1.975375 2.439451 2.314480
16 1 0 -2.679918 3.045984 2.887980
17 1 0 -2.033511 1.393248 2.630767
18 1 0 -1.018719 -2.579234 2.609824
19 6 0 -2.029243 -2.180378 2.483543
20 1 0 -2.736446 -2.723936 3.114017
21 1 0 -2.030379 -1.117339 2.742969
22 1 0 -3.007291 -3.695495 -2.541088
23 6 0 -2.469651 -3.574034 -1.598811
24 1 0 -2.988614 -4.106888 -0.796673
25 1 0 -1.446171 -3.947721 -1.705023
26 40 0 0.674783 -0.020090 -0.031053
27 17 0 1.040699 0.027914 2.487056
28 17 0 1.044565 -0.090118 -2.518977
29 8 0 2.566102 -1.493032 -0.086492
30 8 0 2.636960 1.355858 0.069367
31 6 0 3.482712 -1.621429 1.018476
32 1 0 3.102012 -2.348262 1.744890
33 1 0 4.459185 -1.944291 0.633773
34 1 0 3.561479 -0.642713 1.489403
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35 6 0 2.486145 -2.728613 -0.828027
36 1 0 3.497716 -3.015635 -1.143058
37 1 0 2.039349 -3.512038 -0.207705
38 1 0 1.861799 -2.534743 -1.699883
39 6 0 2.592399 2.603802 0.791765
40 1 0 3.612357 2.870079 1.097751
41 1 0 2.160297 3.388748 0.163494
42 1 0 1.969618 2.437526 1.670448
43 6 0 3.552436 1.445967 -1.041476
44 1 0 3.189445 2.175366 -1.774014
45 1 0 4.539564 1.743082 -0.663355
46 1 0 3.599588 0.460405 -1.502223
1 2 3
A A A
Frequencies -- 37.7541 42.7721 49.6818
Red. masses -- 4.0868 4.1781 3.4029
Frc consts -- 0.0034 0.0045 0.0049
IR Inten -- 0.6414 2.9457 3.6222
Sum of electronic and zero-point Energies= -1716.191390
Sum of electronic and thermal Energies= -1716.158732
Sum of electronic and thermal Enthalpies= -1716.157788
Sum of electronic and thermal Free Energies= -1716.255773

HF=-1716.552328

Table S2. Comparison between the computed structure of complex 5 (DFT) and the
experimental X-ray data.

Atoms X-ray values | Calculated values | JA(X-ray-calc.)|
Zr(3)-Zr(2) 3.279 A 3.336 A 0.057 A
Zr(1)-Zr(2) 4.540 A 4,585 A 0.045 A
Zr(2)-C(1) 2.168 A 2.194 A 0.026 A
Zr(1)-0(1) 2.089 A 2.106 A 0.017 A
C(1)-P(2) 1.687 A 1.670 A 0.017 A
C(1)-P(1) 1.665 A 1.695 A 0.03A
P(1)-O(1) 1519 A 1.536 A 0.014 A
P(2)-O(4) 1.566 A 1.597 A 0.031 A
Zr(3)-Zr(2)-Zr(1) 180.0° 179.7° 0.3°
P(1)-C(1)-P(2) 130.4° 133.1° 2.7°
C(1)-Zr(2)-C(1") 109.7° 111.7° 2.0°
Zr(3)-0(4)-P(2) 166.2° 168.5° 2.3°
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