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Abstract:

Hydroxylation of the robust, weakly coordinating hexahalo- carborane anion system, CB11H6Br6-1, produces a new class of anion with mixed halo/hydroxyl substituents, HCB11(OH)5Br6-1 which can be used to isolate a number of hydronium cation salts including an ‘ice tautomer’ composed of hydronium cation, anion hydroxyl groups and coordinated water molecules. 
General Procedures:   Nuclear Magnetic Resonance spectra were recorded on a Varian VXR S400 NMR spectrometer with a proton resonance frequency of 400 MHz.  Infrared were recorded on a Nicolet 605x FT-IR instrument in a nitrogen purged atmosphere using pellets pressed from dry spectrophotometric grade KBr (Aldrich) at a resolution of 2 
cm-1.   TGA measurements were recorded on a TA Instruments DTA/TGA instrument using platinum pans.  Crystallographic measurements were obtained using a Smart CCD and solved using the Bruker SHELXL suite (ver. 6.01) 

Samples were stored in a dessicator or under vacuum at ambient temperatures.   The starting material CsCB11H6Br6 was prepared by literature methods (Jelinek et.al Col. Czech. Chem. Comm 1986, 51,  p819-829).

All reactions were performed under ambient pressure without rigorous oxygen control unless otherwise noted. The 11B NMR resonance signals were assigned through the use of a 11B-COSY experiment.
General Synthesis of Cs+ HCB11(OH)5Br6 -
In a 50 mL round bottom flask, CsCB11H6Br6 (0.9910 g, 1.32 mmol) was suspended in  30% H2O2  (30 mL) and the mixture was heated to reflux for 48 hrs and monitored by 11B NMR periodically.  The reaction was cooled, the excess peroxide was neutralized with manganese dioxide, and the entire reaction mixture filtered through diatomaceous earth (Celite), rinsing with 200 ml of deionized water.  The water was removed under reduced pressure and the crude solid was dried, collected by filtration by suspension in 1% ethanol in hexanes. This results in a mildly hygroscopic solid that was used without further purification. Yield:  0.8544 g (77%) CsHCB11(OH)5Br6   

Aqueous solutions of this material were used for metathesis reactions from either the above isolated solid or directly from the crude reaction mixture after neutralization of excess hydrogen peroxide and filtration to remove manganese dioxide.  Both procedures produced identical products though direct utilization of the aqueous solution with out solid isolation provided a better overall yield.
CsHCB11(OH)5Br6  11B NMR (d4-MeOH, ppm) -10 (s, 5B, B2-6), -14ppm(s, 1B, B12),  -21(s, 5B, B7-11)

CsHCB11(OH)5Br6  1H NMR (d4-methanol, ppm) 3.35 (s, 5H, BOH), 2.85 (s, 1H, CH)

CsHCB11(OH)5Br6  FTIR  (KBr, cm-1) 3311 (br, BOH)  3007(w, BCH)  1273(s), 1186(s), 969(s), 702(w), 602(w), 546(w)

Elemental Analysis: for  CsHCB11(OH)5Br6 · 2 H2O
Found (calc)  C 1.49% (1.38%)
H  1.37% (1.16%)


Synthesis of MePPh3+CHB11(OH)5Br6-, 1
In a small beaker was dissolved 0.1066 g CsHCB11(OH)5Br6 in 10 ml water with stirring. To this was slowly added a solution of  0.1010 g MePPh3Br in 10 ml of water.  A white precipitate was noted immediately.  The solid compound MePPh3+CHB11(OH)5Br6- was collected by filtration to yield 0.0947 g (76%) of material.

MePPh3+CHB11(OH)5Br6-:   

1H  NMR (d6-acetone, ppm)  8.95 (m, 15H, PPh), 2.59 (s, 5H, BOH), 3.24 (d, 3H, PMe) 2.78 (s, 1H, BCH) 

MePPh3+CHB11(OH)5Br6-:  FTIR  (KBr, cm-1) 3361 (b, OH), 3026( s, CH), 2914(m), 1435(s), 1205(s), 1114(s), 969(m), 894 (m), 744(m), 714(m), 683(m), 546.1(m)

MePPh3+CHB11(OH)5Br6-:  TGA (75oC, 3.5%, approx 2 H2O) (450oC, 22.4%  MePPh2 or PhBr loss)
Elemental Analysis:  for MePPh3+CHB11(OH)5Br6- · 3 H2O
Found (calc) C 23.62% ( 23.37%)
H 2.96%  (2.94%)



Single Crystal X-Ray diffraction:  Crystals of 1 as a trihydrate were grown by slow evaporation of acetone from acetone/water mixtures.  Structure quality was sufficient enough to locate protons in difference Fourier map but the hydrogens of the anion hydroxyl groups were calculated.  The hydrogens of the water molecules had the bond distances restrained such that all shared the same H-O bond distance. The thermal parameters of these hydrogen atoms were also restrained to be a multiple of the isotropic equivalent of the attached heavy atom.  See Supplemental pg. 7 for complete crystallographic information.
Synthesis of (H3O+)(H2O)n  HCB11(OH)5Br6-,2  (n=3-5)
In 20 mls of hot water was dissolved 0.500 g of CsHCB11(OH)5Br6.  This solution was loaded onto a charged column of Amberlyst-15 ion exchange resin (acid form).  The column eluted with 500ml of deionized water.  Progress on column was monitored by 11B NMR.  The aqueous solution was then evaporated to dryness at room temperature under vacuum to produce a hygroscopic colorless solid.  
(H3O+)(H2O)3  HCB11(OH)5Br6-, FTIR  (KBr, cm-1)   3315(br), 3022(s), 1717 (br) 1616 (br), 1271(br), 1193 (br),1031 (w), 974(m),708(w), 608(w) 555(m) 
NMR 1H:  d3-MeOD  2.8 ppm (s, 1H) Carborane C-H.  Hydronium and hydroxyl groups exchange broadened
TGA    9.4% @ 80°C (~ 4 H2O), 3.7% @ 50°C (~2 H2O), 11.6% @ 400 °C (1 HBr) 
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Synthesis of H5O2+ HCB11(OH)5Br6-,3
An NMR tube was charged with 35 mg of the (H3O+)(H2O)n  HCB11(OH)5Br6- , 2, and then placed under vacuum and heated at 100°C for 24 hrs to quantitatively yield the H5O2+ salt.  The material was handled under nitrogen and stored under vacuum because it was found to be extremely hygroscopic.
(H5O2+) HCB11(OH)5Br6-, FTIR  (KBr, cm-1)  3530(s), 3342(br), 2998(m), 2979(m), 1493(w), 1383(w), 1270(s), 1182(s), 1113(s), 995(s), 969(s), 857(w), 700(w), 594(m).    
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IR   H5O2+ comparison
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NMR 1H, (d6-acetone)  2.8ppm (s, 1H)  OH and H3O+ not observed
TGA  2.7 % @ 150°C (~ 1 H2O), 13.1% @ 375°C (HBr loss) 
Synthesis of (H7O3+, MePPh3+) (HCB11(OH)5Br6-)2·3H2O, 4

In a 3 ml vial was placed 20 mg of the MePPh3+ HCB11(OH)5Br6- with 1 ml of conc. H2SO4 and 1 ml of water and 0.5 ml of ethanol.  The white solid was completely dissolved and the mixture was allowed to sit without stirring in air for 2 days.  Colorless, hygroscopic needles precipitate.  These were collected by filtration to yield 5 mg (27%) of product.
(H7O3+, MePPh3+) (HCB11(OH)5Br6-)2·3H2O : FTIR  (KBr, cm-1) 3392 (b, OH), 2992( w), 2916(w), 1433(s), 1270(m), 1195(m), 1107(s), 994(m), 964(m), 894 (m), 738(m), 681(m), 

TGA  4.5% @ 80°C (~4 H2O), 2.5% @ 150°C (~2 H2O), 10.4% 350°C (~PhBr or Ph2PMe)
Crystals suitable for Single Crystal X-Ray diffraction were obtained directly from the reaction mixture.  Structure quality was sufficient enough to locate protons in the difference Fourier map but the hydrogens of the anion hydroxyl groups were calculated.  The hydrogens of the hydronium and/or water molecules had the bond distances restrained such that all shared the same H-O bond distance. The thermal parameters of these hydrogen atoms were also restrained to be a multiple of the isotropic equivalent of the attached heavy atom. See Supplemental pg. 26 for complete crystallographic information.

Table 1.  Crystal data and structure refinement for 1.

Identification code 
MePPh3 HCB11(OH)5Br6  · 3H2O
Empirical formula 
C20 H30 B11 Br6 O8 P

Formula weight 
1027.78

Temperature 
100(2) K

Wavelength 
0.71073 Å

Crystal system 
Monoclinic

Space group 
P2(1)/c

Unit cell dimensions
a = 9.3276(9) Å



b = 13.2367(14) Å
= 92.954(2)°.


c = 28.181(3) Å


Volume
3474.8(6) Å3
Z
4

Density (calculated)
1.965 Mg/m3
Absorption coefficient
7.021 mm-1
F(000)
1976

Crystal size
0.15 x 0.17 x 0.20 mm3
Theta range for data collection
1.45 to 28.37°.

Index ranges
-12<=h<=12, -17<=k<=17, -37<=l<=36

Reflections collected
35904

Independent reflections
8395 [R(int) = 0.0509]

Completeness to theta = 28.37°
96.4 % 

Absorption correction
SADABS
Refinement method
Full-matrix least-squares on F2
Data / restraints / parameters
8395 / 18 / 445

Goodness-of-fit on F2
1.034

Final R indices [I>2sigma(I)]
R1 = 0.0363, wR2 = 0.0639

R indices (all data)
R1 = 0.0528, wR2 = 0.0690

Largest diff. peak and hole
0.724 and -0.871 e.Å-3
ORTEP and Labeling Scheme for 1,   MePPh3 HCB11(OH)5Br6  · 3H2O 

                                                                                 

                  Asymmetric unit                                                  Carborane cage and Waters
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Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103)

for 1.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor.

________________________________________________________________________________ 


x
y
z
U(eq)

________________________________________________________________________________  
C(1A)
10033(4)
5845(3)
2630(1)
11(1)

B(2)
8754(4)
6490(3)
2939(1)
12(1)

B(3)
10667(4)
6662(3)
3079(1)
12(1)

B(4)
11573(4)
5472(3)
2954(1)
12(1)

B(5)
10214(4)
4568(3)
2751(1)
12(1)

B(6)
8475(5)
5182(3)
2740(1)
13(1)

B(7)
9480(4)
6433(3)
3539(1)
12(1)

B(8)
11183(4)
5823(3)
3550(1)
11(1)

B(9)
10926(4)
4553(3)
3357(1)
13(1)

B(10)
9038(5)
4370(3)
3226(1)
14(1)

B(11)
8145(4)
5542(3)
3336(1)
12(1)

B(12)
9635(4)
5141(3)
3714(1)
12(1)

O(2)
7829(3)
7203(2)
2729(1)
16(1)

O(3)
11303(3)
7587(2)
2980(1)
14(1)

O(4)
12912(3)
5499(2)
2754(1)
15(1)

O(5)
10551(3)
3892(2)
2392(1)
15(1)

O(6)
7464(3)
4951(2)
2374(1)
16(1)

Br(1)
9035(1)
7545(1)
3964(1)
16(1)

Br(2)
12720(1)
6179(1)
4024(1)
14(1)

Br(3)
12190(1)
3453(1)
3572(1)
20(1)

Br(4)
8119(1)
3054(1)
3301(1)
18(1)

Br(5)
6180(1)
5583(1)
3545(1)
16(1)

Br(6)
9400(1)
4760(1)
4377(1)
18(1)

P(1)
2476(1)
6450(1)
165(1)
13(1)

C(1)
2600(4)
5779(3)
719(1)
15(1)

C(2)
3919(4)
5390(3)
888(1)
26(1)

C(3)
4013(5)
4860(4)
1313(2)
30(1)

C(4)
2810(4)
4717(3)
1569(1)
21(1)

C(5)
1499(4)
5094(3)
1404(1)
21(1)

C(6)
1388(4)
5625(3)
977(1)
21(1)

C(7)
2438(4)
5569(3)
-322(1)
13(1)

C(8)
2540(4)
4522(3)
-243(1)
15(1)

C(9)
2498(4)
3863(3)
-630(1)
17(1)

C(10)
2356(4)
4239(3)
-1091(1)
16(1)

C(11)
2249(4)
5277(3)
-1172(1)
16(1)

C(12)
2283(4)
5937(3)
-788(1)
15(1)

C(13)
3954(4)
7311(3)
131(1)
13(1)

C(14)
4916(4)
7284(3)
-230(1)
16(1)

C(15)
5983(4)
8013(3)
-248(1)
19(1)

C(16)
6100(4)
8764(3)
95(1)
21(1)

C(17)
5146(4)
8793(3)
457(1)
22(1)

C(18)
4079(4)
8068(3)
481(1)
18(1)

C(19)
853(4)
7176(3)
130(1)
17(1)

O(1S)
4850(3)
3886(3)
2620(1)
30(1)

O(2S)
5331(5)
6478(4)
2236(2)
67(1)

O(3S)
4158(4)
7809(3)
3174(1)
42(1)

________________________________________________________________________________ 

 Table 3.   Bond lengths [Å] and angles [°] for  1.

_____________________________________________________ 

C(1A)-B(5) 
1.731(5)

C(1A)-B(4) 
1.735(5)

C(1A)-B(2) 
1.737(5)

C(1A)-B(6) 
1.738(5)

C(1A)-B(3) 
1.746(5)

C(1A)-H(1A) 
1.1000

B(2)-O(2) 
1.389(4)

B(2)-B(7) 
1.791(5)

B(2)-B(11) 
1.794(6)

B(2)-B(3) 
1.822(6)

B(2)-B(6) 
1.834(6)

B(3)-O(3) 
1.394(5)

B(3)-B(7) 
1.774(6)

B(3)-B(8) 
1.779(5)

B(3)-B(4) 
1.830(6)

B(4)-O(4) 
1.397(5)

B(4)-B(9) 
1.789(6)

B(4)-B(8) 
1.798(6)

B(4)-B(5) 
1.814(6)

B(5)-O(5) 
1.399(4)

B(5)-B(10) 
1.793(6)

B(5)-B(9) 
1.800(6)

B(5)-B(6) 
1.814(6)

B(6)-O(6) 
1.394(5)

B(6)-B(11) 
1.789(6)

B(6)-B(10) 
1.799(6)

B(7)-B(8) 
1.781(6)

B(7)-B(12) 
1.783(6)

B(7)-B(11) 
1.788(6)

B(7)-Br(1) 
1.956(4)

B(8)-B(9) 
1.779(6)

B(8)-B(12) 
1.783(6)

B(8)-Br(2) 
1.965(4)

B(9)-B(12) 
1.787(6)

B(9)-B(10) 
1.797(6)

B(9)-Br(3) 
1.950(4)

B(10)-B(12) 
1.779(6)

B(10)-B(11) 
1.796(6)

B(10)-Br(4) 
1.957(4)

B(11)-B(12) 
1.787(6)

B(11)-Br(5) 
1.955(4)

B(12)-Br(6) 
1.960(4)

O(2)-H(2) 
0.8200

O(3)-H(3) 
0.8200

O(4)-H(4) 
0.8200

O(5)-H(5A) 
0.8200

O(6)-H(6) 
0.8200

P(1)-C(19) 
1.791(4)

P(1)-C(13) 
1.794(4)

P(1)-C(1) 
1.795(4)

P(1)-C(7) 
1.801(4)

C(1)-C(6) 
1.391(5)

C(1)-C(2) 
1.394(5)

C(2)-C(3) 
1.388(5)

C(2)-H(2A) 
0.9300

C(3)-C(4) 
1.378(6)

C(3)-H(3A) 
0.9300

C(4)-C(5) 
1.379(5)

C(4)-H(4A) 
0.9300

C(5)-C(6) 
1.393(5)

C(5)-H(5) 
0.9300

C(6)-H(6A) 
0.9300

C(7)-C(12) 
1.400(5)

C(7)-C(8) 
1.406(5)

C(8)-C(9) 
1.397(5)

C(8)-H(8) 
0.9300

C(9)-C(10) 
1.392(5)

C(9)-H(9) 
0.9300

C(10)-C(11) 
1.395(5)

C(10)-H(10) 
0.9300

C(11)-C(12) 
1.389(5)

C(11)-H(11) 
0.9300

C(12)-H(12) 
0.9300

C(13)-C(14) 
1.392(5)

C(13)-C(18) 
1.406(5)

C(14)-C(15) 
1.388(5)

C(14)-H(14) 
0.9300

C(15)-C(16) 
1.387(5)

C(15)-H(15) 
0.9300

C(16)-C(17) 
1.389(5)

C(16)-H(16) 
0.9300

C(17)-C(18) 
1.386(5)

C(17)-H(17) 
0.9300

C(18)-H(18) 
0.9300

C(19)-H(19A) 
0.9600

C(19)-H(19B) 
0.9600

C(19)-H(19C) 
0.9600

O(1S)-H(1S) 
0.98(7)

O(1S)-H(2S) 
0.82(4)

O(2S)-H(3S) 
1.02(7)

O(2S)-H(4S) 
1.03(3)

O(3S)-H(5S) 
1.00(5)

O(3S)-H(6S) 
0.98(3)

B(5)-C(1A)-B(4)
63.1(2)

B(5)-C(1A)-B(2)
116.3(3)

B(4)-C(1A)-B(2)
116.5(3)

B(5)-C(1A)-B(6)
63.0(2)

B(4)-C(1A)-B(6)
116.1(3)

B(2)-C(1A)-B(6)
63.7(2)

B(5)-C(1A)-B(3)
115.8(3)

B(4)-C(1A)-B(3)
63.4(2)

B(2)-C(1A)-B(3)
63.1(2)

B(6)-C(1A)-B(3)
116.0(3)

B(5)-C(1A)-H(1A)
117.1

B(4)-C(1A)-H(1A)
116.7

B(2)-C(1A)-H(1A)
116.5

B(6)-C(1A)-H(1A)
116.8

B(3)-C(1A)-H(1A)
117.1

O(2)-B(2)-C(1A)
123.2(3)

O(2)-B(2)-B(7)
128.9(3)

C(1A)-B(2)-B(7)
102.5(3)

O(2)-B(2)-B(11)
122.1(3)

C(1A)-B(2)-B(11)
102.5(3)

B(7)-B(2)-B(11)
59.8(2)

O(2)-B(2)-B(3)
126.0(3)

C(1A)-B(2)-B(3)
58.7(2)

B(7)-B(2)-B(3)
58.8(2)

B(11)-B(2)-B(3)
106.9(3)

O(2)-B(2)-B(6)
115.8(3)

C(1A)-B(2)-B(6)
58.2(2)

B(7)-B(2)-B(6)
106.8(3)

B(11)-B(2)-B(6)
59.1(2)

B(3)-B(2)-B(6)
107.8(3)

O(3)-B(3)-C(1A)
122.1(3)

O(3)-B(3)-B(7)
125.7(3)

C(1A)-B(3)-B(7)
102.9(3)

O(3)-B(3)-B(8)
126.6(3)

C(1A)-B(3)-B(8)
102.9(3)

B(7)-B(3)-B(8)
60.2(2)

O(3)-B(3)-B(2)
119.2(3)

C(1A)-B(3)-B(2)
58.2(2)

B(7)-B(3)-B(2)
59.7(2)

B(8)-B(3)-B(2)
108.0(3)

O(3)-B(3)-B(4)
120.8(3)

C(1A)-B(3)-B(4)
58.0(2)

B(7)-B(3)-B(4)
107.7(3)

B(8)-B(3)-B(4)
59.7(2)

B(2)-B(3)-B(4)
107.9(3)

O(4)-B(4)-C(1A)
120.8(3)

O(4)-B(4)-B(9)
127.7(3)

C(1A)-B(4)-B(9)
103.3(3)

O(4)-B(4)-B(8)
126.8(3)

C(1A)-B(4)-B(8)
102.6(3)

B(9)-B(4)-B(8)
59.5(2)

O(4)-B(4)-B(5)
120.9(3)

C(1A)-B(4)-B(5)
58.3(2)

B(9)-B(4)-B(5)
59.9(2)

B(8)-B(4)-B(5)
107.1(3)

O(4)-B(4)-B(3)
119.1(3)

C(1A)-B(4)-B(3)
58.6(2)

B(9)-B(4)-B(3)
106.8(3)

B(8)-B(4)-B(3)
58.7(2)

B(5)-B(4)-B(3)
107.9(3)

O(5)-B(5)-C(1A)
120.3(3)

O(5)-B(5)-B(10)
127.9(3)

C(1A)-B(5)-B(10)
103.5(3)

O(5)-B(5)-B(9)
126.4(3)

C(1A)-B(5)-B(9)
103.1(3)

B(10)-B(5)-B(9)
60.0(2)

O(5)-B(5)-B(6)
120.5(3)

C(1A)-B(5)-B(6)
58.7(2)

B(10)-B(5)-B(6)
59.8(2)

B(9)-B(5)-B(6)
107.9(3)

O(5)-B(5)-B(4)
118.1(3)

C(1A)-B(5)-B(4)
58.5(2)

B(10)-B(5)-B(4)
107.8(3)

B(9)-B(5)-B(4)
59.4(2)

B(6)-B(5)-B(4)
108.6(3)

O(6)-B(6)-C(1A)
121.2(3)

O(6)-B(6)-B(11)
127.6(3)

C(1A)-B(6)-B(11)
102.7(3)

O(6)-B(6)-B(10)
126.2(3)

C(1A)-B(6)-B(10)
102.9(3)

B(11)-B(6)-B(10)
60.1(2)

O(6)-B(6)-B(5)
119.0(3)

C(1A)-B(6)-B(5)
58.3(2)

B(11)-B(6)-B(5)
107.4(3)

B(10)-B(6)-B(5)
59.5(2)

O(6)-B(6)-B(2)
120.9(3)

C(1A)-B(6)-B(2)
58.1(2)

B(11)-B(6)-B(2)
59.4(2)

B(10)-B(6)-B(2)
107.5(3)

B(5)-B(6)-B(2)
107.8(3)

B(3)-B(7)-B(8)
60.1(2)

B(3)-B(7)-B(12)
108.7(3)

B(8)-B(7)-B(12)
60.1(2)

B(3)-B(7)-B(11)
109.3(3)

B(8)-B(7)-B(11)
108.2(3)

B(12)-B(7)-B(11)
60.0(2)

B(3)-B(7)-B(2)
61.5(2)

B(8)-B(7)-B(2)
109.3(3)

B(12)-B(7)-B(2)
108.9(3)

B(11)-B(7)-B(2)
60.2(2)

B(3)-B(7)-Br(1)
118.6(2)

B(8)-B(7)-Br(1)
123.2(2)

B(12)-B(7)-Br(1)
124.7(2)

B(11)-B(7)-Br(1)
121.7(3)

B(2)-B(7)-Br(1)
117.7(2)

B(9)-B(8)-B(3)
109.5(3)

B(9)-B(8)-B(7)
108.5(3)

B(3)-B(8)-B(7)
59.8(2)

B(9)-B(8)-B(12)
60.2(2)

B(3)-B(8)-B(12)
108.5(3)

B(7)-B(8)-B(12)
60.0(2)

B(9)-B(8)-B(4)
60.0(2)

B(3)-B(8)-B(4)
61.5(2)

B(7)-B(8)-B(4)
108.9(3)

B(12)-B(8)-B(4)
108.4(3)

B(9)-B(8)-Br(2)
121.1(2)

B(3)-B(8)-Br(2)
121.1(2)

B(7)-B(8)-Br(2)
121.5(2)

B(12)-B(8)-Br(2)
121.2(2)

B(4)-B(8)-Br(2)
121.4(3)

B(8)-B(9)-B(12)
60.0(2)

B(8)-B(9)-B(4)
60.5(2)

B(12)-B(9)-B(4)
108.7(3)

B(8)-B(9)-B(10)
107.8(3)

B(12)-B(9)-B(10)
59.5(2)

B(4)-B(9)-B(10)
108.7(3)

B(8)-B(9)-B(5)
108.5(3)

B(12)-B(9)-B(5)
107.6(3)

B(4)-B(9)-B(5)
60.7(2)

B(10)-B(9)-B(5)
59.8(2)

B(8)-B(9)-Br(3)
122.7(3)

B(12)-B(9)-Br(3)
124.4(2)

B(4)-B(9)-Br(3)
119.1(3)

B(10)-B(9)-Br(3)
122.2(3)

B(5)-B(9)-Br(3)
119.3(2)

B(12)-B(10)-B(5)
108.3(3)

B(12)-B(10)-B(11)
60.0(2)

B(5)-B(10)-B(11)
108.0(3)

B(12)-B(10)-B(9)
59.9(2)

B(5)-B(10)-B(9)
60.2(2)

B(11)-B(10)-B(9)
107.8(3)

B(12)-B(10)-B(6)
108.2(3)

B(5)-B(10)-B(6)
60.7(2)

B(11)-B(10)-B(6)
59.7(2)

B(9)-B(10)-B(6)
108.7(3)

B(12)-B(10)-Br(4)
123.3(2)

B(5)-B(10)-Br(4)
120.0(2)

B(11)-B(10)-Br(4)
122.7(3)

B(9)-B(10)-Br(4)
121.9(3)

B(6)-B(10)-Br(4)
120.1(3)

B(12)-B(11)-B(7)
59.9(2)

B(12)-B(11)-B(6)
108.3(3)

B(7)-B(11)-B(6)
108.9(3)

B(12)-B(11)-B(2)
108.5(3)

B(7)-B(11)-B(2)
60.0(2)

B(6)-B(11)-B(2)
61.6(2)

B(12)-B(11)-B(10)
59.6(2)

B(7)-B(11)-B(10)
107.7(3)

B(6)-B(11)-B(10)
60.2(2)

B(2)-B(11)-B(10)
109.4(3)

B(12)-B(11)-Br(5)
122.8(2)

B(7)-B(11)-Br(5)
122.3(2)

B(6)-B(11)-Br(5)
120.0(2)

B(2)-B(11)-Br(5)
120.0(3)

B(10)-B(11)-Br(5)
121.8(2)

B(10)-B(12)-B(7)
108.6(3)

B(10)-B(12)-B(8)
108.4(3)

B(7)-B(12)-B(8)
59.9(2)

B(10)-B(12)-B(9)
60.5(2)

B(7)-B(12)-B(9)
108.0(3)

B(8)-B(12)-B(9)
59.8(2)

B(10)-B(12)-B(11)
60.5(2)

B(7)-B(12)-B(11)
60.1(2)

B(8)-B(12)-B(11)
108.1(3)

B(9)-B(12)-B(11)
108.7(3)

B(10)-B(12)-Br(6)
122.9(3)

B(7)-B(12)-Br(6)
120.0(2)

B(8)-B(12)-Br(6)
120.6(2)

B(9)-B(12)-Br(6)
122.4(2)

B(11)-B(12)-Br(6)
121.5(3)

B(2)-O(2)-H(2)
109.5

B(3)-O(3)-H(3)
109.5

B(4)-O(4)-H(4)
109.5

B(5)-O(5)-H(5A)
109.5

B(6)-O(6)-H(6)
109.5

C(19)-P(1)-C(13)
107.84(17)

C(19)-P(1)-C(1)
109.21(18)

C(13)-P(1)-C(1)
110.11(17)

C(19)-P(1)-C(7)
108.82(17)

C(13)-P(1)-C(7)
110.91(17)

C(1)-P(1)-C(7)
109.89(16)

C(6)-C(1)-C(2)
119.6(3)

C(6)-C(1)-P(1)
120.6(3)

C(2)-C(1)-P(1)
119.8(3)

C(3)-C(2)-C(1)
119.8(4)

C(3)-C(2)-H(2A)
120.1

C(1)-C(2)-H(2A)
120.1

C(4)-C(3)-C(2)
120.3(4)

C(4)-C(3)-H(3A)
119.9

C(2)-C(3)-H(3A)
119.9

C(3)-C(4)-C(5)
120.3(4)

C(3)-C(4)-H(4A)
119.8

C(5)-C(4)-H(4A)
119.8

C(4)-C(5)-C(6)
120.0(4)

C(4)-C(5)-H(5)
120.0

C(6)-C(5)-H(5)
120.0

C(1)-C(6)-C(5)
119.9(4)

C(1)-C(6)-H(6A)
120.0

C(5)-C(6)-H(6A)
120.0

C(12)-C(7)-C(8)
119.7(3)

C(12)-C(7)-P(1)
119.1(3)

C(8)-C(7)-P(1)
121.2(3)

C(9)-C(8)-C(7)
119.4(3)

C(9)-C(8)-H(8)
120.3

C(7)-C(8)-H(8)
120.3

C(10)-C(9)-C(8)
120.3(3)

C(10)-C(9)-H(9)
119.9

C(8)-C(9)-H(9)
119.9

C(9)-C(10)-C(11)
120.5(3)

C(9)-C(10)-H(10)
119.8

C(11)-C(10)-H(10)
119.8

C(12)-C(11)-C(10)
119.6(3)

C(12)-C(11)-H(11)
120.2

C(10)-C(11)-H(11)
120.2

C(11)-C(12)-C(7)
120.5(3)

C(11)-C(12)-H(12)
119.7

C(7)-C(12)-H(12)
119.7

C(14)-C(13)-C(18)
119.8(3)

C(14)-C(13)-P(1)
123.2(3)

C(18)-C(13)-P(1)
116.9(3)

C(15)-C(14)-C(13)
120.0(4)

C(15)-C(14)-H(14)
120.0

C(13)-C(14)-H(14)
120.0

C(16)-C(15)-C(14)
120.2(3)

C(16)-C(15)-H(15)
119.9

C(14)-C(15)-H(15)
119.9

C(15)-C(16)-C(17)
120.0(4)

C(15)-C(16)-H(16)
120.0

C(17)-C(16)-H(16)
120.0

C(18)-C(17)-C(16)
120.4(4)

C(18)-C(17)-H(17)
119.8

C(16)-C(17)-H(17)
119.8

C(17)-C(18)-C(13)
119.5(3)

C(17)-C(18)-H(18)
120.2

C(13)-C(18)-H(18)
120.2

P(1)-C(19)-H(19A)
109.5

P(1)-C(19)-H(19B)
109.5

H(19A)-C(19)-H(19B)
109.5

P(1)-C(19)-H(19C)
109.5

H(19A)-C(19)-H(19C)
109.5

H(19B)-C(19)-H(19C)
109.5

H(1S)-O(1S)-H(2S)
115(9)

H(3S)-O(2S)-H(4S)
98(9)

H(5S)-O(3S)-H(6S)
73(4)

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms: 

 Table 4.   Anisotropic displacement parameters  (Å2x 103) for 1.  The anisotropic

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ]

______________________________________________________________________________ 


U11
U22 
U33
U23
U13
U12
______________________________________________________________________________ 

C(1A)
13(2) 
10(2)
11(2) 
0(1)
1(1) 
-2(1)

B(2)
11(2) 
13(2)
12(2) 
-1(2)
-2(2) 
3(2)

B(3)
13(2) 
10(2)
11(2) 
0(2)
-1(2) 
-2(2)

B(4)
13(2) 
11(2)
12(2) 
0(2)
-1(2) 
-1(2)

B(5)
15(2) 
10(2)
12(2) 
-2(2)
2(2) 
-2(2)

B(6)
16(2) 
11(2)
10(2) 
-1(2)
1(2) 
-1(2)

B(7)
15(2) 
10(2)
10(2) 
-5(1)
3(2) 
-1(2)

B(8)
12(2) 
11(2)
11(2) 
1(2)
-3(2) 
-2(2)

B(9)
15(2) 
10(2)
15(2) 
1(2)
-2(2) 
6(2)

B(10)
16(2) 
12(2)
13(2) 
1(2)
3(2) 
-4(2)

B(11)
11(2) 
11(2)
12(2) 
0(2)
3(2) 
-4(2)

B(12)
17(2) 
13(2)
6(2) 
0(1)
0(2) 
-1(2)

O(2)
14(1) 
12(1)
20(1) 
3(1)
-3(1) 
0(1)

O(3)
12(1) 
13(1)
18(1) 
5(1)
-1(1) 
-3(1)

O(4)
14(1) 
14(1)
17(1) 
0(1)
2(1) 
2(1)

O(5)
16(1) 
14(1)
14(1) 
-7(1)
2(1) 
0(1)

O(6)
20(1) 
18(1)
9(1) 
-2(1)
0(1) 
-5(1)

Br(1)
17(1) 
15(1)
16(1) 
-5(1)
3(1) 
0(1)

Br(2)
13(1) 
14(1)
13(1) 
-1(1)
-3(1) 
0(1)

Br(3)
25(1) 
13(1)
22(1) 
2(1)
-4(1) 
5(1)

Br(4)
24(1) 
12(1)
17(1) 
0(1)
3(1) 
-6(1)

Br(5)
12(1) 
20(1)
17(1) 
-1(1)
5(1) 
-2(1)

Br(6)
26(1) 
18(1)
9(1) 
3(1)
2(1) 
-4(1)

P(1)
14(1) 
13(1)
12(1) 
0(1)
1(1) 
-1(1)

C(1)
20(2) 
14(2)
12(2) 
-3(1)
-1(1) 
-2(2)

C(2)
13(2) 
43(3)
22(2) 
10(2)
4(2) 
-2(2)

C(3)
17(2) 
45(3)
26(2) 
16(2)
-2(2) 
1(2)

C(4)
27(2) 
23(2)
13(2) 
5(2)
0(2) 
-4(2)

C(5)
16(2) 
29(2)
18(2) 
0(2)
5(2) 
-5(2)

C(6)
18(2) 
27(2)
17(2) 
2(2)
2(2) 
4(2)

C(7)
11(2) 
14(2)
13(2) 
0(1)
0(1) 
2(1)

C(8)
13(2) 
17(2)
16(2) 
3(1)
2(1) 
-2(2)

C(9)
17(2) 
10(2)
24(2) 
0(2)
4(2) 
0(2)

C(10)
16(2) 
16(2)
17(2) 
-7(1)
3(2) 
-2(2)

C(11)
13(2) 
19(2)
16(2) 
0(2)
1(1) 
-5(2)

C(12)
16(2) 
12(2)
17(2) 
1(1)
2(2) 
4(2)

C(13)
13(2) 
14(2)
13(2) 
2(1)
0(1) 
2(1)

C(14)
13(2) 
20(2)
16(2) 
1(2)
1(1) 
4(2)

C(15)
13(2) 
26(2)
19(2) 
6(2)
5(2) 
1(2)

C(16)
17(2) 
16(2)
29(2) 
7(2)
1(2) 
-5(2)

C(17)
24(2) 
19(2)
21(2) 
-7(2)
-1(2) 
-2(2)

C(18)
20(2) 
20(2)
13(2) 
-2(2)
4(2) 
-2(2)

C(19)
17(2) 
17(2)
18(2) 
1(2)
0(2) 
1(2)

O(1S)
30(2) 
30(2)
30(2) 
-4(1)
-3(1) 
11(2)

O(2S)
69(3) 
83(3)
47(2) 
-1(2)
-7(2) 
-23(3)

O(3S)
30(2) 
44(2)
52(2) 
17(2)
2(2) 
-4(2)

______________________________________________________________________________ 

 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3)

for 1.

________________________________________________________________________________ 


x 
y 
z 
U(eq)

________________________________________________________________________________ 

H(1A)
10167
6086
2261
13

H(2)
8275
7723
2679
23

H(3)
12169
7554
3045
22

H(4)
13277
4936
2769
23

H(5A)
9823
3590
2298
22

H(6)
7846
4971
2119
24

H(2A)
4733
5485
716
31

H(3A)
4892
4599
1426
35

H(4A)
2882
4365
1855
25

H(5)
690
4993
1577
25

H(6A)
503
5876
864
25

H(8)
2635
4271
66
18

H(9)
2565
3170
-580
20

H(10)
2332
3796
-1348
19

H(11)
2155
5526
-1481
19

H(12)
2203
6629
-841
18

H(14)
4845
6778
-459
19

H(15)
6620
7997
-491
23

H(16)
6818
9250
82
25

H(17)
5223
9301
684
26

H(18)
3450
8084
726
21

H(19A)
43
6729
102
26

H(19B)
850
7611
-142
26

H(19C)
797
7576
413
26

H(1S)
5700(110)
4310(100)
2580(50)
320(80)

H(2S)
4900(60)
3520(40)
2853(17)
51(18)

H(3S)
6110(140)
6830(120)
2440(50)
420(100)

H(4S)
5580(40)
6800(30)
1918(12)
0(8)

H(5S)
4700(70)
8090(50)
2910(20)
90(20)

H(6S)
4230(40)
7270(30)
2942(12)
0(9)

________________________________________________________________________________ 
Table 6.  Crystal data and structure refinement for 4.

Identification code 
(H7O3+, MePPh3+) (HCB11(OH)5Br6-)2·3H2O Empirical formula 
C21 H43 B22 Br12 O16 P

Formula weight 
1779.26

Temperature 
100(2) K

Wavelength 
0.71073 Å

Crystal system 
Triclinic

Space group 
P-1

Unit cell dimensions
a = 9.4151(4) Å
= 99.3420(10)°.


b = 15.5563(7) Å
= 102.0120(10)°.


c = 19.8434(9) Å
 = 95.3940(10)°.

Volume
2780.3(2) Å3
Z
2

Density (calculated)
2.125 Mg/m3
Absorption coefficient
8.729 mm-1
F(000)
1684

Crystal size
0.4 x 0.10 x 0.10 mm3
Theta range for data collection
1.86 to 26.00°.

Index ranges
-11<=h<=11, -19<=k<=19, -24<=l<=23

Reflections collected
26009

Independent reflections
10854 [R(int) = 0.0408]

Completeness to theta = 26.00°
99.2 % 

Absorption correction
SADABS
Max. and min. transmission
.42 and .20

Refinement method
Full-matrix least-squares on F2
Data / restraints / parameters
10854 / 36 / 698

Goodness-of-fit on F2
1.035

Final R indices [I>2sigma(I)]
R1 = 0.0299, wR2 = 0.0682

R indices (all data)
R1 = 0.0418, wR2 = 0.0732

Largest diff. peak and hole
0.786 and -0.692 e.Å-3
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 Table 7.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103)

for 4.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor.

________________________________________________________________________________ 


x
y
z
U(eq)

________________________________________________________________________________  
B(2)
6516(5)
3211(3)
1564(2)
12(1)

C(1)
8485(4)
8579(2)
515(2)
8(1)

B(3)
5464(4)
2198(3)
1652(2)
11(1)

B(4)
3580(4)
2376(3)
1585(2)
10(1)

B(5)
3434(4)
3477(3)
1426(2)
9(1)

B(6)
5239(4)
4000(3)
1423(2)
10(1)

B(7)
6529(4)
2952(3)
2409(2)
11(1)

B(8)
4751(5)
2447(3)
2422(2)
11(1)

B(9)
3502(4)
3239(3)
2278(2)
11(1)

B(10)
4516(5)
4225(3)
2182(2)
11(1)

B(11)
6402(4)
4048(3)
2265(2)
10(1)

B(12)
5329(4)
3583(3)
2798(2)
10(1)

O(1B)
5740(3)
1384(2)
1332(1)
13(1)

O(2B)
2229(3)
3609(2)
928(1)
12(1)

O(3B)
2435(3)
1718(2)
1219(1)
12(1)

O(4)
5292(3)
4583(2)
958(1)
13(1)

O(5B)
7638(3)
3203(2)
1203(1)
13(1)

Br(1)
12896(1)
9006(1)
2030(1)
13(1)

Br(2)
5803(1)
3992(1)
3812(1)
15(1)

Br(3)
10551(1)
6748(1)
1883(1)
14(1)

Br(4)
6668(1)
9756(1)
2361(1)
13(1)

Br(5)
6661(1)
7192(1)
2066(1)
14(1)

Br(6)
10463(1)
10811(1)
2339(1)
13(1)

C(1A)
4691(4)
2878(3)
1123(2)
10(1)

B(2A)
8210(4)
7621(3)
829(2)
10(1)

B(3A)
7082(5)
8496(3)
970(2)
11(1)

B(4A)
8220(4)
9523(3)
1048(2)
10(1)

B(5A)
10040(4)
9296(3)
960(2)
9(1)

B(6A)
10034(4)
8120(3)
830(2)
11(1)

B(7A)
9685(4)
7762(3)
1587(2)
10(1)

B(8A)
7882(4)
7979(3)
1673(2)
10(1)

B(9A)
7876(4)
9142(3)
1812(2)
9(1)

B(10A)
9656(4)
9640(3)
1803(2)
9(1)

B(11A)
10775(4)
8788(3)
1666(2)
10(1)

B(12A)
9467(4)
8698(3)
2192(2)
9(1)

Br(7)
10061(1)
8777(1)
3206(1)
14(1)

Br(8)
4472(1)
1534(1)
2963(1)
12(1)

Br(9)
1736(1)
3263(1)
2645(1)
13(1)

Br(10)
7999(1)
5006(1)
2645(1)
16(1)

Br(11)
8279(1)
2605(1)
2966(1)
15(1)

Br(12)
3910(1)
5374(1)
2459(1)
15(1)

O(1A)
7674(3)
10244(2)
789(1)
12(1)

O(2A)
10822(3)
9795(2)
603(1)
12(1)

O(3A)
10827(3)
7687(2)
383(1)
13(1)

O(4A)
7574(3)
6816(2)
399(1)
11(1)

O(5A)
5613(3)
8372(2)
599(1)
13(1)

P
5893(1)
2407(1)
5758(1)
19(1)

C(2)
6573(4)
1508(3)
5275(2)
20(1)

C(3)
6713(4)
724(3)
5523(2)
23(1)

C(4)
7227(4)
42(3)
5138(2)
29(1)

C(5)
7589(5)
137(3)
4517(2)
30(1)

C(6)
7436(5)
907(3)
4262(2)
28(1)

C(7)
6935(4)
1606(3)
4643(2)
23(1)

C(8)
6949(4)
3412(3)
5718(2)
21(1)

C(9)
8451(5)
3420(3)
5791(2)
32(1)

C(10)
9315(5)
4191(4)
5776(3)
36(1)

C(11)
8690(5)
4947(3)
5703(2)
30(1)

C(12)
7203(5)
4938(3)
5639(2)
26(1)

C(13)
6313(4)
4172(3)
5651(2)
21(1)

C(14)
3987(4)
2415(3)
5386(2)
18(1)

C(15)
3552(4)
2467(3)
4677(2)
21(1)

C(16)
2090(4)
2428(3)
4362(2)
27(1)

C(17)
1050(5)
2321(4)
4753(3)
43(2)

C(18)
1467(5)
2255(4)
5452(3)
50(2)

C(19)
2932(5)
2311(4)
5772(2)
38(1)

C(99)
6099(5)
2271(3)
6652(2)
29(1)

O(1)
3205(3)
5535(2)
647(2)
20(1)

O(2)
3469(3)
7175(2)
841(2)
29(1)

O(3)
2192(3)
4820(2)
-653(2)
17(1)

O(4W)
9210(3)
1863(2)
870(2)
15(1)

O(5W)
6102(3)
162(2)
9467(2)
19(1)

O(6W)
10067(3)
4424(2)
1366(2)
17(1)

________________________________________________________________________________ 

 Table 8.   Bond lengths [Å] and angles [°] for  4.

_____________________________________________________ 

B(2)-O(5B) 
1.394(5)

B(2)-C(1A) 
1.746(5)

B(2)-B(11) 
1.773(6)

B(2)-B(7) 
1.784(6)

B(2)-B(6) 
1.811(6)

B(2)-B(3) 
1.833(6)

C(1)-B(2A) 
1.723(6)

C(1)-B(6A) 
1.728(5)

C(1)-B(5A) 
1.733(6)

C(1)-B(4A) 
1.736(6)

C(1)-B(3A) 
1.754(5)

C(1)-H(1ZZ) 
1.1200

B(3)-O(1B) 
1.394(5)

B(3)-C(1A) 
1.714(5)

B(3)-B(7) 
1.794(6)

B(3)-B(8) 
1.795(6)

B(3)-B(4) 
1.802(5)

B(4)-O(3B) 
1.400(5)

B(4)-C(1A) 
1.737(5)

B(4)-B(8) 
1.774(6)

B(4)-B(9) 
1.778(6)

B(4)-B(5) 
1.805(6)

B(5)-O(2B) 
1.396(5)

B(5)-C(1A) 
1.718(5)

B(5)-B(9) 
1.778(6)

B(5)-B(10) 
1.794(6)

B(5)-B(6) 
1.815(6)

B(6)-O(4) 
1.400(5)

B(6)-C(1A) 
1.741(6)

B(6)-B(10) 
1.777(6)

B(6)-B(11) 
1.784(6)

B(7)-B(12) 
1.778(6)

B(7)-B(11) 
1.784(6)

B(7)-B(8) 
1.788(6)

B(7)-Br(11) 
1.957(4)

B(8)-B(12) 
1.788(6)

B(8)-B(9) 
1.798(6)

B(8)-Br(8) 
1.944(4)

B(9)-B(10) 
1.787(6)

B(9)-B(12) 
1.794(6)

B(9)-Br(9) 
1.951(4)

B(10)-B(12) 
1.797(6)

B(10)-B(11) 
1.800(6)

B(10)-Br(12) 
1.956(4)

B(11)-B(12) 
1.794(6)

B(11)-Br(10) 
1.947(4)

B(12)-Br(2) 
1.950(4)

O(1B)-H(1) 
0.8400

O(2B)-H(2) 
0.8400

O(3B)-H(3) 
0.8400

O(4)-H(4) 
0.8400

O(5B)-H(5) 
0.8400

Br(1)-B(11A) 
1.953(4)

Br(3)-B(7A) 
1.960(4)

Br(4)-B(9A) 
1.944(4)

Br(5)-B(8A) 
1.961(4)

Br(6)-B(10A) 
1.949(4)

C(1A)-H(1ZA) 
1.1200

B(2A)-O(4A) 
1.399(5)

B(2A)-B(8A) 
1.775(6)

B(2A)-B(7A) 
1.789(6)

B(2A)-B(6A) 
1.816(6)

B(2A)-B(3A) 
1.825(6)

B(3A)-O(5A) 
1.404(5)

B(3A)-B(9A) 
1.776(6)

B(3A)-B(8A) 
1.790(6)

B(3A)-B(4A) 
1.804(6)

B(4A)-O(1A) 
1.403(5)

B(4A)-B(10A) 
1.769(6)

B(4A)-B(9A) 
1.793(6)

B(4A)-B(5A) 
1.820(6)

B(5A)-O(2A) 
1.391(5)

B(5A)-B(11A) 
1.768(6)

B(5A)-B(10A) 
1.793(6)

B(5A)-B(6A) 
1.804(6)

B(6A)-O(3A) 
1.405(5)

B(6A)-B(7A) 
1.765(6)

B(6A)-B(11A) 
1.773(6)

B(7A)-B(11A) 
1.780(6)

B(7A)-B(12A) 
1.787(6)

B(7A)-B(8A) 
1.798(6)

B(8A)-B(9A) 
1.787(6)

B(8A)-B(12A) 
1.792(6)

B(9A)-B(10A) 
1.783(6)

B(9A)-B(12A) 
1.785(6)

B(10A)-B(12A) 
1.775(6)

B(10A)-B(11A) 
1.791(6)

B(11A)-B(12A) 
1.781(6)

B(12A)-Br(7) 
1.954(4)

O(1A)-H(1A) 
0.8400

O(2A)-H(2A) 
0.8400

O(3A)-H(3A) 
0.8400

O(4A)-H(4A) 
0.8400

O(5A)-H(5A) 
0.8400

P-C(99) 
1.794(4)

P-C(14) 
1.794(4)

P-C(8) 
1.795(5)

P-C(2) 
1.809(4)

C(2)-C(3) 
1.393(6)

C(2)-C(7) 
1.395(6)

C(3)-C(4) 
1.390(6)

C(3)-H(3B) 
0.9500

C(4)-C(5) 
1.370(7)

C(4)-H(4B) 
0.9500

C(5)-C(6) 
1.382(7)

C(5)-H(5B) 
0.9500

C(6)-C(7) 
1.398(6)

C(6)-H(6) 
0.9500

C(7)-H(7) 
0.9500

C(8)-C(13) 
1.388(6)

C(8)-C(9) 
1.390(6)

C(9)-C(10) 
1.392(7)

C(9)-H(9) 
0.9500

C(10)-C(11) 
1.378(7)

C(10)-H(10) 
0.9500

C(11)-C(12) 
1.378(6)

C(11)-H(11) 
0.9500

C(12)-C(13) 
1.397(6)

C(12)-H(12) 
0.9500

C(13)-H(13) 
0.9500

C(14)-C(19) 
1.387(6)

C(14)-C(15) 
1.399(5)

C(15)-C(16) 
1.379(5)

C(15)-H(15) 
0.9500

C(16)-C(17) 
1.384(6)

C(16)-H(16) 
0.9500

C(17)-C(18) 
1.385(7)

C(17)-H(17) 
0.9500

C(18)-C(19) 
1.381(6)

C(18)-H(18) 
0.9500

C(19)-H(19) 
0.9500

C(99)-H(1B) 
0.9800

C(99)-H(1C) 
0.9800

C(99)-H(1D) 
0.9800

O(1)-H(1Z) 
0.88(2)

O(1)-H(2Z) 
0.87(2)

O(1)-H(3Z) 
0.88(2)

O(2)-H(4Z) 
0.87(2)

O(2)-H(5Z) 
0.88(2)

O(3)-H(6Z) 
0.86(2)

O(3)-H(7Z) 
0.87(2)

O(4W)-H(8Z) 
0.76(2)

O(4W)-H(9Z) 
0.76(2)

O(5W)-H(10Z) 
0.73(2)

O(5W)-H(11Z) 
0.76(2)

O(6W)-H(12Z) 
0.75(2)

O(6W)-H(13Z) 
0.76(2)

O(5B)-B(2)-C(1A)
121.1(3)

O(5B)-B(2)-B(11)
125.2(3)

C(1A)-B(2)-B(11)
103.5(3)

O(5B)-B(2)-B(7)
128.6(3)

C(1A)-B(2)-B(7)
102.2(3)

B(11)-B(2)-B(7)
60.2(2)

O(5B)-B(2)-B(6)
117.9(3)

C(1A)-B(2)-B(6)
58.6(2)

B(11)-B(2)-B(6)
59.7(2)

B(7)-B(2)-B(6)
107.3(3)

O(5B)-B(2)-B(3)
122.2(3)

C(1A)-B(2)-B(3)
57.2(2)

B(11)-B(2)-B(3)
107.7(3)

B(7)-B(2)-B(3)
59.4(2)

B(6)-B(2)-B(3)
107.1(3)

B(2A)-C(1)-B(6A)
63.5(2)

B(2A)-C(1)-B(5A)
115.8(3)

B(6A)-C(1)-B(5A)
62.8(2)

B(2A)-C(1)-B(4A)
115.1(3)

B(6A)-C(1)-B(4A)
115.4(3)

B(5A)-C(1)-B(4A)
63.3(2)

B(2A)-C(1)-B(3A)
63.3(2)

B(6A)-C(1)-B(3A)
116.0(3)

B(5A)-C(1)-B(3A)
115.4(3)

B(4A)-C(1)-B(3A)
62.3(2)

B(2A)-C(1)-H(1ZZ)
116.9

B(6A)-C(1)-H(1ZZ)
117.0

B(5A)-C(1)-H(1ZZ)
117.1

B(4A)-C(1)-H(1ZZ)
117.7

B(3A)-C(1)-H(1ZZ)
117.3

O(1B)-B(3)-C(1A)
118.0(3)

O(1B)-B(3)-B(7)
130.0(3)

C(1A)-B(3)-B(7)
103.1(3)

O(1B)-B(3)-B(8)
128.0(3)

C(1A)-B(3)-B(8)
103.6(3)

B(7)-B(3)-B(8)
59.8(2)

O(1B)-B(3)-B(4)
117.8(3)

C(1A)-B(3)-B(4)
59.2(2)

B(7)-B(3)-B(4)
107.0(3)

B(8)-B(3)-B(4)
59.1(2)

O(1B)-B(3)-B(2)
120.1(3)

C(1A)-B(3)-B(2)
58.9(2)

B(7)-B(3)-B(2)
58.9(2)

B(8)-B(3)-B(2)
107.2(3)

B(4)-B(3)-B(2)
108.6(3)

O(3B)-B(4)-C(1A)
119.3(3)

O(3B)-B(4)-B(8)
129.0(3)

C(1A)-B(4)-B(8)
103.5(3)

O(3B)-B(4)-B(9)
126.4(3)

C(1A)-B(4)-B(9)
103.1(3)

B(8)-B(4)-B(9)
60.8(2)

O(3B)-B(4)-B(3)
120.9(3)

C(1A)-B(4)-B(3)
57.9(2)

B(8)-B(4)-B(3)
60.3(2)

B(9)-B(4)-B(3)
108.5(3)

O(3B)-B(4)-B(5)
117.3(3)

C(1A)-B(4)-B(5)
58.0(2)

B(8)-B(4)-B(5)
108.2(3)

B(9)-B(4)-B(5)
59.5(2)

B(3)-B(4)-B(5)
107.6(3)

O(2B)-B(5)-C(1A)
117.1(3)

O(2B)-B(5)-B(9)
129.0(3)

C(1A)-B(5)-B(9)
103.9(3)

O(2B)-B(5)-B(10)
129.6(3)

C(1A)-B(5)-B(10)
103.5(3)

B(9)-B(5)-B(10)
60.0(2)

O(2B)-B(5)-B(4)
118.1(3)

C(1A)-B(5)-B(4)
59.0(2)

B(9)-B(5)-B(4)
59.5(2)

B(10)-B(5)-B(4)
107.7(3)

O(2B)-B(5)-B(6)
118.9(3)

C(1A)-B(5)-B(6)
59.0(2)

B(9)-B(5)-B(6)
107.5(3)

B(10)-B(5)-B(6)
59.0(2)

B(4)-B(5)-B(6)
108.7(3)

O(4)-B(6)-C(1A)
121.5(3)

O(4)-B(6)-B(10)
123.4(3)

C(1A)-B(6)-B(10)
103.3(3)

O(4)-B(6)-B(11)
128.6(3)

C(1A)-B(6)-B(11)
103.2(3)

B(10)-B(6)-B(11)
60.7(2)

O(4)-B(6)-B(2)
123.7(3)

C(1A)-B(6)-B(2)
58.8(2)

B(10)-B(6)-B(2)
108.0(3)

B(11)-B(6)-B(2)
59.1(2)

O(4)-B(6)-B(5)
116.4(3)

C(1A)-B(6)-B(5)
57.7(2)

B(10)-B(6)-B(5)
59.9(2)

B(11)-B(6)-B(5)
108.1(3)

B(2)-B(6)-B(5)
107.9(3)

B(12)-B(7)-B(11)
60.5(2)

B(12)-B(7)-B(2)
108.7(3)

B(11)-B(7)-B(2)
59.6(2)

B(12)-B(7)-B(8)
60.2(2)

B(11)-B(7)-B(8)
108.8(3)

B(2)-B(7)-B(8)
109.7(3)

B(12)-B(7)-B(3)
108.6(3)

B(11)-B(7)-B(3)
108.9(3)

B(2)-B(7)-B(3)
61.6(2)

B(8)-B(7)-B(3)
60.1(2)

B(12)-B(7)-Br(11)
122.3(3)

B(11)-B(7)-Br(11)
123.1(3)

B(2)-B(7)-Br(11)
120.9(3)

B(8)-B(7)-Br(11)
120.0(3)

B(3)-B(7)-Br(11)
119.4(3)

B(4)-B(8)-B(12)
108.3(3)

B(4)-B(8)-B(7)
108.5(3)

B(12)-B(8)-B(7)
59.6(2)

B(4)-B(8)-B(3)
60.6(2)

B(12)-B(8)-B(3)
108.1(3)

B(7)-B(8)-B(3)
60.1(2)

B(4)-B(8)-B(9)
59.7(2)

B(12)-B(8)-B(9)
60.0(2)

B(7)-B(8)-B(9)
107.4(3)

B(3)-B(8)-B(9)
108.0(3)

B(4)-B(8)-Br(8)
119.5(3)

B(12)-B(8)-Br(8)
124.1(3)

B(7)-B(8)-Br(8)
122.3(3)

B(3)-B(8)-Br(8)
119.3(3)

B(9)-B(8)-Br(8)
123.1(3)

B(5)-B(9)-B(4)
61.0(2)

B(5)-B(9)-B(10)
60.4(2)

B(4)-B(9)-B(10)
109.1(3)

B(5)-B(9)-B(12)
108.5(3)

B(4)-B(9)-B(12)
107.8(3)

B(10)-B(9)-B(12)
60.2(2)

B(5)-B(9)-B(8)
108.3(3)

B(4)-B(9)-B(8)
59.5(2)

B(10)-B(9)-B(8)
108.1(3)

B(12)-B(9)-B(8)
59.7(2)

B(5)-B(9)-Br(9)
118.7(2)

B(4)-B(9)-Br(9)
119.4(3)

B(10)-B(9)-Br(9)
121.6(3)

B(12)-B(9)-Br(9)
124.5(3)

B(8)-B(9)-Br(9)
123.2(3)

B(6)-B(10)-B(9)
108.8(3)

B(6)-B(10)-B(5)
61.1(2)

B(9)-B(10)-B(5)
59.5(2)

B(6)-B(10)-B(12)
108.1(3)

B(9)-B(10)-B(12)
60.1(2)

B(5)-B(10)-B(12)
107.7(3)

B(6)-B(10)-B(11)
59.8(2)

B(9)-B(10)-B(11)
108.1(3)

B(5)-B(10)-B(11)
108.3(3)

B(12)-B(10)-B(11)
59.8(2)

B(6)-B(10)-Br(12)
120.5(3)

B(9)-B(10)-Br(12)
121.0(3)

B(5)-B(10)-Br(12)
119.6(3)

B(12)-B(10)-Br(12)
123.5(3)

B(11)-B(10)-Br(12)
123.4(3)

B(2)-B(11)-B(6)
61.2(2)

B(2)-B(11)-B(7)
60.2(2)

B(6)-B(11)-B(7)
108.5(3)

B(2)-B(11)-B(12)
108.5(3)

B(6)-B(11)-B(12)
107.9(3)

B(7)-B(11)-B(12)
59.6(2)

B(2)-B(11)-B(10)
108.7(3)

B(6)-B(11)-B(10)
59.5(2)

B(7)-B(11)-B(10)
107.5(3)

B(12)-B(11)-B(10)
60.0(2)

B(2)-B(11)-Br(10)
120.3(3)

B(6)-B(11)-Br(10)
120.1(3)

B(7)-B(11)-Br(10)
122.9(3)

B(12)-B(11)-Br(10)
122.9(3)

B(10)-B(11)-Br(10)
121.6(3)

B(7)-B(12)-B(8)
60.2(2)

B(7)-B(12)-B(11)
59.9(2)

B(8)-B(12)-B(11)
108.4(3)

B(7)-B(12)-B(9)
108.0(3)

B(8)-B(12)-B(9)
60.3(2)

B(11)-B(12)-B(9)
108.0(3)

B(7)-B(12)-B(10)
107.9(3)

B(8)-B(12)-B(10)
108.1(3)

B(11)-B(12)-B(10)
60.2(2)

B(9)-B(12)-B(10)
59.7(2)

B(7)-B(12)-Br(2)
119.3(2)

B(8)-B(12)-Br(2)
121.3(3)

B(11)-B(12)-Br(2)
120.1(3)

B(9)-B(12)-Br(2)
124.1(3)

B(10)-B(12)-Br(2)
123.3(3)

B(3)-O(1B)-H(1)
109.5

B(5)-O(2B)-H(2)
109.5

B(4)-O(3B)-H(3)
109.5

B(6)-O(4)-H(4)
109.5

B(2)-O(5B)-H(5)
109.5

B(3)-C(1A)-B(5)
116.0(3)

B(3)-C(1A)-B(4)
62.9(2)

B(5)-C(1A)-B(4)
63.0(2)

B(3)-C(1A)-B(6)
116.1(3)

B(5)-C(1A)-B(6)
63.3(2)

B(4)-C(1A)-B(6)
115.5(3)

B(3)-C(1A)-B(2)
64.0(2)

B(5)-C(1A)-B(2)
115.7(3)

B(4)-C(1A)-B(2)
115.9(3)

B(6)-C(1A)-B(2)
62.6(2)

B(3)-C(1A)-H(1ZA)
116.6

B(5)-C(1A)-H(1ZA)
117.0

B(4)-C(1A)-H(1ZA)
117.3

B(6)-C(1A)-H(1ZA)
117.2

B(2)-C(1A)-H(1ZA)
116.9

O(4A)-B(2A)-C(1)
123.4(3)

O(4A)-B(2A)-B(8A)
123.6(3)

C(1)-B(2A)-B(8A)
104.1(3)

O(4A)-B(2A)-B(7A)
125.2(3)

C(1)-B(2A)-B(7A)
103.0(3)

B(8A)-B(2A)-B(7A)
60.6(2)

O(4A)-B(2A)-B(6A)
121.9(3)

C(1)-B(2A)-B(6A)
58.4(2)

B(8A)-B(2A)-B(6A)
107.6(3)

B(7A)-B(2A)-B(6A)
58.6(2)

O(4A)-B(2A)-B(3A)
119.7(3)

C(1)-B(2A)-B(3A)
59.2(2)

B(8A)-B(2A)-B(3A)
59.6(2)

B(7A)-B(2A)-B(3A)
107.9(3)

B(6A)-B(2A)-B(3A)
108.4(3)

O(5A)-B(3A)-C(1)
119.6(3)

O(5A)-B(3A)-B(9A)
128.3(3)

C(1)-B(3A)-B(9A)
103.6(3)

O(5A)-B(3A)-B(8A)
127.8(3)

C(1)-B(3A)-B(8A)
102.2(3)

B(9A)-B(3A)-B(8A)
60.1(2)

O(5A)-B(3A)-B(4A)
120.1(3)

C(1)-B(3A)-B(4A)
58.4(2)

B(9A)-B(3A)-B(4A)
60.1(2)

B(8A)-B(3A)-B(4A)
107.5(3)

O(5A)-B(3A)-B(2A)
119.2(3)

C(1)-B(3A)-B(2A)
57.5(2)

B(9A)-B(3A)-B(2A)
107.1(3)

B(8A)-B(3A)-B(2A)
58.8(2)

B(4A)-B(3A)-B(2A)
107.1(3)

O(1A)-B(4A)-C(1)
123.6(3)

O(1A)-B(4A)-B(10A)
122.9(3)

C(1)-B(4A)-B(10A)
103.6(3)

O(1A)-B(4A)-B(9A)
125.7(3)

C(1)-B(4A)-B(9A)
103.6(3)

B(10A)-B(4A)-B(9A)
60.1(2)

O(1A)-B(4A)-B(3A)
122.5(3)

C(1)-B(4A)-B(3A)
59.4(2)

B(10A)-B(4A)-B(3A)
107.8(3)

B(9A)-B(4A)-B(3A)
59.2(2)

O(1A)-B(4A)-B(5A)
118.5(3)

C(1)-B(4A)-B(5A)
58.3(2)

B(10A)-B(4A)-B(5A)
59.9(2)

B(9A)-B(4A)-B(5A)
107.9(3)

B(3A)-B(4A)-B(5A)
108.8(3)

O(2A)-B(5A)-C(1)
120.8(3)

O(2A)-B(5A)-B(11A)
126.8(3)

C(1)-B(5A)-B(11A)
103.4(3)

O(2A)-B(5A)-B(10A)
127.1(4)

C(1)-B(5A)-B(10A)
102.8(3)

B(11A)-B(5A)-B(10A)
60.4(2)

O(2A)-B(5A)-B(6A)
120.0(3)

C(1)-B(5A)-B(6A)
58.5(2)

B(11A)-B(5A)-B(6A)
59.5(2)

B(10A)-B(5A)-B(6A)
107.4(3)

O(2A)-B(5A)-B(4A)
120.1(3)

C(1)-B(5A)-B(4A)
58.4(2)

B(11A)-B(5A)-B(4A)
107.3(3)

B(10A)-B(5A)-B(4A)
58.7(2)

B(6A)-B(5A)-B(4A)
107.8(3)

O(3A)-B(6A)-C(1)
122.2(3)

O(3A)-B(6A)-B(7A)
124.2(3)

C(1)-B(6A)-B(7A)
103.8(3)

O(3A)-B(6A)-B(11A)
126.4(3)

C(1)-B(6A)-B(11A)
103.4(3)

B(7A)-B(6A)-B(11A)
60.4(2)

O(3A)-B(6A)-B(5A)
121.7(3)

C(1)-B(6A)-B(5A)
58.7(2)

B(7A)-B(6A)-B(5A)
108.0(3)

B(11A)-B(6A)-B(5A)
59.3(2)

O(3A)-B(6A)-B(2A)
119.1(3)

C(1)-B(6A)-B(2A)
58.1(2)

B(7A)-B(6A)-B(2A)
59.9(2)

B(11A)-B(6A)-B(2A)
107.8(3)

B(5A)-B(6A)-B(2A)
107.9(3)

B(6A)-B(7A)-B(11A)
60.0(2)

B(6A)-B(7A)-B(12A)
108.4(3)

B(11A)-B(7A)-B(12A)
59.9(2)

B(6A)-B(7A)-B(2A)
61.5(2)

B(11A)-B(7A)-B(2A)
108.7(3)

B(12A)-B(7A)-B(2A)
107.7(3)

B(6A)-B(7A)-B(8A)
108.8(3)

B(11A)-B(7A)-B(8A)
108.0(3)

B(12A)-B(7A)-B(8A)
60.0(2)

B(2A)-B(7A)-B(8A)
59.3(2)

B(6A)-B(7A)-Br(3)
119.7(3)

B(11A)-B(7A)-Br(3)
121.5(3)

B(12A)-B(7A)-Br(3)
123.0(3)

B(2A)-B(7A)-Br(3)
120.9(3)

B(8A)-B(7A)-Br(3)
122.7(3)

B(2A)-B(8A)-B(9A)
108.9(3)

B(2A)-B(8A)-B(3A)
61.6(2)

B(9A)-B(8A)-B(3A)
59.6(2)

B(2A)-B(8A)-B(12A)
108.1(3)

B(9A)-B(8A)-B(12A)
59.8(2)

B(3A)-B(8A)-B(12A)
107.8(3)

B(2A)-B(8A)-B(7A)
60.1(2)

B(9A)-B(8A)-B(7A)
107.9(3)

B(3A)-B(8A)-B(7A)
109.1(3)

B(12A)-B(8A)-B(7A)
59.7(2)

B(2A)-B(8A)-Br(5)
119.5(3)

B(9A)-B(8A)-Br(5)
123.0(3)

B(3A)-B(8A)-Br(5)
120.8(3)

B(12A)-B(8A)-Br(5)
123.2(3)

B(7A)-B(8A)-Br(5)
121.1(3)

B(3A)-B(9A)-B(10A)
108.5(3)

B(3A)-B(9A)-B(12A)
108.7(3)

B(10A)-B(9A)-B(12A)
59.7(2)

B(3A)-B(9A)-B(8A)
60.3(2)

B(10A)-B(9A)-B(8A)
107.8(3)

B(12A)-B(9A)-B(8A)
60.2(2)

B(3A)-B(9A)-B(4A)
60.7(2)

B(10A)-B(9A)-B(4A)
59.3(2)

B(12A)-B(9A)-B(4A)
107.3(3)

B(8A)-B(9A)-B(4A)
108.1(3)

B(3A)-B(9A)-Br(4)
120.7(3)

B(10A)-B(9A)-Br(4)
120.7(3)

B(12A)-B(9A)-Br(4)
123.3(3)

B(8A)-B(9A)-Br(4)
123.8(3)

B(4A)-B(9A)-Br(4)
119.6(3)

B(4A)-B(10A)-B(12A)
108.8(3)

B(4A)-B(10A)-B(9A)
60.6(2)

B(12A)-B(10A)-B(9A)
60.2(2)

B(4A)-B(10A)-B(11A)
108.5(3)

B(12A)-B(10A)-B(11A)
59.9(2)

B(9A)-B(10A)-B(11A)
108.3(3)

B(4A)-B(10A)-B(5A)
61.4(2)

B(12A)-B(10A)-B(5A)
107.9(3)

B(9A)-B(10A)-B(5A)
109.6(3)

B(11A)-B(10A)-B(5A)
59.1(2)

B(4A)-B(10A)-Br(6)
119.5(3)

B(12A)-B(10A)-Br(6)
123.5(3)

B(9A)-B(10A)-Br(6)
121.7(3)

B(11A)-B(10A)-Br(6)
122.4(3)

B(5A)-B(10A)-Br(6)
119.7(3)

B(5A)-B(11A)-B(6A)
61.3(2)

B(5A)-B(11A)-B(7A)
108.9(3)

B(6A)-B(11A)-B(7A)
59.6(2)

B(5A)-B(11A)-B(12A)
108.7(3)

B(6A)-B(11A)-B(12A)
108.3(3)

B(7A)-B(11A)-B(12A)
60.3(2)

B(5A)-B(11A)-B(10A)
60.5(2)

B(6A)-B(11A)-B(10A)
108.9(3)

B(7A)-B(11A)-B(10A)
107.9(3)

B(12A)-B(11A)-B(10A)
59.6(2)

B(5A)-B(11A)-Br(1)
117.3(3)

B(6A)-B(11A)-Br(1)
119.8(3)

B(7A)-B(11A)-Br(1)
124.3(3)

B(12A)-B(11A)-Br(1)
124.6(3)

B(10A)-B(11A)-Br(1)
120.9(3)

B(10A)-B(12A)-B(11A)
60.5(2)

B(10A)-B(12A)-B(9A)
60.1(2)

B(11A)-B(12A)-B(9A)
108.7(3)

B(10A)-B(12A)-B(7A)
108.3(3)

B(11A)-B(12A)-B(7A)
59.8(2)

B(9A)-B(12A)-B(7A)
108.5(3)

B(10A)-B(12A)-B(8A)
108.0(3)

B(11A)-B(12A)-B(8A)
108.2(3)

B(9A)-B(12A)-B(8A)
60.0(2)

B(7A)-B(12A)-B(8A)
60.3(2)

B(10A)-B(12A)-Br(7)
121.3(3)

B(11A)-B(12A)-Br(7)
121.8(3)

B(9A)-B(12A)-Br(7)
120.8(3)

B(7A)-B(12A)-Br(7)
122.1(3)

B(8A)-B(12A)-Br(7)
121.7(3)

B(4A)-O(1A)-H(1A)
109.5

B(5A)-O(2A)-H(2A)
109.5

B(6A)-O(3A)-H(3A)
109.5

B(2A)-O(4A)-H(4A)
109.5

B(3A)-O(5A)-H(5A)
109.5

C(99)-P-C(14)
108.7(2)

C(99)-P-C(8)
110.1(2)

C(14)-P-C(8)
110.61(19)

C(99)-P-C(2)
109.2(2)

C(14)-P-C(2)
110.21(19)

C(8)-P-C(2)
108.0(2)

C(3)-C(2)-C(7)
120.3(4)

C(3)-C(2)-P
120.9(3)

C(7)-C(2)-P
118.8(3)

C(4)-C(3)-C(2)
119.6(4)

C(4)-C(3)-H(3B)
120.2

C(2)-C(3)-H(3B)
120.2

C(5)-C(4)-C(3)
120.3(5)

C(5)-C(4)-H(4B)
119.8

C(3)-C(4)-H(4B)
119.8

C(4)-C(5)-C(6)
120.7(4)

C(4)-C(5)-H(5B)
119.7

C(6)-C(5)-H(5B)
119.7

C(5)-C(6)-C(7)
120.1(4)

C(5)-C(6)-H(6)
119.9

C(7)-C(6)-H(6)
119.9

C(2)-C(7)-C(6)
119.1(4)

C(2)-C(7)-H(7)
120.5

C(6)-C(7)-H(7)
120.5

C(13)-C(8)-C(9)
120.4(4)

C(13)-C(8)-P
121.7(3)

C(9)-C(8)-P
117.8(3)

C(8)-C(9)-C(10)
119.6(4)

C(8)-C(9)-H(9)
120.2

C(10)-C(9)-H(9)
120.2

C(11)-C(10)-C(9)
120.3(5)

C(11)-C(10)-H(10)
119.9

C(9)-C(10)-H(10)
119.9

C(12)-C(11)-C(10)
119.9(5)

C(12)-C(11)-H(11)
120.1

C(10)-C(11)-H(11)
120.1

C(11)-C(12)-C(13)
120.9(4)

C(11)-C(12)-H(12)
119.5

C(13)-C(12)-H(12)
119.5

C(8)-C(13)-C(12)
118.8(4)

C(8)-C(13)-H(13)
120.6

C(12)-C(13)-H(13)
120.6

C(19)-C(14)-C(15)
119.5(4)

C(19)-C(14)-P
121.5(3)

C(15)-C(14)-P
118.9(3)

C(16)-C(15)-C(14)
120.6(4)

C(16)-C(15)-H(15)
119.7

C(14)-C(15)-H(15)
119.7

C(15)-C(16)-C(17)
119.3(4)

C(15)-C(16)-H(16)
120.4

C(17)-C(16)-H(16)
120.4

C(16)-C(17)-C(18)
120.6(4)

C(16)-C(17)-H(17)
119.7

C(18)-C(17)-H(17)
119.7

C(19)-C(18)-C(17)
120.2(4)

C(19)-C(18)-H(18)
119.9

C(17)-C(18)-H(18)
119.9

C(18)-C(19)-C(14)
119.8(4)

C(18)-C(19)-H(19)
120.1

C(14)-C(19)-H(19)
120.1

P-C(99)-H(1B)
109.5

P-C(99)-H(1C)
109.5

H(1B)-C(99)-H(1C)
109.5

P-C(99)-H(1D)
109.5

H(1B)-C(99)-H(1D)
109.5

H(1C)-C(99)-H(1D)
109.5

H(1Z)-O(1)-H(2Z)
119(4)

H(1Z)-O(1)-H(3Z)
113(4)

H(2Z)-O(1)-H(3Z)
108(4)

H(4Z)-O(2)-H(5Z)
86(4)

H(6Z)-O(3)-H(7Z)
116(4)

H(8Z)-O(4W)-H(9Z)
109(5)

H(10Z)-O(5W)-H(11Z)
108(5)

H(12Z)-O(6W)-H(13Z)
104(5)

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms: 

 Table 9.   Anisotropic displacement parameters  (Å2x 103) for 4.  The anisotropic

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ]

______________________________________________________________________________ 


U11
U22 
U33
U23
U13
U12
______________________________________________________________________________ 

B(2)
14(2) 
8(2)
13(2) 
2(2)
4(2) 
0(2)

C(1)
8(2) 
5(2)
11(2) 
3(2)
1(1) 
-2(2)

B(3)
11(2) 
9(2)
15(2) 
5(2)
7(2) 
3(2)

B(4)
8(2) 
8(2)
15(2) 
1(2)
4(2) 
1(2)

B(5)
12(2) 
8(2)
8(2) 
-1(2)
3(2) 
0(2)

B(6)
8(2) 
11(2)
13(2) 
2(2)
4(2) 
2(2)

B(7)
10(2) 
14(3)
8(2) 
0(2)
3(2) 
1(2)

B(8)
14(2) 
6(2)
12(2) 
3(2)
2(2) 
2(2)

B(9)
9(2) 
12(2)
12(2) 
3(2)
3(2) 
1(2)

B(10)
13(2) 
11(2)
11(2) 
2(2)
5(2) 
2(2)

B(11)
8(2) 
11(2)
11(2) 
3(2)
2(2) 
2(2)

B(12)
10(2) 
9(2)
10(2) 
2(2)
2(2) 
1(2)

O(1B)
14(1) 
11(2)
16(1) 
5(1)
5(1) 
6(1)

O(2B)
9(1) 
16(2)
10(1) 
2(1)
4(1) 
5(1)

O(3B)
13(1) 
10(2)
12(1) 
3(1)
1(1) 
1(1)

O(4)
10(1) 
11(2)
20(2) 
6(1)
5(1) 
3(1)

O(5B)
13(1) 
11(2)
19(2) 
6(1)
9(1) 
4(1)

Br(1)
7(1) 
16(1)
16(1) 
4(1)
1(1) 
1(1)

Br(2)
17(1) 
17(1)
9(1) 
0(1)
2(1) 
1(1)

Br(3)
15(1) 
10(1)
18(1) 
6(1)
0(1) 
3(1)

Br(4)
11(1) 
15(1)
14(1) 
0(1)
5(1) 
3(1)

Br(5)
14(1) 
15(1)
16(1) 
7(1)
6(1) 
-2(1)

Br(6)
14(1) 
9(1)
15(1) 
0(1)
3(1) 
-1(1)

C(1A)
11(2) 
11(2)
8(2) 
2(2)
3(2) 
3(2)

B(2A)
10(2) 
10(2)
9(2) 
4(2)
1(2) 
2(2)

B(3A)
14(2) 
12(3)
10(2) 
4(2)
6(2) 
3(2)

B(4A)
10(2) 
8(2)
11(2) 
2(2)
1(2) 
3(2)

B(5A)
4(2) 
13(2)
12(2) 
6(2)
1(2) 
1(2)

B(6A)
10(2) 
13(3)
10(2) 
4(2)
2(2) 
5(2)

B(7A)
11(2) 
9(2)
9(2) 
2(2)
0(2) 
0(2)

B(8A)
9(2) 
10(2)
10(2) 
2(2)
3(2) 
2(2)

B(9A)
8(2) 
10(2)
12(2) 
3(2)
4(2) 
1(2)

B(10A)
9(2) 
5(2)
13(2) 
-1(2)
2(2) 
-2(2)

B(11A)
11(2) 
7(2)
12(2) 
2(2)
2(2) 
0(2)

B(12A)
9(2) 
12(2)
6(2) 
0(2)
3(2) 
-1(2)

Br(7)
16(1) 
18(1)
8(1) 
4(1)
1(1) 
2(1)

Br(8)
13(1) 
12(1)
14(1) 
7(1)
4(1) 
1(1)

Br(9)
10(1) 
16(1)
15(1) 
5(1)
7(1) 
3(1)

Br(10)
13(1) 
12(1)
19(1) 
1(1)
3(1) 
-3(1)

Br(11)
9(1) 
18(1)
19(1) 
8(1)
2(1) 
3(1)

Br(12)
19(1) 
10(1)
18(1) 
1(1)
7(1) 
5(1)

O(1A)
13(1) 
11(2)
12(1) 
4(1)
-1(1) 
3(1)

O(2A)
13(1) 
7(2)
17(1) 
4(1)
6(1) 
-4(1)

O(3A)
15(1) 
13(2)
13(1) 
2(1)
8(1) 
6(1)

O(4A)
16(1) 
7(2)
10(1) 
2(1)
4(1) 
0(1)

O(5A)
10(1) 
14(2)
14(1) 
3(1)
3(1) 
6(1)

P
24(1) 
18(1)
13(1) 
0(1)
-1(1) 
9(1)

C(2)
16(2) 
18(3)
19(2) 
-4(2)
-5(2) 
6(2)

C(3)
22(2) 
18(3)
24(2) 
1(2)
-5(2) 
6(2)

C(4)
21(2) 
24(3)
35(3) 
-1(2)
-4(2) 
8(2)

C(5)
24(2) 
23(3)
36(3) 
-8(2)
2(2) 
9(2)

C(6)
24(2) 
33(3)
23(2) 
-6(2)
4(2) 
7(2)

C(7)
23(2) 
24(3)
20(2) 
1(2)
-2(2) 
8(2)

C(8)
26(2) 
20(3)
12(2) 
-2(2)
-3(2) 
5(2)

C(9)
23(2) 
23(3)
41(3) 
-8(2)
-2(2) 
9(2)

C(10)
24(2) 
35(3)
41(3) 
-11(3)
1(2) 
3(2)

C(11)
33(3) 
25(3)
25(3) 
-7(2)
5(2) 
-3(2)

C(12)
39(3) 
21(3)
18(2) 
1(2)
9(2) 
7(2)

C(13)
22(2) 
26(3)
15(2) 
2(2)
5(2) 
10(2)

C(14)
22(2) 
19(3)
17(2) 
6(2)
6(2) 
12(2)

C(15)
19(2) 
26(3)
20(2) 
6(2)
7(2) 
2(2)

C(16)
20(2) 
38(3)
26(2) 
18(2)
3(2) 
3(2)

C(17)
20(2) 
67(4)
53(3) 
41(3)
10(2) 
14(3)

C(18)
38(3) 
86(5)
58(4) 
54(4)
36(3) 
39(3)

C(19)
46(3) 
58(4)
29(3) 
30(3)
23(2) 
36(3)

C(99)
44(3) 
27(3)
14(2) 
3(2)
-2(2) 
13(2)

O(1)
22(2) 
13(2)
21(2) 
3(1)
-1(1) 
4(1)

O(2)
16(2) 
21(2)
52(2) 
12(2)
8(2) 
9(1)

O(3)
16(1) 
10(2)
25(2) 
8(1)
2(1) 
2(1)

O(4W)
16(2) 
13(2)
18(2) 
5(1)
2(1) 
2(1)

O(5W)
16(2) 
22(2)
16(2) 
2(1)
4(1) 
-6(1)

O(6W)
14(2) 
16(2)
21(2) 
3(1)
7(1) 
1(1)

______________________________________________________________________________ 

 Table 10.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3)

for 4.

________________________________________________________________________________ 


x 
y 
z 
U(eq)

________________________________________________________________________________ 

H(1ZZ)
8151
8534
-66
12

H(1)
6319
1172
1624
20

H(2)
1658
3879
1132
17

H(3)
2383
1314
1451
18

H(4)
6164
4709
931
19

H(5)
7895
2698
1148
19

H(1ZA)
4473
2632
544
15

H(1A)
7032
10063
417
19

H(2A)
11212
10273
869
18

H(3A)
10752
7910
21
19

H(4A)
7844
6773
19
16

H(5A)
5237
8833
692
19

H(3B)
6459
656
5952
27

H(4B)
7328
-492
5305
34

H(5B)
7949
-331
4260
36

H(6)
7670
961
3826
34

H(7)
6843
2140
4474
28

H(9)
8886
2903
5850
38

H(10)
10339
4196
5817
44

H(11)
9283
5473
5697
36

H(12)
6776
5460
5586
31

H(13)
5290
4172
5614
25

H(15)
4271
2529
4409
25

H(16)
1801
2476
3883
33

H(17)
40
2291
4539
51

H(18)
743
2170
5713
60

H(19)
3217
2279
6254
45

H(1B)
5768
2769
6920
44

H(1C)
7132
2245
6856
44

H(1D)
5509
1724
6669
44

H(1Z)
3940(40)
5260(30)
810(20)
29

H(2Z)
3350(50)
6101(14)
670(20)
29

H(3Z)
2740(40)
5290(30)
217(13)
29

H(4Z)
2690(40)
7420(30)
740(30)
43

H(5Z)
3430(50)
7090(40)
387(12)
43

H(6Z)
2150(50)
4263(14)
-680(20)
26

H(7Z)
1390(30)
5010(30)
-850(20)
43

H(8Z)
10000(30)
1910(30)
1070(20)
23

H(9Z)
8840(40)
1399(17)
850(20)
23

H(10Z)
6640(40)
260(30)
9260(20)
28

H(11Z)
5540(40)
-210(20)
9250(20)
28

H(12Z)
9440(40)
4130(30)
1420(20)
25

H(13Z)
10390(50)
4700(30)
1728(14)
25

________________________________________________________________________________  
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