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Synthesis of [1]] AI{OC(CF3)3}4]

To a stirred solution of C,Bu',P,PCI (0.5 mmol, 0.13 g) in dichloromethane (10 mL) was added
Li[Al{OC(CF3)3}4] (0.5 mmol, 0.067 g) resulting in a yellow solution. A *'P{'H} NMR spectrum
of the reaction mixture showed that all of the starting material had reacted. The product was
dissolved in 2 mL dichloromethane and layered with 4 mL n-hexane in a long thin Young’s tube to
yield a good crop of light yellow crystals whose identity was confirmed by X-ray crystallography.
S'P{'H} NMR (121.42 MHz, 21 °C, CD,Cl,): no signal observed

"HNMR (270.16 MHz, 21 °C, CD,Cl,): 8=1.16 ppm (s, C(CH;)s)

BC{'H} NMR (100.54 MHz, 21 °C, CD,Cl,): § 29.9 ppm (br C(CHs)3), & 34.0 ppm (br, C(CH:)3),
8 110.0 ppm (br, C,Bu'sP,); C,Bu'sP; not observed, § 79.0 ppm (br, A1{OC(CF3)3}4), § 121.2 ppm
(q, 'Jpp 292 Hz, AI{OC(CF3)3}4;

F NMR (282.20 MHz, 21 °C, CD,CLy): 8= -75.7 ppm (s, [AI{OC(CF3)3}4]); *’Al 8 37.3 ppm (s,
[{A{OC(CF3)3}4)).

Syntheses of [2] [X]”

For X = AICly: C,Bu',P,AsCl (0.5 mmol, 0.15 g) was dissolved 10 mL dichloromethane (Schlenk
tube) and reacted with AICI; (0.5 mmol, 0.067 g) for 15 mins resulting in yellow solution. Removal
of the solvent in vacuo gave an off white solid which redissolved in an n-hexane-dichloromethane
mixture (I mL: 3 mL); cooling to —15 °C for 15 hours yielded pale yellow blocks of
[AsP,C,BuY][AICL].

S'P{'"H} NMR (121.42 MHz, 21 °C, CD,CL,): & 169.9 ppm

'H NMR (270.16 MHz, 21 °C, CD,Cl,): § 1.22 ppm (s, C(CHs)3)

BC{'H} NMR (100.54 MHz, 21 °C, CD,CL,): 8 31.2 ppm (t, *Jcp 3 Hz, C(CHs)3), 8 35.1 ppm (t,
*Jep 5 Hz, C(CH3)3),  53.7 ppm (t, 'Jep 27 Hz, C,Bu',Ps)



¥ AINMR (78.15 MHz, 21 °C, CD,Cl,): & 106.1 ppm (s, [AICLs]).

For X = AI{OC(CF3)3}4: A dichloromethane solution of C;Bu’,P,AsCl (0.5 mmol, 0.15 g) was
reacted with LifAl{OC(CF3)3}4] (0.5 mmol, 0.067 g) resulting in a yellow solution. A *'P{'H}
NMR spectrum indicated that all of the starting material had been consumed to form
[AsP,C,Bu',J[AI{OC(CF3)3}4].

S'P{'H} NMR (121.42 MHz, 21 °C, CD,Cl,): § 183.1 ppm

'H NMR (270.16 MHz, 21 °C, CD,Cl,): & 1.24 ppm (s, C(CH3)3)

BC{'H} NMR (100.54 MHz, 21 °C, CD,Cl,): & 31.2 ppm (t, *Jcp 3 Hz, C(CHs)3), 8 35.5 ppm (t,
2Jep 4 Hz, C(CH3)3), C,Bu',P, not observed, & 79.0 ppm (br, AI{OC(CF3)3}4), 6 121.2 ppm (q, ! Jpp
292 Hz, AI{OC(CF3)3}4

F NMR (282.20 MHz, 21 °C, CD,CL): & -75.5 ppm (s, [A1{OC(CF3)3}4])

PAINMR (78.15 MHz, 21 °C, CD,Cl,): & 37.3 ppm (s, [AI(OC(CF3)3}4]).

Syntheses of [3]'[X]”

For X = AICl,: C,Bu',P,SbCl (0.5 mmol, 0.15 g) was dissolved 10 mL dichloromethane (Schlenk
tube) and reacted with AICl; (0.5 mmol, 0.067 g) for 15 mins resulting in a lightening of the yellow
solution and the precipitation of a small amount of white solid which redissolved upon gentle
warming. Storage at —15 °C for 15 hours yielded colourless blocks of [SbPzCzButz] [AICly].
S'P{'H} NMR (121.42 MHz, 21 °C, CD,Cl,): & 180.3 ppm

'H NMR (270.16 MHz, 21 °C, CD,Cl,): 8 1.11 ppm (s, C(CH3)3)

BC{'H} NMR (100.54 MHz, 21 °C, CD,CL): & 33.4ppm (t, *Jcp 3 Hz, C(CHs)3), 8 35.9 ppm (4,
2Jep 4 Hz, C(CHs)3), CoBu',P; not observed

PAINMR (78.15 MHz, 21 °C, CD,Cl,): § 106.2ppm (s, [AICL4])

MS EI [M"] calculated m/z 320.9922 observed m/z 320.9914

For X = AI{OC(CF3)3}4: A dichloromethane solution of C;Bu’,P,SbCl (0.5 mmol, 0.15 g) was
reacted with Li[A1{OC(CF3)3}4] (0.5 mmol, 0.067 g) for 15 minutes to yield
[SbP,C,BuY][A1{OC(CF3)3}4].

S'P{'H} NMR (121.42 MHz, 21 °C, CD,CL,): & 176.3 ppm

'H NMR (270.16 MHz, 21 °C, CD,Cl,): & 1.26 ppm (s, C(CHs)3)

F NMR (282.20 MHz, 21 °C, CD,Cl,): & -75.6 ppm (s, [AI{OC(CF3)3}4])

PAINMR (78.15 MHz, 21 °C, CD,Cl,): & 37.6 ppm (s, [AL{OC(CF3)3}4]).
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Synthesis and Structure of Cle(CBut)zAs

Cp,ZrC,Bu;,P; (0.21 g, 0.5 mmol) was dissolved in 10 ml n-hexane and stirred with one equivalent
of arsenic trichloride (0.05 ml, 0.5 mmol) for 2 hours. The by-product (Cp,ZrCl,) was separated
from the reaction mixture by filtration through Celite® and removal of the solvent afforded a
yellow oil. The structure was assigned (see Figure) by comparison with the NMR data of the
tricyclic cage CIP3(CBu'),, which exhibits three distinctive and characteristic resonances in the *'P

NMR spectrum at & 234.7 (dd, 2Jpp 58 Hz, *Jpp 58 Hz), -121.4 (dd, 'Jpp 146 Hz, *Jpp 58 Hz) and -

302.2 (dd, 'Tpp 146 Hz, *Jpp 58 Hz) ppm.
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*'P{'"H} NMR (121.42 MHz, 21 °C, CD,Cl,): § 204.8 and -42.2 ppm (both d *J,, 47 Hz)

"H NMR (270.16 MHz, 21 °C, CD,Cl,): & 1.14 ppm (s, C(CH3)3)

BC{'H} NMR (100.54 MHz, 21 °C, CD,Cl,): & 30.2 ppm (t, *Jcp 4 Hz, C(CH3)3) § 32.4 ppm (t,
*Jep 5 Hz, C(CH3)3), § 53.7 ppm (t, 'Jep 27 Hz, C,Bu'Py).
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Optimised structures and total electronic energies (hartree) of all species reported.

[(CH),P:]” A
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15 0.440036
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6 0.440036
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1 0.402911
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15 0.000000
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15 1.405380
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1 0.000000

[(CH),P;]" F (=E)
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15 -0.320951
15 -1.398329
15 1.293841
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[(CH),P,As]" A

33 1.
15 -0.
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6 -0.
6 -0.
1 -0.
1 -0.
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6
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6
1
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[(CH),P,As]" F

15 0
33 0
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15 0
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.403316
.000000
.000000
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.000000
.403316
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E =-2993.595243

172241 0.000000
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.737581 -1.140055
.050798 -0.709496
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.916955 -1.370563
.916955 1.370563
E =-2993.580521
.000000 1.075767
.000000 -0.853631
.154497 -0.714717
.239599 -0.657389
.154497 -0.714717
.239599 -0.657389
.000000 -0.853631
E =-2993.564353
.698603 0.000000
.355496 1.164614
.415524 2.246025
.355496 -1.164614
.415524 -2.246025
.572787 0.000000
.186905 0.000000
E =-2993.586957
.266805 -0.041367
.201265 0.984181
.467553 1.428305
840504 -0.914666
.092528 -0.017877
972027 1.016628
940621 1.497269
E =-2993.539122
.377513 -0.016151
075258 -0.101519
.277590 -0.090605
.337865 0.149768
.431126 -0.305309
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E =—2993.548806
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.114901 0.000000
.648858 0.000000
882909 0.000000
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.637588 0.000000
.713701 0.000000
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[(CH),P,As]” B~ C
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.000000
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.703098
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.062056
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0.

1.
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0
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1

000000
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.000000
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.000552
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[(CH),P,Sb]” E

0.
.128206
.578467
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0.
1.
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51
6 -
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15 -
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6 -
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6
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1
0
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