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< 1x10-6 M. At concentrations > 1 x 10-5 M, | exhibits anticancer activity, but it is
non-selective towards any cancer cell line.

The dose-response curves for compound Il (Figure 4) indicate that Il shows
no antitumor activity towards most cell types for sample concentrations
< 1x 106 M. Il displays some activity towards XF-498 L (CNS cancer) at
concentrations of 1 x 10-7 M and 1 x 10-6 M. At a sample concentration of
1 x10-5 M, Il exhibits activity in over half of the cell lines. For a concentration
equalto 1 x 10-4 M, Il is extremely active against all cancer types.

Compounds sent to NCI for anticancer screening are routinely tested for
anti-HIV activity. HIV is the virus linked to acquired immune deficiency syndrome
(AIDS). The in vitro screening procedure used to test for agents active against
HIV is similar to the procedure used to test for antitumor activity. Two cell lines of
T4 lymphocytes are exposed to HIV at a virus to cell ratio of 1:20. The infected
cells along with non-infected control cells are plated in 96-well microtiter plates.
Each potential anti-HIV agent is dissolved in dimethyl sulfoxide (DMSO) and then
added to the cell cultures in eight threefold dilutions. The cells are incubated at
37 ° Cin a 5 % carbon dioxide atmosphere for six or seven days. At this time, the
tetrazolium salt, XTT, is added to each well. XTT is a colorless salt that undergoes
cellular reduction to yield colored formazon in proportion to the number of viable
cells. Individual wells are then analyzed spectrophotometrically to quantitate
formazon production.8

All five of the compounds submitted to NCI were screened for anti-HIV
activity using this procedure. The test results showed that none of the
compounds were active as anti-HIV agents. The results are summarized in
Figures 5-9. Figures 5-9 display a plot of the Log of sample concentration against

measured test values expressed as a percentage of uninfected, untreated control
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Figure 5. [Ir(COD)Cl]2 anti-HIV curves.
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values. The number of surviving HIV-infected cells treated with a sample
compound and the number of surviving uninfected, treated cells are reported as a
percentage of viable cells in an untreated, uninfected control culture. The dotted
line on the graph represents the viral cytopathic effect or the extent of destruction
by the virus in the absence of treatment. In both cell lines, the number of
surviving infected cells treated with one of the five compounds is < 30 % of the
number of viable control cells at all concentrations. In most cases, the
percentage is also below the viral cytopathic effect reference line. For the treated,
uninfected cells, the percentage of viable cells is > 100 % at concentrations
<2.35x 105 M. At higher concentrations, the percentage dramatically
decreases to < 10 % indicating that at these concentrations the compounds are

toxic to healthy cells.

CONCLUSIONS

The compounds, [Ir(COD)Cl]2, [Ir(COD)(PMe3)3]Cl, [IrH(COD)(PMeg)3]Cl2 |
and ll, have little potential as anticancer and anti-HIV therapeutic agents.
[Ir(COD)(PMe3)3]Cl, I and Il exhibit some anticancer activity, but are
non-selective towards a specific type of cancer. [IrH(COD)(PMe3)3]Clo is inactive
as an antitumor drug. None of the five compounds show activity as anti-HIV
agents. In the future, we hope to design an anticancer agent by systematically
synthesizing new organo-iridium compounds and submitting them to NCI for

screening.
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CHAPTER 3. ORGANO-IRIDIUM COMPOUNDS:
NUCLEOPHILIC ADDITION REACTIONS

INTRODUCTION

Free alkenes usually undergo electrophilic attack. However, when alkenes
are coordinated to low valent metals, they can be susceptible to nucleophilic
attack while electrophilic attack is inhibited. The positive charged metal
withdraws electron density from the unsaturated hydrocarbon ligand. Electron
donation to the metal from the alkene's r-orbital is greater than back donation
from the metal. This leads to a partial positive charge on the olefinic carbon
atoms and increases the susceptibility to attack by nucleophiles.

Nucleophiles add to the alkene by either exo- attack or endo-attack.l In
exo-attack, the nucleophile adds to the face of the alkene opposite to the metal
[Figure 1]. Endo-attack involves addition of the nucleophile to the metal followed
by cis migration from the metal to the olefin [Figure 2].

The cobaltocenium ion [Figure 3] was the first alkene transition metal
complex known to undergo nucleophilic addition.2 Organolithium compounds
and Grignard reagents add to cobaltocenium to give cyclopentadienyi-
cyclopentdienecobalt complexes [Figure 4].3 Since this time, many transition
metals have been shown to promote nucleophilic addition.4:5 The most studied
metals include palladium,.6 platinum? and iron.8

Nucleophilic attack on coordinated alkenes is important to various catalytic
processes, such as hydrogenation, polymerization, isomerization and oxidation.5
One of the most important catalytic processes based on nucleophilic addition to
an alkene is the Wacker process in which alkenes are converted to aldehydes.9
In the Wacker process,1 0 both an alkene and a water molecule coordinate to

PdCl42 with loss of two Cl- ions from the metal. Then another water molecule

64
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Figure 4. Cyclopentadienylcyclopentadienecobalt complexes
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adds to the alkene to form a palladium-alkyl complex. The alkyl rearranges and
is lost by the metal to yield a free aldehyde.

Despite extensive studies done on many transition metal-alkene complexes
and the exploitation of nucleophilic addition to coordinated alkenes for catalytic
processes, little research has been centered on iridium-alkene complexes. For
this reason, we decided to carry out some simple anion addition reactions on

[Ir(COD) (PMe3)3]C.

RESULTS AND DISCUSSION

Lithium indenyl (a), benzylmagnesium bromide (b), allylmagnesium
bromide (¢) and sodium methoxide (d) were added to separate suspensions of
[Ir(COD)(PMe3)3]Cl in tetrahydrofuran [Equation 1]. The suspensions
immediately became homogeneous. The solvent was removed from the
solutions to yield a solid mixture of lithium, magnesium or sodium saits and the
nucleophilic addition products. Tris(trimethylphosphine)(2-indenylcyclooct-
5en-1-yl)iridium(l) (1), tris(trimethylphosphine) (2-benzylcyclooct-5-en-1-yl)-
iridium(1) (Il), tris(trimethylphosphine)(2-allylcyclooct-5-en-1-yl)iridium(l) (1il) and
tris(trimethylphosphine) (2-methoxycyclooct-5-en-1-yl)iridium(l) (IV) were
extracted from the mixtures in low yield (~60 % for all four compounds) using
pentane.

According to the Dewar-Chatt bonding model,11 filled =-bonding orbitals of
the COD olefinic bond overlap with o-acceptor orbitals on the iridium metal.
Filled =-donor orbitals on the iridium metal overlap with empty n* orbitals on the
COD ligand. Since forward electron donation from the COD ligand to iridium is

greater that the back donation from the metal to the diene, the olefinic carbons
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develop a partial positive charge. Upon addition to [Ir(COD)(PMe3)3]Cl, the
anions attack the less electron dense carbons, forming a o-bond between one
olefinic carbon and the nucleophile and another o-bond between the remaining
olefinic carbon and the iridium metal. Compound | has been synthesized and
analyzed by x-ray crystallography previously.12 The x-ray crystal structure shows

that indenyl adds to COD by exo-attack.

CONCLUSIONS

Through coordination of COD to iridium, we were able to promote
nucleophilic addition of indenyl, allyl, benzy!l and methoxide anions to the COD
ligand. Compounds |, i1, 1ll, and IV were formed. Further study of nucleophilic
addition reactions to iridium coordinated olefins may provide valuable information

for developing a new catalytic process.

EXPERIMENTAL SECTION

General Comments: All reactions were carried out under an atmosphere of
prepurified nitrogen using standard Schienk line techniques. Solvents were
dried by an appropriate procedure and distilled prior to use. All other chemicals
were of reagent grade and used without further purification.

Proton nmr spectra were recorded on a Bruker WP-200 SY.

ion be n Tris(trimethylphosphine)-1,5-cyclooctadieneiridium Chlori

and Lithium Indenyl (JF-1-135): A 250 mi round-bottomed side-arm flask,

equipped with a magnetic stir bar, was evacuated and flushed with nitrogen. The
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flask was charged with 0.577 g (1.02 mmol) of tris(trimethylphosphine)-
1,5-cyclooctadieneiridium chloride. Tetrahydrofuran (100 mi) was added by
syringe, and the suspension of the iridium salt was stirred magnetically. Solid
lithium indenyl (0.18 g, 1.5 mmol) was added. The mixture became
homogeneous and turned black. This solution was stirred at room temperature
for 24 hours.

The solvent was removed from the solution under reduced pressure,
yielding a black solid. Pentane (25 ml) was added to the flask by syringe. Some
of the solid was insoluble. A frit attached to a 100 ml round-bottomed side-arm
flask was attached to the flask. The insoluble particles were filtered. The
extraction with pentane was repeated three more times. The solvent was
removed from the yellow filtrate under reduced pressure, yielding a light yellow
solid. The solid was dried in vacuo.

The yield of solid was 0.32 g (0.50 mmol, 48 % yield). The compound was
identified as tris(trimethylphosphine) (2-indenylcyclooct-5-en-1-yl)iridium(l) on the

basis of the following data:

THNMR (CgDg):  90.80 to 1.32 (m, 27H, methyl); 1.65 to 2.68 (m, 11H,
8 methylene and 3 methine); 3.19 to 3.45 (m, 2H, vinyl COD);
3.60 to 3.68 (m, 2H, vinyl indenyl); and 6.7 to 7.85 ppm (m,
4H, phenyl)

and Benzyimagnesium Bromide (JF-1-137): A 250 ml round-bottomed side-arm

flask, equipped with a magnetic stir bar, was evacuated and flushed with
nitrogen. The flask was charged with 0.487 g (0.863 mmol) of

tris(trimethylphosphine)-1,5-cyclooctadieneiridium chioride. Tetrahydrofuran
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(100 ml) was added by syringe, and the suspension of iridium salt was stirred
magnetically. Using a syringe, 0.9 ml of 1.2 M benzylmagnesium bromide

(1 mmol) was added. The mixture became homogeneous and turned orange.
This solution was stirred for 24 hours at room temperature.

The solvent was removed from the solution under reduced pressure,
yielding a yellow solid. Pentane (25 ml) was added to the flask by syringe. Some
of the solid was insoluble. A frit attached to a 100 ml round-bottomed side-arm
flask was attached to the flask. The insoluble particles were filtered. This
extraction process was repeated two more times. The solvent was removed from
the filtrate under reduced pressure, yielding a white solid. The solid was dried in
vacuo.

The yield of solid was 0.32 g (0.52 mmol, 60 % yield). The compound was
identified as tris(trimethylphosphine)(2-benzylcyclooct-5-en-1-yl)iridium(l) on the
basis of the following data:

THNMR (CgDg):  60.85 to 1.46 (m, 27H, methyl); 1.52 to 2.67 (m, 12H,
methylene); 2.86 (s, 2H, vinyl); and 7.12 to 7.56 ppm (m, 5H,
phenyl)

i romide (JF-1-151): A 250 ml round-bottomed side-arm

flask, equipped with a magnetic stir bar, was evacuated and flushed with

nitrogen. The flask was charged with 0.463 g (0.822 mmol) of
tris (trimethylphosphine)-1,5-cyclooctadieneiridium chloride. Tetrahydrofuran
(100 ml) was added by syringe, and the suspension of the iridium salt was stirred

magnetically. Using a syringe, 0.50 ml of 2 M allylmagnesium bromide in
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tetrahydrofuran (1 mmol) was added. The mixture became homogeneous. This
solution was stirred at room temperature for 24 hours.

The solvent was removed from the solvent under reduced pressure, yielding
a white solid. Pentane (25 ml) was added to the flask by syringe. Some of the
solid was insoluble. A frit attached to a 100 ml round-bottomed side-arm flask
was attached to the flask. The insoluble particles were filtered. This process was
repeated three more times. The solvent was removed from the filtrate, yielding a
white solid. The solid was dried jn vacuo.

The yield of solid was 0.20 g (0.35 mmol, 43 % yield). The compound was
identified as tris(trimethylphosphine) (2-allylcyclooct-5-en-1-yl)iridium(l) on the
basis of the following data:

THNMR (CgDg):  0.71 to 1.39 (m, 27H, methyl); 1.58 to 2.60 (m, 12H, 10
methylene, 2 methine); 3.2 to 3.5 (m, 2H, vinyl COD); 5.0 to
5.3 (m, 2H vinyl allyl); and 5.99 to 6.22 ppm (m, 1H vinyl allyl)

and Sodium Methoxide (JF-1I-65): A 250 ml round-bottomed side-arm flask,

equipped with a magnetic stir bar, was evacuated and flushed with nitrogen. The

flask was charged with 1.095 g (1.94 mmol) of tris(trimethylphosphine)-1,5-
cyclooctadieneiridium chloride. Tetrahydrofuran (100 ml) was added by syringe,
and the suspension of the iridium salt was stirred magnetically. Solid sodium
methoxide (0.146 g, 2.70 mmol) was added. The mixture became homogeneous
and turned yellow. This solution was stirred at room temperature for 24 hours.
The solvent was removed from the solution under reduced pressure,
yielding a yellow solid. Pentane (25 ml) was added to the flask by syringe. Some

of the solid was insoluble. A frit attached to a 100 ml round-bottomed side-arm
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flask was attached to the flask. The insoluble particles were filtered. This process

was repeated once. The solvent was removed from the yellow filtrate under

reduced pressure, yielding a light yellow solid. The solid was dried in vacuo.

The yield of solid was 0.65 g (1.2 mmol, 59 % yield). The compound was

identified as tris(trimethylphosphine) (2-methoxycyclooct-5-en-1-yl)iridium(l) on

the basis of the following data:

THNMR (CgDg):  90.74 to 1.60 (m, 27H, methyl); 1.60 to 3.0 (m, 10H, 8
methylene and 2 methine); 3.49 (s, 3H, methoxy); and 3.50 to
3.79 ppm (m, 4H, vinyl)
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1. Bond lengths (A) for [Ir(COD)(PMe3)3]CI.

Ir(1)-P(1)
Ir(1)-P(3)
Ir(1)-C(2)
Ir(1)-C(6)
P(1)-C(12)
P(2)-C(21)
P(2)-C(23)
~ P(3)-C(32)
C(1)-C(2)
C(2)-G(3)
C(4)-C(5)
C(6)-C(7)
Ir(2)-P(1A)
Ir(2)-P(3A)
Ir(2)-C(2A)
Ir(2)-C(6A)
P(1A)-C(1A2)
P(2A)-C(2A1)
P(2A)-C(2A3)
P(3A)-C(3A2)

2.380 (2)
2.335 (2)
2.204 (10)
2215 (8)
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2. Bond angles (°) for [Ir(COD)(PMeg)3]Cl.

P(1)-Ir(1)-P(2) 96.1(1) P(1)-Ir(1)-P(3) 98.1(1)
P(2)-Ir(1)-P(3) 91.3(1) P(1)-Ir(1)-C(1) 124.3(3)
P(2)-Ir(1)-C(1) 139.1(3 P(3)-Ir(1)-C(1) 78.3(2)
P(1)-Ir(1)-C(2) 89.8(3 P(2)-Ir(1)-C(2) 169.8(2)
P(3)-Ir(1)-C(2) 96.2(3) C(1)-ir(1)-C(2) 37.2(4)
P(1)-Ir(1)-C(5 89.6(2) P(2)-Ir(1)-C(5) 92.9(2
P(3)-Ir(1)-C(5 170.8(2) c(1)-Ir(1)-C(5) 93.2(3
C(2)-Ir(1)-C(5) 78.8(3) P(1)-Ir(1)-C(6) 127.5(3)
P(2)-Ir(1)-C(6) 83.9(2) P(3)-Ir(1)-C(6) 134.4(3)
c(1)- Ir(1 )-C(6) 76.4(3) C(2)-Ir(1)-C(6) 85.9(3)
C(5)-Ir(1)-C(6) 38.3(3) Ir(1)-P(1)-C(11) 121.7(4
Ir(1)-P(1)-C(12) 114.1(4) C(11)-P(1)-C(12)  101.3(5
Ir(1)-P(1)-C(13 117.4(3) C(11)-P(1)-C(13) 98.7(5)
C(12)-P(1)-C(13) 100.2(5) Ir(1)-P(2)-C(21) 119.8(3)
Ir(1)-P(2)-C(22) 116.2(3) C(21)-P(2)-C(22) 98.6(4)
Ir(1)-P(2)-C(23) 117.0(3) C(21)-P(2)-C(23)  100.8(5
C(22)-P(2)-C(23) 101.1(5) Ir(1)-P(3)-C(31) 122.7(4
Ir(1)-P(3)-C(32) 115.6(3) C(31)-P(3)-C(32) 98.7(5)
Ir(1)-P(3)-C(33) 114.7(3) C(31)-P(3)-C(33) 99.0(5)
C(32)-P(3)-C(33) 102.8(4) Ir(1)-C(1)-C(2) 70.1(5)
Ir(1)-C(1)-C(8) 113.1(6) C(2)-C(1)-C(8) 125.6(8)
Ir(1)-C(2)-C(1 72.7(5) Ir(1)-C(2)-C(3) 114.2(7)
C(1)-C(2)-C(3) 123.4(8) C(2)-C(3)-C(4) 113.9(8
C(3)-C(4)-C(5) 113.8(8) Ir(1)-C(5)-C(4) 113.6(6
Ir(1)-C(5)-C(6) 71.9(5) C(4)-C(5)-C(6) 121.4(8
Ir(1)-C(6)-C(5 69.9(5) Ir(1)-C(6)-C(7) 116.6(6
C(5)-C(6)-C(7 121.2(8) C(6)-C(7)-C(8) 112.3(7)
C(1)-C(8)-C(7 111.4(8) P(1A)-Ir(2)-P(2A)  96.1(1)
P(1A)-Ir(2)-P(3A) 97.7(1) P(2A)-Ir(2) P(3A 91.6(1)
P(1A)-Ir(2)-C(1A) 87.4(2) P 2A -Ir( 2 -C(1 171.2(2)
P(3A)-Ir(2)-C(1A 96.0(2) P 1A) Ir 2 C(2A)  122.2(3)
P(2A)-Ir(2)-C(2A 141.3(3) P 3A) Ir(2)- C( 79.0(2)
C(1A)-r(2)-C(2A 37.2(4) P(1A) Ir(2)-C(5 131.6(3)
P(2A)-Ir(2)-C(5A) 82.5(2) P(3A)-Ir(2)-C 5A 130.7(3)
C(1A)-Ir(2)-C(5A) 89.1(3) C(2A)-Ir(2)-C(5A)  76.1(3)
P(1A)-Ir(2)-C(6A 94.5(3) P(2A)-Ir(2)-C(6A)  92.6(3)
P(3A)-Ir(2)-C(6A 166.6(3) C(1A)-Ir(2)-C(6A)  79.0(3)
C(2A)-Ir(2)-C(6A) 89.8(3) C(5A)-Ir(2)-C(6A 37.7(4)
Ir(2)-P(1A)-C(1A1)  116.1(3) Ir(2)- P(1A -C(1A2) 121.6(4
C(1A1)-P(1A)-C(1A2) 99.1(5) Ir(2)- P(1 .C(1A3) 114.8(3
C(1A1)-P(1A)-C(1A3) 101.7(5) C(1A2)-P(1A)- C(1A3) 100.2(5)
Ir(2)-P(2A)-C(2A1)  122.5(3) Ir(2)-P(2A)-C(2A2)  116.4(3)
C(2A1)-P(2A)-C(2A2) 97.2(4) Ir(2)-P(2A)-C(2A3) 113.3(4)
C(2A1)-P(2A)-C(2A3) 102.7(5) c 2A2)-P(2A) C(2A3) 101.5(5)
Ir(2)-P(3A)-C(3A1)  123.4(4) 2 P 3A C 113.5(3)
C(3A1)-P(3A)-C(3A2)  98.4(5) 2 P 3A -C 3A3) 116.5(4)
C(3A1)-P(3A)-C(3A3) 98.3(5 (3A2 )-P(3A)-C 3A3 103.5(5)
Ir(2)-C(1A)-C(2A) 72.3(5 Ir(2)-C(1A)-C(8 112.0(6)
C(2A)-C(1A)-C(8A)  119.9(8) Ir(2)-C 2A) -C(1 ) 70.5(5)
Ir(2)-C(2A)-C(3A) 113.4(7) C(1A)-C(2A)-C(3A) 124.1(9)




C(2A)-C(3A)-C(4A)
Ir(2)-C(5A)-C(4A)
C(4A)-C(5A)-C(6A)
Ir(2)-C(6A)-C(7A)
C(6A)-C(7A)-C(8A)
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C(3A)-C(4A)-C(5A) 116.4(10)
Ir(2)-C(5A)-C(6A)  68.1(5)
Ir(2)-C(6A)-C(5A)  74.1(6)
C(5A)-C(6A)-C(7A) 122.8(8)
C(1A)-C(8A)-C(7TA) 117.0(9)



3. Atomic coord
coefficients (

C(7A
C(8A)
Oo(1)

4

X

2347(1)
3435(2)
1371(2)
1720(2)
670(2)
3351(7)
3678(7)
4480(6)
1335(6)
1464(7)
270(6)
1301(8)
801(6)
2405(6)
2410(6)
3234(7)
3805(7)
3691(6)
2875(6)
2082(6)
2048(7)
1959(7)
7644(1)
6451(2)
7969(2)
8648(2
4620(2
5974(6)
6514(7)
5541(6)
7894(7)
7340(7)
9020(7)
8897(8)
8409(7)
9734(6)
7288(6)
8148(6)
8467(9)
8249(10)
7780(7)
6926(7)
6384(8)
6630(8)
4716(6)

78

y

712(1)
938(2)
1684(2)
-585(2)
6928(2)
487(8)
2130(7)
499(8
1771 (7;
2906(6)
1481(8)
-583(7)
-1035(7)
-1596(6)
-310(6)
-56(7)
550(7)
1587(7)
1828(6)
1556(6)
1045(7)
22(8)
9773(1)
10302(2)
8552(2)
10716(2)
8024(2)
11374(7)
10562(8)
9509(7)
8647(7)
7517(6)
8104(7)
10674(8)
11949(7)
10633(8)
10766(6)
10535(7)
9904(9)
8971(9)
8685(6)
8903(7)
9407(8)
10377(7)
7841(7)

z

1642(1)
864(1)
1080(1)
1120(1)
293(1)
-11(5)
710(5)
1119(5)
146(4)
1284(5)
1228(5)
233(5)
1528(6)
1086(5)
2506(4)
2336(4)
2787(5)
2652(5)
2287(4)
2555(4)
3235(4)
3139(5
3269(1
3847(1)
4017(1)
3830(1
575(1
3527(5)
4758(5)
3805(5)
4945(4)
3898(5
3937(5
4766(5)
3753(5)
3538(6)
2439(4)
237854)
1828(6)
1865(6)
2478(4)
2569(4)
2033(5)
1937(5)
2158(4)

tes( 104) and equivalent isotropic displacement
X 10 for [ir(COD)(PMe3)3]Cl.

U(eq)

26(1)
35(1)
34(1)
35(1)
56(1)
57(4)
60(4




U11

27(1)
31(1)
35(1)
a7(1)
52(2)
54(7)
69(8)
28(6)
51(6)
82(8)
31(6)
82(9)
47(7)

56(7)
67(8)
40(6)
72(7)
79(8
71(8
80(9)
66(8)
36(7)
46(7
62(7

109(11)
148(14)

83(9)
72(8)
83(9)
77(9)
96(7)

pic displacement exponent takes the form:
a*cUqq + ... + 2hka*b*U19)

U22

27(1)
40(1)
31(1)
31(1)
53(2)
75(7)
47(6)
83(8)
56(6)
34(5)
68(7)
50(7)
37(6)
40(5)
28(5)
53(6)
74(7)
60(7)
35(5)
33(5)
67(7)
83(8)
27(1)
36(1)
31(1)
36(1)
76(2)
41(6)
72(7)

59(6) -

46(6)
39(6)
61(7)
61(7)
45(6)
60(7)
29(5)
45(6)
77(9)
68(9)
35(5)
44(6)
80(8)
58(7)

128(8)

79

U3s

24(1)
33(1)
35(1)
38(1)
65(2)
42(6)
64(6)
66(7)
41(5)
45(6)
70(7)
64(7)
90(8)
61(6)
36(5)
29(5)
36(5)
50(6)
42(5)
32(5)
23(4)
31(5)
24(1)
33(1)
33(1)
45(1)
68(2)
77(7)
46(6)
52(6)
34(5)
46(5)
62(7)
51(6)
63(7)
96(8)
36(5)
26(5)
55(7)
63(7)
31(5)
31(5)
40(6)
51(6)
86(6)

U23

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

-14(1

4(5)
20(5)

-12(6)

8(5)

1
—h

(]
I G Y

4. Anisotropic displacement coefficients (A2 x 103) for [Ir(COD)(PMe3)3]Cl.
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5. Bond lengths (A) for [Ir(COD)(tripod)]BF 4.

Ir(1)-P(1)
Ir(1)-P(3)
Ir(1)-C(2)
Ir(1)-C(6)
P(1)-C(1B1)
P(2)-C(2A1)
P(2)-C(22)

P(3)-C(3B1)
C(1A1)-C(1A2)
C(1A2)-C(1A3)
C(1A4)-C(1A5)
C(1B1)-C(1B2)
C(1B2)-C(1B3)
C(1B4)-C(1B5)
C(2A1)-C(2A2)
C(2A2)-C(2A3)
C(2A4)-C(2A5)
C(2B1)-C(2B2)
C(2B2)-C(2B3)
C(2B4)-C(2B5)
C(3A1)-C(3A2)
C(3A2)-C(3A3)
C(3A4)-C(3A5)
C(3B1)-C(3B2)
C(3B2)-C(3B3)
C(3B4)-C(3B5)
C(11)-C(44)
C(33)-C(44)
c§1 )-C(2)
C(2)-C(3)
C(4)-C(5)
C(6)-C(7)
B(1)-F(1)
B(1)-F(3)

ONOOVOHONWWWHANO—-00

—_ ek e b b A ) A A A
Nttt st "t et et st st st i et st “ncetst”'

HOOVONDONNOWOONOOUONOONWANONWORLN—-N
KEAL2OOLENDONWLO =

— S S e S I, S~ P, PN, P, S, e, P, PN P, S, S, S, P, s PN, TN, PN, PN, N, S, PN PN N N,
=N
N

(11)

WO WO U D D WD WD LWL W LWL WA W00 =N ww

NOW=2NOLBENOOWANDODOWDDO

Ir(1)-P(2)
Ir(1)-C(1)

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

A1
A3
AS5)-C(
B1)-C(
B3)-C(
(1B5)-C(1B6)
C(2A1)-C(2A6)
C(2A3)-C(2A4)
C(2A5)-C(2A8)
C(2B1)-C(286)
C(2B3)-C(2B4)
C(2B5)-C(2B6)
C(3A1)-C(3A6)
C(3A3)-C(3A4)
C(3A5)-C(3A86)
C(3B1)-C(3B6)
C(3B3)-C(3B4)
C(3B5)-C(3B6)
C(22)-C(44)
C(44)-C(55)
C(1)-C(8)
C(3)-C(4)
C(5)-C(6)
C(7)-C(8)
B(1)-F(2)
B(1)-F(4)

(1 Slias
(1A3)-C(1A4
(1A5)-C(1A6
1B1)-C(1B

(1B3)-C(1B4

P
P
P
P
P
C )
C 4)
C )
C 6)
G )
C

3 (3)
5 (10)
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6. Bond angles (°) for [Ir(COD)(tripod)]BF 4

P(1)-Ir(1)-P(2)
P(2)-Ir(1)-P(3)
P(2)-Ir(1)-C(1)
P(1)-Ir(1)-C(2)
P(3)-Ir(1)-C(2)
P(1)-Ir(1)-C(5)
P(3)-Ir(1)-C(5)
C(2)-Ir(1)-C(5)
P(2)-Ir(1)-C(6)
C(1)-Ir(1)-C(6)
C(5)-Ir(1)-C(6)
Ir(1)-P(1)-C(1B1)
r(1)-P(1)-C(11
C(1B1)-P(1)-C(11)
Ir(1)-P(2)-C(2B1)
Ir(1)-P(2)-C(22)
C(2B1)-P(2)-C(22)
Ir(1)-P(3)-C(3B1)
Ir(1)-P(3)-C(33)
C(3B1)-P(3)-C(33)
P(1)-C(1A1)-C{1A6)
C(1A1)-C(1A2)-C(1A3)
C(1A3)-C(1A4)-C(1A5)
C(1A1)-C(1A6)-C(1A5)
P(1)-C(1B1)-C(1B6)
C(1B1)-C(1B2)-C(1B3)
C(1B3)-C(1B4)-C(1B5)
C(1B1)-C(1B6)-C(1B5)
P(2)-C(2A1)-C(2A6)
C(2A1)-C(2A2)-C(2A3)
C(2A3)-C(2A4)-C(2A5)
C(2A1)-C(2A6)-C(2A5)
P(2) C(2B1)-C(2B6)
251) -C(2B2)-C(2B3)
C(2B3)-C(2B4)-C(2B5)
C(2B1)-C(2B6)-C(28B5)
P(3)-C(3A1)-C(3A6)
C(3A1)-C(3A2)-C(3A3)
C(3A3)-C(3A4)-C(3A5)
C(3A1)-C(3A6)-C(3A5)
P(3)-C(3B1)-C(3B6)
C(3B1)-C(3B2)-C(3B3)
C(3B3)-C(3B4)-C(3B5
C(3B1)-C(3B6)-C(3B5
P(2)-C(22)-C(44)
C(11)-C(44)-C(22)
C(22)-C(44)-C(33)
C(22)-C(44)-C(55)
Ir(1)-C(1)-C(2)

90.3(1)
87.4(1)
84.7(2)
89.6(2)
156.0(3)
123.0(2)
86.2(3)
76.0(4)
107.8(2)
78.7(4)

P(1)-Ir(1)-P(3) 86.7(1)
P(1)-Ir(1)-C(1) 106.3(3
P(3)-Ir(1)-C(1) 164.8(3
P(2)-Ir(1)-C(2) 116.3(3)
C(1)-Ir(1)-C(2) 35.5(4)
P(2)-Ir(1)-C(5) 145.5(2)
C(1)-Ir(1)-C(5) 92.9(4)
P(1)-Ir(1)-C(6) 161.7(3)
P(3)-Ir(1)-C(6) 91.4(3)
C(2)-Ir(1)-C(6) 84.8(3)
Ir(1)-P(1)-C(1A1)  119.6(3)
C(1A1)-P(1)-C(1B1)  97.6(4)
C(1A1)-P(1)-C(11)  103.7(4)
Ir(1)-P(2)-C(2A1)  122.4(3
C(2A1)-P(2)-C(2B1) 100.7(5
C(2A1)-P(2)-C(22)  101.0(5)
Ir(1)-P(3)-C(3A1)  118.9(3)

C(3A1)-P(3)-C(3B1)  99.6(5)

C(3A1)-P(3)-C(33)  104.9(4)

P(1)-C(1A1)- C(1A2) 124.9(7)

C(1A2)-C(1A1)-C(1A6)117.3(10)
C(1A2)-C(1A3)-C(1A4)118.6(11)
C(1A4)-C(1A5)-C(1A6)121.1(10)
P(1)-C(1B1)-C(1B2) 122.2(6)

C(1B2)-C(1B1)-C(1B6) 118.0(8)
C(1B2)-C(1B3)-C(1B4)119.8(10)
C(1B4)-C(1B5)-C(1B6) 120.4(8)
P(2)-C(2A1)-C(2A2) 122.1(9)

C(2A2; 022A1) C(2A6)116.8(11)
C(2A2)-C(2A3)-C(2A4)119.2(12)
C(2A4)-C(2A5)-C(2A6)120.3(13)
P(2)-C(2B1)-C(2B2) 123.6(7)

C(2B2)-C(2B1)-C(2B6) 118.7(8)
C(2B2)-C(2B3)-C(2B4) 119.5(8)
C(2B4)-C(2B5)-C(2B6) 118.6(9)
P(3)-C(3A1)-C(3A2) 118.3(6)

8( A2)-C(3A1)-C(3A6) 118.6(9)
C(3A4)-C(3A5)-C(3A6)120.4(10)
P(3)-C(3B1)-C(3B2) 118.9(6)

C(3B2)-C(3B1)-C(3B6)119. 8(10)
C(3B2)- 0(383} -C(3B4)120. 3( 1)
C(3B4)-
P
P
C
C
C

(386) 12 )

2
2

2

2

g

(gAz) -C(3A3)-C(3A4)120. 451 2)
3

3

3

3B4)-C(3B5 0.9(8

1)-C(11)-C(44) 7.9(6)

(3)-C(33)-C(44) 115 9(5)

11)-C(44)-C(33)  111.4(8
(11)-C(44)-C(55)  105.8(7
(33)-C(44)-C(55)  106.6(7
Ir(1)-C(1 110.2

)
)-C(8) 2(7)
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7. Atomic coordi tes( 104) and equivalent isotropic displacement
coefficients ( X 10 for [Ir(COD)(tripod)]BF 4.

X y z U(eq)
Ir(1) 3023(1) 4247(1) 2588(1) 29(1)
P(1) 2577(1) 3310(1) 2191(1) 31(1)
P(2) 1854(1) 4599(1) 2044(1) 36(1)
P(3) 2895(1) 4351(1) 1332(1) 32(1)
C(1A1) 2107(4) 2961(3) 2651(5) 33(4)
C(1A2) 1405(5) 2853(5) 2271(6) 66(6)
C(1A3) 1061(6) 2615(5) 2655(7) 79(8)
C(1A4) 1451(6) 2490(5) 3447(8) 82(8)
C(1A5) 2165(7) 2569(5) 3838(6 74(7)
C(1A6) 2502(5) 2804(4) 3453(5 56(5)
C(1B1) 3158(5) 2713(4) 2281(5) 36(5)
C(1B2) 2947(5) 2291(4) 1708(6) 50(5)
C(1B3) 3385(6) 1836(4) 1802(7) 65(7)
C(1B4) 4023(6) 1786(4) 2485(7) 62(7)
C(1B5) 4238(5) 2192(4) 3071(6) 54(6)
C§1 B6) 3811(5) 2655(3) 2972(5) 40(5)
C(2A1 1412(5) 4666(4) 2638(5) 43(5)
C(2A2 1251(5) 5190(5) 2837(6) 57(6)
C(2A3) 937(6) 5235(5) 3314(6) 69(7)
C(2A4) 777(6) 4755(6) 3583(6) 66(6)
C(2A5) 932(6) 4241(6) 3409(6) 73(7)
C(2A6) 1265(5) 4193(5) 2957(6) 65(6)
C(2B1) 1705(5) 5311(4) 1601(5) 40(5)
C(2B2) 1106(5) 5461(4) 892(6) 50(5)
C(2B3) 1029(6) 6012(5) 590(6) 62(6)
C(2B4) 1539(6) 6405(5) 1009(7) 62(7)
C(2B5) 2138(6) 6270(4) 1724(6) 57(6)
C(2B6) 2213(5) 5718(4) 2011(6) 51(5)
C(3A1) 3186(5) 5015(4) 1085(5 35(5)
C(3A2) 3892(5) 5076(4) 1323(5 47(5)
C(3A3) 4143(6) 5588(5) 1174(7) 63(7
C(3A4) 3697(8) 6016(5) 796(7) 73(8
C(3A5) 2977(7) 5951 (4) 535(7) 72(8)
C(3A6 2730(6 5460(4) 686(6) 51(6)
C(3B1 3363(5 3840(3) 1041(5) 33(4)
C(3B2 3213(5) 3829(4) 242(5) 48(5
C(3B3 3564(5 3438(4) 14(6) 49&5
C(3B4 4042(5 3065(4) 562(7 53(6
C(3B5 4200(5) 3089(4) 1348(6 50(6
C(3B6) 3874(5) 3482(4) 1595(5 37(5)
C(11 1925(4) 3301(3) 1109(4 35(4)
C(22 1228(4) 4142(4) 1227(5) 40(4)
C(33) 1966(4 4264(4) 537(4) 35(4)
C(44) 1518(4 3854(4) 725(5) 36(4
C(55) 881(5) 3678(4) -86(5) 50(5
C(1) 3088(5) 4395(4) 3778(5) 44(5)
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C(2) 3569(5) 3968(4) 3898(5 42(5)
C(3) 4372(5) 4040(4) 4363(5 49(5
C(4) 4666(5) 4169(4) 3804(5) 49(5
C(5) 4134(4 4469(4) 3049(5) 38(4)
C§6) 3738(5 4962(4) 3035(5) 41(5)
C(7) 3831(5) 5236(4) 3805(5) 58(5)
C(8) 3306(5) 5000(4) 4047(5) 56(5)
B(1) 311(8) 2479(6) 4530(8) 66(7)
F(1) -58(7) 2493(5) 4864(8)  236(13)
F(2) 76(5) 2057(3) 3976(5)  149(6
F(3) 975(4) 2330(3) 5024(4)  130(5
F(4) 262(4) 2978(3) 4174(4)  106(4)

*Equivalent isotropic U defined as one third of the trace of the orthogonalized Ujj
tensor
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ipod)]BF 4.
D)(tripo
3) for [Ir(CO
2x103)
icients (A
t coefficien
ic displacemen
isotropic disp
8. Aniso

U23
Uiz
Ui2 o
e 16(1) 1)
Uoo 0(1) Y 10
U11 27(1) -3(1) WY B
30(1) 31(1) 3(1) ) il
31(1) 30(1) 38(1) -4(1) il i
Ir(1) 33(1) 38(1) 33(1) -2(4) 21(6) 29(8)
P(1) 35(1) 31(1) 28(5) PET 21t 2
P(2) 35(1) 36(5) 52(7) -6(7) 70(9) 19(6)
P(3) 34(6) 95(9) 89(10) & 706 H
C(1A1) 46(7) 97(10) 102(10) e 526 -
C(1A2) 75(9) 112(11) 54(7) -4(6) 32(5) -5(5)
C(1A3) 69(9) 69(8) Se) P o E
C(1A4) 121(11) 58(7) £t o8 s s
C(1A5) 66(7) 37(6) 58(7) -2(6) 52(8) 12(6)
C(1A6) 38(6) 43(6) 88(9) 2 22 b
C(1B1) 53(7) 40(7) 106(10) 29 0 -
Glios o4 31(6) 84(8) -1(5) 23(5) -8(6)
clies Ste) 47(7) 49(6) 3(5) 38(6) -11(7)
C(1B4) 34(6) 29(5) Pt 3 o 2(7;
C(1B5) 37(6) 53(7) A i = i
C(1B6) 46(6) 63(8) 75(8) i b £
< sat) 23(0) 58(7) -3(8) 50(7) 4(5)
< 746 7o) 77(8) 11(7) 30(5) 19(5)
Gos 5209 78(9) 68(7) 11(5) 21(6) 15(6)
C(2A4) 92(9) 74(9) 44(6) 12(5) 25(6{ 1o
o sa 540 48(6) 24(6) 54(8 0(6)
Gon 3600 54(7) 60(7) 18(7) 36(7) -8(6
Goos et 61(7) 77(8) 3(6) 29(5) -6(5
Gl 84(9 42(7) 67(8) 4(6) 31(5) 0(5)
Gleod 8o(7) 46(7) 60(6) -8(5) 37(6) -19(6
C 284; 62(7) 36(6) 39(5) 1o o7 &
o i A 40(6) -35(7) 89(10) 14(6)
GloRT 55(8) 47(6) 78(9) -26(8) 86(9) 15(5)
C(3A1) 68(8) 62(8) oo 2 . i
C(3A2) 70(8) 35(7) 102(9) 43 sl 2
Glond 128011 28(6) 65(7) -6(5) 23(5) -23(6)
C(3A4) 125(11) 35(6) Sats! k- = i
Glone i 34(5) 44(6) -14(5) 49(7) 2(5)
Go 3006 48(7) 64(7) -5(5 40(6) 5(5
Gloe 240 47(7) 84(8) 5(5 24(5) 3(4
Gl 237 39(6) 64(7) -10(5) 15(4 3(5)
o e 30(0) 43(6) -6(4) 20(5 5(5)
C(3B4) 57(7) 38(6) i 4 L i
i s To0) 39(5) -6(5) 11(4) 1(5)
C(3B6 43(6 49(7) 33(5) -4(5) ot i
C(11 36(5) 42(5) 25(5) -3(5) 193 o
c: 559 o) 27(5) -10(6) 21(5) 3(5)
Gl 2000, 62(7) 18(5) -1(5) 9(5)
C 44§ 49(6; 72(8) 180 e
C(55 41(6 ha6) 2505
S
&G 46(6)
C(3)
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C(4) 35(5) 65(8) 45(6) -2(5) 17(5) -10(5)
C(5) 28(5 50(6) 41(6)  -10(5) 20(5) -5(4
cge) 45(6 41(6) 33(5)  -13(5) 16(5) -4(4
C(7) 67(7) 50(7) 37(6)  -10(6) 10(5) -22(5)
C(8) 60(7) 66(8) 35(6)  13(6) 18(6) -9(5)
B(1) 65(10)  68(10)  44(8) 8(8) 11(8) 13(8)
F(1) 353(16) 180(11) 389(18) 75(10)  346(16) 89(11)
F(2) 153(8) 90(6)  113(7)  14(5) -3(6) -40(5)
F(3) 109(6) 99(6) 96(6)  26(5) -13(5) -5(5)
F(4) 105(6) 88(5) 81(5)  -12(5) 11(4) 18(4)

The argsogopic displacement exponent takes the form:
a*2Uqq + ... + 2hka*b*U19)
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