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anions owing to the slightly basic nature of concentrated sulfate
solutions, which leads to partial degradation of the polyanions,
forming greater proportions of fragments of the complexes as
dilution increases. Preyssler’s data therefore really indicate
that the complex is more highly polymeric than a trimer.

The '3¥W NMR spectrum of Preyssler’s 6-tungstophosphate
is simple, containing just four well-resolved narrow doublets

Notes

with area ratios of 1:1:2:2 (Figure 5). The 3P NMR spectrum
contains a single resonance indicating that the various P atoms
are structurally identical. These results cannot be reconciled
with the currently accepted formulation for this anion.!°
Various more highly polymeric structures can be devised that
satisfy all the present data, so an X-ray crystal structure
determination will probably be required.
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During our continuing investigation of the chemistry of the
known alkene hydrogenation and isomerization catalyst clo-
50-3,3-(PPh;),-3-H-3,1,2-RhC,BH,;! (1a), the iridium con-
gerner and its derivatives, closo-3,3-(PPh,),-3-H-1-(R)-
3,1,2-IrC;B¢H,, R = H (IIa),! R = C¢H; (IIb),2 R = CH,
(IIc)* and R = 1’-(closo-1",2"-C,B oH;;) (11d),? were prepared
and notable differences between the reactivity of the Rh and
Ir systems were observed. Syntheses of IIb-d, the exo-nido
complexes derived from these compounds, and the dimeric
complex derived from Ila will be reported in a future paper.
Although thermally induced migration of carbon atoms over
the surfaces of polyhedral cobaltacarboranes is a well-estab-
lished phenomenon,® similar isomerization reactions are not
so well-known for other metallacarboranes. The formation
of 2,1,8 isomers of icosahedral metallacarboranes have been
observed previously® only during high-temperature vapor-phase
thermal isomerization of (#-CsH;)Co(C,ByH;,) isomers. The
2,1,8 isomer of this system was observed as the dominant
kinetic product (74%) arising from the 3,1,2 isomer during
such reactions at temperatures near 500 °C; however, three
other isomers were also detected in the reaction mixture. Here
we report the ready polytopal rearrangement of IIb and Ilc
under mild thermolytic conditions in toluene solvent at the
reflux temperature. In each of these examples the carbon atom
bearing the substituent migrated in such a fashion as to pro-
duce the isomeric closo-2,2-(PPh,),-2-H-8-(C¢Hj)-2,1,8-
1rC,ByH,, (IIIb) and closo-2,2-(PPh;);-2-H-8-(CH;)-2,1,8-
IrC,B;H 4 (ITIc) species in 84% (30 h) and 33% (9 days) yields
(heating time), respectively. None of the other possible isomers
were produced in detectable quantities under the experimental
conditions described. The rearranged species IIId was pre-
pared by heating [(COD)Ir(PPh,),]*[rido-7-(1’-closo-1",2'-
C,B0H11)-7,8-C,BgH,;]™ in the presence of cyclohexane at

(1) (a) Paxson, T. E.; Hawthorne, M. F. J. Am. Chem. Soc. 1974, 96, 4674.
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Figure 1. Molecular structure of closo-2,2-(PPh3)2-2-H-8-(C6H5)-
2, 1 ,8‘11’C2B9H10‘1 /2CH2C12.

the reflux temperature (41%). The unsubstituted ITa was not
observed to rearrange after 5 days at reflux in toluene. The
order of relative ease of rearrangement is apparently I1Id >
IIb > Ilc, in agreement with the idea that relief of steric strain
provides some driving force for rearrangement by moving the
bulky carbon substituent to the second belt (vertex 8) of the
icosahedron, thus relieving interaction with the metal vertex
and its triphenylphosphine ligands.

Below we describe the X-ray analysis of IIIb, upon which
the foregoing structural arguments are based.

The structure of closo-2,2-(PPh;),-2-H-8-(C¢Hs)-2,1,8-
IrC,B;H,, was determined by a single-crystal diffraction study.
The molecule is illustrated in Figure 1.* Selected interatomic
distances and angles are listed in Tables I and II. The crystal
structure closely resembles that of the Rh congener of Ia in
its conformation about the metal. The most striking feature
of the structure is the relative positions of the two carbon atoms
of the C,B, carborane ligand, which defines this complex as
a member of the 2,1,8-isomer series.* The phenyl-bearing
carbon vertex of the carborane has migrated to a position on
the lower pentagonal belt, nonadjacent to the other carbon
atom, resulting in a decrease in both electrostatic repulsions
and steric interactions among the two carbon atoms and the
Ir atom. The iridium atom, as expected, exhibits pseudooc-
tahedral coordination; the carborane ligand occupies three
coordination sites and the two PPh, ligands and the hydride
occupy the remaining sites. There is no fundamental distortion
from the usual 12-vertex closo icosahedral geometry.

Experimental Section

All manipulations were carried out in an intert atmosphere with
standard Schienk techniques. Unless otherwise specified all solvents

(4) The cage numbering system in this paper is consistent with that favored
by IUPAC for closo-carboranes. Commission on Nomenclature of
Inorganic Chemistry, Pure Appl. Chem. 1972, 30, 683.
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Table [. Selected Interatomic Distances (&)

Ir(2)-B(03) 2.164 (11)  B(04)-C(08) 1.706 (15)
Ir(2)~-B(06) 2.205 (12)  B(04)-B(09) 1.732 (18)
Ir(2)-B(07) 2.218 (11)  B(04)-B(05) 1.732 (18)
Ir(2)-B(11) 2.224 (12)  B(05)-B(09) 1.744 (19)
Ir(2)-C(01) 2.263 (9) B(05)-B(10) 1.773 (20)
Ir(2)-P(1) 2.339(3) B(05)-B(06) 1.795 (17)
11(2)-P(2) 2.344 (3) B(06)-B(10) 1.794 (17)
P(1)-C(21) 1.838 B(06)-B(11) 1.817 (18)
P(1)-C(31) 1.843 B(07)-C(08) 1.755 (14)
P(1)~C41) 1.842 B(07)-B(12) 1.776 (16)
P(2)-C(51) 1.816 B(07)-B(11) 1.805 (16)
P(2)-C(61) 1.829 C(08)-B(12) 1.714 (15)
P(2)-C(71) 1.841 C(08)-B(09) 1.714 (15)

C(01)-B(03) 1.667 (15) C(08)-C(11) 1.505
C(01)-B(04)  1.667 (16)  B(09)-B(12) 1.767 (18)
C(01)-B(05)  1.693(16)  B(09)-B(10) 1.774 (19)
C(01)-B(06)  1.771 (14)  B(10)-B(12) 1.748 (18)
B(03)-C(08) 1.750 (14)  B(10)-B(11) 1.780 (19)
B(03)-B(04) 1.779 (17) B(11)-B(12) 1.771. (A7)
B(03)-B(07) 1.861 (15)

% Estimated stendard deviations are not given for distances
involving atoms in rigid groups.

were purified by standard procedures and distilled under argon before
use. Baker-analyzed silica gel (60-200 mesh) was used for column
chromatography with reagent grade hexane and dichloromethane
solvents. Infrared spectra were recorded as Nujol mineral oil mulls
on a Perkin-Elmer 521 dual grating spectrometer in the region
4000-575 cm™. 3'P and 'H NMR spectra were obtained on a Bruker
WP200 FT spectrometer. ''B NMR spectra were recorded on a
spectrometer built by Professor F. Anet of the Department of
Chemistry, University of California, Los Angeles, CA.

Elemental analyses were by Schwarzkopf Microanalytical Labo-
ratories, Woodside, NY. All melting points were determined on a
Laboratory Devices Mel-Temp in open capillaries and are uncorrected.

Preparation of closo-2,2-(PPh;),-2-H-8-(C¢Hs)-2,1,8-IrC,B;H,
(IIb). A 100-mL three-neck flask was fitted with a reflux condenser
and a gas inlet which in turn was connected to a vacuum/nitrogen
manifold. The flask was stoppered, and the entire system was vacuum
purged with nitrogen three times. To the flask was added 0.69 g (0.74
mmol) of IIb along with 35 mL of benzene and a magnetic stir bar.
The solution was heated to reflux, and nitrogen gas was continually
bubbled through the solution. After approximately 20 h of reflux,
an additional 20 mL of toluene was added to the slurry of white solid
and yellow solution. The slurry was refluxed an additional 10 h and
cooled to room temperature, and 0.58 g (0.62 mmole) of I1Ib (84%
yield) was collected. The complex was purified by column chroma-
tography on silica gel and eluted with a 1:2 dichloromethane/hexane
solvent mixture. The clear solution was reduced in volume on a rotary
evaporator and yielded white microcrystals of IIIb.

Anal. Caled for C,4yHygBoP,Ir: C, 57.07; H, 4.96; B, 10.51; P,
6.69; Ir, 20.75. Found: C, 56.90: H, 5.17; B, 10.24; P, 6.51; Ir, 20.95.

Infrared spectrum: 3060 (m), 2600 (s, sh) 2580 (vs), 2550 (vs),
2530 (s, sh), 2190 (m), 1490 (m, sh), 1480 (s), 1430 (s), 1180 (m),
1150 (m), 1085 (s), 1050 (m), 1010 (m), 990 (w), 925 (vw), 870 (vw),
815 (vw), 780 (w, sh), 760 (m), 740 (s, sh), 730 (s), 685 (vs) em™1,
NMR spectra (5): 'H (CDCl, room temperature) ~10.6 (t, 2Jp_y
= 26.6 Hz, terminal Ir-H), 0.0-3.0 (terminal B-H), 7.2, (m, phenyl);
1B (127.048 MHz, reference BF;-Et,0, CH,Cl,, room temperature)
-0.1, 6.3, 9.4, 20.5; 3P{'H} (10% CDg in THF, —60 °C) 27.5 (d, %/pp
= 19.5 Hz), 25.9 (d, *Jp_p = 20.7 Hz).

Preparation of closo-2,2-(PPh;),-2-H-8-(CH,)-2,1,8-IrC,B;H,,
(Ill¢). The complex Ilc (0.31 g, 0.36 mmol) in 40 mL of toluene
was treated in the same manner as described for IIb for 9 days at
reflux. After 2 additional days at room temperature, white micro-
crystals formed and were collected, yielding 0.067 g of IIlc. The filtrate
was chromatographed, with 1:2 dichloromethane/hexane elution. The
clear second band gave an additional 0.035 g (total 0.102 g, 0.118
mmol, 33% yield) of product.

Anal. Caled for C3yHyyBgP,Ir: C, 54.22; H, 5.09; B, 11.26; P,
7.17; Ir, 22.25. Found: C, 53.68; H, 5.18; B, 10.30; P, 7.06; Ir, 21.76.

Infrared spectrum: 3060 (m), 2620 (w), 2560 (vs, br), 2190 (w),
1480 (s), 1430 (s), 1310 (w), 1180 (m), 1150 (m), 1085 (s), 1023
(m), 1005 (m), 995 (m), 980 (m), 930 (vw), 910 (vw), 885 (vw), 760
(m), 750 (s), 735 (s), 690 (vs) cm™'. NMR spectra (3): 'H (CDCl,,
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—60 °C) -10.5 (t, ZJpy = 25.5 Hz, terminal Ir-H), 0.0-3.0 (terminal
B-H), 1.2 (s, methyl), 7.2 (m, phenyl); !'B (127.048 MHz, reference
BF;Et,0, CH,Cl,, room temperature) -1.8, 7.8, 9.9, 20.7; 3P{'H}
(reference D,PO,, CDCl;, room temperature) 12.9 (s).

Preparation of closo-2,2-(PPh,),-1-H-8-(1’-closo-1’,2'-
C,B,H,,)-2,1,8-IrC,B;H,, (IIId). The salt [CODIr(PPh;y),]*-
[nido-7-(1"-closo-1’,2-C,B;H;)-7,8-C,BgH ;1™ (0.30 g, 0.46 mmol)
in 35 mL of cyclohexane was heated to reflux. After 24 h the slurry
became a clear red solution. After 48 h a white solid was formed.
Heating was continued for an additional 4 days. The slurry was cooled
to room temperature, and the white solid was filtered. The product
ITId (0.19 g, 41%) was collected.

Anal. Calcd for CyoH,4,B,oP,Ir: C, 48.43; H, 5.24; B, 20.70; P,
6.24; Ir, 19.37. Found: C, 48.43; H, 5.61; B, 20.14; P, 5.61; Ir, 20.00.

Infrared spectrum: 3060 (m), 2580 (vs, br), 2250 (w), 1480 (m,
sh), 1475 (s, sh), 1430 (s), 1180 (m), 1150 (w), 1085 (s), 1065 (w),
1040 (w), 1020 (m), 1005 (m), 995 (m), 930 (vw), 845 (vw), 780
(w), 750 (s), 740 (s), 685 (vs) cm™. NMR spectra (8): 'H (CDCl,,
room temperature) —10.7, (t, 2/p_y = 25.6 Hz, terminal Ir-H), 0.0-3.0
(terminal B-H), 7.2 (m, phenyl); !'B (111.9 MHz, reference BF;-Et,0,
CH,Cl,, room temperature), 0.2, 4.5, 5.1, 11.7, 14.4, 21.4; 3'P{'H}
(reference D,PO,, CDCl,, room temperature) 12.0 (d, 2/p_p = 21.9
Hz), 10.7 (d, 2Jp_p = 20.8 Hz).

Thermolysis of closo-3,3-(PPh;),-3-H-3,1,2-IrC,B,H,, (Ila). Ila
(0.13 g, 0.15 mmol) was placed in a 25-mL three-neck round-bottom
flask fitted with a water-cooled spiral condenser which was connected
to a vacuum/nitrogen manifold through a gas inlet. The entire system
was stoppered and vacuum purged with nitrogen three times. A
magnetic stir bar and 15 mL of toluene were placed in the flask and
the sample was heated to reflux. After 5 days the solution was cooled
to room temperature. Only starting material was found. Constant
monitoring by thin layer chromatography of the solution indicated
no reaction.

closo-2,2-(PPh;),-2-H-8-(C¢H;)-2,1,8-IrC,B;H, ! /,CH,Cl, was
prepared as described above and crystals were grown by vapor diffusion
by using 1:1 chloroform/dichloromethane and hexane. A single crystal
was mounted on a glass fiber. The automatic centering, autoindexing,
and least-squaress routines of a Syntex P2, diffractometer were used
to determine the unit cell parameters of @ = 11.722 (4) &, b = 19.994
(MA,c=9923(4) A, a=100.17 (3)°, 8 = 107.59 (3)°, v = 86.40
(3)°, and ¥ = 2182 (1) A3, on the basis of 15 reflections. Some details
of the data collection are presented in Table ITII. A graphite crystal
was used to provide monochromatic Mo K « radiation (0.7107 A).
The crystal density was found to be 1.48 g cm™ (by flotation in
CCly/heptane), while the calculated density was 1.47 g cm™ basis
of Z=2.

Intensity data (h,%k,%/) were collected with the 8-26 scan technique
to a limit of 26 = 45°. Reflections were scanned at a variable rate
(between 2.5 and 14.65° /min) from 1° below the Mo K «, to 1° above
the Mo K a; reflection. Intensities of three standard reflections were
measured after every S0 reflections. No significant deviations were
observed.

The data were corrected for Lorentz and polarization effects. The
intensity of a reflection I(hk/) and its estimated standard deviation
rI(hkl) were calculated as described previously.> Of 5778 unique
reflections, 5025 with 1> 3o(I) were considered to be observed and
were included in subsequent calculations.

Solution and Refinement of the Structure. The coordinates of the
Ir atom were determined by solution of a three-dimensional Patterson
map and the structure was solved in space group P1 by heavy-atom
techniques. The seven phenyl groups were described as rigid Cg
hexagons with C-C = 1.391 A and C-H = 0.998 A. Positions for
all hydrogen atoms not included as members of rigid groups were
obtained from a difference map. In the final least-squares cycle 268
parameters were refined, including positional and anisotropic vibra-
tional parameters for Ir, P, C;B,, and CCl, (at half occupancy),
positional and carbon isotropic vibrational parameters for the C¢H;
groups, and positional parameters for the remaining nongroup H atoms,
with the exception of the terminal Ir~H hydride H(2). For each H
atom, B was fixed at 0.5 + B of the C or B atom to which that H
is attached. Atomic positional parameters for atoms not included
as members of rigid groups are given in Table IV. Scattering factors

(5) Delaney, M., S.; Knobler, C. B.; Hawthorne, M. F. Inorg. Chem. 1981,
20, 1341.
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Table 1. Selected Bond Angles (deg)

B(03)-Ir(2)-B(07)  50.23 (38) B(05)-B(06)-B(11) 107.01 (86)
B(03)-1r(2)-C(01)  44.17 (39) B(05)-B(06)-Ir(2) 120.02 (71)
B(03)-Ir(2)~P(1) 86.61 (32) B(11)-B(06)-Ir(2) 66.34 (54)
B(03)-1r(2)-P(2)  139.39 (29) C(08)-B(07)-B(12) 58.07 (60)
B(06)-1r(2)-B(11)  48.45 (47) C(08)-B(07)-B(11) 103.97 (81)
B(06)-1r(2)-C(01) 46.68 (38) C(08)~-B(07)-B(03) 57.82 (56)
B(06)-Ir(2)-P(1)  158.54 (31) C(08)-B(07)-Ir(2) 114.97 (64)
B(06)-1r(2)~P(2) 82.21 (32) B(12)-B(07)-B(11) 59.28 (65)
B(07)-Ir(2)-B(11)  47.95 (43) B(12)-B(07)-B(03) 104.56 (78)
B(O7)-Ir(2)-P(1)  102.23 (31) B(12)-B(07)-Ir(2) 118.40(71)
B(O7)-Ir(2)-P(2)  159.64 (30) B(11)-B(07)-B(03) 104.66 (79)
B(11)-1r(2)-P(1)  146.71 (35) B(11)-B(07)-Ix(2)  66.22 (52)
B(11)-Ir(2)-P(2)  111.74 (33) B(03)-B(07)-1r(2)  63.40 (48)
COD-Ir(2)-P(1)  113.05 (26) B(04)-C(08)-B(12) 112.01 (82)
C(01)-Ir(2)-P(2) 99.24 (27) B(04)-C(08)-B(09) 60.87 (71)
P(1)-1r(2)-P(2) 96.75 (9) B(04)-C(08)-B(03) 61.96 (64)
B(03)-C(01)-B(04) 64.51 (69) B(04)-C(08)-B(07) 115.67 (77)
B(03)-C(01)-B(05) 114.35 (85) B(12)~C(08)~-B(09) 62.07 (73)
B(03)-C(01)-B(06) 110.64 (77) B(12)-C(08)-B(03) 112.28 (75)
B(03)-C(01)-Ir(2) 64.77 (48) B(12)-C(08)-B(07) 61.57 (62)
B(04)-C(01)-B(05) 62.05 (70) B(09)-C(08)~-B(03) 111.67 (81)
B(04)-C(01)-B(06) 112.85 (82) B(09)~C(08)-B(07) 114.05 (81)
B(04)-C(01)-1r(2) 123.22 (67) B(03)-C(08)-B(07) 64.11(58)
B(05)-C(01)~-B(06) 62.36 (68) C(08)-B(09)-B(04) 59.33 (67)
B(05)-C(01)-Ir(2) 121.93 (69) C(08)-B(09)-B(05) 105.36 (89)
B(06)-C(01)-1Ir(2)  64.93 (49) C(08)-B(09)-B(12) 58.96 (63)
C(01)-B(03)-C(08) 102.54 (78) C(08)-B(09)-B(10) 104.95 (86)
C(01)-B(03)-B(04) 57.75 (64) B(04)-B(09)~-B(05) 59.77 (77)
C(01)~B(03)-B(07) 109.53 (78) B(04)-B(09)-B(12) 108.22 (86)
C(01)-B(03)-Ir(2)  71.05 (51) B(04)-B(09)-B(10) 108.23 (91)
C(08)-B(03)-B(04) 57.78 (61) B(05)~B(09)-B(12) 107.72 (92)
C(08)-B(03)-B(07) 58.06 (55) B(05)~B(09)-B(10) 60.53 (77)
C(08)-B(03)-Ir(2) 117.83 (62) B(12)-B(09)-B(10) 59.17 (74)
B(04)-B(03)~-B(07) 107.17 (78) B(12)-B(10)~B(05) 107.27 (90)
B(04)-B(03)-Ir(2) 122.89 (73) B(12)-B(10)-B(09) 60.23 (72)
B(07)-B(03)-Ir(2)  66.37 (48) B(12)-B(10)-B(11) 60.26 (71)
C(01)-B(04)-C(08) 104.48 (79) B(12)-B(10)~-B(06) 108.17 (87)
C(01)-B(04)-B(09) 107.75 (87) B(05)-B(10)-B(09) 58.91 (77)
C(01)-B(04)-B(05) 59.72(70) B(05)-B(10)-B(11) 109.63 (89)
C(01)-B(04)-B(03) 57.75 (63) B(05)-B(10)-B(06) 60.40 (70)
C(08)~-B(04)-B(09) 59.80 (65) B(09)~B(10)-B(11) 109.30 (88)
C(08)-B(04)-B(05) 106.26 (85) B(09)-B(10)~B(06) 107.80 (91)
C(08)-B(04)-B(03) 60.25 (60) B(11)-B(10)-B(06) 61.13 (70)
B(09)-B(04)-B(05) 60.47 (75) B(12)-B(11)-B(10) 58.99 (70)
B(09)-B(04)-B(03) 109.43 (84) B(12)-B(11)-B(07) 59.53 (65)
B(05)-B(04)-B(03) 107.06 (87) B(12)-B(11)-B(06) 106.16 (88)
C(01)-B(05)-B(04) 58.23 (69) B(12)-B(11)-1r(2) 118.27 (71)
C(01)-B(05)-B(09) 106.00 (88) B(10)-B(11)-B(07) 107.53 (87)
C(01)-B(05)-B(10) 107.54 (89) B(10)-B(11)-B(06) 59.83(70)
C(01)~-B(05)-B(06) 60.93 (64) B(10)-B(11)-Ir(2) 118.86 (78)
B(04)-B(05)-B(09) 59.76 (74) B(07)-B(11)-B(06) 107.64 (79)
B(04)-B(05)-B(10) 108.25 (92) B(07)-B(11)-1r(2)  65.83 (52)
B(04)-B(05)~B(06) 108.63 (89) B(06)-B(11)-Ir(2)  65.21 (53)
B(09)-B(05)-B(10) 60.56 (78) C(08)~B(12)-B(10) 106.07 (87)
B(09)~-B(05)-B(06) 109.08 (95) C(08)-B(12)~B(09) 58.97 (64)
B(10)-B(05)-B(06) 60.37 (71) C(08)-B(12)~-B(11) 107.19 (80)
C(01)-B(06)-B(10) 103.36 (82) C(08)-B(12)-B(07) 60.36 (60)
C(01)-B(06)-B(05) 56.71 (64) B(10)-~B(12)-B(09) 60.60 (76)
C(01)-B(06)-B(11) 106.92 (79) B(10)-B(12)-B(11) 60.75 (74)
C(01)-B(06)-Ir(2)  68.39 (48) B(10)-B(12)-B(07) 110.28 (85)
B(10)~B(06)-B(05) 59.23 (75) B(09)-B(12)-B(11) 110.00 (90)
B(10)-B(06)-B(11) 59.04 (71) B(09)-B(12)-B(07) 110.45 (83)
B(10)-B(06)~Ir(2) 119.19 (76) B(11)-B(12)-B(07) 61.19 (66)

and anomalous dispersion terms were taken from ref 6.

The final least-squares cycle converged at R = 0.050, R,, = 0.064
(refined by full-matrix least-squares procedure and based on F, w =
1/6? (Fy), R = T |IFol = IFl/Z 1Fol R = [ZwIIFdl = IFel’/
S w|F,J?]/%; the “goodness of fit” was 2.30 as deﬁned by [Sow(|F.l
— |FP?/ (N, = N,)]'/? with N, = 5025 and N, = 268). In the final
cycle of least-squares refinement no shift for a non-hydrogen nonsolvate
atom was larger than 0.1 of its corresponding estimated standard

(6) “International Tables for X-ray Crystallography”; Kynoch Press: Bir-
mingham, England, 1974; Vol. IV.

Notes

Table IIl. Data Collection and Cell Parameters

M =968.85 _ e=11.722 (4 A
space group: Pl triclinic b=19.994 () A
Z=2 ¢=9.923 4)A
dealea = 147 gem™ a=100.17(3)°
dmeasg = 148 gem ™ §=107.59 (3)°
v=86.40 (3)°

data collected: 0 < 26 < 45°

scan: 6/26

u=321cm™!

A=0.7107 (Mo K&)

no. of unique reflens: 5778

no. of data in final refinement: 5025
R: 0.050

Ry 0.064

Table IV. Position and Vibration Parameters for
closo-2,2-(PPh,),-2-H-8-(C H,)-2,1,8-1C, B, H ¢

atom X ¥y z B
Ir(2) 0.61837 (3) 0.74856 (2)  0.85143 (4) 2.3
P(1) 0.7325 (2) 0.6631 (1) 0.9655 (2) 2.1
P(2) 0.7344 (2) 0.8403 (1) 0.9975 (3) 2.9
C(01) 0.4468 (8) 0.7730 (5) 0.9108 (11) 2.9
B(03) 0.4626 (10) 0.6924 (6) 0.8389 (11) 2.7
B(04) 0.3197 (11) 0.7311 (6) 0.8260 (13) 3.3
B(05) 0.3316 (12) 0.8151 (M 0.8103 (15) 3.9
B(06) 0.4810 (11) 0.8290 (6) 0.8088 (13) 3.0
B(07) 0.4900 (10) 0.6892 (6) 0.6627 (12) 2.6
C(08) 0.3458 (8) 0.6832 (5) 0.6780 (10) 2.7
B(09) 0.2618 (12) 0.7562 (6) 0.6600 (16) 3.9
B(10) 0.3600 (12) 0.8167 (1) 0.6452 (14) 3.9
B(11) 0.5006 (11) 0.7771 (6) 0.6474 (13) 34
B(12) 0.3651 (11) 0.7324 (6) 0.5617 (13) 3.2
C(S) 0.0418 (57) 0.9905 (24) 0.5729 (41) 17.4
CiD -0.1262 (9) 1.0032 (7) 0.4369 (13) 9.2
C1(2) -0.0085 (15) 0.8955 (9) 0.6330 (15) 15.9
H(01) 0.464 (12) 0.792.(1) 1.012 (15) 4
H(03) 0473 (12) 0.646 (7) 0.891 (13) 4
H(04) 0.280 (8) 0.710 (4) 0.886 (9) 4
H(05) 0.284 (12) 0.855 (7) 0.867 (14) 4
H(06) 0.500 (11) 0.880(7) 0.861 (14) 4
H(07) 0.503(11) 0.642 (7) 0.609 (14) 4
H(09) 0.174 (12) 0.744 (7) 0.601 (14) 4
H(10) 0.330(12) 0.854 (7) 0.600 (14) 4
H(11) 0.554 (12) 0.793 (7) 0.587 (14) 4
H(12B) 0.332(12) 0.714 (7) 0.454 (14) 4
H(02) 0.750 0.746 0.765 4

@ Units of isotropic B are A*. Units of each esd., in parentheses,
are those of the least significant digit of the corresponding
parameter. l‘or non-hydrogen atoms B is equivalent isotropic B
for an atom refined anisotropically. H(02) was not included in
the least-squares refinement. Isotropic thermal parameters for
hydrogen atoms were not refined. Other atoms in the molecule
were treated as members of rigid groups and are listed separately.

deviation. All calculations were performed on a UCLA Department
DEC VAX 11/780 using the UCLA Crystallographic Package (locally
edited versions of CARESS, PROFILE, ORFLS, ORFFE, and ORTEP).
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