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The structure of iodomethylnitrosylbis(triphenylphosphine)iridium; IrI(CH;)(NO)(P(CsHs)s), has been determined from

three-dimensional X-ray data collected by counter methods.
monoclinic system with four molecules in a unit cell of dimensions ¢ = 16.011 (11) A b =

3 = 105.2 (2)°.

The compound crystallizes in the space group Cus-I2/a of the
9.817 (9) A, ¢ = 22.445 (16) A,

The observed and calculated densities are 1.74 (£0.02) and 1.73 g/cm,® respectively. Least-squares refine-

ment of the structure has led to a final value of the coriventional R factor (on F) of 0.083 for the 1304 independent reflections
having F?2 > 3a(F2) There is a crystallographic twofold axis imposed on the molecule. The immediate coordination
around the iridium is approximately square pyramidal with the mtrogen atom of the nitrosyl group occupying the apical
position and the other ligands lying iri the basal plane. The twofold axis leads to a disorder of the mutually trans iodo and
methyl ligands and also to a disorder of the nitrosyl group. Despite this disorder an iridium-nitrogen—oxygen bond angle of
120 (2)° may be derived from the data. Therefore this complex provides another example of the nitrosyl ligand coordinated
as NO~ to a transition metal. Important bond lengths in the molecule are as follows: Ir-N, 1.91 (2) A; Ir-P, 2.348 3)
A; 1r-1,2726 (2) A; Ir-C, 2.05 (4) A; N-0, 1.23 (2) A. This compound provides the first example of a five-coordinate
complex in which a methyl group is trans to another ligand. The iridiutn—iodine bond length is approximately 0.06 A longer

than that found in related complexes, which is indicative of the trans bond weakening effect of the methyl group.

Introduction

The structures of the square-pyramidal complexes
[IrX(NO)(CO) (P(CeHs)s): ] [BF:] (X = Cl2 or I8) and
IrCl,(NO) (P(CsHs)s)2* have been determined and have
provided examples of the nitrosyl ligand coordinated
formally as NO—. This type of geometry is character-
ized by an Ir-N-O bond angle of approximately 120°,
which contrasts with the approximately 180° bond
angle found for complexes where the ligand is coordi-
rated formally as NO+?® We have determined the
structure of IrI(CH;) (NO) (P(CsHs)s)2, which is closely
related to the compounds mentioned above, in order to
evaluate the effect of the strong electron-releasing
methyl group on the metal-hitrosyl geometry and on
the coordination around the iridium atom. This com-
pound was prepared by Reed and Roper® from the
oxidative addition reaction of methyl iodide with the
tetrahedral iridium(—I) complex Ir(NO)(P(CsHs)s)s.
It was noted by these authors® that the iodo ligand in
IrI(CH;) (NO)(P(CsHs)s); is very labile and they as-
cribed this to the strong trans effect of the methyl
group. We were interested to see if this lability was
a result of a long Ir-I bond resulting from the trans
bond weakening effect of the methyl group. This is
particularly pertinent because although there is evi-
dence for bond lengthening of the trans bond by alkyl
and aryl groups in octahedral complexes,® there is no
structural evidence for the effect in five-coordinate com-
plexes.

Collection and Reduction of Intensity Data

Brown, well-formed crystals of IrI{(CH;)(NO)-
(P(C4Hs)s): were kindly supplied by Dr. Roper. On
the basis of Weissetiberg and precession photography
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using Cu Ka radiation we established that the crystals
belong to the monoclinic system. The extinctions ob-
served, s + 2+ [ = 2n + 1for hkland b = 2n + 1 for
#0l, suggest the space groups Cox>-I2/a or Cié-Ia. On
the basis of optical goniometry, the eight crystal faces
were identified as belonging to the forms {110}, {100},
and {001}. The lattice constarts at 23°, which were
determined from a least-squares refinement of the set-
ting angles of 12 strong reflections which had been
centered on a Picker four-circle automatic diffractom-
eter® using Mo Ka; radiation (A 0.70930 A), are o =
16.011 (11), b = 9.817 (9) ¢ = 22.445 (16) A, 8 = 105.2
(2)°. The density calculated for four formula weights
per uhit cell is 1.73 g/cm?, which agrees well with that
of 1.74 (£0.02) g/cm? measured by the gradient tube
method. With four formula weights per unit cell
either a twofold axis or a center of symtnetry is imposed
on the molecule in the space group I2/e but no sym-
metry is imposed in the noncentric space group Ia.

The mosaicity of the crystal was measured by means
of the narrow-source, open-counter, w-scan technique.
The width at half-height for a typical strong reflection
was found to be approximately 0.18°, which is accept-
able.’® The intensity data were collected as previously
described® using a crystal of approximate dimensions
0.2 X 0.1 X 0.05 mm. The crystal was mounted on
the diffractometer with the [212] reciprocal lattice
vector roughly coincident with the spindle axis.

For data collection Mo Ko radiation was used and
the diffracted beams were filtered through 3.0 mils of
niobium foil. The intensities were measured by the
6-20 technique at a takeoff angle of 1.5°. At this angle
the intensity of 4 reflection was about 809, of the maxi-
mum value as a function of takeoff angle. A receiving
counter aperture 4 X 4 mm was used and was posi-
tioned 30 ecm from the crystal. A nonsymmetric scan
range from —0.65 to +0.85° from the Ka; peak was
used. Stationary-counter, stationary-crystal back-
ground counts of 10 sec were measured at each end of
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the scan. Attenuators were inserted automatically if
the intensity of the diffracted beam exceeded about
7000 counts/sec during the scan; the attenuators used
were Cu foils, whose thickness had been chosen to give
attenuator factors of approximately 2.3. . Theé pulse
height analyzer was set for approximately a 909, win-
dow, centered on the Mo Ka peak.

The hkl and hEl members of the form {kkl} having’

26 < 41° were gathered; the intensities of a total of
3362 reflections were measured. The intensities of
three standard reflections, measured after every 100 ob-
servations, remained essentially constant throughout
the run showing only the deviations =+19,. There
were very few reflections above background at values
of 26 > 41°.

All data processing was cartied out as previously de-
scribed.? The value of p was selected as 0.04. The
values of 7 and o{I) were corrected for Lorentz and
polarization effects. Of the 3362 reflections, 303 had
intensities which were less than their standard devia-
tions. The linear absorption coefficient for this com-
pound using Mo Ke radiation is 52.2 em~!. The data
were corrected for absorption!! and the transmission
coefficients ranged from 0.814 to 0.683.

No significant variations in F? among possibly non-
equivalent k&7 and %kl reflections were observed; there-
fore the space group was assumed to be I2/¢ and the
data were averaged to give 1711 independent reflections.

Solution and Refinement

In the least-squares refinements!! the function mini-
mized was Tw('F, — |F.)? where |F,| and |F.| are the
observed and calculated structure amplitudes, respec-
tively, and where the weight w is 4F.?/0?(F.?). The
agreement factors Ry and R, are defined as Ry =
Z|Fl — |F|l/ZIF) and Ry = (Qw(F.| — |F))¥/Zw-
F.2),  The scattering factors used for P, N, C, and O
were taken from the usual tabulation,!? and those for
Ir and I were calculated by Cromer and Waber.!* The
hydrogen scattering factors were those of Stewart,
et al.'* The effects of anomalous dispersion were taken
into account in the structure factor calculations.’> The
values of Af’ and Af’/ for Ir, P, and I were those given
by Cromer,1

The structure of the compound IrCl,{(NO) (P(CsHj)s)e,
which crystallizes in the same space group and has cell
constants almost identical with those of IrI(CHj)-
(NO)(P(C¢Hs)s)2, had been solved previously.¢ The
coordinates of the atoms are also very similar for the two
compounds. The procedure for solving the structure
of IrI(CHs) (NO) (P(CeHs)s)s is so similar to that previ-
ously described for IrCl,(NO) (P(CsHs)s)2 that only the
differences will be emphasized here. The iridium and
iodine atoms were located from a three-dimensional
Patterson function and the remaining nonhydrogen
atoms were located from subsequent difference Fourier
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syntheses. The assumption of the space group I2/a
requires that the molecule possess C; symmetry and
that the iodine, methyl carbon, and oxygen atoms be
disordered. Although the methyl group and iodine
atom are disordered, the difference Fourier synthesis
indicated that the carbon and iodine atoms were suffi-
ciently resolved to permit individual refinement in the
least-squares program. The phenyl ring carben atoms
were refined as rigid groups of Dg symmetry with
d(C-H) = 1.390 A, as previously described.'’® The
agreement factors with all nonhydrogen atoms included
with isotropic thermal parameters were Ry = 0.048 and
Ry = 0.058 for the 1304 reflections which had F? >
30(F?). Addition of wvariable anisotropic thermal
parameters for the nongroup atoms and individual iso-
tropic thermal parameters for the group atoms led to
the agreement factors R, = 0.041 and R, = 0.051 after
one cycle of least-squares refinement. A difference
Fourier synthesis at this point revealed the positions
of the phenyl and methyl hydrogen atoms. These
positions were idealized (d(C-H) = 1.08 A, ZHCH =
109.5° for methyl). The fixed contributions of these
hydrogen atoms to F. were included in subsequent
cycles of refinement (B = 4.0 A?). The refinement
converged to give the final agreement factors R; =
0.03260 and R, = 0.03882. (These agreement factors
are given to more than the usual number of figures to
facilitate comparison of various models.) The location
of the hydrogen atoms supports the assumption of the
space group I2/a.

Examination of the thermal ellipsoids and N-O bond
length (1.04 (2) A) suggested at this point that the ni-
trogen atom of the nitrosyl group might also be dis-
ordered about the twofold axis in a manner similar to
that observed for IrCl(NO)(P(CeHs)s)2.* This dis-
order was treated as previously described by considering
the nitrosyl group as a diatomic group with two orien-
tation angles, three positional parameters, and a vari-
able N-O distance. The nitrogen atom was assigned
an isotropic thermal parameter and the oxygen was re-
fined anisotropically. This refinement converged to
give the agreement factors By = 0.03261 and R, =
0.03882, an N-O bond length of 1.23 (2) A, and an
Ir-N-O bond angle of 120 (2)°.

A final difference Fourier synthesis over the asym-
metric unit showed no peaks of height greater than
0.84 (6) e=/A3, which is approximately 159, the height
of an average carbon atom peak in earlier difference syn-
theses.

Inspection of the data showed that no correction for
secondary extinction was necessary, and a comparison
of Zw(|F,| — |F.)? as a function of |F.|, Miller indices,
and the scattering angle showed only a slight depen-
dence on |F,| and scattering angle. Thus the relative
weighting scheme is a reasonable one. The error of an
observation of unit weight is 1.08 electrons. Of the
407 reflections omitted from the refinement for which
Fo2 < 30(F.)? none had |F.,2 — F.% > 30(F.?).

The final least-squares parameters are given in Table
I along with the standard deviations of these parameters
as derived from the inverse matrix. The positional
parameters of the ring carbon atoms and the nitrosyl
group which may be derived from the data in Table I
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Figure 1.—A stereoscopic view of the molecule IrT(CH;)}(NO)(P(CeHs)s )o. Hydrogen atoms on the phenyl groups have been omitted for
the sake of clarity. Also the disorder in the molecule as a result of the crystaliographically imposed twofold axis is not illustrated.
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TABLE 1

POSITIONAL, THERMAL, AND GROUP PARAMETERS FOR IrI(CH,)(NO)(P(CeHs)s):

kY z Bu®
22068 (7)? 0 0.00310 (3)
1616 (3) —0.0600 (1) 0.0043(1)
1981 (3) 0.0937 (1) 0.0032 (1)
1594 (50) 0.0458 (18) 0.0064 (29)
Yo %o [}
4523 (13) 0.0088 (8) 0.814 (23)
.2033 (6) 0.0886 (2) 0.379 (5)
3696 (6) 0.2125 (3) —1.952 (5)
1197 (8) 0.1326 (3) 3,084 (7)

B2

0.00738 (9)

0.0124 (3)
0.0078 (4)

0.0304 (70)

o
—3.234 (5)
~2,843 (5)
—2.391 (5)

Bas Bz Bz B3
0.00143 (2) 0 0.00053 (2) 0
0.0020 (1) 0.0008 (1) 0.0011 (1) —0.0004 (1)
0.0018 (1) —0.0001 (2) 0.0005 (1) 0.0002 (1)
0.0012 (10) 0.0017 (36) —0.0000 (12) —0.0027 (18)
ﬂ .
—0.568 (23)
~0.313 (5)
2.049 (5)
—1.750 (7)

¢ The form of the anisotropic thermal ellipsoid is expl— (Buh? + Buk® + Bul? + 2B1hk + 28kl + 281k1)].
of the least significant figures are given in parentheses here and in subsequent tables.
The angles §, ¢, and 5 (in radians) have béen defined previously.,18

rigid-group centers,

TaBLE Ila
DERIVED PARAMETERS FOR GROUP CARBON ATOMS®
x kY z B, As
. Ring 1 ) :
RIC1 .0.4666 (4) 0.2471(7) 0.0925 (4) 3.7(2)
R1C2 0.5356 (5) 0.1567 (6) 0.1009 (4) 4.4 (3)
R1C3 0.6160 (4) 0.2029 (8) 0.0970 (4) 5.9(3)
R1C4 0.6275 (4) 0,3394 (9) 0.0847 (4) 5.5 (3)
R1C5 0.5586 (6) 0.4298 (6) 0.0763 (4) 6.1(3)
R1C6 0.4781 (5) 0.3836 (7) 0.0802 (4) 6.3 (3)
Ring 2 .
R2C1 0.3461 (5) 0.2953 (8) 0.1612 (3) 3.7 (2)
R2C2 0.2737 (4) 0.3760 (8) 0.1581 (3) 3.9(2)
R2C3 0.2673 (5) 0.4503 (8) 0.2004 (4) 5.2 (3)
R2C4 0.3332 (6) 0.4439(9) 0.2638 (3) 6.3 (3)
R2C5 0.4055 (5) 0.3632 (10) 0.2669 (3) 7.2(4)
R2C6 0.4120 (4) 0.2889 (9) 0.2156 (4) 6.0(3)
Ring 3
R3C1 0.3636 (5) 0.0180 (6) 0.1177 (4) 3.6 (2)
R3C2 0.3761 (5) —0.0784 (9) 0.0755 (3) 5.9 (3)
R3C3 0.3791 (6) —0.21861 (8) 0.0904 (4) 7.0(3)
R3C4 0.3695 (6) —0.2574 (5) 0.1475 (4) 6.0 (8)
R3C5 0.3570 (6) —0.,1611 (8) 0.1897 (3) 6.3 (3)
R3C6 0.3540 (5) —0.0234 (8) 0.1748 (3) 5.0(3)

e C1 is attached to P; other carbon atoms are numbered in
succession so that C4 is para to C1,

TasbLE ITb
DERIVED PARAMETERS FOR NITROSYL GROUP ATOMS
Atom x ¥ 2z B, Ar
N 0.2391 (16)  0.4140 (18) —~0.0102 (11)  2.9(5)
) 0.2850 (11)  0.4905 (14) 0.0278 (8) a

¢ Oxygen anisotropic thermal parameters: By, 0.0065 (12);
Bzz,0.0070 (23); Bas, 0.0032 (6); Biz; —0.0002 (12); Bis, 0.0016 (16);
B2, —0.0005 (9).

are presented in Tables ITa and IIb. The idealized po-
sitions of the hydrogen atoms are given in Table IIc.
The final values of 10|F,| and 10|F, (in electrons) are
given in Table III; only the 1304 reflections which were

b Standard deviations
© %o, Yo, anid 2. are the fractional coordinates of the

TaBLE 1lc
PARAMETERS FOR THE HYDROGEN ATOMS
x ¥ z
~ Methyl Group .

H1 0.124 0.079 0.023
H2 0.197 0.129 0.093
H3 0.121 0.247 0.050

Ring 1
Hoe 0.527 0.051 0.110
H3 0.670 0.133 0.103
H4 0.690 0.375 0.082
H5 0.568 0.536 0.067
H6 0.425 0.454 0.074

Ring 2
H2 0.223 0.381 0.116
H3 0.211 0.513 0.207
H4 0.328 0.502 0.304
H5 0.457 0.358 0.309
H6 0.468 0.226 0.218

Ring 3
H2 0.362 —0.046 0.031
H3 0.389 —0.291 0.058
H4 0.372 —0.364 0.159
H5 0.350 —0:193 0.234
H6 0.344 0.052 0.208

o Atom Hn is attached to carbon atom Cr.

used in the refinement are included in Table III.
Results and Discussion
The crystal structure consists of loosely packed mono-
meric units of IrI(CHs)(NO)(P(CeHs)s)2. In Figure 1
a stereoscopic view of the overall molecular geometry is
shown and in Figure 2 only the inner coordination
sphere about the iridium atom is shown. Principal

intermolecular distances and angles and their standard
deviations are given in Table IV. The standard devia-
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TaBLE III

OBSERVED AND CALCULATED STRUCTURE AMPLITUDES (X 10) 1N ELECTRONS FOR IrI(CH;)(NO)(P(CsHs)s )2
WK FO FC W Xk FO  FC W X FO  FC W K FG  FC H K & FO FC M kPO FC W K FC FC N K FO FC W Kk PO EC H K FO FC
TP 7 4 1623 la9l -8 1 649 £71 o 2 s0b s 1106 1087 0 4 2050 1973.-6 4 1561 1385 =4 2 1267 1290 &
7 6 1198 1212 -8 3 1625 1388 0 & tl4b 2 1061 1048 0 6 948 937 w6 & 1509 lag] =k & PO o R
KO ML 2 g s3e gos -8 5 652 731 9 & 883 . 1263 1239 1 1 1337 137« -5 1 105z lowk ~4 6 5 3 1065 103
Oz 4822 wk93 B | 1333 Usse -8 T 640 6l6 1 1 3IT7s s 1085 11i2 1 3 1852 1835 -5 3 (181 1i3¢ =3 L & 0 1202 lise
0 & 1371 3313 8 3 1883 189 =7 2 1576 1582 1 3 lsb3 8 907 $3¢ 1 > 1808 1853 -5 5 1258 1227 -3 3 b 2 1221 luse
1L 504 4853 8 5 l9ws 19g0 <1 4 1832 lé20 1 S dsb “ 1 1761 4720 ) 7 680 693 o5 7 gg1 13 -2 O ? 1 1265 liss
13 150 1sae 8 7 996 lole -7 & 673 653 2 0 3371 5815 .5 1 5 80T 921 2 0 1522 1e97 i o 1926 1958 =2 2
15 ‘576 eew 9 2 14z 1492 -7 8 500 9 2 & 2732 2012 .15 3 7 1638 1577 2 2 1372 1370 -u 2 luSe 1477 <2 4 Lox 17 weene
0 3588 3ea7 9 4 1957 193¢ s 1 773 ez 2 4 87 800 =i g 9 1206 1182 2 4 1b2l 1487 i . 871 gus el 1
¢ & 1ess Ipll 9 6 1032 1113 op 3 385 lag? 31 2602 2682 -lv 2 2 2 & 1025 1007 -3 1 3240 3200 =l 3 & 7L 02
24 1759 1750 1o 1 873 603 -s 5 1250 1337 3 3 1271 13e6 -13 1 & L= 9 oeesss 31 2035 2060 -3 3 1184 1287 G C 4 T 855
2 6 336 553 10 3 12% 1210 -6 1 751 772 3 5 €05 879 -13 3 N 33 1435 lwéd -2 0 2878 3313 O 2 31133 1ca3
5 1 2286 2259 10 5 1089 1ls7 -5 2 990 974 4 O 3896 36ké =iz 0 8 3490 610 3 5 522 %ws w2 2 2217 2259 O 4 5 §
3003 dise 118y L 2 50 -5 4 1010 98?4 2 269, 2803 -12 2 1 4 693 882 & O 2394 2018 -2 6 620 64l O & 2 114 1is?
3 5 1959 1983 1L & 463 bz6 -5 & 1317 1332 4 4 196p 187 712 & 3 3 828 £23 4 2 1719 1729 -1 1 3055 306l & 1 4 1306 1315
301 7ty 763 kL & B3l 793 -5 8 907 B33 & & 629 ey <l ) 5 5 6kl 846 & 6 851 750 ~1 3 1782 183 1 2 3 103l 936
a0 -6 1 805 Tk 5 1 1616 1esg =1l 3 7 Z 1107 1143 ¢ & ws5  w3w 0 o 2760 2900 1 5 5 1125 104
44 L= zowesss we 3 570 563 B 3 1743 175z -1l B 9 “ 1180 147 5 1 2049 2435 ¢ 2z 2239 2228 ¢ O s 761 7
“ 6 -4 5 1625 1816 5 5 1292 13i3 =12 O “ 6 933 894 5> 2 1113 1070 9 & 1176 1087 2 4 6 1073 lle
“ 8 683 =15 1 1255 1254 -4 7 less 14s6 & 0 :7l8 lesz -lo 2 3 3 876 &85 6 O 177w 1727 O 6 823 77l 2 & 5791
5 1 1853 lesz -1k 0 1566 U525 -4 9 log3 106l & 2 126 1543 10 & 8 5 1079 1150 6 2 1330 si8 1 1 787 T2 3 3 6 gas 883
53 166l leel -l4 2z 1231 1162 ~3 4 457 531 & 4 1782 176l ~10 & 3 7 T983 sge & & 705 T 1 3 1593 lses 3 5 5 a8l T8
5 5 184s 186l -13 1 107l 1127 -3 & 1988 2002 & & 1157 1240 -3 H o 935 71 1086 Lle2 1 5 1lge 219 & 0 2 747 863
5 7 1176 L1790 -13 3 921 933 -3 8 1921 1806 7 L 2334 2264 .9 3 7 6 1523 1s6i 1 3 773 700 1 7 ab4 sz 4 2 « ras 757
6 D 1577 Isep .13 5 702 sBz -2 1 1291 423l 7 ¥ 1996 1985 .9 5 2 FRTY 75 760 736 2 2 1367 1459 4w 1os0s 927
& 2 1561 1616 -1z D 10b8 104D -z 3 727 772 7 5 1346 1363 -9 7 “ 5 1540 121 8 O ges 828 2 4 1370 1364 4 & 3 876 914
6 & 1179 1171 -lZ 2 1led Llal -2 3 iese lees 7 T 477 -3 9 s 7 1592 95 ¢ 2 978 970 2 6 ialy 1zl % 1 5 F
& & 1020 975 -l2 & log8 1177 -2 7 2289 2200 § O 1277 4250 - 2 s 4 772 736 8 & s09  ses 3 1 1e78 lobl 3 3 7 1021 liow
7 L 2297 2365 -1 1 1372 135) -2 9 ls8l 136k @ 2 1523 1538 -8 1 6 1382 1318 5 | 52 Bes 3 3 l2lg 1139 6 O 4 sal
7 3 1005 1030 ~11 3 1328 135 -l 2 1352 1379 & 4 938 92 -8 & 3 8 1299 1292 9 3 1157 ils0 3 5 916 ses & 2 3 W8T aus
B 0 5509 w360 -11 5 1039 1027 -l & 2e41 2378 & & 8le 828 -7 1 5 3 1613 14l 5 5 sic 938 3 7 ele 612 & 4 5 92z %01
8 2 2730 2688 <10 @ 6 9 L 1832 1913 -7 3 H 5 1140 1020 1o 0 1079 +ii2e & 5 1040 lo4B 7 1 4 b2z sed
§ 4 846 81T .10 2 8 s 3 853 116 -1 5 2 7 lces 978 10 2 I3 loT¥ 4 2 1297 1238 T 3
s 1 2611 2625 -10 & 3 s 5 501 -5 0 “ 2 65 01 10 & 779 Wil 4 4 689 16 B D Loa 18 %aeue
5 3 1359 1439 10 6 s o D 1535 1879 -6 2 s 4 1653 lesl Ll 1 1256 1165 4 o e85 egs 8 2
9 5 506 48l -3 | 7 oz azrr lese -6 & 8 & 638 558 5 L 1961 2001 % 1 o 738 778
10 0 2721 2773 -3 3 s 109 1135 5 1 5 B 95 79sessst L ov Ll ARERS D 3 fog ook 2 k2 4Bs
10 2 1649 2870 -9 5 2 5 esd 38> -5 3 7 3 & 0 205l 2057 mesaw o 11283 M2t
12 4 1120 1090 =8 0 4 ¢ 1822 1809 v 7 2 5 3 1072 1084 & 2 1376 1354 3 81> €57
Il 1 jee8 less -8 2 3 2§86 ged -4 O 5 4 5 9 71 1706 1716 .np & ¢ 178l 1761
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TABLE IV
SELECTED DISTANCES AND ANGLES

~——Intramolecular distances, Ay —

Ir-1 2.726(2)  Ir-N-O 120 (2)
Ir-P 2.348 (3)  N-Ir-P 103 (1)
Ir-C 2.05 (4) N-Ir-P’ 88 (1)
Ir-N 1.01(2) N-Ir-I 102 (1)
Ir-0 2.745 (15)  N-Ir-I' 102 (1)
p-p'e 4.675(6)  P-Ir-P 169.2 (2)
I-I’ 5.326 (5)  I-Ir-C 151 (1)
c-c’ 3.92 (7) P-Ir-I 88.3 (1)
N-0 1.23(2) P/~Ir-I 89.4 (1)
P-C 3.050 (42)  P-Ir-C 88 (1)
P-C 3.091(39) P/~Ir-C 89 (1)
P-N 3.84 (3) C~Ir- 107 (2)
2.9
3.6
3.6
4.6
3.5
3.5
1.8

—Angles, deg——————

Figure 2,.—Inner coordination sphere of ItT(CH; )(NO)(P(CeHs)s )a.
The 509, probability ellipsoids are shown.

P-N’ .98 (2) R1C1-P-R2Cl1 100 (1)
, I-N’
tions of the bond lengths and angles iivolving the group I~i\I
atoms were calculated from the formulas of Ahmed and I-C

Cruickshank.!®* The root-mean-square amplitudes of %"g,
vibration along the principal axis of thermal motion P_—RC1 (av of 3)

(19) F. R, Ahmed and D. W. J. Cruickshank, dcta Crystallogr., 8, 385 X
(1953). e The atom X' isrelated to atom X by the twofold axis.

5(2 R1C1-P-R3Cl1 106 (1)
4 (2) R2C1-P-R3C1 106 (1)
2
4
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for the atoms which were refined anisotropically are
given in Table V. The directions of the principal axes

TABLE V
Roo1-MEAN-SQUARE AMPLITUDES OF VIBRATION (A)e
Atom Min Intermed Max

Ir 0.184 (1) 0.190 (1) 0.194 (1)
I 0.194 4) 0.233 (3) 0.253 (3)
P 0.191 (5) 0.198 (5) 0.212 (4)
C 0.15(7) 0.28(6) 0.40 (5)
(e} 0.18(4) 0.26 (3) 0.28 (3)

o Measured along the principal axes of the thermal ellipsoids.

can be discerned at least approximately from the figures.
The large anisotropy of the methyl carbon atom may
possibly be the result of the iodine-methyl disorder.

The packing is largely dictated by intermolecular
contacts between the bulky phosphine ligands. This
can be seen by comparing this structure with that of
ReNClg(P(C5H5)3)2, OSCIa(NHs) (P(CGH5)3)2, and Ir-
Cl,(NO) (P(CsHs)s)a, which crystallize in the same space
group, I2/a, with very similar cell dimensions (see Table
VI in ref 4). The orientations of the phenyl rings in
these compounds are only slightly different, and the
volume per triphenylphosphine group for IrI(CHjs)-
(NO)(P(CeHzs)s)s, 426 A3, is only slightly larger than
those found for the other complexes (404-412 A3).

There is a crystallographic twofold axis imposed on
the molecule which results in the disorder of the methyl
group and iodine atom and of the nitrosyl group. The
disorder of the nitrosyl group is very similar to that ob-
served previously for IrClL(NO) (P(CsHs)s)2? and results
in the displacement of the nitrogen atom approximately
0.25 A from the twofold axis.

In the compound IrI(CH;)(NO)(P(Ce¢Hs)s)z the
geometry around the iridium atom is approximately
square pyramidal and the Ir-N-O bond angle is 120
(2)°. Therefore the geometry closely resembles that
found for the other iridium NO~ complexes which have
been studied.!=* This complex provides another ex-
ample of the nitrosyl ligand coordinating formally to
iridium(III) as NO~.

The Ir-N bond length in this complex (1.91 (2) A) is
similar to that found for the other iridium NO~ com-
plexes (that is, 1.97 (1) A for [IrCI(NO)(CO)(P(Ce-
Hi)3):1[BF4],2 1.94 (2) A for IrCl(NO)(P(CsHs)s)s,
and 1.89 (3) A for [IrI(NO)(CO)(P(CeHs)s):][BF:]?)
and quite different from the Ir-N bond lengths found
for the NO+* complexes (Ir(NO)(P(CsHs)s)s", 1.67
(2) A, and [Ir,O(NO),(P(CeHs)s)2 ] [ClO,], 1.76 (2) A).
For the NO~ complexes the differerices between the
Ir-N bond lengths are of the same order as the standard
deviations and therefore a discussion of electronic effects
of the different basal ligands on these bond lengths
wotld not be meaningful.

It has been suggested that the nitrosyl ligand will co-
ordinate with an M-N-O bond angle of approximately
120° for certain iridium complexes if the electronic con-
figuration (da;)*(d:)2(dy.)2(w*(NO))? (formally Ir(III)
and NO~) is of lower energy than the configuration
(dey) ¥(dze) 2(d ) 2(r*(NO))(d,))?  (formally Ir(I) and
NO™*).* With the two possible extreme formulations
of NO+ and NO~ one may rationalize the geometries
of most nitrosyl complexes provided one accepts that

(20) P. Carty, A, Walker, M. Mathew, and G. J. Palenik, Chem, Commun.,
1374 (1989).
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deviations as large as 20° from 180° for NO* complexes
can occur either because of asymmetric = interactions
between the metal and the nitrosyl ligand or because of
the steric requirements of the other ligands. Bond
angles for NO~ complexes should not deviate from 120°
as a result of asymmetric m-bonding effects because the
NO- ligand has only one =* orbital.

The Ir-NO~ complexes studied in this laboratory and
the cobalt complexes [Co(NO)(NH;);]1CL;2! and [CoCl-
(NO)(emn)2][ClO4]22 (en = ethylenediamine) all have
bond angles close to 120°. The complex [RuCl(NO),-
(P(CeHs)s)2][PFe]% has an Ru-N-O angle of 135°, but
this may result, as the authors have suggested, from the
interaction of the two nitrosyl group oxygen atoms.

The bonding in certain nitrosyl complexes is difficult
to rationalize within the formal framework of NO+ and
NO~ coordination. For example, how is the complex
[Ir(NO)2(P(CsHs)s)2 1 [C104],2¢ which has an Ir-N--O
bond angle of 164 (1)° and a very distorted tetrahedral
geometry around the metal N-Ir-N = 154.2 (7)°),
best formulated? A structural study of the isoelec-
tronic complex Pt(CO),[P(C¢Hs)(CyHs):], has shown
that the geometry around the platinum atom is very
close to tetrahedral and the Pt-C-O bond angle is al-
most linear.® Because these two complexes are so
similar, the large distortions for the iridium complex
cannot result from steric repulsions and must arise from
electronic factors. These large distortions from the
ideal for the Ir-N-O and N-It-N angles cannot be ex-
plained in terms of coordination as NO+ or NO~, which
are extreme formulations and do not take into account
the influence of the metal on ligand orbitals. Further,
tationalization of this intermediate type of geometry in
terms of coordination as NO would also be a simplifica-
tion and in addition spin coupling would have to be in-
voked for this type of complex to explain the observed
diamagnetism.

Table VI compares some of the important bond

TABLE VI

IMPORTANT BOND DISTANCES AND ANGLES FOR SOME SQUARE-

PyYRAMIDAL TRIPHENYLPHOSPHINE COMPLEXES MBAI(P(CsHs);):

(M = Rh, Ir; B = BasaL Licanp = I, CO, CHs; A = AxiaL
Licanp = NO, CH;)

[Ir1(NO) (CO)-
(P(CeHp)s)2]- IrI(CH3(NO)- RhI:(CHs)-
[BF.)® (P(CeHs)a)" (P(CsHs)s)2°
M Ir Ir Rh
A NO NO CH;
B CO CH, I
M-I, A 2.666 (3) 2.726 (2) 2,643 (3)
M-N, & 1.89 (3) 1.91(2)
M-C (methyl), & 2.05(4) 2.083 (7)
M-P, & 2,36 (1) 2,348 (3) 2.350 (4)
P-M-P, deg 168.2 (3) 169.2 (2) 167.69 (5)
I-M-B, deg 158 (1) 151 (1) 169.69 (2)
M-N-0, deg 125 (3) 120 (2)
* Reference 3. ? Present work. ¢ A. C. Skapski, personal
communication.

lengths and angles for three closely related square-
pyramidal jodotriphenylphosphine complexes. It is
interesting that the metal-phosphorus bond lengths are

(21) C. 8. Pratt, B, A. Coyle, and J. A, Ibers, submitted for publication.

(22) D. A. Snyder and D. L. Weaver, Chem. Commun., 1425 (1969).

(23) C. G, Pierpont, D. G. van der Veer, W. Durland, and R. Eisenberg,
J. Amer, Chem. Soc., 93, 4760 (1970).

(24) D. M, P. Mingos and J. A. Ibers, Inorg. Chem., 9, 1105 (1970).

(25) P. L. Bellon, private communication.
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very similar for the three compounds, as are the P~-M-P
bond angles, The I-M-B bond angles (M = Rh or
Ir; B = basal ligand) show a wider variation for the
three compounds (151-170°). We have noted previ-
ously that the phosphine ligands are less sensitive to
the steric requirements of the axial ligand in square-
pyramidal complexes. The Ir-C(methyl) and Rh-C-
(methyl) bond lengths are also very similar. Other
Ir-C distances which have been reported are 2.16 (2) A
for II‘C12 [(CGHE,(CHCHQCO)CGH{,)][(CHs)QSO]z,% 2.10
(2) A for [IrCly(CHjg)(CO):]s,% and 2.05 (2) A for Irle-
(COOCH,)(CO)(bipy) (bipy = 2,2’-bipyridine).?
The average of these bond lengths (2.10 (2) A) is larger
than that found for the present iridium-nitrosyl com-
plex. However it must be remembered that the stan-
dard deviation on the Ir—C bond length in this complex
is rather large, 0.04 A, because of the disorder of the
iodine atom with the methyl group. Table VI also
shows that the Ir-I bond length is 0.06 A longer for
IrI(CH;) (NO) (P(CsHs)s)e  than for [IrI(NO)(CO)-
(P(C¢Hs)s)2 | [BF:]. In thelatter complex the Ir-I bond
length is very similar to those found for the trans iodine
atoms in Irl,(COOCHs)(CO)(bipy), 2.672 (2) and
2.684 (2) A.»® We think that the lengthening of the
Ir-I bond length for the methyl-iodo complex is a result
of the trans bond weakening effect of the methyl group
which is trans to the iodo ligand. Similar bond length-
ening effects have been observed for halide ligands trans
to alkyl and aryl groups in square-planar and octahedral
complexes of the platinum metals, but this is the first
reported example of a square-pyramidal complex
where bond lengthening from an alkyl group has been
observed. Unfortunately none of the square-planar
and octahedral complexes®?® studied previously had an
iodo ligand trans to the alkyl or aryl group, and there-
fore no direct comparison of the relative lengthenings
for four-, five-, and six-coordinate complexes can be
made. For octahedral complexes, where a chloride
ligand is trans to the alkyl group, a lengthening of ap-
proximately 0.15-0.19 A is observed compared with the
metal-chlorine bond length found for two trans chloride
ligands.®?® In the octahedral complex PtBr;[(CHs)s-
ASC6H4C2H3][(CH3)2A5C6H4C2H30C2H5]30 the Pt—BI‘
bond trans to the alkyl group is 0.10 A longer than the
average of the two trans Pt-Br bonds. Therefore on
the basis of the limited data available a lengthening of
the Ir-I bond by 0.06 A for IrI(CH;)(NO)(P(CsHs)s)e
seems quite reasonable.

(26) J. Trocha-Grimshaw and H. B. Herbest, Chem, Commun., 544 (1967).

(27) N. A. Bailey, C. J. Jones, B. L. Shaw, and E. Singleton, #bid., 1051
(1967).

(28) V. G, Albano, P. L. Bellon, and M. Sansoni, Inorg. Chem., 8, 298
(1969).

(29) R. Mason and A. D, C. Towl, J. Chem. Soc. 4, 1601 (1970).

(30) M. A. Bennett, G. J. Erskine, J. Lewis, R. Mason, R. S. Nyholm,
G. B. Robertson, and A. D. C, Towl, Chem. Commun., 395 (1986).
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It has been shown that the square-planar and octa-
hedral complexes which show the greatest trans bond
weakening effects are those which have a ligand (L)
with good o-donor properties and weak m-accepting
properties trans to a ligand (X) which is a poor ¢ donor
and 7 acceptor. Gray and Langford?®! and Mason and
his coworkers?%3? have argued, on the basis of simple
molecular orbital considerations, that the ¢ orbital of
the less electronegative ligand L overlaps more effec-
tively than the X ¢ orbital with the metal & orbital.
This leads to a strengthening of the M-L bond at the
expense of the M—X bond. These calculations lead to
the following bond weakening order for the ligands L:
Si~H, C = P >Cl>N > O, which qualitatively
agrees with the observed Pt~Cl bond lengthening for a
series of square-planar platinum(II) complexes. Simi-
lar arguments would suggest that for a given ligand,
L, the M—X (X = (I, Br, or I) bond would be weakened
more for the more electronegative ligands, <.e., (M~Cl)
> §(M-Br) > 3(M-I), where §(M-X) is the difference
in bond lengths between X trans to L and X trans to X.
Therefore the fact that the Ir-I bond length is only 0.06
A longer than anticipated may be rationalized within
the framework of current theories. Another factor
which may diminish the weakening of the Ir-I bond by
the methyl group is the fact that the C-Ir-I bond angle
is 151 (1)°. The molecular orbital description given
above suggests that the bond weakening effect will be
at a maximum when the L-M-X angle is 180° (because
the ligands are competing for the same o orbital) and
will be zero when the L-M-X angle is 90° (when the
ligands overlap with two orthogonal pe orbitals). Itis
interesting to note that for the complex RhI(CHs)-
(P(C¢Hs)s): where the methyl ligand occupies the apical
position of the square pyramid and the C-Rh-I bond
angle is 95.16 (1)°, the Rh-TI bond length is no longer
than anticipated.?® In fact, it is 0.01 A shorter than
that found for RhI(Cst)(CsHs)(CO) (Rh‘I = 2.653
(3) A).%

Reed and Roper® noted that the iodo ligand in IrI-
(CH;)(NO) (P(CsHs)s)2 was labile to nucleophilic attack
and suggested that it might be a result of the trans bond
weakening effect of the methyl group. The structural
evidence presented above verifies their suggestion.
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