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Crystal and Molecular Structure of Carbonylnitrosyl(p-tolyl isocyanide)-
bis(triphenylphosphine)osmium(o) Perchlorate

By George R. Clark, Joyce M. Waters," and Kenneth R. Whittle, Chemistry Department, University of Auck-

land, Auckland, New Zealand

The crystal and molecular structure of the title compound has been determined from three-dimensional X-ray data

collected by counter methods.

R of 0.072 for 2 433 observed reflections.

Crystals are monoclinic, space group P2,/n, with Z = 4 in a unit cell of dimensions
a =13.2567(4). b = 21.48(2), ¢ = 14.820(6) A, and B = 99.33(2)".

Least-squares refinement has led to a final

The co-ordination geometry about osmium is that of a trigonal bi-

pyramid with carbonyl, nitrosyl, and isocyanide groups in the trigonal plane; the triphenylphosphine groups

occupy apical positions.

STRUCTURAL data available on complexes containing the
isocyanide ligand 7 suggest that its normal mode of
co-ordination is linear or very nearly linear and that the
metal-carbon bond has a bond order greater than one.
The results of an ir. spectral investigation® of the
n-bonding ability of the isocyanide group suggest that
it can allow a considerable amount of = back donation,
but that when both carbonyl and isocyanide are present
the former will receive a greater share of the = electrons.
Similar evidence suggests that isocyanide is a stronger
n-bonding ligand than substituted phosphines.® For the
cation [Os(CO)(CNR)(NO)(PPh,),]*, the ir. band at
1 700 cm™ associated with the nitrosyl stretching allows
no prediction of the manner of binding of this group to
the metal and its effect on the co-ordination geometry.1®
Accordingly we have undertaken a single-crystal X-ray
analysis of [Os(CO)(CNR)(NO)(PPh,),][Cl10,] (R = p-
tolyl).
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All three ligands of the trigonal plane are bound linearly to the osmium.

EXPERIMENTAL

The crystals were orange-brown plates. Unit-cell con-
stants were determined from a least-squares refinement 1 of
the setting angles of 12 reflections centred on a Hilger and
Watts automatic four-circle diffractometer.

Crystal  Data.—[C;;Hy,N,0,0sP,][CIO,], M = 989.4,
Monoclinic, a = 13.257(4), b = 21.48(2), ¢ = 14.820(6) A,
B = 99.33(2)°, U = 4165 A?, D, = 1.57, Z = 4, F(000) =
1848, D, = 1.58. Space group P2,/n. Mo-K, radiation,
A= 07107 A; pMo-K,) = 34.6 cm™.

Intensity data were collected by a symmetric 26— scan
of 1.40° at a scan rate of 0.02° s, with background counted
for 10 s at each end of the scan. Of 4 530 reflections
examined with a Bragg angle of less than 21° [sin(6/2) <C
0.51], 2 423 independent reflections had I > 3¢(f). Data
were processed according to the procedure of Ibers 12 with p
initially given a value of 0.04. In the later stages of the
refinement this parameter was increased to 0.08 so as to
further downweight the large reflections. Absorption
corrections were applied,’? the scaling factors ranging from
1.25 to 2.10.
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A ‘sharpened ’ Patterson synthesis revealed the atomic
site of osmium (R 0.28) and from the subsequent electron-
density map the two phosphorus atoms were located
(& 0.23). From a second electron-density map the remain-
ing 54 non-hydrogen atoms were located (R 0.17). Atomic
scattering factors for osmium were taken from ref. 14 and
for all the other atoms from ref. 15. No attempt was made
to distinguish the nitrosyl and carbonyl groups and initially
both were treated as carbonyl. Four cycles of block-
diagonal least-squares refinement assuming isotropic thermal
motion lowered R to 0.117and R’ t0 0.111 {R’ = [Zw(]FO| —
| Fel)3/ZwF 2}, where the weight, w, is given by 4F,2/c%(F2)}.
The assumption of anisotropic thermal motion for osmium,
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phosphorus, and chlorine resulted in a further lowering of
R to 0.083 and R’ to 0.093. Hydrogen positions associated
with the p-tolyl isocyanide group were estimated and
included in the calculation with B 5.0 A.?2 Anisotropic
thermal motion was then assumed for all non-hydrogen
atoms except those of the triphenylphosphine phenyl rings,
which were treated as rigid groups (hydrogen atoms were
not included). The effects of anomalous dispersion were
also included in the calculation of F,, values of Af’ and
Af”” for osmium, phosphorus, and chlorine being taken
from ref. 16. TFull-matrix least-squares refinement con-
verged with R 0.078 and R’ 0.088. Inspection of {w(AF)2)

14 D. T. Cromer and J. T. Waber, Acta Cryst., 1965, 18, 104.

15 ¢ International Tables for X-Ray Crystallography,” vol. I1I,
1962, pp. 202—203.
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showed it to be dependent on |F,|, the greatest divergence
from an approximately constant value occurring where
|F,| was large. Hence p was increased to 0.08. No clear
distinction between the nitrogen and carbon atoms of the
nitrosyl and carbonyl ligands was possible and as a better

TaBLE 1

Atomic co-ordinates and isotropic temperature parameters
with estimated standard deviations in parentheses

Atom xla 316 zle BjAz

Os 0.10316(7)  0.061 16(5)  0.285 47(7)

ci(1) 0.119 0(7) 0.342 7(5) 0.406 1(7)

P(1) —0.042 9(5) 0.098 1(3) 0.189 0(5)

P2) 0.270 0(5) 0.033 1(3) 0.374 5(5)

O(1) 0.012 5(17) 0.063 9(13) 0.446 7(14)

0(2) 0.114 2(16) —0.050 1(12)  0.164 7(16)

o@1n 0.060 4(40) 0.344 8(30) 0.326 7(40)

0(12) 0.200 7(23)  0.377 5(14)  0.393 5(24)

0O(13) 0.064 0(34) 0.364 0(21) 0.461 6(31)

0(14) 0.131 7(27) 0.281 7(14) 0.416 8(34)

N(1) 0.235 8(20) 0.169 9(13) 0.215 6(16)

Q1) * 0.046 6(19)  0.0622(14)  0.3749(17)  6.2(6)

Q(2) * 0.115 8(23) —0.006 6(15)  0.211 9(20)  7.2(8)

¢y 0.1884(20)  0.1320(15)  0.242 4(23)

c@©) 0.308 8(22)  0.2074(13)  0.191 1(20)

C(3) 0.3735(23)  0.1972(16)  0.131 5(22)

C(4) 0.444 8(22) 0.237 6(20) 0.114 8(21)

C(5) 0.453 1(23) 0.293 4(16) 0.160 8(24)

C(6) 0.389 2(34)  0.304 3(21)  0.217 8(31)

c(7) 0.3138(24)  0.2655(16)  0.232 9(20)

C(8) 0.529 0(30) 0.339 3(19) 0.139 0(31)

C(111) —0.1161(12)  0.154 7(7) 0.2388(12)  3.8(6)

C(112) —0.066 2(9) 0.195 9(10) 0.304 0(12) 4.3(6)

C(113) —0.121 5(13) 0.242 2(9) 0.340 4(12) 5.1(7)

C(114) —0.226 7(13) 0.247 3(7) 0.311 6(13) 4.9(7)

C(115) —0.276 6(9) 0.206 1(10) 0.246 4(13) 4.6(6)

C(116) —0.221 3(12) 0.159 8(9) 0.210 0(11) 3.9(6)

C(121) —0.1375(14)  0.035 2(9) 0.156 5(14)  5.0(7)

C(122) —0.158 3(15) —0.006 4(10) 0.223 5(10) 4.9(6)

C(123) —0.2354(17) —0.050 7(9) 0.202 6(13)  7.0(8)

C(124) —0.2919(14) —0.053 4(10) 0.114 6(16) 7.6(8)

C(125) —0.2711(16) —0.011 9(11) 0.047 6(11) 6.8(8)

C(126) —0.194 0(17) 0.032 4(10) 0.068 6(12) 6.2(8)

C(131) —0.016 2(15) 0.132 3(9) 0.082 5(12) 3.3(5)

C(132) —0.052 0(24) 0.192 1(13) 0.058 8(15) 6.1(8)

C(133) —0.025 6(31) 0.221 3(10) —0.018 2(17) 7.3(9)

C(134) 0.036 6(17)  0.190 6(11) —0.071 5(13)  6.2(8)
(135) 0.072 4(25) 0.130 8(14) —0.047 7(15) 6.9(9)

C(136) 0.046 0(30) 0.101 6(10) 0.029 2(17) 7.7(10)

C(211) 0.377 2(10) 0.046 3(8) 0.313 7(10) 2.7(5)

c(212) 0.3779(13)  0.0147(11)  0.2316(12)  5.1(7)

C(213) 0.461 0(15) 0.020 8(9) 0.185 4(10) 5.1(7)

C(214) 0.543 4(11) 0.058 6(10) 0.221 3(11) 4.5(5)

C(215) 0.5427(13)  0.0902(11)  0.3034(12)  5.4(7)

C(216) 0.459 6(15)  0.084 1(8) 0.349 6(10)  3.9(6)

C(221) 0.300 6(13)  0.081 4(8) 0.478 3(10)  3.8(6)

C(222) 0.364 9(23) 0.058 0(8) 0.554 6(12) 5.5(6)

C(223) 0.391 6(18) 0.095 1(11) 0.632 0(10) 5.1(7)

C(224) 0.354 0(16) 0.155 7(9) 0.633 0(11) 6.0(8)

C(225) 0.289 6(24) 0.179 2(8) 0.556 7(14) 6.2(8)

C(226) 0.262 9(18) 0.142 0(11) 0.479 4(11) 4.8(7)

C(231) 0.276 9(13) —0.045 2(6) 0.414 2(11) 3.3(5)

C(232) 0.347 1(11) —0.087 9(9) 0.389 9(11)  4.6(6)

C(233) 0.352 3(14) —0.147 8(8) 0.426 6(13)  5.8(7)

C(234) 0.287 4(15) —0.165 0(7) 0.487 6(13)  4.6(6)

C(235) 0.217 2(12) —0.122 3(10) 0.5119(11) 5.1(7)

C(236) 0.2120(13) —0.062 3(9) 0.4752(12)  4.9(6)

* Atom Q has a scattering factor of {(fo+ fx)-

approximation a form factor of }(f¢ -+ fx) was applied to

both.

[These atoms have been designated as Q1) and

Q(2).1 A similar procedure 17 was used in the structural
analysis of [Mn(CO),(NO)(PPh,),] where no distinction

16 D, T, Cromer, Acta Cryst., 1965, 18, 17.
17 J. H. Enemark and J. A. Ibers, Inorg. Chem., 1967, 6, 1575.
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between nitrosyl and carbonyl groups was possible.
Further refinement gave final R factors of R 0.072, and
R’ 0.087. The final difference map showed no peaks
indicating the presence of a solvent molecule nor were
alternative positions for the perchlorate oxygen atoms
apparent.

The numbering system of the molecule is given in
Figure 1, the co-ordination geometry in Figure 2. Final
atomic parameters are listed with their standard deviations
in Tables 1, bond distances and angles in Tables 2 and 3.

TABLE 2
Bond lengths (A), with estimated standard deviations in
parentheses
0s—P(1) 2.400(7) N(1)—c(1) 1.14(4)
Os—P(2) 2.406(7) N(1)—C(2) 1.35(4)
0s—Q(1) 1.67(2) C(2)—C(3) 1.35(4)
0s—0(2) 1.84(3) c(2)-C(7) 1.39(4)
0s—C(1) 2.02(3) C(3)—C(4) 1.34(5)
P(1)~C(111)  1.79(2) C(4)—C(5) 1.37(5)
P(1)-C(121)  1.85(2) C(5)—C(6) 1.31(6)
P(1)~-C(131)  1.83(2) C(5)—C(8) 1.48(5)
P(2)—C(211)  1.82(2) C(6)~C(T) 1.35(6)
P(2)—C(221)  1.85(2) Cl(1)-0(11)  1.30(6)
P(2)-C(231)  1.78(2) Cl{1)-0(12)  1.35(3)
o(1)-Q(1) 1.22(3) Cl(1)-0(13) 1.27(5)
0(2)-0(2) 1.15(4) CI(1)-0(14)  1.33(3)
TABLE 3
Bond angles (°) with estimated standard deviations in
parentheses
P(1)-0s—P(2) 173.5(2) P(1)-C(121)~C(122) 119(2)
P(1)-0s—Q(1) 90.9(9) P(1)-C(121)—C(126) 121(2)
P(1)-0s—0(2) 91.7(1.0) P(1)-C(131)—C(132) 119(2)
P(1)~0s—C(1) 89.6(9) P(1)-C(131)-C(136) 121(2)
P(2)-0s—-Q(1) 94.4(9) P(2)-C(211)—C(212) 118(2)
P(2)-0s—0(2) 89.8(1.0) P(2)—C(211)-C(216) 122(2)
P(2)-0s—C(1) 83.9(9) P(2)—C(221)-C(222) 120(2)
Q(1)-0s—Q(2) 124.5(1.3) P(2)-C(221)—C(226) 120(2)
0(1)-0s—C(1) 126.4(1.3) P(2)-C(231)-C(232) 122(2)
Q(2)-0s—C(1) 109.1(1.3) P(2)—C(231)—C(236) 117(2)
Os—Q(1)-0(1) 172(2) C(1)=N(1)-C(2) 168(3)
0s—0(2)-0(2) 176(3) N(1)-C(2)—C(3) 130(3)
0s~C(1)~N(1) 177(3) N(1)—C(2)—C(7) 114(3)
Os—P(1)~C(111) 116(1) C(3)—C(2)—C(T) 117(3)
Os~P(1)—C(121) 112(1) C(2)—C(3)—C(4) 124(3)
0Os—P(1)—C(131) 113(1) C(3)—C(4)—C(5) 118(3)
Os—P(2)~C(211) 113(1) C(4)—C(5)—C(6) 118(3)
Os—P(2)—C(221) 112(1) C(4)—C(5)—C(8) 118(3)
0s—P(2)-C(231) 114(1) C{6)—C(5)—C(8) 124(4)
C(111)-P(1)-C(121) 102(1) C(5)~C(6)—C(7) 125(4)
C(111)-P(1)—C(131) 106(1) C(2)—C(7)-C(6) 118(3)
C(121)-P(1)—C(131) 107(1) O(11)—Cl(1)-0(12)  103(3)
C(211)-P(2)-C(221) 104(1) O(11)~CI(1)-O(13)  105(3)
C(211)~P(2)-C(231) 108(1) O(11)=CI(1)-0O(14)  101(3)
C(221)-P(2)-C(231) 105(1) 0(12)-CI(1)-0(13)  117(3)
P(1)-C(111)—C(112) 119(2) 0(12)—CI{1)-0(14)  118(3)
P(1)-C(111)-C({116) 121(2) O(13)—CI(1)-0(14)  111(3)

Final observed and calculated structure factors are listed
in Supplementary Publication No. SUP 21780 (30 pp.,
1 microfiche),* together with thermal parameters, rigid-
group parameters, hydrogen-atom positions, intra- and
inter-molecular distances, details of planes, and root-mean-
square amplitudes of vibration.

DESCRIPTION AND DISCUSSION

The crystal structure consists of monomeric ions.
The configuration about osmium is that of a slightly
distorted trigonal bidyramid with the triphenylphos-

* For details see Notices to Authors No. 7 in J.C.S. Dalton,
1975, Index issue.
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phine groups occupying the apical positions and the
carbonyl, nitrosyl, and p-tolyl isocyanide groups
occupying the trigonal plane. These last three groups
all bond in a linear manner and the least-squares plane
through C(1), Q(1), and Q(2) shows that the osmium
atom lies in the trigonal plane. The angles of the
trigonal plane, C(1)-Os-Q(1), C(1)-0s-Q(2), and
O(1)-0s—Q(2) [126.4(1.3), 109.1(1.3), and 124.5(1.3)°],
show some deviations from the ideal value (120°). The
P(1)-Os-P(2) angle [173.5(2)°] also shows a slight
distortion from the ideal geometry.

In the p-tolyl isocyanide ligand Os—C(1), C(1)-N(1),
and N(1)-C(2) bond lengths are 2.02(3), 1.14(4), and
1.35(4) A respectlvely The covalent radius for a
single Os-C bond is 2.02 A8 hence it can be assumed
that in this complex little or no = bonding occurs, an
effect resulting from the presence of linear nitrosyl and
carbonyl groups which compete more successfully for
the = electrons. The lack of = bonding between the
osmium atom and the isocyanide group is also seen by
comparing the Os—C(isocyanide) bond length with those
involving the carbonyl ligand where distances in the
range 1.84—1.94 A are frequently observed (see later).
The C(1)-N(1) bond is as expected for a carbon—nltrogen
triple bond; the N(1)-C(2) distance [1.35(4) A] is in
agreement with values for comparable bonds [1.39(8)
and 1.38(9) A] in [MnBr(CO);(CNPh),].1® The angles
Os—C(1)-N(1) and C(1)-N(1)-C(2) are 176.6(2.8) and
168.0(3.1)° respectively, the latter showing a small
deviation from linearity. Other deviations from ideal
values are found for the angles N(1)-C(2)-C(3) and
N{(1)-C(2)—-C(7) which are expected to be equivalent but
for which significantly different values [129.7(2.8) and
113.6(2.7)°] are observed. In its present position the
isocyanide group is sandwiched between two phenyl
rings, one from a phosphine group in the same cation
[C(211)-(216)] and another from an adjacent phosphine
in a second cation [C(231)-(236)]. The closest approach
made by atoms C(2)-(8) to the atoms of these two
phenyl rings is 3.50 A. If, however, the angles
C(2)-N(1)-C(1), N(1)-C(2)—C(3), and N(1)-C(2)—~C(7) are
assumed to have the predicted values of 180, 120, and
120°, then from a model it can be seen that atoms
C(2)—(8) approach closely to one of the phenyl rings
[C(231)-(236)]. If atomic sites are estimated for
this position of the isocyanide group and inter-
molecular contacts calculated several are <3.2 A [viz.
C4)-- C(234) 3.1, C(5) - - - C(234) 3.0, C(5) - - - C(235)
2.8, C(6)---C(234) 3.2, and C(8)---C(235) 2.8 Al
The observed distortions thus probably arise from these
steric interactions. The mean C-C distance associated
with the isocyanide phenyl ring is 1.35 A, a standard
deviation of 0.03 A being calculated from a statistical
spread of values. The angles do not differ significantly
from 120°. Similarly, the bond lengths and angles of
the methyl group are as expected. The phenyl ring of

18 1.. Pauling, ‘ The Nature of the Chemical Bond,’ 3rd edn.,
Cornell University Press, Ithaca, New York, 1960.
1? D. Bright and O. S. Mills, J.C.S. Dalton, 1974, 219.
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the p-tolyl isocyanide ligand is itself planar but does not
lie in the equatorial plane of the trigonal bipyramid.
Some rotation about the C(2)-N(1) bond is found so
that the two planes are mutually inclined at 15.7°.
This effect is at least partly caused by inter- and intra-
molecular repulsions.

The carbonyl and nitrosyl groups, which were not
distinguished, are both linear and have bond angles of
172.4(2.5) and 175.8(2.7)°. The Os—Q(1) and Os—Q(2)
bond lengths [1.67(2) and 1.84(3) A] are significantly
different and suggest that Q(1) is probably nitrogen and
Q(2) carbon. This distinction follows from the fact that
metal-nitrogen bond lengths associated with a linear
nitrosyl group are generally shorter than are metal-
carbonyl bond distances; e.g. in [Os(NO),(OH)-
{PPh,),]*,2 which also contains a linear nitrosyl group,
Os-N is 1.63(1) A, whereas in [Os(CO),(PPh,),] Os—C is
1.90 and 1.93(5) A.%

The Os—P bond lengths [2.400(7) and 2.406(7) A] do
not differ from those found in the trigonal-bipyramidal
osmium(0) complex [Os(CO)s(PPhy),] [2.32(4), 2.35(4),

2 G, R. Clark, J. M. Waters, and K. R. Whittle, J.C.S. Dalton,
1975, 463.

21 J, K. Stalick and J. A. Ibers, Inorg. Chem., 1969, 8, 419.
22 D, W. J. Cruickshank, Acta Cryst., 1956, 8, 757.

J.C.S. Dalton

and 2.42(4) A]2t The mean P-C bond length and
Os-P-C, C-P-C, and P-C-C bond angles [1.82(3) 4;
113(1), 105(2), and 120(2)°] are as expected and compare
well with such values for [Os(CO)4(PPhg),]. %

The large anisotropic temperature parameters of the
perchlorate anion together with bond lengths ranging
from 1.27(5) to 1.35(3) A and angles ranging from
101(3) to 118(3)° suggest that this group is disordered.
For this reason the atomic sites of the perchlorate anion
will only be approximate. Corrections for thermal
motion 22 have been calculated and these lie in the range
0.06—0.08 A. The corrected values are as expected for
a normal perchlorate group.2?

Non-bonded intra- and inter-molecular distances have
been calculated and are deposited with the Supple-
mentary data. None of these approaches is thought to
indicate hydrogen bonding.?*

We thank Dr. W. R. Roper for supplying the crystals.
[5{2238 Received, 1Tth November, 1975]

23 R, B. Gillespie, R. A. Sparks, and K. N. Trueblood, Acta
Cryst., 1959, 12, 867.

24 W. C. Hamilton and J. A. Ibers, ‘ Hydrogen Bonding in
Solids,” Benjamin, New York, 1968.
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