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J.C.S. Dalton

Crystal and Molecular Structure of [bis(diphenylarsino)methane]di-
bromodicarbonylmolybdenum(ir)

By Michael G. B. Drew, Department of Chemistry, The University, Whiteknights, Reading RG6 2AD

Crystals of the title compound are monoclinic, space-group P2,/c, Z = 4, cell dimensions: a = 11:543(10),
b = 22-121(17), ¢ = 19-464(15) A, and B = 94-31(11)°. The structure was solved by Patterson and Fourier
methods from diffractometer data and refined by a blocked full-matrix technique to £ 0-085 for 2018 independent
reflections. One of the arsine ligands is bi- and the other uni-dentate, so that the molybdenum atom is seven-co-
ordinate. The environment of the metal atom is best described as distorted capped octahedral with a carbonyl
group in the unique capping position [Mo—C 1:92(4) A]. The capped face of the octahedron contains the other
carbonyl group [Mo—C 1-90(4) AJ and two arsenic atoms from different arsine ligands [2-608(5) and 2:592(5) A].
The uncapped face contains two bromine atoms [2-650(5) and 2:674(5) A] and one arsenic atom [2:651(5) A].

THE crystal structures of many seven-co-ordinate com-
plexes have been determined but the majority of such
compounds have been unrelated to each other. As the
energy differences between the various ideal seven-co-
ordinate geometries (pentagonal bipyramidal Dy,, capped
trigonal prism C,,, and capped octahedron C,,) are quite
small,! a comparison of the stereochemistry of related
structures through X-ray analysis can be used to clarify
the factors involved in the choice of geometry. Thus, a

1 E. L. Muetterties and C. N. Wright, Quart. Rev., 1967, 21,
109.

series of crystal-structure analyses of complexes con-
taining the sexadentate ethylenediaminetetra-acetic acid
ligand (H,Y), namely Mn(OH,)Y, Rb[Fe(OH,)Y],H,0,
and Li[Fe(OH,)Y],2H,0, have shown a dependence of
geometry on (inter alia) the electronic state of the
metal.23 A series of seven-co-ordinate complexes of
molybdenum containing the terdentate cyclopentadiene

2 S. Richards, B. Pedersen, J. V. Silverton, and J. L. Hoard,
Inorg. Chem., 1964, 3, 27.

3 M. D. Lind, M. J. Hamer, T. A. Hamer, and J. L. Hoard,
Inorg. Chem., 1964, 3, 34.
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ligand 48 exhibit very similar configurations, presum-
ably because the ring is the dominant feature in the
structures.

We have prepared crystals of a number of seven-co-
ordinate complexes of the general formula MX,(CO),L,,
(M = Mo or W; X = (I, Br, or I) where L is a multi-
dentate arsenic or phosphorus ligand. From an investi-
gation of the structures of these molecules through X-ray
diffraction, we hope to correlate changes in the co-
ordination sphere of the metal atom with variations in
ligand type. In this paper we report the crystal struc-
ture of [bis(diphenylarsino)methane]dibromodicarbonyl-
molybdenum(1r), MoBr,(CO),(AsPhy'CHy AsPhy),, (I), in

H2
PhyAS “AsPh,
Br—Mo'—cCo (1)

Ph,As ¢ Br
/2 0
ACH,
PhAs

which one of the arsine ligands is bi- and the other uni-
dentate. A preliminary account of this work has
appeared ® in which the structure of (I) is compared
to that of another molecule in this series, bis[bis(di-

phenylarsino)methane]dibromotricarbonyltungsten(ii),
(II) in which both arsine ligands are unidentate.

EXPERIMENTAL

Crystals of (I) were prepared as described previously.10

Crystal Data.—Cg,H, ,As,BryMoO,, M = 1256-4, Mono-
clinic, @ = 11-543(10), b = 22-121(17), ¢ = 19-464(15) A,

= 94-31(11)°, U = 4955-9 A3, D, = 1-67(2), Z = 4, D, —
1683, F(000) = 2544. Mo-K, radiation, A = 0-7107 A;
p(Mo-K,) = 47-59cm™. Space-group P2,/c from systematic
absences: %0/, ! = 2n 3 1; and 020, 2 = 2n 4 1.

A crystal with dimensions 0-50 x 0-25 X 0-15 mm was
mounted with the a* axis parallel to the instrument of a
General Electric XRD 5 diffractometer, equipped with a
manual geniostat, scintillation counter, and pulse-height
discriminator. Diffraction intensities and cell-dimensions
were obtained by use of zirconium-filtered Mo-K, radiation
and the stationary-crystal-stationary-counter method with
a 4° take-off angle and a counting time of 10 s. The
intensities of 4560 independent reflections were measured
with 26 < 40°. Individual backgrounds were taken for
those reflections whose counts were seriously affected by the
streaking of other orders. For other reflections, back-
grounds were taken from plots of background as a function
of 26. Several standard reflections were measured re-

* For details of Supplementary Publications see Notice to
Authors No. 7 in J. Chem. Soc. (4), 1970, Issue No. 20 (items
less than 10 pp. will be supplied as full size copies).

4 S. Chawasie and R. H. Fenn, Acta Cryst., 1968, B24, 525.

5 M. R. Churchill and J. P. Fennessey, Inorg. Chem., 1967,
6, 1213.

¢ M. R. Churchill and J. P. Fennessey, Inorg. Chem., 1968, 7,
953.

? M. A. Bush, A. D. U. Hardy, L. M. Muir, and G. A. Sim,
J. Chem. Soc. (4), 1971, 1003.

8 R. J. Doedens and L. F. Dahl, J. Amer. Chem. Soc., 1965,
87, 2576.
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peatedly during the course of the experiment, but no
significant changes in intensity were detected. No absorp-
tion or extinction correction was applied. The standard
deviation o(I) of the reflections was taken to be [I + 2E +
(0-081)2]%, where E is the estimated background of the
reflection. 2018 reflections had I > 2¢(I) and were used
in the subsequent calculations.

Structure Determination.—Examination of the Patterson
function showed the positions of five of the seven heavy
atoms. The remaining atom positions were determined
from successive Fourier maps. The structure was refined
by a blocked full-matrix method. Five blocks were used;
the first containing all atoms [molybdenum, arsenic, bromine
(anisotropic), carbon, and oxygen (isotropic)] except those
in the eight phenyl rings. These 48 carbon atoms were
divided into four blocks of 12 atoms each. A weighting
scheme was chosen such that average values of wA? were
obtained for groups of reflections independent of the value
of F,orsin 8/x: this was 4/w = 1, for F, < 100 and 4/w =
100/F, for F, > 100. Calculations were made on the
S.R.C. ATLAS computer and our Elliott 4130 with the
programs described in ref. 11. Atomic scattering factors
for molybdenum, arsenic, bromine, oxygen, and carbon
were taken from ref. 12, as were the corrections for the
real and imaginary part of the anomalous dispersion for
molybdenum, bromine, and arsenic. The anisotropic
thermal parameters were defined as exp —2n® >3 Uyhihy,

L]

(¢, 7 =1,23) and the isotropic thermal parameters as
exp [—8n?U(sin? 6/3%)]. The final R was 0-085 and in the
final cycle of refinement, all shifts were <0-04 . The 2542
reflections given zero weight in the refinement showed no
large discrepancies. A difference Fourier synthesis showed
no significant peaks. The final list of positional co-ordinates
and thermal parameters, together with standard deviations,
is given in Tables 1 and 2. Phenyl ring carbon atoms are
denoted by C(mn), m being the ring number [(1)—(8)] and
»n the position of the atom in the ring [(1)—(6)]. Details
of the co-ordination sphere of molybdenum are given in
Table 3. Table 4 lists the dimensions of the phenyl rings.
The final observed and calculated structure factors for the
structure are given in Supplementary Publication SUP
20289 (9 pp., 1 microfiche).*

DISCUSSION

The molybdenum atom in (I) is seven-co-ordinate with
a distorted capped octahedral environment, a carbonyl
group occupying the unique capping position. Figure
1(a) shows the co-ordination sphere of the metal atom
with the unique position perpendicular to the plane of
the paper. The atomic numbering system and the most
important bond distances in the structure are also given.
Figure 1(b) shows the co-ordination sphere of the related
molecule (IT) in the equivalent projection.? In (I), the

9 M. G. B. Drew, A, W. Johans, A. P. Wolters, and I. B.
Tomkins, Chem. Comm., 1971, 819,

1 M. W. Anker, R. Colton, and I. B. Tomkins, Austral. J.
Chem., 1968, 21, 1159.

11 ATLAS: ‘ X-ray’ system of programs, July 1970 version,
eds. J. C. Baldwin, R. V. Chastain, D. F. High, F. A. Kundell,
and J. M. Stewart; Elliott 4130: Fourier program by D. R.
Russell, and our local version of the W. R. Busing, K. O. Martin,
and H. A. Levy ORFLS program.

12 ‘ International Tables for X-Ray Crystallography,” vol. III,
Kynoch Press, Birmingham, 1962.
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TABLE 1

Final positional (x 10%, 10%, or 108%) and isotropic (x 10?)
thermal parameters for (I), with estimated standard
deviations in parentheses

Atom x ¥ z U
Mo 2401(3) 15296(14) 34244(16) a
Br(1) 2723(4) 18330(20) 21357(21) a
Br(2) 0558(4) 22636(17) 33983(21) a
As(1) 0830(4) 08374(16) 27948(19) a
As(2) 3560(4) 25381(17) 37460(20) a
As(3) 2440(4) 17996(17) 47216(19) a
As(4) —0993(5) 06688(26) 14339(23) a
C(1) 243(3) 0757(19) 3877(21) 6-8(12)
o(1) 246(2) 0301(13) 4174(14) 7-9(8)
C(2) 388(4) 1175(19) 3314(21) 7-1(13)
0O(2) 471(3) 0960(13) 3221(15) 9-5(10)
C(3) 003(3) 1222(16) 1961(17) 4-8(10)
C(4) 291(3) 2689(16) 4664(18) 5-5(11)
C(11) 145(4) 008(2) 245(2) 6:3(11)
C(12) 255(4) 010(2) 221(2) 9-9(16)
C(13) 304(6) — 048(3) 201(4) 16-6(27)
C(14) 232(5) —100(2) 201(2) 9-7(15)
C(15) 127(5) —099(2) 216(3) 10-3(16)
C(16) 074(4) —043(2) 243(2) 8-4(14)
C(21) —038(3) 059(2) 330(2) 4-0(9)
C(22) —137(3) 094(2) 325(2) 6-6(12)
C(23) —233(4) 076(2) 364(2) 8-5(14)
C(24) —230(4) 026(2) 411(2) 9-7(16)
C(25) —121(4) —009(2) 414(2) 7-6(13)
C(26) —034(3) 010(2) 376(2) 5-3(10)
C(31) —237(6) 113(3) 136(3) 14-1(23)
C(32) —227(7) 191(4) 136(4) 18-4(30)
C(33) —333(8) 229(4) 139(4) 19-1(31)
C(34) —442(8) 191(4) 143(4) 20-9(33)
C(35) —440(6) 130(3) 138(3) 14-4(22)
C(36) —331(7) 107(3) 151(3) 13-8(23)
C(41) —026(4) 089(2) 059(2) 8:2(13)
C(42) —071(5) 125(2) 009(3) 10-8(17)
C(43) —023(6) 139(3) —054(3) 14-6(32)
C(44) 081(5) 112(2) —058(3) 11-2(18)
C(45) 148(5) 069(3) —014(3) 14-3(22)
C(46) 072(5) 056(2) 051(3) 11-6(18)
C(51) 519(3) 253(2) 384(2) 6-8(12)
C(52) 586(4) 244(2) 336(2) 6-4(11)
C(53) 706(4) 240(2) 342(2) 8-8(15)
C(54) 759(4) 241(2) 400(3) 8-7(15)
C(65) 709(5 247(2) 457(3) 11-2(17)
C(56) 575(4) 257(2) 457(3) 10-2(16)
C(61) 333(4) 330(4) 331(2) 9-7(15)
C(62) 245(4) 336(2) 274(2) 7-4(12)
C(63) 223(5) 396(2) 244(3) 11-3(18)
C(64) 295(4) 445(2) 273(2) 8-7(14)
C(65) 371(5) 438(3) 322(3) 11-7(18)
C(66) 405(4) 379(2) 360(3) 11-1(17)
C(71) 114(3) 179(2) 520(2) 4-8(9)
C(72) 109(4) 215(2) 583(2) 8-9(14)
C(73) 009(4) 207(2) 622(3) 9-9(16)
C(74) —086(4) 166(2) 604(2) 8-6(14)
C(75) —076(4) 138(2) 545(2) 7-3(12)
C(76) 015(3) 144(2) 507(2) 6-0(11)
C(81) 369(3) 145(2) 532(2) 5-1(10)
C(82) 451(4) 110(2) 507(3) 9-7(16)
C(83) 551(5) 089(2) 551(3) 11-2(17)
C(84) 549(4) 101(2) 621(3) 9-4(15)
C(85) 460(5) 132(3) 648(3) 14-0(22)
C(86) 375(4) 158(2) 598(3) 11:5(18)

¢ Anisotropic thermal parameters given in Table 2.

face which is capped by the carbonyl group C(1)-O(1)
contains the second carbonyl group C(2)-O(2) and two
arsenic atoms As(l) and As(3) from different ligands.
The uncapped face contains the two bromine atoms,
Br(l) and Br(2), and the arsenic atom As(2).* The
angles subtended at the central molybdenum atom by the
unique carbon atom C(1) and atoms in the capped face

J.C.S. Dalton

TABLE 2
Anisotropic thermal parameters (x 102) for the heavy
atoms in (I)
Atom Uy, Uy, Uy, Uye Uy Ug,
Mo 4-8(3) 2-4(3) 3-3(3)  09(2) —08(2) —00(2)
Br(l) 9-6(4) 69(4) 53(3) 12(3) —00(2)  0-8(2)
Br(2) 65(4) 4-5(3) 6-4(3) 1-5(2) —07(2) —0-1(2)
As(l)  6-8(4) 3-0(3) 39(3) 09(2) —12(2) —0002)
As(2)  61(4) 3-5(3) 49(3)  02(3) —0-4(2) 0-3(2)
As(3) 6-4(4) 3-6(3) 4-2(3) 0-8(2) —0-8(2)  01(2)
As{4) 9-1(4) 12:0(5) 4-4(4) —3-7(3) —2-2(3) 1-8(3)
TABLE 3
Dimensions in the co-ordination sphere of molybdenum
in (T)
(a) Bond distances (A)
Mo—C(1) 1-92(4) Mo—As(3)  2-592(5)
Mo—C(2) 1-90(4) Mo—Br(1)  2-650(5)
Mo-As(l)  2-608(5) Mo—Br(2)  2-674(5)
Mo—As(2)  2-651(5)

(b) Distances (A) between atoms in the co-ordination sphere and
angles (°) subtended at the metal atom.

C(1) C(2 As(l) As(3) Br(l) Br(2) As(2)
cQ1) 226 270 283 419 407 419
c@  72(2) 367 359 295 454 316
As(1) (1) 458 342 339 516
As(3) 1) 507 340 288
Br(1) 1) 150-5(2) 376  3.57
Br(2) (1 80-4(2) 89-8(2) 3-53
As(2) (1) 66-7(2) 84-6(2) 83-1(2)

(b) ()

CM)QOQO

Br As O C

FiGURE 1 Projections of the co-ordination spheres of (I) and
(II) viewed down the vector from the carbonyl group in the
capping position (omitted from the diagram) to the metal
atom (R = ring)

and uncapped face average to 73 and 128° respectively.
These angles agree well with those found in other
capped octahedral structures [7.e. 74 and 131° in aquo-

* The most convenient method for describing the configur-
ation of a seven-co-ordinate molecule is in terms of distortion
from one of the ideal symmetries. However, a large number of
molecules that do not have the pentagonal bipyramidal sym-
metry can be adequately described in terms of either a dis-
torted capped octahedron or a distorted trigonal prism.! For
example, (I} can also be considered as a capped trigonal prism
with Br(l) as the capping atom and atoms, As(1), As(2), C(2),
and Br(2) constituting the capped quadrilateral face. Although
we believe the capped octahedron to be the most adequate
description of (I), we recognize that such a distinction between
C,;, and C,, symmetry is, for the present molecule, primarily a
matter of convenience.
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tris(diphenylpropanedionato)holmium 13]. In (I), the
angles subtended at the central atom by two atoms in the
capped face are much larger than those from the un-
capped face (mean values 112 and 86° respectively). In
the capped octahedral molecule, aquotris(l-phenyl-1,3-
butanedionato)yttrium(iir),}* mean angles are 113 and
83° respectively. In these two complexes of the form
ML,(H,0),'*14 the water molecule occupies the capping
position and six oxygen atoms from the bidentate ligands
occupy the octahedral positions, thus maintaining

629

capping position, which is the most sterically crowded of
all seven positions, while two arsenic atoms and one
carbonyl group occupy the capped face as its nearest
neighbours.

These distortions from three-fold symmetry also occur
in (I1), in which all seven ligands are unidentate. How-
ever, in (I), one of the arsine ligands is a chelate, forming
a highly strained four-membered ring, which causes
additional distortions in the co-ordination sphere. The
four-membered ring is non-planar, the carbon atom

TABLE 4

Molecular geometry in (I)
(@) Dimensions of atoms not in the phenyl rings

(i) Distances (A)

C(1)-0O(1) 1-16(5) As(3)—C(4) 2-05(4) As(2)—-C(51) 1-87(4) As(4)—-C(31) 1-89(4)
C(2)—O(2) 1-10(5) As(4)—-C(3) 1-94(3) As(2)—-C(61) 1-90(5) As(4)—C(41) 1-92(5)
As(1)—C(3) 2-00(3) As(1)-C(11) 1-96(4) As(3)—C(71) 1:82(4)
As(2)—C(4) 2-02(4) As(1)—C(21) 1-85(3) As(3)—C(81) 1-95(3)
(i) Angles (°)

C(3 )—As(4) C(31)  100(2) Mo—As(1)-C(3) 113(1) Mo—As(2)—C(4) 98(1) Mo—As(3)—~C(4) 99(1)

C(3)—As(4)—C(41) 90(2) Mo—As(1)—C(11) 114(1) Mo—As(2)—C(51) 120(1) Mo—As(3)—C(71) 123(1)

(31)—As( )—C(41) 103(2) Mo—As( C(21) 117(1) Mo—-As(2)——C(61) 126(1) Mo—As(3)—C(81) 117(1)
As(1)-C(3)—As(4) 113(2) C(3)—As(1)~C(11)  105(1) C(4)—-As(2)~-C(51)  111(2) C(4)—As(3)—C(71)  105(1)
As(2)—-C(4)—As(3) 90(1) C(3)—As(1)—C(21)  104(1) C(4)—-As(2)—C(61) 102(2) C(4)—As(3)—C(81)  103(1)
Mo—C(1)—0O(1) 177(3) C(11)—As(1)—C(21) 104(2) C(51)—As(2)—C(61)  99(2) C(71)—As(3)—C(81) 107(1)
Mo—C(2)—0(2) 177(3)

(b) Dimensions in the phenyl rings
Ring (1) @) @) (4) (8) (6) (7 (8)

C(1)-C(2) 1-39(7) 1-37(5) 1-71(11) 1-37(7) 1-27(6) 1-44(6) 1:45(6) 1-34(6)
C(2)—C(3) 1-47(9) 1-45(6) 1-51(12) 1-41(9) 1-38(6) 1-46(7) 1:44(6) 1-46(7)
C(3)-C(4) 1-42(9) 1-45(7) 1:52(13) 1-35(9) 1-25(6) 1-46(7) 1-45(6) 1-38(8)
C(4)—C(5) 1:26(8) 1-46(7) 1-36(12) 1-45(8) 1-30(7) 1-26(7 1-32(6) 1-38(8)
C(5)—C(6) 1-50(7) 1:35(6) 1-36(10) 1-63(9) 1-56(8) 1-53(7) 1-33(6) 1-45(8)
C(6)~C(1) 1-40(6) 1-41(5) 1-16(11) 1-37(7) 1-54(6) 1-46(7) 1-40(5) 1:30(7)
As—C(1)—C(2) 117(3) 117(3) 119(5) 127(4) 126(3) 120(3) 121(3) 121(3
As—C(1)—C(8) 118(3) 125(3) 136(6) 114(4) 116(3) 115(3) 127(3) 119(3)
C(2)—C(1)—C(8) 124(4) 118(3) 101(8) 118(5) 117(4) 125(4) 112(3) 120(4)
C(1)—-C(2)—C(3) 116(5) 119(4) 121(6) 129(5) 127(4) 119(4) 118(4) 122(4)
C(2)—C(3)—C(4) 118(6) 123(4) 111(7) 111(5) 120(5) 116(4) 124(4) 116(5)
C(3)—C(4)—C(5) 125(5) 114(4) 123(7) 134(6) 124(5) 122(5) 114(4) 123(5)
C(4)—C(8)—C(6) 121(5) 121(4) 112(7) 106(5) 121(5) 128(5) 124(4) 115(5)
C(5)—C(6)—C(1) 115(4) 125(3) 141(7) 121(5) 110(4) 109(4) 128(4) 124(5)

approximate C,, symmetry. In these structures non-
bonded (O - - - O) contacts between neighbouring atoms
in the co-ordination sphere are of the order of 2-7 A.
In (I), the size of the ligands vary considerably and
hence so do the contacts in the co-ordination sphere,
giving distortions from C,, symmetry. For example, of
the angles subtended at the molybdenum atom by pairs
of atoms in the capped face, the As(1)-Mo—As(3) angle
is considerably larger (123-6°) than the two C(2)-Mo-As
angles which are 108 and 105°. The geometry of this
face is affected by the phenyl rings bonded to the arsenic
atoms, as several intramolecular contacts <3-50 A occur
between the two carbonyl groups and the atoms in these
phenyl rings. In the uncapped face, the Br-Mo-Br
angle is 89-8°, significantly larger than the Br—-Mo—As(2)
angles of 83-1 and 84-6°. The relative importance of the
three different ligands in ligand-ligand non-bonded re-
pulsion would therefore appear to be Br > AsPh, > CO.
This is consistent with the arrangement of atoms in the
capped octahedron, a carbonyl group occupying the

C(4) being 0-60 A from the plane of the other three atoms,
Mo, As(2), and As(3). In the ring, the As(2) - - - As(3)
distance is 2-88 A, compared to As(1) - - - As(4) of 3-28 A
in the unidentate ligand. The As(2)-Mo—As(3) angle
is 66-7(15°), about 15° less than equivalent angles in (I),
and less than the equivalent angle in (II), C(3)-W-As(2),
which is 77-8(13)°. Although the As(1)-M-As(2)
angles are equivalent in (I) and (II) at 157-6°, the
As(3)-Mo—Br(1) angle in (I) is significantly less (150-5°)
than the C(3)-W-Br(l) angle (158-6°) in (II). This
suggests that the distortion of the co-ordination sphere
of (I), imposed by the four-membered ring, is focused on
the position of As(3) rather than that of As(2) (see
Figure 1). In that four-membered ring, values of the
other angles are considerably lower than in the uni-
dentate arsine ligand. Thus the As(2)-C(4)-As(3) angle

13 A, Zalkin, D. H. Templeton, and D. G. Karraker, Inorg.
Chem., 1969, 8, 2680.

u F. A. Cotton and P. Legzdins, Inorg. Chem.,
1777.

1968, 7,
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is 90° and the Mo—As—C(4) angles are 98°, as against
113 and 113° respectively in the unidentate ligand.*

The relative positions of the atomsin the co-ordination
sphere of molybdenum has been explained on the basis
of ligand-ligand repulsions. However other factors are
involved. Both (I) and (II) are prepared from MBr,-
(CO)4 in which the two bromine atoms are mutually
cis 18 and this configuration is maintained in both com-
pounds. The carbonyl groups are strong = acceptors
and as such prefer positions mutually cis, where com-
petition for the metal 4, electrons in d, — =,* overlap is
avoided. Thus in (I), (IT), and in (C;;HgN,)(CO);CIMo-
(SnMeCly) ¢ and (C,H,;(S,) (CO)3CIW (SnMeCly),'” in which
the metal atoms have capped octahedral environments,
no pair of carbonyl groups is mutually frans.

The two M-CO bond distances in (I) are equivalent at
1-92(4) and 1-90(4) A. These values can be compared
to other Mo™-CO distances: 1-99, (z-C;H;)Mo(CO),Cl; 4
2-00, (n-C;H;)Mo(CO)4(C5F;); 5 1-93, 1-98, (=-C;Hg)Mo-
(CO)o(PPhy'COMe); ¢ 1-98, (n-CzH;)Mo(CO)g(PPhg)I; 7
1-94, (n-C;H;)Mo(CO)(PPhy[CH,ly'PPh,)Cl; 7 and 1-89,
1-93, and 1-96, MoBr,(CO)3(PPhy [CH,l, PPh,).28  That
the bonds in (I) are shorter than the majority of these
bonds may not be significant in view of their standard
deviations (which may be underestimated by the block-
ing of the matrix), but there are good reasons for short
Mo—C bonds in (I). The halogens (I > Br > Cl) tend
to increase the electron density at the metal and hence
the number of electrons available for back-donation.!?
As bis(diphenylarsino)methane is not a particularly good
n-bonding ligand, such donation will be concentrated
on the two carbonyl groups. M-CO distances in the
same molecule are often stereospecific [z.e. in (MeC)Cog-
(CO)gPPhy,® the Co~C(ax) and Co-C(eq) distances are
1-79 and 1-74 A respectively]. In the present structure,
no such trend is observed. The Mo—-C-O angles [177(3)°]
and the C-O distances [1-16(5) and 1-10(5) A] are
normal.

The Mo—As(2) bond length [2:651(5) A] is longer than
the other two Mo—As bonds [2:608(5) and 2-592(5) A].
The mean Mo-As distance (2:62 A) is thus considerably
less than the value predicted from the sum of single bond
radii (2-82 A, taking 7y, 1-61,8and 7,5 1-21 A 2).  Mo!-P
distances are also shorter than the sum of ionic radii
(2-71 A &21) in similar compounds: e.g., 2-473,% 2-42 and
2-438and 2-481 A7 It can be concluded that both Mo—P
and Mo—As bonds have some double-bond character pre-
sumably through back-donation (d,—>d,) from the metal.
Indeed, it is noticeable that in (I) and (II) the arsenic
atoms do not occupy positions trans to the strongly =-
accepting carbonyl groups. In (II), the two arsenic

* The structure of Mo(CO),(PPhyCH,'PPh,) has been re-
ported (K. K. Cheung, T. F. Lai, and K. S. Mok, J. Chem. Soc.
(4), 1971, 1644). In this octahedral structure, the four-mem-
bered ring is planar, angles being P-Mo—P 67-3, Mo—P—C 96-9
(mean), and P—C—P 95-6°. Presumably, the non-planarity of
the arsine chelate ring in (I) is due to increased steric strain.
It has been shown that this chelate ring is less stable than the
corresponding phosphorus ring in reaction with either excess of
ligand or with carbon monoxide (R. Colton and C. J. Rix,
Austral. J. Chem., 1971, 23, 441).
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atoms are mutually ¢rans and the two bromine atoms are
trans to carbonyl. When phosphorus is #rans to carb-
onyl, as in the capped octahedral molecule MoBr,(CO),-
(PPhy[CH,},'PPhy),1® a weakening of the Mo-P bond
is observed, Mo—P(¢rans to CO) being 2:62 A and (trans
to Br) 2:50 A. Such an effect is even found in (r-C Hy)-
Mo(CO)(PPh, [CH,l, PPh,)Cl,” where Mo-P(lrans to
CO) is 0-055 A longer than MoP(trans to Cl) despite the
fact that the description ‘ #rans to’ is an oversimplifica-
tion, the P-Mo—CO angle being 113-7°. However, in the
present molecule, a similar effect is found as As(2), which
forms the longest Mo—-As bond, is in the uncapped
octahedral face and is therefore more nearly in the
trans-position to a carbonyl group than either of the
other two arsenic atoms [As(2)-Mo—C(1) 130°]. The
shortest of the three Mo—As bonds [Mo—As(3)] is trans
to bromine. The Mo-Br bond can be assumed to be
of predominantly ¢ character with the possibility of some
donation from the halogen. In any case, the amount of
back donation Mo —> As would not be any the less for the
arsenic atom being trans to bromine.

From the Mo™-P bond lengths we have listed and the
Mo!-As bond lengths in (I), it would appear that the
relative bond orders are similar, assuming a difference
of 0-11 A in the covalent radii of phosphorus and
arsenic.2! This is somewhat surprising as phosphorus
is considered to be a better o donor and = acceptor than
arsenic. Indeed in a discussion of the reaction: %10

M(CO),L,X, + CO === M(CO),L,X,

ey (1)
[L = (PhyAs),CH,)

it was postulated that one of the Mo-As bonds in (I)
would have to be particularly weak for the reaction to
occur, particularly as carbon monoxide is not a reactive
ligand under the conditions used. From our analysis of
(I), this does not appear to be the case, for although
Mo-As(2) is the weakest such bond, it still has an appreci-
able amount of double-bond character. The correspond-
ing bis(diphenylphosphino)methane complexes [ana-
logous to (I)] do not take up carbon monoxide 2similarly.
This was thought to be due to the difference in strength
of the Mo—P and Mo—-As bonds rather than to any
difference in steric strain in the four-membered ring, but
is not confirmed by our analysis of (I).

The mean As—C bond lengths in the four-membered
rings (2:03 A) are greater than those of the bridging
As—C bonds in the unidentate ligand (1-97 4- 0-03 A).

15 R. Colton and I. B. Tomkins, Austral. J. Chem., 1966, 19,
1143.

16 M. Elder and D. Hall, Inorg. Chem., 1969, 8, 1268.

17 M. Elder and D. Hall, Inorg. Chem., 1969, 8, 1273.

18 M. G. B. Drew, unpublished work.

10 D, J. Hodgson and J. A. Ibers, Inorg. Chem., 1969, 8, 1282.

20 M, D. Brice, B. R. Penfold, W. T. Robinson, and S. R.
Taylor, Inorg. Chem., 1970, 9, 363.

21 1. Pauling, ‘ The Nature of the Chemical Bond,” Cornell
University Press, 3rd edn., Ithaca, New York, 1960.

22 M. W. Anker, R. Colton, and I. B. Tomkins, Austral. J.
Chem., 1968, 21, 1143.
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The mean As—C{ml) bond length (1-89 A) is less than
these As—C(bridge) lengths. Of the eight benzene
rings, the majority have acceptable dimensions and

Csing

FiGuRE 2 The a projection of the unit cell of (I)

temperature factors. Rings (3) and (4), which are
bonded to As(4), the only arsenic atom not bonded to
the central molybdenum atom, have the highest tempera-

631

ture factors and the widest spread of dimensions. In all,
no dimension differs from the expected value by >3e.
Table 5 lists inter- and intermolecular contacts <3-5 &,
those between phenyl rings on the same arsenic atom
being omitted. The intermolecular contacts between
carbon atoms in the phenyl rings play the major role in
the packing of the molecules in the unit cell. These
contact distances are close to the sum of van der Waals

TABLE 5

Inter- and intra-molecular contacts (<35 A) between
atoms in (I)

C@3)---Br(l) 338 C@) -+ C(12) 348
C(l)-~-C(ll) 3.27 C@)---C(82) 345
cay---Cc21) 337 C(g) - -~ C(51 3-47
C)---C(81) 343 0(2)---C(23) 348
cay-.- ( 2)  3-30 C(44) - - - C(151) 3-39
O(1) - --C(26)  3-29 C(46) - - - C(4611) 3-50
O(l):--C(82) 335 C(85) - .. C(6311) 3.48

Roman numerals as superscripts refer to an atom in the
following equivalent positions relative to the reference mole-
cule at x, v, z (Table 1):

O 14+292
(II) —x, —y, —z

() » 3~y § + 2
radii. The a projection of the unit cell is shown in
Figure 2.
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