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Summary

Pentacarbonyl(phosphabenzene)molybdenum(0) crystallizes in the Pbam space
group with Z = 8, a 15.880(4), b 20.162(4) and ¢ 7.971(3) A. The crystal structure
was determined and refined from 1404 independent reflections to R, = 0.034. The
pentacarbonylmolybdenum moiety is symmetrically coordinated to the phosphorus
atom of the phosphabenzene ring, which closely resembles the free ligand in
geometry.

Introduction

The phosphabenzene (phosphorin) ring 1 can serve as a versatile ligand towards
transition metals. Three types of complexes are known, a o-type [1-8] a #-type
[6,7,9], and a mixed o-7 type [7,8,10,11]. Which kind of complex is formed seems to
depend on the degree of substitution of the phosphabenzene ring. For example,
2.4,6-triphenylphosphabenzene 1a reacts with THF-Mo(CO); to give the correspond-
ing o-molybdenum pentacarbonyl 2a, which on heating to 140°C rearranged with
loss of CO to the m-molybdenum tricarbonyl 3a [6]. The unsubstituted phosphaben-
zene lc forms a similar o-complex 2¢ which fails to rearrange to 7-complex 3¢ even
on heating to 200°C [5]. Phosphabenzenes with an intermediate degree of substitu-
tion, such as 4-cyclohexylphosphabenzene 1b, react with Mo(CO), to give a o-w
adduct (4b) [10].

Structural data are available for several of the w-complexes [12,13] and free
phosphabenzenes [15,16]. However, the only o-complex for which a crystal structure
has been reported is the 2,4,6-triphenylphosphabenzenechromium pentacarbonyl (5)
related to 2a [16]. We have now obtained an X-ray structure for 2¢ in order to focus
on the effects of substitution on the phosphabenzene ring.
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Experimental

Preparation and properties. Hexacarbonylmolybdenum (1.35 g, 5.1 mmol) in 350
ml of tetrahydrofuran was placed in a Pyrex photolysis reaction vessel equipped with
a magnetic stirrer and argon inlet. After irradiation with a medium pressure mercury
lamp (Hanovia) for 5 h, a solution of phosphabenzene (0.5 g, 5.2 mmol) in 5 mi of
tetrahydrofuran was added and the resulting mixture stirred for 24 h. After the
solvent was removed under reduced pressure, the residue was taken up in pentane.
The pentane solution was cooled to —78°C and filtered to remove unreacted
hexacarbonylmolybdenum. Removal of pentane yielded a yellow-green solid which
was sublimed (55°C at 0.25 torr), then recrystallized from pentane to 0.4 g (24%
yield) of pale yellow crystals of 3¢, m.p. 76-77°C. Anal. Found: C, 36.12; H, 1.55.
C,0HsMoO,P caled.: C, 36.17; H, 1.52%. IR (CHCl;): »(CO) 2078 m, 1962 (s)
cm™ . MS m/e: 334 (M, C,;Hs *MoO,P).

X-ray crystallography. Crystals of pentacarbonyl(phosphabenzene)molybde-
num(0) were grown by sublimation. A 0.21 X 0.24 X 0.22 mm crystal was mounted
on a Syntex P2, automatic diffractometer and the space group determined to be
Pbam with Z = 8, a 15.880(4), b 20.162(4), ¢ 7.971(3) A, V 2552(1) A® and d(calcd)
1.73 g/cm®. A total of 1404 independent reflections with 26 < 45° were obtained
using Mo-K, radiation monochromated from a graphite crystal whose diffraction
vector was perpendicular to the diffraction vector of the sample. Three standard
reflections were measured every 50 reflections. The data were reduced by procedures
- previously described [17]. The structure was solved using standard Patterson tech-
niques. Hydrogen atoms were included in the final refinements as fixed atom
contributors. Final residuals were R' = 0.034 and R? = 0.038 [18].

Results and discussion

The structure consists of discrete molecules linked only by Van der Waals
contacts. There are two independent molecules each confined to a crystallographic
mirror containing the Mo atom; the phosphabenzene ring atoms and one of the
carbonyl groups.
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Fig. 1. The molecular structure of pentacarbonyl(phosphabenzene)molybdenum(0) showing the number-
ing scheme.

The molecular structure of pentacarbonyl(phosphabenzene)molybdenum(() is
illustrated in Fig. 1. Table 1 contains the refined positional and final thermal
parameters for the non-hydrogen atoms. Tables 2 and 3 give the bond distances and
angles for non-hydrogen atoms, while Table 4, a list of observed and calculated
structure factors, is available on request from AJA.

The molybdenum atoms of 2¢ are almost perfectly octahedrally coordinated with
CMoC angles of 90.4° (ave) and PMoC angles of 89.7° (ave). Both the MoC and CO
distances of 2¢ are well within the range observed for similar phosphine-Mo(CO),
complexes (see Table 5). Interestingly, the MoP distance of 2.46 A is relatively short,
in fact 0.10 A shorter than that of (C4Hs);PMo(CO)s [19]. The data in Table 5 show
that the Mo(CO)s complexes of the rigid, cyclic phosphines [20,21] generally have
shorter MoP bond distances than complexes of the acyclic phosphines. This suggests
a steric origin for the effect.

The structure of the phosphabenzene moiety closely resembles that of the free
ligand [14] and of S [16]. The rings are planar in all cases, while the corresponding
internal bond angles do not vary significantly. However, the mean CC (1.38 A) and
CP (1.70 A) bond lengths are slightly shorter than those of 1c (1.40 and 1.73 A,
respectively) and considerably shorter than those of the w-complex (C;H)Mn-
(PCsH,(C4Hs);) (1.46 and 1.76 A, respectively). It has been argued that the
lengthening of the ligand bonds in the #-complex is due to a removal of electron
density for the triphenylphosphabenzene ring on complexation. By extension of this
argument the short bonds of 2¢ imply that there is little removal of electron density
from the ring on complexation.

The juxtaposition of the metal pentacarbonyl group relative to the plane of the
phosphabenzene ring is different in 2¢ and 5. In 5, the P-metal bond is bent about

(Continued on p. 238)
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TABLE 2
BONDED DISTANCES (A) FOR PENTACARBONYL(PHOSPHABENZENE)MOLYBDENUM(0)*

mean
Mo(1)-P(1) 2.464(2) Mo(1y—P(1y 2.456(3) 2.46
Mo(1)-C(7) 2.015(9) Mo(1)'-C(Ty 2.038(11) 2.03
Mo(1)-C(8) 2.037(7) Mo(1)~C(8Y 2.044(7) 2.04
Mo(1)-C(9) 2.069(7) Mo(1)'-C(9Y 2.035(7) 2.05
P(1)-C(2) 1.717(8) PQY-C2Y 1.711(8) 1.71
P(1)-C(6) 1.695(8) PQ1)-C(6)’ 1.693(9) 1.69
C(2)-C(3) 1.381(9) CQy-C3Yy 1.363(11) 1.37
C(3)-C(4) 1.348(10) C3Y-C(ay 1.357(12) 1.35
C(4)-C(5) 1.353(10) C@4y-C(5)" 1.377(12) 1.36
C(5)-C(6) 1.396(10) C(5y-C(6Y 1.417(12) 1.41
C(7)-0(1) 1.150(9) C(7y-O(10y 1.120(11) 1.14
C(8)-0(2) 1.143(7) C(8)Y -0y 1.124(7) 1.13
C(9)-0(3) 1.136(7) C(9y-0(3Y 1.134(7) 1.14

“ Atoms of the second independent molecule are indicated by a prime ().

TABLE 3
BOND ANGLES (deg) FOR PENTACARBONYL(PHOSPHABENZENE)MOLYBDENUM(0)

mean
P(1)-Mo(1)—C(7) 177.6(3) P(1)'~Mo(1y—C(7y 179.1(3) 178
P(1)-Mo(1)-C(8) 88.9(2) P(1y~Mo(1y'—C(8Y 88.4(2) 89
C(N-Mo(1)-C(8) 89.4(3) C(7y-Mo(1y -C(8) 91.0(3) 90
P(1)-Mo(1)-C(9) 90.7(2) P(1y-Mo(1y—C(9y 90.8(2) 91
C(7)-Mo(1)-C(9) 91.0(3) C(7y'~Mo(1y'—C(9Y 89.8(3) 90
C(8)-Mo(1)-C(9) 90.1(3) C(8Y~-Mo(1)'—C(9) 91.1(3) 91
C(2)-P(1)-C(6) 103.1(5) C(2y—-P(1y-C(6) 103.2(6) 103
P(1)-C(2)-C(3) 122.9(8) P(1)-C(2y-C(3y 125(1) 124
C(2)-C(3)-C(4) 123.19) CRy-C3Yy-C(4y 120(1) 122
C(3)-C(4)-C(5) 125.0(9) C(3y—C(ay-C(5y 130(2) 128
C(4)-C(5)-C(6) 123Q1) C(4)y-C(5y—C(6)’ 118(1) 121
P(1)-C(6)-C(5) 122.7(8) P(1y—-C(6y—C(5Y 124(1) 123

4 Atoms of the second independent molecule are indicated by a prime ().

TABLE 5
COMPARISON OF SELECTED BOND DISTANCES (A) FOR THE COMPOUNDS Mo(CO)sPR ,

Compound MoP  Mo(CO,,) MoCO,) CO,, CO, Ref.
Mo(CO)sP(C¢Hs), 2.56 2.00 2.05 1.14 1.13 19
Mo(CO)sP(CH,CH,CN),  2.51 2.01 2.04 1.15 1.13 19
Mo(CO)[P(CH,)¢N;] 2.48 2.03 2.01 1.12 1.16 21
Mo(CO);[P,S;] 2.48 2.08 2.05 1.12 1.14 20

Mo(CO)s[PCsHj] 246 203 2.05 1.14 113 this work
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8° out of the plane of the ring, while in 2¢ the P-Mo bond is completely coplanar
with the ring. Apparently the bulky 2,6-phenyl substituents of 5§ buttress the
Cr(CO); group, while in the less congested 2¢c the Mo(CO); group is able to straddle
the ring plane without steric problems. Very likely the lack of steric congestion of 2¢
is responsible for its greater thermal stability toward rearrangement to 7-complex 3c.

Finally, it should be noted that the plane of the phosphabenzene ring of 2¢
precisely bisects the C(9)Mo(1)C(9) and C(8)Mo(1)C(8) angles. This staggering
rather than a possible eclipsing of two of the (CO) groups is also found in 5 and the
related pentacarbonyl (mesitylenediphenylmethylene)phosphine (6) [22]. Recent the-
oretical studies on similar carbene-M(CO); complexes have indicated only very
small rotational barriers about the carbene-metal bonds [23]. By analogy, the
observed staggered conformations in 2¢, 5 and 6 are probably preferred only on
steric grounds.

Acknowledgment

This work was partially supported by grants from the National Science Founda-
tion.

References

1 M. Fraser, D.G. Holah, A.N. Hughes and B.C. Hui, J. Heterocyclic Chem., 9 (1972) 1457.
2 J. Deberitz and H. Néth, J. Organomet. Chem., 49 (1973) 453.

3 K.C. Dash, J. Eberlein and H. Schmidbaur, Synth. Inorg. Metalorg. Chem., 3 (1975) 375.
4 H. Kanter and K. Dimroth, Tetrahedron Lett., (1975) 541.

5 A.J. Ashe, III and J.C. Colburn, J. Am. Chem. Soc., 99 (1977) 8099.

6 J. Deberitz and H. Néth, Chem. Ber., 106 (1973) 2222.

7 F. Nief, C. Charrier, F. Mathey and M. Simalty, J. Organomet. Chem., 187 (1980) 277.

8 H. Lehmkuhl, R. Paul and R. Mynott, Liebigs Ann. Chem., (1981) 1139.

9 J. Deberitz and H. No6th, Chem. Ber., 103 (1970) 2541.

10 K.C. Nainan and C.T. Sears, J. Organomet. Chem,, 148 (1978) C31.

11 F. Nief, C. Charrier, F. Mathey and M. Simalty, Nouv. J. Chim., 5 (1981) 187.

12 H. Vahrenkamp and H. N6th, Chem. Ber., 105 (1972) 1148.

13 J. Fischer, A. De Cian and F. Nief, Acta Cryst. B, 37 (1981) 1067.

14 (a) J.C.J. Bart and J.J. Daly, Angew. Chem., 80 (1968) 843; (b) W. Fischer, E. Hellner, A. Chatzidakis
and K. Dimroth, Tetrahedron Lett., (1968) 6227.

15 (a) R.L. Kuczkowski and A.J. Ashe, III, J. Mol. Spectrosc., 42 (1972) 457; (b) T.C. Wong and L.S.
Bartell, J. Chem. Phys., 61(1974) 2840; (c¢) T.C. Wong and A.J. Ashe, III, J. Mol. Struct., 48 (1978}
219.

16 H. Vahrenkamp and H. Néth, Chem. Ber., 106 (1973) 2227.

17 Computations were carried out on an Amdahl 470-V8 computer. Computer programs used during the
structural analysis were SNCOP (data reduction by W. Schmonsees), FORDAP (Fourier refinement,
by A. Zalkin), ORFLS (full-matrix least-squares refinement, by Busing, Martin, and Levy), ORFFE
(distances, angles and their esd’s, by Busing, Martin, and Levy), ORTEP (thermal ellipsoid drawings,
by S.K. Johnson) and HATOMS (hydrogen atom positions, by A. Zalkin).

18 R, =Z[|F|— IR/ ZIF). Ry = [Ew(|Fy|— | R/ Sw|F,D V2.

19 F.A. Cotton, D.J. Darensbourg and W_H. IIsley, Inorg. Chem., 20 (1981) 578.

20 A.W. Cordes, R.D. Joyner, R.D. Shores and E.D. Dill, Inorg. Chem., 13 (1974) 132.

21 J.R. DelLerno, L. M. Trefonas, M.Y. Darensbourg and R.J. Majeste, Inorg. Chem., 15 (1976) 816.

22 T.C. Klebach, R. Lourens, F. Bickethaupt, CH. Stam and A. Van Herk, J. Organomet. Chem., 210
(1981) 211.

23 H. Nakatsuji, J. Ushio, S. Han and T. Yonezawa, J. Am. Chem. Soc., 105 (1983) 426.



