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chiometry of the complex.!® Interestingly with 4 equiv of SnCl,,
H-C(1) moved upfield at 20 °C. Cooling to —80 °C revealed the
presence of a new signal at § 9.7 (14% of relative intensity)!® in
addition to SnCl,-2L which we assign to SnCl,-L. This assignment
is supported by the experiment with 10 equiv of SnCl, in which
the signal at 6 9.7 increased to 25% relative intensity. Taken
together these data suggest that (1) L is fully complexed at 20
°C with 0.5 equiv of SnCly, (2) the complexation equilibrium is
temperature independent, (3) 1:2 complexation is preferred in
solution, and (4) the 1:1 complex is in equilibrium with the 1:2
complex at high SnCl,:L ratios and is detectable at —80 °C in
significant concentration.

In summary we have established that the structure of the Lewis
acid-aldehyde complex is playing a stereochemically significant
role in allylmetal aldehyde condensations. Furthermore, we have
demonstrated that the observed dependence of stereochemistry
on experimental variables can be understood by the change in
structure of the reactive intermediates and suggest that the cis
coordination geometry in SnCl,-2L is responsible for the stereo-
chemical variability. The unambiguous structural determination
of the species in solution and identification of the 1:1 complex
are currently under investigation.
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L is 50:50 for SnCl,2L and 75:25 for SnCl, L.

(19) Percent relative intensity is defined with respect to the major peak
for SnCle2L = 100%.
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Probably of all the metals, molybdenum shows the greatest
propensity to form M—M multiple bonds, and there are now scores
of structurally characterized compounds containing the central
d* Mo(II)-d* Mo(II) unit with the M—M MO bonding configu-
ration ¢?7432.! The formation of the M—M quadruple bond
requires an eclipsed or near-eclipsed conformation of two

square-planar ML, units as seen in the structures of Mo,(O,CR), -

and Mo,X,(PR;), compounds, where X = CI, Br, and I.! The
use of the bidentate phosphine dppe (dppe = Ph,PCH,CH,PPh;)
leads to o and 3 isomers for Mo,Cl,(dppe), compounds.? In the
« isomer, the dppe ligands chelate, one to each molybdenum atom,
such that the near-eclipsed Mo,Cl,P, unit is achieved. In the 8
isomer, the dppe ligands span the Mo—Mo bond and impart a
staggered arrangement of the two MoCl,P, units.> The latter

(1) Cotton, F. A.; Walton, R. A. In Multiple Bonds Between Metal Atoms,
Wiley: New York, 1982; Chapter 3, Tables 3.1.1 and 3.1.2.

(2) Best, S. A.; Smith, T. J.; Walton, R. A. Inorg. Chem. 1978, 17, 99.

(3) Campbell, F. L.; Cotton, F. A.; Powell, G. L. Inorg. Chem. 1985, 24,
4384 and references therein.

Figure 1. Two ORTEP views of the Mo,(O-i-Pr),(dmpe), molecule. The
molecule has a crystallographically imposed C, axis coincident with the
M-M bond. Pertinent distances (A) and angles (deg) averaged where
appropriate are Mo-Mo = 2.236 (1), Mo—O = 2.00 (1), Mo-P = 2.438
(1), Mo-Mo-O = 103.8 (1) and 98.9 (1), Mo—Mo-P = 98.0 (1) and
100.8 (1), Mo—O-C = 128 (1).

geometry has a profound effect on the & orbital since for a perfectly
staggered arrangement (P-Mo—Mo-P torsion angle = 45°) d—d
overlap goes to zero for the § bond. Recently these types of
staggered d*-d* dinuclear compounds have been the subjects of
considerable interest in terms of assignments of the § — &*
transition, their magnetic properties, and the relationship between
M-M distance and 8 overlap.’™*

We have prepared and characterized compounds of formula
Mo,(OR)4L,; (R = i-Pr, L = HO-i-Pr and py; R = Np, L =
HNMe, and PMe,).6 These compounds contain d* Mo(II)-d*
Mo(II) centers with an essentially eclipsed Mo,O,L, skeleton. The
w-donor alkoxides lengthen and labilize the Mo—Mo quadruple
bond. We wished to compare the chemistry of the alkoxide-
supported Mo,** unit in both its eclipsed and staggered forms.
In an attempt to prepare an example of the latter, we carried out
the reaction shown in eq 1, which gave the title compound in
Moy(O-i-Pr) ((HO-i-Pr), + 2Me;PCH,CH;PMe, ———

Mo,(0-i-Pr)4(dmpe), + 4HO-i-Pr (1)
essentially quantitative yield. A convenient alternate synthesis

involves the reaction between Mo,(i-Bu),(NMe,),, i-PrOH (>4
equiv), and dmpe (2 equiv) in a hydrocarbon solvent. This obviates

(4) Campbell, F. L.; Cotton, F. A; Powell, G. L. Inorg. Chem. 1985, 24,
177.

(5) Hopkins, M. D.; Zietlow, T. C.; Miskowski, V. M.; Gray, H. B. J. Am.
Chem. Soc. 19858, 107, 510.

(6) Chisholm, M. H.; Folting, K.; Huffman, J. C,; Tatz, R. J. J. Am.
Chem. Soc. 1984, 106, 1153,
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the isolation of Mo,(O-i-Pr),(HO-i-Pr),, though it is likely that
this compound or a dimethylamine-substituted derivative is a
reactive intermediate.5’

Mo,(O-i-Pr)(dmpe), is a dark-brown, hydrocarbon-soluble,
air-sensitive, crystalline compound.®!  The NMR spectra in tol-
uene-dy revealed a single *'P signal and only one type of O-i-Pr
ligand with equivalent isopropyl-methyl groups.® A molecule
having a staggered Mo,0O,(P-P), unit similar to that seen in
B-Mo,Cl,(dppe), should have displayed diastereotopic methyl
groups. The NMR data are consistent with expectations based
on the molecular structure found in the solid state.l® See Figure
1. The dmpe ligands do not span the Mo—Mo bond but rather
act as chelating ligands to one molybdenum atom. The four
alkoxides are bonded to the other molybdenum atom. The
Mo,0,P, unit adopts a staggered conformation as is evident from
one of the views shown in Figure 1. This is the only example of
an unsupported M—M multiple bond uniting Mo(0) and Mo(IV)
atoms, though it should be recognized that M—M multiple bonds
between metal atoms in different oxidation states have been known
since the discovery of Re,Cls(C4H 4S,), in 1966 (C,H,0S; is
2,5-dithiahexane).!! The recent report of the Re(IV)-Re(II)
dinuclear compound Re,(OEt),Cl,(PPh,), is particularly worthy
of note in that the Re(IV) center is supported by two alkoxide
ligands.!?

We propose that the M—M multiple bond in this molecule is
a triple bond, ¢%x*, uniting the d2 Mo(IV) and d® Mo(O) metal
atoms.!?* This is consistent with the observed Mo—Mo distance
which is comparable to those in Mo,(OR)¢L, compounds,'4e.g.,
Mo-Mo = 2.242 (1) A in Mo,(OSiMe;)s(HNMe,),.!'S For-
mation of a § bond can be ruled out based on the staggered
Mo,0,P, conformation, and the Mo(0) center will have two
electrons residing in a metal-centered atomic orbital, namely, the
d,, orbital which otherwise could be involved in § bonding. At
the Mo(O-i-Pr), center, the metal d,, orbital is involved in Mo—O
7 bonding.¢

Though we cannot rule out the possibility that the title com-
pound represents a kinetic rather than the thermodynamic product
of reaction 1, this seems unlikely. Why should a molecule of
formula Mo,(O-i-Pr),(dmpe), favor the observed Mo(IV)-Mo(0)
structure? Though it is clearly premature to venture any detailed
explanation, we do note the following. (1) The introduction of
RO ligands to the Mo,** center weakens the M—M bonding,
particularly the é bond such that little, if any, M—M bonding is
sacrificed in going from a Mo(II)-Mo(II) to the Mo(IV)-Mo(0)
structure.  (2) Metal-ligand bonding is optimized in the
Mo(IV)-Mo(0) structure in that four hard alkoxide ligands co-
ordinate to the Mo(IV) center and four soft phosphorus lone pairs
coordinate to the Mo(0) center.

(7) Chisholm, M. H.; Huffman, J. C; Tatz, R. J. J. Am. Chem. Soc. 1983,
105, 2075.

(8) Anal. Caled (Found) for Mo,P,C,,H¢O,: C, 39.6 (39.4); H, 8.3 (8.2);
P, 17.0 (16.8); N, 0.00 (<0.03).

(9) 3'P{'"H} NMR § 43.2 (rel H;PO,); 'H NMR (21 °C toluene-ds, 360
MHz) § 4.22 (sept, *Jyy = 6 Hz, CHMe,), 1.34 (d, *Jyy = 6 Hz, CHMe,),
2.28, 0.30 (PMe,), 2.79, 2.20, 1.27, 1.10 (PCH,CH,P).

(10) Crystal data for Moz(O-i-Pr“i,,(dmpe)2 at—155°C: a=10.709 (2)
A b=18902(5) A, c=17.121 (4) A, =92.05(1)°, Z =4, dyes = 1.397
g cm™>, and space group C2/c. Of the 2784 reflections collected (Mo Ka, 6°
< 26 < 45°), the 2006 having F > 3¢(F) were used in the full least-squares
refinement. All hydrogen atoms were located and refined isotropically; all
non-hydrogen atoms were refined anisotropically. Final residuals were R(F)
= 0.027 and R,(F) = 0.031.

(11) Bennett, M. J.; Cotton, F. A.; Walton, R. A. Proc. R. Soc. London,
Ser. A 1968, 4303, 175. J. Am. Chem. Soc. 1966, 88, 3866.

(12) Chakravarty, A. R.; Cotton, F. A.; Cutler, A. R.; Tetrick, S. M;
Walton, R. A. J. Am. Chem. Soc. 1985, 107, 4795.

(13) This will have a dative component as in Re,Cl,(OEt),(PPh;),: ref

12.

(14) Chisholm, M. H. Polyhedron 1983, 2, 681; see Table 4 and references
therein. ’

(15) Chisholm, M. H.; Cotton, F. A.; Extine, M. W_; Reichert, W. W. J.
Am. Chem. Soc. 1978, 100, 153.

(16) The Mo~O distance of 2.00 (1) A (av) corresponds to a bond order
of 1"/, and may be compared to an estimated single bond length of 2.06 A
and distances of 1.94 and 1.88 A for Mo—OR bonds of order 1'/; and 1%/,,
respectively. See ref 6, 14, and: Chisholm, M. H.; Heppert, J. A.; Huffman,
J. C. Polyhedron 1984, 3, 475.

Further studies are in progress.!’
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parameters together with a VERSORT drawing giving the atom
number scheme and a complete listing of bond distances and angles
(3 pages). See any current masthead page for ordering infor-
mation.

(17) We thank the National Science Foundation and the Wrubel Com-
puting Center for support and L.R.S. Van Der Sluys for obtaining *'P NMR
spectra.
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We wish to describe the results of our investigations of polyenes
1-4 by our transient photoelectron (TPE) method.!? The data
shed light on questions that have been raised® concerning the
original experimental observations of the photoelectron spectra
of 1! and its 2,5-dimethyl derivative 3* and the interpretational

P A <

differences in the Koopmans’ theorem® model (KTM)® and
non-Koopmans’ models (NMK).® The crucial factor that makes
the present studies of 2 and 4 possible is the availability of suf-
ficient quantities of (cyclophane) flash vacuum pyrolysis (FVP)
precursors’® since 1-4 are not kinetically stable.

Existing data from photoelectron spectroscopy (PES) over-
whelmingly support the position® that the symmetry/energy se-
quence for the first several ionic states (IP;) of molecules can be

(1) Koenig, T.; Wielesek, R.; Snell, W.; Balle, T. J. Am. Chem. Soc. 1975,
97, 3225.

(2) Imre, D.; Koenig, T. Chem. Phys. Lell., 1980, 73, 62.

(3) Dewar, M. J. S. J. Am. Chem. Soc. 1982, 104, 1447.

(4) Koenig, T.; Southworth, S. J. Am. Chem. Soc. 1977, 99, 2807.

(5) Koopmans, T., Physica (Utrecht) 1934, 1, 104.

(6) The notation (NKM, KTM, KT,, and KT;*) used here is given in:
Koenig, T.; Klopfenstein, C. E.; Southworth, S.; Hoobler, J. A.; Wielesek, R.;
Balle, T.; Snell, W.; Imre, D. J. Am. Chem. Soc., 1983, 105, 2256. The
non-Koopmans effects we describe are well established for high energy states
where they are referred to as shake-up effects or satellite lines. Many other
groups* have recently provided insight to this phenomenon using different
basis functions. (a) Cederbaum, L. S.; Schirmer, W.; von Niessen, W.;
Domcke, W. Adv. Chem. Phys. 1986, 65, 115. (b) Bigelow, R. W, Int. J.
Quantum Chem. 1986, 29, 35. (c) Spanget-Larsen, J. Croal. Chim. Acta
1984, 57, 991. (d) Schulz, R.; Schweig, A.; Zittlau, W. J. Am. Chem. Soc.
1983, 105, 2980. (e) Bally, T.; Nitsche, S.; Roth, K.; Haselbach, E. J. Am.
Chem. Soc. 1984, 106, 3927. (f) Chong, D. P. Can. J. Chem. 1983, 61, 1.
Lindholm, E.; Asbrink, L. J. Electron Spectrosc. 1980, 18, 21.

(7) Hopf, H. Angew. Chem., Int. Ed. Engl. 1972, 11, 419. Hopf, H.;
Lenich, F. Chem. Ber. 1974, 107, 1891.

(8) Koenig, T.; Rudolf, K.; Chadwick, R.; Geiselmann, H.; Patapoff, T.;
Klopfenstein, C. E. J. Am. Chem. Soc. 1986, 108, 5024.

(9) Eland, J. H. D. Photoelectron Spectroscopy; Wiley: New York, 1974,
Rabalais, J. W. Principles of Ultraviolet Pholoelectron Spectroscopy; Wiley:
New York, 1977. Heilbronner, E.; Maier, J. P. In Eleciron Spectroscopy
Theory, Techniques and Applications; Brundle, C. R., Baker, A. D., Eds.;
Academic: New York, 1977; Vol. |, pp 205-287.
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