Communications to the Editor

(3) The largest scale dimerization reaction which we have done gave 1258

mol of dimer/mol of catalyst. Purple Ta(ns-CsMes)CI2(1-octene) (115 mg,

0.26 mmol) was added to 77.7 g (0.692 mol) of dry, O,-free 1-octene to

give a light orange color characteristic of a metallacyclopentane complex.

After the mixture was heated at 100 °C for 20 h, the color was dark orange.

GLC analysis showed that >97 % of the product consisted of two dimers

(see text). (A separate experiment showed that these initial products

isomerize slowly after all of the monomer is consumed.) The mixture was

passed through a short column of alumina to remove tantalum and vacuum
distilled to give a 97 % isolated yield of the dimer mixture.

A typical dimerization reaction is done in 3 mL of toluene employing 0.2

mmol of any Ta(n®-CsMes)Clp(olefin) complex (usually the olefin is cy-

clooctene;? it is displaced by the « olefin and is otherwise inert) and 8.0

mmol of the primary olefin in a small glass pressure vessel joined to a metal

pressure head by an O-ring seal. Samples are removed through a small
septum. The temperature was controlled to +0.5 °C with an oil bath. Rates
are reproducible usually within the +10% estimated error range (Table

1). We have shown that this reaction is first order in [Ta}r and, under con-

ditions where Ky and/or K, (eq 1) are large (e.g., for propylene), indepen-

dent of olefin concentration. The rate of propylene dimerization is also
independent of solvent (toluene, decane, ether, chlorobenzene).

The dimerization reactions shown in Table | employed Ta(1°-CsMes)-

(cyclooctene)Cl, (0.07 M) as the catalyst; [olefin] = 2.8 M except propylene

= 40 psi.

The kobsd = {(k1K1 + kaKa)[o1]}/{1 + Ki[ol] + Kz[ol]} assuming that 2

— 4 and 3 — 5 are the slowest steps. By varying the olefin concentration

and/or by making several assumptions, we will be able to estimate values

for kq, K1, k2, and K3 in several cases. These data are still being gathered
and will be discussed fully later.

Wehrli, F. W.; Wirthlin, T. “Interpretation of Carbon-13 NMR Spectra™;

Heyden and Sons, Ltd.: London, 1978.

After a mixture of 1.40 mmol of Ta(n5-CsMes)Cla(Me3CCH,CH=CH,) and

5.60 mmol of MeaCCH;CH=CH; in 1.5 mL of toluene-ds was stored at 0

°C (where the dimerization rate is negligible) for 24 h, a '3C NMR spectrum

showed it to consist of about three parts metallacycle 2 (R = CH,CMeg)

and one part 1. If we assume that equilibration is complete, then Ky = 1.5

at 0 °C. The equilibrium between 2 and 1 lies well toward 2 in the other

three cases at 10 °C. We are in the process of looking for 3 in a favorable
case under catalytic conditions.

(9) All carbon atoms except those in the two methyl groups furthest from the
double bond can be identified (at 67.89 MHz) by peak multiplicity plus
empirical chemical shift additivity rules” which are known to be (and can
be shown to be for several authentic samples here) accurate and reliable
for simple hydrocarbons. We estimate that we could see 5-10% of a
carbon atom to which no D was attached since it has a significantly different
chemical shift at this field strength.

(10) Schrock, R. R. Acc. Chem. Res. 1979, 12, 98.

(11) An alternative explanation which both referees offered is formation of a
diene~TaHD complex by a (simultaneous?) double S-hydrogen elimination
followed by addition to one double bond to give 12, all stereospecifically.
Phenomenologically the result is the same. We still think our proposed
mechanism is more plausible.

(12) Mclain, S. J.; Wood, C. D.; Schrock, R. R. J. Am. Chem. Soc. 1977, 99,
3519.

(13) (a) These two olefins were prepared from the commercially available ke-
tones. They were identical with the two major codimers by GLC and '3C
NMR. (b) These two products were inseparable by preparative GLC.
Therefore, the labeling had to be determined using the isolated mixture.
The major component (15b), could be identified by the 1:1:1 triplet for the
aliphatic tertiary carbon atom. Since the 1:1:1 triplet for the labeled methyl
carbon atom in 14b overlaps partially with another peak, we could not be
so certain of the amount of D on this carbon atom; however, the signal for
the aliphatic tertiary carbon atom is a strong singlet as it should be.

(14) (a)Haines, R.J.; Leigh, G. J. Chem. Soc. Rev. 1975, 4, 155. (b) Calderon,
N.; Ofstead, E. A; Judy, W. A. Angew. Chem., Int. Ed. Engl. 1976, 15, 401,
(c) Grubbs, R. H. Prog. Inorg. Chem. 1878, 24, 1. (d) Katz, T. J. Adv. Or-
ganomet. Chem. 1977, 16, 283, (e) Calderon, N.; Lawrence, J. P.; Ofstead,
E. A. Ibid., 1979, 17, 449,

(15) (a) NSF Predoctoral Fellow, 1975-1978. (b) ITP Postdoctoral Fellow (Spain),
1876-. (c) Camille and Henry Dreyfus Teacher-Scholar Grant Recipient,
1978,
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Satellite Structure in the X-ray Photoelectron
Spectra of Metal Complexes of Alkyl Isocyanides?

Sir:
Shake-up satellite structure?? associated with the X-ray
photoelectron spectra (XPES) of transition metal complexes

is important because it is frequently related to the energy dif-
ferences between filled and unfilled molecular orbitals. While
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Figure 1. X-ray photoelectron spectra of [Mo(CNCHj3)7](PF¢)2: (a) N
I's (the Mo 3p3/ peak is at 395 eV); (b) C Is; (c) Mo 3d. Deconvolutions
were carried out using the procedure described in ref 11.

such satellites are quite common for salts and complexes of
many first-row transition metal ions,?> they have been rarely
encountered with the second- and third-row transition metal
ions.>3 The major exception to this latter experimental ob-
servation is the shake-up satellites which are observed in the
XPES of certain carbonyls of the second and third transition
series.*® For example, satellites seen between 5 and 6 eV on
the O 1s, C 1s, and metal (Cr 2p, Mo 3d, or W 4f) levels of
M(CO)¢, where M = Cr, Mo or W, are believed to be a con-
sequence of a metal(d) — CO(x*) charge-transfer transition.’
These observations, and their attendant interpretation, natu-
rally lead to the question of whether those molecules which are
formally isoelectronic with these carbonyls might exhibit re-
lated satellite structure.

In view of the isoelectronic relationship between CO and
CNR, the possibility that shake-up satellites might be found
in the XPES of transition metal isocyanides makes the latter
species of considerable spectroscopic interest. However, while
the XPES of certain isocyanide complexes have been reported,
for example, Ni(CNBu');, [M(CNCHj3)4](PFs)2, and
[M3(CNCH3)6](PFg)2, where M = Pd or Pt,”-? such satellites
have not previously been detected. We now report the existence
of satellites in the XPES of the seven-coordinate molybde-
num(H) complexes [Mo(CNR),](PF¢),, where R = CH3,
C(CH3)3, or C¢H 1,19 species which are formally isoelectronic
with Mo(CO)e.13

The N 1s spectra of all three complexes are virtually iden-
tical with the primary photoline at 399.9 £+ 0.1 eV (fwhm of
1.5-1.7 eV) and a satellite at 403.6 + 0.2 eV (Figure 1). The
observation of a satellite in the N 1s XPES of all three com-
plexes,'4 the constancy of the intensity ratio I,/ I, for the sat-
ellite and primary photoline (0.18 £ 0.04) and the invariance
of the spectra with differences in the X-ray flux and irradiation
times makes us confident that we are observing genuine sat-
ellite structure rather than the formation of a high oxidation
state nitrogen-containing contaminant (such as nitrite).

If the above interpretation is correct, one might expect to
find, based on the data for transition metal carbonyls,5% a
satellite in the C 1s region of similar magnitude and energy
separation from the primary photoline. As shown in Figure 1,
this is in fact the case. For [Mo(CNCH3)7](PFg), the C Is
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spectrum exhibits three peaks. That close to 285 eV is due to
the usual adventitious carbon “contaminant”, while the pri-
mary photoline at 286.4 eV can be assigned®?!5 to an overlap
in the C Is energies of the cyano and methyl carbons. Since the
fwhm valué of this peak was not large (1.8 eV), we chose not
to deconvolute it. At ~3 eV above the 286.4-eV peak is a sat-
cllite whose intensity relative to that of the primary photoline
(arising from the two different types of carbon) is ~0.14, Its
intensity relative to that of the cyano C s peak will be ap-
proximately twice this value, thereby making /;/I, comparable
with the value observed for the N 1s satellite (vide supra). The
difference in the positions of the N 1sand C 1s satellites rela-
tive to the primary photolines (AE ~3.5 eV for N 1s and 3.0
eV for C 1s) may reflect differences in relaxation energy
contributions to the chemical shifts.

The C s spectra of the tert-butyl and cyclohexyl com-
plexes are very similar to that shown in Figure 1 for
[Mo(CNMe)7](PFg),, with the exception that there is a
marked increase in the intensity of the peak at ~285 eV due
to the overlap between the C 1s energies of the aliphatic car-
bons of the tert-butyl and cyclohexyl groups and that due to
the adventitious carbon.

The Mo 3d3,3,5,2 binding energy spectra of the solid com-
plexes (3d3/2at232.2 £ 0.1 eV and 3ds;2at 229.1 £ 0.1eV)
are of a quality comparable with that reported? for gas-phase
Mo(CO)g, with fwhm values of 1.2-1.4 eV (Figure 1). When
the Mo 3d spectrum of [Mo(CNCH3)7](PFs); was recorded
to high statistics, a very weak feature (/;//, =~ 0.05) at ~3.5
eV to the high binding energy side of the primary Mo 3d3,;
photoline was observed (Figure 1). Three possibilities arise.
(1) This is a genuine shake-up satellite associated with the
same charge-transfer transition as that giving rise to the N 1s
and C 1s satellites. Its position supports this interpretation.'®
(2) It arises from a trace amount of high oxidation state mo-
lybdenum oxide contaminant. (3) It is due to a characteristic
“plasmon” energy loss. While the two latter possibilities are
difficult to eliminate entirely, the dramatic intensity difference
between the “satellite’” associated with the Mo 3d and N 1s
(and C 1s) lines, together with the differences in the satellite
position (relative to the primary photoline) in the Mo 3d, N
I's, and C Is spectra, does not support possibility 3 as the likely
explanation.

The similarity of the N 1s and C 1s [i/I; ratios for
Mo(CNR)7%* to the O 1sand C s I,/I, ratios for Mo(CO)e
argues for a similarity in bonding since, as described in detail
by Plummer et al.® for M(CO)s species, a decrease in the M-C
bond length (i.e., stronger M-CO bonding) will influence both
the satellite position relative to the primary peak and the [,/ 1
intensity ratio. The latter becomes smaller the stronger the
M-CO (and presumably M-CNR) interaction.

In the case of Mo(CO)s, the lowest energy satellite on the
C Is, O Is, and metal levels has been assigned” to a transition
which is predominantly Mo(d) — CO(x*). Intense charge-
transfer bands in the electronic absorption spectra of
[Mo(CNR)7]** occur between 4 and 5 eV and may be as-
signable!” to the corresponding Mo(d) — RNC(7*) transi-
tions. Since the formation of a positive hole upon photoion-
ization lowers the orbital energy of most valence and virtual
orbitals, the shake-up energy is usually smaller than that ex-
pected on the basis of electronic absorption spectral data. Thus
satellites in the 3.0-3.5-eV region for [Mo(CNR)7](PF¢)>
conform to this expectation. Furthermore, since a Mo(d) —
RNC(7*) transition involves a virtual orbital which is prin-
cipally ligand in character, only the C 1s and N 1s satellites
should have appreciable intensity since it is the C=N moiety
which is the acceptor species in the shake-up process.? The
weakness of the Mo 3d satellite supports this assignment,
agreeing well with the experimentally observed® intensity
differences in the XPES of Mo(CO)g. Further analysis must
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await the results of molecular orbital calculations on such
seven-coordinate species. Additional efforts to identify satellite
structure in complexes of the heavier transition elements with
mw-acceptor ligands are currently in progress in our labora-
tory.
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Self-Assembly of Molybdenum-Iron-Sulfur Clusters
as a Synthetic Approach to the Molybdenum Site in
Nitrogenase. Identification of the Major Products
Formed by the System FeCl;/MS42~/C,HsSH

(M = Mo, W)

Sir:

We are currently pursuing a synthetic approach to the Mo
site in the FeMo proteins of nitrogenase, more recent prepa-
rations of which contain, per 220 000-250 000 daltons, ~2
g-atoms of Mo, 24-33 g-atoms of Fe, and an apparently
somewhat smaller quantity of inorganic sulfur than Fe.!2 This
approach is based on the conclusion from EXAFS analysis that
Mo occurs as part of one or two as yet unidentified Mo-Fe-S
clusters®# and on the premise that, as with the [Fe4S4(SR)4]2~
analogues of ferredoxin sites,>® such clusters, or appropriate
precursors thereto, may assemble spontaneously from ele-
mentary reagents. We have examined the reaction system
FeCls/(R4N),MS,4/EtSH (M = Mo, W) in alcohol solvents
in some detail. Here we document that the principal Mo-con-
taining products formed by this system are the “double-cu-
bane” complexes I ([Mo:FeSo(SEt)g]3~), 11 ([Mo;FesSs-
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