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Summary: The Fe*-induced elimination of CH,CD, from
CD;N(Si(CH;),), is best explained in terms of a §-methyl
migration to the metal ion, followed by reductive elimina-
tion of ethane. The study of the reactions of bare Fe™
with the analogous silazanes and silanes X(Si(CHjz)s), (X
= NH, ND, CH,, CD,) uncovers further remarkable gas-
phase processes; these include a degenerate methyl
migration preceding alkane loss.

A problem of topical interest concerns the operation of
(3-methyl shifts to transition-metal centers M, which is
thought to be the key step in Ziegler-Natta olefin polym-
erization reactions and related oligomerizations as well as
B-methyl eliminations.! While, for example, ethylene
insertion into highly electrophilic lanthanide-, actinide—,
and early-transition-metal—alkyl bonds has been described,
such migrating insertion reactions (Scheme I. 2 — 1; R
= alkyl) have rarely been observed for stable organo-
metallic complexes. In particular, the elegant experimental
work of Brookhart and Lincoln? clearly establishes that
for the reverse reaction 1 — 2 the rate of §-hydrogen
transfer (R = H) is on the order of 10!° faster than 8-
methyl migration (R = CHj,).

In the gas-phase studies of transition-metal-ion com-
plexes, the situation of 8-hydrogen versus 8-methyl mi-
gration has also been clouded for quite some time, as no
consensus seems to exist whether an authentic 8-methyl
shift to a transition-metal ion is operative or not.®> The
dilemma is due to the fact that the intermediates, from
which eventually reductive elimination of alkanes occurs,
can be generated by two pathways, oxidative addition of

tDedicated to Professor Helmut Vorbriiggen on the occasion of
his 60th birthday.
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a CC bond followed by a 8-hydrogen transfer, or vice
versa.? Strictly speaking, none of the previously reported
systems permit an unequivocal distinction.

The findings of recent experimental and ab initio MO
studies that several silyl-substituted complexes of tran-
sition metals contain unusual intramolecular agostic Si-C*
bonds to the metal centers* prompted us to investigate the
gas-phase ion chemistry of bare Fe* with the silane de-
rivatives 5a,b-7a,b, as these substrates possess the
structural prerequisites necessary for the unambiguous
identification of a 8-methyl migration to a metal center.

X
5a NCH,
Si(CH;);
y 5b NCD,
X

\Si(CHa)a 6a NH
6b ND
7a CH,
7b cD,

The metastable ion (MI) mass spectrum® of 5a-Fe* is
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dominated by the loss of C,Hg (77% total fragment ion
current; minor processes that are not discussed in this
context are due to the eliminations of H, (16%) and
(CH,);SiH (5%)). In the MI spectrum of the NCDy-la-
beled isotopomer 5b-Fe*, the signal due to ethane loss is
split into two components; one corresponds to C,HsDs and
the other to C,Hg, which are formed in a 1.3:1 ratio. Other
C,H¢ D, (x = 1, 2) isotopomers are not formed in the
dissociation of 5b-Fe*. This result has two important
implications.

(1) In spite of the fact that there exist two possibilities
(8 — 10 and 9 — 10) for the generation of intermediate
10, loss of CH;CD; requires the operation of a 8-methyl
transfer in one stage. From 10, reductive elimination of
CH;CD; takes place (Scheme II).

(2) Elimination of CyHg from 5b-Fe* points to either a
reversible step operative in the formation of 10 (for ex-
ample 8 = 10 or 9 = 10) or, alternatively, a second
mechanism (Scheme III) in which the Fet directly couples
two methyl groups of the silyl substituents (11). A dis-
tinction between these fundamentally different mecha-
nisms is easily provided by the determination of the kinetic
energy release, T'% associated with losses of C;H;D; and
C,H; from 5b—Fe*. If C,Hg is formed via a route different
from that for the formation of C;H3Ds, the T values should
be different. This is not the case, as evidenced by Figure
1. In contrast, the T values are practically identical, 33
x 1 meV (for loss of C;H3D;) and 34 = 1 meV (for loss of
C;Hg). In addition, the “n” value, introduced by Holmes
and Terlouw’ as a quantitative measure to estimate the
deviation of the signal from a pure Gaussian-shaped signal
(for which n = 2), is for both reaction channels very similar
with n = 2.0 £ 0.1 (CyHg loss) and n = 1.9 £ 0.1 (C,H;D,
loss). Thus, we conclude that Fe*-mediated generation of
CH;CHj; from 5b is not the result of a distinct reaction
path. Rather, this product is due to a partially degenerate
isomerization of 5b—Fe*, which may proceed via reversible
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Figure 1. Kinetic energy release, T, for losses of (a) C;H3D; and
(b) C;Hg from 5b-Fe*.

steps in the formation of intermediate 10 (Scheme II).8
We note, however, that the observed ratio for the losses
of CH3CDy/CHZCH; (1.3:1) is not identical with that
calculated for a complete equilibration of one CD; and
three CHj groups (1:1) or with that for an equilibration
of six CH, groups with one CDj; group; for the latter a ratio
of 1:2.5 would result. There are several explanations
conceivable to account for the deviation. However, as no
distinction is yet possible, we refrain from discussing them.

(8) For further examples demonstrating the suitability of 7" measure-
ments as a probe to distinguish and characterize organometallic processes,
see: (a) Hanratty, M. A.; Beauchamp, J. L.; Illies, A. J.; van Koppen, P.;
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H. Int. J. Mass Spectrom. Ion Processes 1989, 88, 291. (c) van Koppen,
P. A. M,; Jacobson, D. B.; Illies, A.; Bowers, M. T.; Hanratty, M.; Beau-
champ, J. L. J. Am. Chem. Soc. 1989, 111, 1991. (d) van Koppen, P. A.
M.; Bowers, M. T.; Beauchamp, J. L. Organometallics 1990, 9, 625.
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Figure 2. Collisional activation mass spectra (collision gas hehum,
RCH;: (a) CH, loss from 6a-Fe*; (b) C,Hg loss from 5a~Fe*; (c)
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Not surprisingly, the MI spectrum of 6a—Fe* is domi-
nated by the loss of CH, (61% total fragment ion current),
while the elimination of C,Hg is much less prominent (3% ).
The study of the ND-labeled complex 6b-Fe* results in
quantitative mass shifts, supporting the mechanism sug-

~ 107 Torr) of ions formed by unimolecular losses of alkanes

2H3D3 loss from 5b-Fe*; (d) C,H, loss from 5b-Fe*.

gested in Scheme II (e.g. we observe losses of only CH,D
and C2Hs)

Further support that the species generated by loss of
CH, from 6a is identical with that generated by ethane loss
from the N-methyl analogues 5a,b is provided by a colli-
sional activation (CA) experiment (Figure 2). If the
products of unimolecular losses of RCH; (R = H, CH;,,
CD,) from the Fe* complexes of 5a,b and 6a are mass-
selected and subjected to high-energy collisions with he-
lium targets, one obtains the CA spectra shown in Figure
2. We do note the perfect agreement in spectra a~c, which
clearly supports our conjecture that identical ions are
formed. In addition, the identical spectra also rule out the
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existence of Scheme III as an additional route for C;Hg loss
from 5a,b. We also note from the partial Am = 3 shifts
in Figure 2d that the CD; group has become indistin-
guishable from the remaining CH; group. However, H/D
scrambling is not operative.

Finally, in the MI mass spectrum of 7a-Fe* elimination
of (CH;),Si is the by far most favored reaction (80% total
fragment ion current). For the CDy-labeled complex
7b-Fe* losses of (CH;),Si and of (CH,);SiCD,H are ob-
served in a ratio of >50:1. While this isotope distribution
strongly indicates that sequence a of Scheme IV is, at best,
of quite minor importance, a clear-cut distinction between
paths b and ¢ is not yet possible. We note the absence of
C,H; loss from either 7a-Fe* or 7Tb-Fe* 101

(9) For the reductive elimination of (CHj),Si from isolable (CO)Fe-
(CHy)Si(CHj,), complexes in solution, see: takeney, A. J.; Gladysz, J.
A. Inorg. Chim. Acta 1980, 53, L 25.
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(10) A reviewer has suggested that the failure of 7a and 7b to undergo
Fe*-induced loss of ethane may point to the operation of yet another
mechanism for loss of ethane from the Fe* complexes of 5 and 6 “in which
the Fe* ion first complexes with the lone pair on the nitrogen. Following
this, the metal does not insert, but the energy of complexation is sufficient
to induce the elimination within the intact, complexed molecule®, We
leave it to the reader to decide whether this proposal is superior to the
one outlined in Scheme II.

(11) A B-methyl migration has been recently uncovered to be operative
in the dissociative rearrangement of (CHg);COFe*QC(CD )1t° give rise
to (CHy),CO and CHyFeO*C(CDj), and not FeOC(CD,)gcl'is : Schrader,
D.; Schwarz, H. Angew. Chem., in press.
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The calculated value for the unit cell of Cp*,Ca in Table
I is incorrect. The proper value is 3684.27 A3, In Table
II, the isotropic thermal parameter listed for carbon C(16)
of Cp*,Ca should be 18. All other values in Tables I and

II are correct.



