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Selected Interatomic Distances (A ) and Angles (Deg) in (LiSiMe,),-(TMEDA),

Bond Distances

Table III.

Li(1)-8i(1) 2.70 (1)
Li(1)-N(3) 2.16 (1)
Li(1)-N(5) 2.18(1)
Li(1)-N(6) 2.21 (1)
Si(1)~C(1) 1.906 (8)
Si(1)-C(2) 1.957 (9)
Si(1)-C(3) 1.90 (1)

Bond Angles

C(1)-8i(1)-C(3)
C(2)-Si(1)-C(3)
C(1)-Si(1)-C(2)
Li(1)-Si(1)-C(1) 1
Li(1)-Si(1)-C(2) 1

Li(1)-Si(1)-C(3)

us to determine its structure in the solid state by single-
crystal X-ray diffraction techniques in an attempt to
correlate the unusual reactivity of this species with its
structural features.

The results of these studies are depicted in Figure 1
which shows an ORTEP diagram of the molecule with the
atoms labeled. The features which are of major interest
and importance are (1) the fact that there is no Li-Si-Li
bridge bonding which shows that the hexameric aggregate,
(LiSiMey)q, has been completely destroyed, and (2) that
the Li-Si bond distance is relatively long with a value of
2.70 A even when compared to the average Li~Si distance
of 2.68 A, observed in the uncomplexed hexamer.!?
Further, examination of the bond angles around the silicon
and lithium atoms (see Table I) shows that the C-Si-C
angles are sharp with an average value of 100°. This
should be compared with value observed in (LiSiMej)g of
103.3°,19 of 102.9° in Mg(SiMe;); DME,!! and 108.0° in
Li,Hg(SiMe;),.!? This further constraint, on the C-Si-C
bond, may be interpreted in terms of additional negative
charge being transferred to the SiMe; moiety and, along
with the long Li-Si distance, account for both the high and
unusual reactivity of this species.

Further work is currently in progress to determine the
aggregation state of this species in solution and to deter-
mine if other silyl- or organolithium derivatives can be
obtained which have both similar reactivity and structures.

(LiSiMe;)¢ was prepared by the methods previously
reported.® Approximately 1 g of the purified crystalline
material was transferred, in an argon-filled drybox, to a
reaction vessel which could be closed off and evacuated.
This vessel was removed from the drybox, transferred to
a vacuum system, and evacuated. Dry cyclopentane (~5
mL) was then distilled into the vessel followed by slow
infusion of TMEDA. After several adjustments in con-
centration, crystals which appeared to be of suitable
quality for X-ray study were obtained. Examination of
a number of these crystals on the X-ray diffractometer,
however, showed that they diffracted only weakly at room
temperature. For that reason, data were collected at low
temperature (-22 °C) using Cu Ka radiation on a Syntex
P2, diffractometer. The crystal was found to be monoclinic
and was ultimately assigned to the space group P2, on the
basis of the systematic absences. The crystallographic data
on the unit cell, and other pertinent data, are collected in
Table I. The structure was solved by light atom techniques

(10) Schaaf, T. F.; Butler, W.; Glick, M. D.; Oliver, J. P. J. Am. Chem.
Soc. 1974, 96, 7593. llsley, W. H.; Schaaf, T. F.; Glick, M. D.; Oliver, J.
P. Ibid. 1980, 102, 3769.

(11) Claggett, A. R,; Ilsley, W. H.; Anderson, T. J.; Glick, M. D.; Oliver,
J.P.J. Am. Chem. Soc. 1977, 99, 1797.

(12) Isley, W. H.; Albright, M. J.; Anderson, T. J.; Glick, M. D.; Oliver,
J. P. Inorg. Chem. 1980, 19, 3577.

C(15)-Si(2)-C(16)
C(16)-8i(2)-C(17)
C(15)-Si(2)-C(17)
Li(2)-Si(2)-C(15)

Li(2)-8i(2) 2.69 (1)
Li(2)-N(2) 2.16 (1)
Li(2)-N(1) 2.17 (1)
Li(2)-N(4) 2.15 (1)
Si(2)-C(15) 1.89 (1)
Si(2)-C(16) 1.88 (1)
Si(2)-C(17) 1.92 (1)
119.2 (4) Li(2)-8i(2)-C(16) 116.3 (5)
100.9 (4) Li(2)-8i(2)-C(17) 115.0 (5)
101.0 (8) N(1)-Li(2)-N(2) 87.0 (5)
98.7 (5) N(3)-Li(1)-N(6) 84.7 (5)
121.6 (4)

through the use of MULTAN!® which gave positions for all
of the nonhydrogen atoms except for a portion of one
TMEDA unit. The structure was refined by standard
techniques.’* During the refinement, it was found that
the TMEDA unit not originally located was disordered.
This has been partially treated by assignment of 50%
occupancy factors to two positions for one of the carbon
atoms—represented by C(24) and C(25). This problem,
along with thermal motion, led to initial difficulty in the
solution of the structure and so far have prevented a better
refinement of the structure.

Atomic coordinates for the nonhydrogen atoms are
presented in Table II, and selected interatomic distances
and angles are listed in Table III. Anisotropic thermal
parameters, a complete listing of bond distances and bond
angles, hydrogen positional parameters, and observed and
calculated structure amplitudes are available.l®
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(13) Germain, G.; Main, P.; Wolfson, M. M. Acta Crystallogr., Sect.
B 1970, B26, 274.

(14) Local versions of the following programs were used: (1) SYNCOR,
Ws. Schmonsees’ program for data reduction; (2) FORDAP, A. Zaltkin’s
Fourier program; (3) ORFLS and ORFFE, W. Buskin, K. Martin, and H.
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tary material.
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Summary: The application of polarization transfer via the
INEPT pulse sequence to 2°Si NMR has been investigated
for a wide variety of silicon compounds. The method was
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Table I. Measured and Theoretical Decoupled Enhancements for *°Si NMR of Various Silicon Compounds

Eg4(measd)” Eg(theor)® 8 J, Hz
Me,Si 9.3 10.8 0 6.6
Me,SiCl 7.5 9.4 29.87 6.8
Me,SiCl, 4.8 7.8 31.66 7.3
MeSiCl, 2.9 5.8 12.34 8.1
¢-Bu,SiCl, 5.5 13.1 39.10 7.8
t-Bu,SiF, 5.8 13.1 -17.78 6.3 (JgiF = 325.3)
t-BuSiCl, 3.6 9.4 17.75 104
t-BuMeSiCl, 4.9 10.8 36.85 8.1
Ph,SiCl, 3.2 6.5 6.47 6.6 (br)
Ph,SiH, 5.0 5.0 -33.19 198.3, 5.9 (ortho), 1.0 (meta)
PhSiH, 5.7 5.8 -59.75 199.9, 6.4 (ortho), 1.1 (meta)
Et,SiH 3.6 5.0 0.28 185.3, 6.9
(Et0),SiH 4.7 5.0 ~58.82 286.1, 3.4
(MeO),Si 5.5 10.8 -78.25 3.7
(HMe,Si),0 5.1 5.0 -4.42 204.3, 7.0 (sept), 1.3 (d)
(Me,SiOMe,Si),0 6.5 9.4 7.17 6.7
(Me,SiOMe,Si),0 6.2 7.8 —-21.66 7.3
(Me,SiO), 7.1 7.8 -21.14 7.4
p-(Me,Si),C.H, 7.3 9.4 —4.22 unresol
(Me,Si1),C, 8.9 9.4 -19.13 7.1
(Me,Si),NH 4.4 9.4 2.40 broad unresol
(Me,Si),S 6.6 9.4 14.27 6.8
(Me,Si), 7.3 9.4 -19.60 6.5, 2.7
(HMes, Si), 4.7 5.0 -53.01 184.1
(t-BuMeSi), 4.2 10.8 -13.41 unresol
(Me,Si), 7.8 7.8 -41.86 6.2, 3.3

4Calculated from Eg = v(H)/y(8i)," (1 - 1/n)* 12, according to ref 4.

successful for silicon bonded to H, Me, OMe, t-Bu, and
Ph. The substantial signal enhancement which results
from this technique can reduce the time needed to obtain
a °Si NMR spectrum more than 100-fold.

Four characteristics of the #Si nucleus have made #Si
NMR difficult: (1) it has a low natural abundance (4.7%);
(2) it has a relatively small gyromagnetic ratio, resulting
in a small energy difference between the spin states and
hence a small Boltzmann population difference; (3) it has
a negative gyromagnetic ratio, so the nuclear Overhauser
effect can give reduced signal intensities; and (4) it has long
spin-lattice e relaxation times, T, which slow the rate at
which FT pulses can be repeated. The final three problems
can all be circumvented by employing a method Morris
and Freeman! have termed “insensitive nuclei enhanced
by polarization transfer” or INEPT. This method consists
of a multipulse sequence whereby nuclear spin polarization
is transferred from protons (large Boltzmann population
difference and short relaxation times) to other nuclei to
which the protons are coupled (I = 13C,! 16N,2 10118 3 28G;j 4
119Gy 4 103Rp 5 1097 g5).

A typical pulse sequence for obtaining 'H-decoupled I
NMR spectra is as follows: 90°[H,x] - r - 180°[H,x],
180°[I,x] - 7 — 90°[H,y], 90°[I,x] - A/2 - 180°[Hx],
180°(1,x] — A/2 - decouple, acquire, where 90°[H,x] rep-
resents a pulse along the x axis of appropriate length (in
microseconds) to rotate the H magnetization 90° from its
original position parallel to the z axis. 7 and A represent
delay periods (in milliseconds) during which the magne-
tization vectors are allowed to precess.

The only two parameters to be manipulated in obtaining
a spectrum are A and 7. The optimum value of A (A, =

(1) Morris, G. A.; Freeman, R. J. Am. Chem. Soc. 1979, 101, 760.

(2) Morris, G. A. J. Am. Chem. Soc. 1980, 102, 428.

(3) Pegg, D. T.; Doddrell, D. M.; Brooks, W. M.; Bendall, M. R. J.
Magn. Reson. 1981, 44, 32.

(4) Doddrell, D. M,; Pegg, D. T.; Brocks, W. M.; Bendall, M. R. JJ. Am.
Chem. Soc. 1981, 103, 727.

(5) Brevard, C.; van Stein, G. C.; van Koten, G. J. Am. Chem. Soc.
1981, 103, 6746.

(rJ)! arcsin n"1/%)* is dependent on both the number of
coupled protons, n, and the coupling constant, /, whereas
7 (Top = (4J)7)) is dependent only on the coupling constant.
Because the relationship of A and 7 to the decoupled en-
hancement, E, is sinusoidal, E; is fairly insensitive to
variations in 7 and A:

E4 = n(y(H) /(D)) sin (xJA) cos™! (7JA) sin (27J7)*6

Doddrell et al.* have successfully applied polarization
transfer to the simple methyl substituted silanes Me,Si,
Me;SiCl, and Me,SiCl,, which gave signal enhancement
factors of 9.2, 8.5, and 5.0, respectively. We have found
the method to be extremely powerful and generally ap-
plicable to a wide variety of mono- and polysilanes (Table
I). The substituents found to be useful for polarization
transfer include H, Me, OMe, t-Bu, and Ph. This illus-
trates that polarization transer is dependent only on the
existence of a sufficiently strong coupling between Si and
H and not on the number of bonds separating Si and H.

The enhancement factors’ obtained vary from 2.9 to 9.3.
The deviation of the measured enhancement factors from
the theoretical values results from T, relaxation during the
pulse sequence. This problem is most severe where Jgy
is very small, giving long delay period r and A, and where
T, is very fast, as in compounds containing Si~Cl or Si~N
bonds.

The significance of the application of polarization
transfer to 2Si NMR can best be seen in terms of time
saving. Since the enhanced population difference is
“pumped” from 'H to #Si during each multipulse cycle,
only 'H with its relatively fast spin—lattice relaxation (77)
has to be given time to relax. This allows repetition of

(6) Burum, D. P.; Ernst, R. R. J. Magn. Reson. 1980, 39, 163.

(7) The enhancement factors reported are the signal to noise of de-
coupled spectra obtained by using the INEPT sequence relative to
spectra obtained by using a 90° #Si pulse and gated decoupling. All
samples were 10-15% in benzene-dg in 10-mm tubes. Spectra were ob-
tained from four scans, with a 2-min delay between scans in the single
pulse experiments and a 30-s delay in the INEPT experiments; A and =
were calculated by using the largest indicated values of Jg;y. All exper-
iments were performed on a JEOL FX-200 spectrometer.
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scans approximately three to six times faster than with the
conventional single pulse experiment. Additionally, a given
signal/noise level can be attained (E4)? times faster from
polarization transfer than from the single pulse metods.
These factors combine to give time saving factors varying
from about 30 to 300.
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Summary: The (methoxymethyi)ethyleneiridium(I) com-
plex Ir(CH,OCH,)C,H XP(CH,);); (1) reacts readily with
trimethyisilyl trifluoromethanesulfonate to form the hydrido
allyl compound [IrH(C;HsXP(CH,)s)s] [CF3S0,] (2). Sus-
pected intermediates include a methylene ethylene com-
plex which rapidly converts to a metallacyclobutane
complex and subsequently undergoes 3 elimination to
form 2.

The currently favored mechanism for the olefin me-
tathesis reaction requires, as one important step, the
coupling of an olefin with a transition-metal carbene ligand
to form a metallacyclobutane complex.! Examples of the
intramolecular reaction of a metal-bound olefin with a
metal-bound carbene or alkylidene ligand, in well-char-
acterized metal complexes, are however few?? and are

fContribution No. 2981.

(1) Recent reviews include: (a) Haines, R. J.; Leigh, G. J. Chem. Soc.
Rev. 1975, 4, 155-188. (b) Calderon, N.; Ofstead, E. A.; Judy, W. A.
Angew. Chem. 1976, 88, 433-442; Angew. Chem., Int. Ed. Engl. 1976, 15,
401-409. (c) Katz, T. J. Adv. Organomet. Chem. 1977, 16, 283-317. (d)
Rooney, J. J.; Stewart, A. Catalysis 1977, 1, 277-334. (e) Grubbs, R, H.
Prog. Inorg. Chem. 1978, 24, 1-50, (f) Calderon, N.; Lawrence, J. P.;
Ofstead, E. A. Adv. Organomet. Chem. 1979, 17, 449-492,

(2) Examples of well-characterized mononuclear alkylidene-olefin
complexes have been published by: Schultz, A. J.; Brown, R. K.; Wil-
liams, J. M.; Schrock, R. R. J. Am. Chem. Soc. 1981, 103, 169-176.
Fellmann, J. D.; Schrock, R. R.; Rupprecht, G. A. Ibid. 1981, 103,
5752-5758. Heteroatom-substituted, “carbene”olefin complexes have
been reported by: Nesmeyanov, A. N.; Sal'nikova, T. N.; Struchkov, Yu.
T.; Andrianov, V. G.; Pogrebnyak, A. A.; Rybin, L. V.; Rybinskaya, M.
L J. Organomet. Chem. 1976, 117, C16-C20. Mitsudo, T.-A.; Nakanishi,
H.; Inubushi, T.; Morishima, I.; Watanabe, Y.; Takegami, Y. J. Chem.
Soc., Chem. Commun. 1976, 416-417. Rosenblum, M.; Priester, W. Ibid.
1978, 26-27. Hiraki, K.; Sugino, K. J. Organomet. Chem. 1980, 201,
469-475. Casey, C. P.; Shusterman, A. J. J. Mol. Catal. 1980, 8, 1-13.
Hiraki, K.; Onishi, M.; Ohnuma, K.; Sugino, K. J. Organomet. Chem.
1981, 216, 413-419.
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generally confined to complexes of the earlier transition
metals.*> Methoxymethyl complexes of the later tran-
sition metals have been found to be convenient precursors
to methylene complexes, which in turn react with olefins
to form cyclopropanes.®” Some of these latter reactions
are believed to occur by a stepwise process in which the
olefin is never directly bonded to the metal in the usual
n? fashion.”®

(3) A “valence isomer” of a methylene—acetylene adduct of Ti is dis-
cussed by: McKinney, R. J.; Tulip, T. H.; Thorn, D. L.; Coolbaugh, T.
S.; Tebbe, F. N. J. Am. Chem. Soc. 1981, 103, 5584-5586. The electronic
factors which guide the interconversion of methylene—oclefin and metal-
lacyclic complexes are discussed by: Eisenstein, O.; Hoffmann, R.; Rossi,
A. R. Ibid. 1981, 103, 5582-5584.

(4) A number of well-characterized alkylidene complexes have been
found to be active catalysts for the olefin metathesis reaction. For leading
references see the review articles cited in ref 1. See also: Schrock, R. R.
Acc. Chem. Res. 1979, 12, 98-104. Wengrovius, J. H.; Schrock, R. R,;
Churchill, M. R.; Missert, J. R.; Youngs, W. J. J. Am. Chem. Soc. 1980,
102, 4515-4516. Schrock, R. R.; Rocklage, S.; Wengrovius, J.; Rupprecht,
G.; Fellmann, J. J. Mol. Catal. 1980, 8, 73-83.

(5) Electron-rich olefins dismutate in the presence of rhodium cata-
lysts, and Rh(I) d® carbene intermediates have been characterized.
Cardin, D. J.; Doyle, M. J.; Lappert, M. F. J. Chem. Soc., Chem. Com-
mun. 1972, 927-928. Hitchcock, P. B.; Lappert, M. F.; Terreros, P.;
Wainwright, K. P. Ibid. 1980, 1180-1181.

(6) (a) Jolly, P. W.; Pettit, R. J. Am. Chem. Soc. 1966, 88, 5044-5045.
(b) Green, M. L. H,; Ishaq, M,; Whiteley, R. N. J. Chem. Soc. A 1967,
1508-1515. (c) Davison, A.; Krusell, W. C.; Michaelson, R. C. J. Orga-
nomet. Chem. 1974, 72, C7-C10. (d) Flood, T. C.; DiSanti, F. J.; Miles,
D. L. Inorg. Chem. 1976, 15, 1910-1918. (e) Riley, P. E.; Capshaw, C. E,;
Pettit, R.; Davis, R. E. Ibid. 1978, 17, 408-414. (f) Brookhart, M.; Tucker,
J. R.; Flood, T. C.; Jensen, J. J. Am. Chem. Soc. 1980, 102, 1203-1205.

(7) Other isolable carbene (or alkylidene) complexes which react with
olefins include those reported by: (a) Casey, C. P.; Burkhardt, T. J. J.
Am. Chem. Soc. 1974, 96, 7808-7809. (b) Casey, C. P.; Burkhardt, T. J.;
Bunnell, C. A.; Calabrese, J. C. Ibid. 1977, 99, 2127-2134. (c) Casey, C.
P.; Polichnowski, S. W. Ibid. 1977, 99, 6097-6099. (d) Brookhart, M.;
Nelson, G. O. Ibid. 1977, 99, 6099-6101. (e) Casey, C. P.; Polichnowski,
S. W.; Shusterman, A. J.; Jones, C. R. Ibid. 1979, 101, 7282-7292. (f)
Brookhart, M.; Tucker, J. R.; Husk, G. R. Ibid. 1981, 103, 979-981. (g)
Brookhart, M.; Humphrey, M. B.; Kratzer, H. J.; Nelson, G. O. Ibid. 1980,
102, 7802-7803.
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