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metal center, followed by loss of an olefin, has been obtained
in phenyltungsten trichloride-aluminum chloride mixtures.?!
The results reported here confirm that each of these reactions
can provide metal carbene complexes.

Several metal carbenes have been suggested as active cat-
alytic species in solution, among these {CO)sWCPh,?2?
and (CO)4ReCHCH,CH;%.23 It was expected that
(CO)sMnCH,* would exhibit similar chemistry, but the ac-
tivated complex formed in its reaction with olefins only loses
CO.

Olefin homologation processes (e.g. reaction 10) are docu-
mented for (n5-CsHs),TICH,AICI(CH3),% and several tan-
talum alkylidenes,?® as well as being observed in systems cat-
alyzing the metathesis reaction.> The results reported here
show that the carbene complex MnCH,* undergoes competing
metathesis and homologation reactions.

The present results include the first experimental determi-
nations of metal-carbene bond dissociation energies. Important
points are that (a) metal-methylene bond energies are ex-
tremely strong and (b) the Mn*-methylene bond energy is
decreased substantially on addition of five carbonyls to the
metal center.24 There is no obvious requirement that an ef-
fective metathesis catalyst possess a strong metal-carbene
bond. However, if the metal-carbene bond energy exceeds 100
kcal/mol, then transfer of the carbene to an olefin to give a
cyclopropane or new olefin will be endothermic and thus will
not compete with the metathesis reaction. In order to avoid low
turnover numbers resulting from consumption of carbene in-
termediates, strong metal-carbene bonds are a desirable fea-
ture of practical metathesis catalysts.

We are continuing to explore the effects of a variety of li-
gands on metal-carbene bond strengths, as well as periodic
trends in reactivities and thermochemistry of these species.
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Dihydrogen Reduction of Isocyanides Promoted

by Permethylzirconocene Dihydride. A Modeling Study
of Carbon Monoxide Reduction

Sir:

We have reported the stoichiometric reduction of carbon
monoxide by (7°-CsMes),ZrH, (1) leads to trans-[(n°-
Cs MCs)gZI‘H]z(/.L-OC H=C HO) (4) or (ns-CgMe_;)zZr(H)-
(OCHz3) (85), depending on the reaction conditions (Scheme
1).):2 The proposed key intermediate, (7°-CsMes)2Zr(H)-
(n*-CHO) (3), generated by migratory insertion of CO into
a Zr—H bond, was postulated to exhibit an oxy-carbenoid
reactivity undergoing dimerization (3 — 4) or insertion into
a Zr—H bond of 1 eventually leading to 5.2 In light of recent
results® which indicate that formyl complexes of transition
metals from groups 7 and 8 spontaneously decompose in most
cases to the corresponding carbonyl hydrides, one might
question whether the rearrangement of 2 to 3 is thermody-
namically accessible even with a substantial Zr-O interaction
for 3.% In addition, our findings that 1is capable of the facile
reduction of coordinated carbon monoxide to “zirconoxy”
carbenes® suggest an alternative mechanism for the generation
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of 4 and/or 5 from 2 (Scheme II). This pathway avoids the
need for an intramolecular rearrangement of 2 — 3, and,
furthermore, each step of this alternative mechanism is prec-
edented by analogous steps previously observed in the reactions
of zirconium hydrides.?3:6

The issue, therefore, centers around the question of intra-
molecular migratory insertion of CO into a Zr—H bond for
the carbonyl adduct 2. Since migratory insertion of isocyanides,
which are isoelectronic with CO, into Ru—H, Os—H, and
Pt—H bonds has been demonstrated,’ it appears necessary to
establish whether or not this process could be observed for
1.

Methyl isocyanide does indeed react rapidly with 1 at =65
°C to afford directly the formimidoyl hydride derivative
(7°-CsMes),Zr(H)(CH=NCH,)? (10) (eq 1) in ~90% yield

H

|
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H
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(NMR). Although the stability of 10 was not sufficient to allow
its full characterization, '"H NMR and IR data indicate the
cis-formimidoyl structure shown in eq 1. The more stable iodo
derivative 11 was obtained by treatment of 10 with excess
methyl iodide at 25 °C. Concurrent with its formation is the
cvolution of 0.92 mol of CH4/mol of 10 (eq 2). Analytical, 'H

H
|
N

N-~CH,+CHJ] —— &

o F i
¢

s
(n®-C:Me,),Zr

AN
N-CH, + CH, (2)
I

(n°-C Me,),zr”
11

NMR, and IR data® are indicative of a structure for 11 com-
pletely analogous to 10.

Warming a solution of 10 under H; (1 atm) from —80 °C
to room temperature results in absorption of 0.73 mol of
H3z/mol of 10. (n°-CsMes),Zr(H)(NMey) (12)'° may be re-
covered by sublimation of the residue in 72% yield (eq 3).
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Treatment of 12 with excess methyl iodide yields (%3-
C:sMes)2Zr(1)(NMes) (13)!! in good yield concurrent with
cvolution of 0.89 mol of CH4/mol of 12 (eq 4).
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The reactions of 2,6-dimethylphenyl isocyanide with 1
parallel those of methyl isocyanide (Scheme 111), although here
the formimidoyl hydride derivative'? rearranges spontaneously
at room temperature to the methylene imine adduct 16,'*
which could be isolated from hexane as a brown microcrys-
talline material in ~80% yield. When solutions of 16 were
warmed to 65 °C, a quantitative conversion (NMR) into the
zirconacycle 19'7 was observed. Apparently the propensity for
permethylzirconcene derivatives to insert into ligand C—H
bonds provides a rather facile pathway to this isomer with the
less strained five-membered ring.'8 Interestingly, the isom-
crization of 16 to 19 is catalyzed by Hy: by monitoring the
reaction by '"H NMR spectrometry, a clean conversion of 16
into 19 is observed to proceed readily under | atm of H at 25
°C. Whereas no net H- evolution or uptake occurs in this
process, the catalysis appears to involve the amido hydride 17,
as would be expected by analogy to the reactivity of methyl
formimidoyl hydride complex 10 with H». Thus by carrying
out the reaction of 16 with H, (1 atm) in the presence of CH;l,
intermediate 17 is trapped as the iodo derivative; concurrently,
H> (0.91 mol/mol of 16) is absorbed, and CH, (1.00 mol/mol
of 16) is evolved (eq 5).
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The reactivity observed for isocyanides with 1 are clearly
similar to that for CO. Furthermore, 2,6-dimethylphenyl
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isocyanide appears to serve as a viable substitute for carbon
monoxide in the displacement of dinitrogen from [(n°-
CsMes),ZrNL N, affording the green, microcrystalline
adduct (9°-CsMes),Zr(C=NCzgHjs), (20)'° in 85% isolated
yield (eq 6), and in its facile insertion into Zr—C bonds of

[(n*-CMey),ZrN, [N, + 4 C= N@ —_

2(n5-C,Me,,Zr(C=N @ )2 + 8N, (6

20

(7°-CsMes)2Zr(CH3)s leading in >95% yield (NMR) to the
acetimidoyl methyl complex 212° (eq 7).

(n°-CMe,),Zr(CH,), + C=N —
CH
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N
21 |
CH,

Direct observation of the formimidoyl hydride species 10
and 14, undoubtedly formed by facile migratory insertion of
isocyanide into a Zr—H bond of the unstable adduct (»°-
CsMes)2ZrH2(C=NR), is supportive of earlier proposals of
the analogous intramolecular migratory insertion of CO for
2. 1t should be emphasized, however, that similar reactivity has
been observed with isocyanides but not with carbon monoxide
for ruthenium, osmium, and platinum complex hydrides, so
that our findings are more appropriately viewed as necessary
but insufficient evidence for Scheme I. Furthermore, an alkyl
substituent on the nitrogen atom of coordinated isocyanides
would clearly disfavor the bimolecular hydride transfer step
analogous to that for ligated CO in Scheme 11 owing to steric
crowding.

The close structural similarities of the formimidoyl hy-
drides,?! methylene imine complex 16, and amide hydrides to
some proposed intermediates and products obtained from
(n5-C5Mes)2ZrH2 and (T)S-CsMes)zzr(H)(CHQCHMez) with
carbon monoxide are nonetheless in line with earlier sugges-
tions, !:2

Acknowledgment. This work has been supported by the
National Science Foundation (Grant Nos. CHE-75-03056 and
CHE-78-06659) to whom grateful acknowledgment is
made.

References and Notes

(1) Manriquez, J. M.; McAlister, D. R.; Sanner, R. D.; Bercaw, J. E. J. Am. Chem.
Soc. 1976, 98, 6733.

Manrigquez, J. M.; McAlister, D. R.; Sanner, R. D.; Bercaw, J. E. J. Am. Chem.
Soc. 1978, 100, 2716.

(a) Coliman, J. P.; Winter, S. R. J. Am. Chem. Soc. 1973, 95, 4089. (b)
Casey, C. P.; Neumann, S. M. ibid. 1976, 98, 5395. (c) Casey, C. P.; Neu-
mann, S. M. /bid. 1978, 100, 2544. (d) Gladysz, J. A.; Tam, W. ibid. 1978,
100, 2545. (e) Casey, C. P.; Andrews, M, A_; Rinz, J. E. Ibid. 1979, 101,
741.(f)Clark, G. R.; Headford, C. E. L.; Marsden, K.; Roper, W. R. Ibid. 1979,
101, 503.

(a) Fachinetti, G.; Floriani, C.; Marchetti, F.; Merlino, S. J. Chem. Soc.,
Chem. Commun. 1976, 522. (b) Fachinetti, G.; Fochi, G.; Floriani, C. J.
Chem. Soc., Dalton Trans. 1977, 1946.

Wolczanski, P. T.; Threlkel, R. S.; Bercaw, J. E. J. Am. Chem. Soc. 1979,
101, 218.

(a) Shoer, L. I.; Schwartz, J. J. Am. Chem. Soc. 1977, 99, 5831. (b) Gell,
K. I.; Schwartz, J. J. Organomet. Chem. 1978, 162 (1), C11-C15.

(a) Christian, D. F.; Clark, G. R.; Roper, W. R.; Waters, J. M.; Whittle, K. R.
J. Chem. Soc., Chem. Commun. 1972, 458. (b) Adams, R. D.; Golembeski,
N. M. J. Am. Chem. Soc. 1979, 101, 2579. (c) Christian, D. F.; Roper, W.
R. J. Organomet. Chem. 1974, 80, C35. (d) Clark, G. R.; Waters, J. M.;
Whittle, K. R. J. Chem. Soc., Dalton Trans. 1975, 2556. (e) Christian, D.
F.; Clark, H. C.; Stepaniak, R. F. J. Organomet. Chem. 1976, 112, 209.
(8) 'H NMR (toluene-dg): 15-Cs(CHg)s, s, 6 1.79 (30 H); ZrH, s, 3.97 (1 H);
N=CH, q, 9.87 (t H); N—CHeg, d, 3.14 (3 H) (*J = 1.4 Hz). IR (Nujol mull):
v(Zr—H) 1510; »(C=N) 1617 cm™".

Caled for ZrCaoH3sNI: C, 49.80; H, 6.46; N, 2.64. Found: C, 49.94; H, 6.45;
N, 2.55. TH NMR (benzene-ds): n°-Cs(CHg)s, 5, 6 1.76 (30 H); N—=CH, q,

(2

3

(4

(5

CINC!

(7

9

0002-7863/79/1501-6452$01.00/0

Journal of the American Chemical Society [ 101:21 / October 10, 1979

9.16 $1 H); N——CHg, d, 3.11 (3 H) (4J = 1.3 Hz). IR (Nujol mull): »#(C=N) 1628
cm™ .

(10) Calcd for ZrCooHgsN: C, 64.96; H, 9.17; N, 3.44. Found: C, 64.82; H, 8.98;
N, 3.28. 'H NMR (benzene-ds); 7°-Cs(CHg)s, s, 6 1.94 (30 H); Zr—H, s, 6.4 1
(1 H); N(CH3)z, s, 2.41 (6 H). IR (Nujol mull): »(Zr—H) 1550 cm~".

(11) Calcd for ZrCyoHgeNI: C, 49.61; H, 6.81; N, 2.63. Found: C, 49.41; H, 6.95;
N, 2.53. TH NMR (benzene-ds): n5-Cs(CHa)s, s & 1.91 (30 H); N(CHg)y, s,
2.67 (6 H).

(12) "H NMR (toluene-dg) at —56 °C; 15-Cs(CHs)s, 5, 6 1.80 (30 H); Zr—H, s,
4.82 (1 H); N-~CgH3(CHa)a, 5, 3.06 (3 H), and s, 2.24 (3 H); N—CgH3(CHa)a,
m, 6.9~7.1(3 H); N—CH, s, 10.61 (1 H).

(13) Calcd for ZrCagHagNI: C, 56.11; H, 6.48; N, 2.26. Found: C, 56.29; H, 6.59;
N, 2.21. '"H NMR (benzene-ds): 1n°-Cs(CHs)s, s, 6 1.81 (30 H); N—
CeH3(CHa)a, 8, 2.42 (6 H); N—CgH3(CHs)o, A2B, 6.8 (3 H); N—CH, s, 10.03
(1H).

(14) Calcd for ZrCogHg¢N: C, 70.39; H, 8.35; N, 2.83. Found: C, 70.26; H, 8.41;
N, 2.77. "H NMR (benzene-ds): 17°-Cs(CHs)s, 5, 0 1.71 (30 H); N—
CeHa(CHa)z, s, 2.86 (3 H), and s, 0.56 (3 H); N—CgH3(CHg)z, m, 6.6~7.1
(3 H); NCHz, s, 2.93 (2 H).

(15) 'H NMR (benzene-ds): 715-Cs(CH3)s, 5, 6 1.84 (30 H); Zr—H, s, 5.60 (1 H);
N—CHg, s, 2.99 (3 H); N—CgH3(CHa)z, s, 2.32 (3 H), and s, 2.13 (3 H);
N—CgHs(CHg)o, m, 6.85-7.15 (3 H).

(16) Caled for ZrCagHaoNI: C, 55.93; H, 6.80; N, 2.25. Found: C, 55.89; H, 6.84;
N, 2.17. 'TH NMR (benzene-dg): n°-Cs(CHs)s, s, 6 1.97 (15H), and s, 1.64
(15 H); N—CHa, s, 2.98 (3 H); N—CgHa(CHa)z, 5, 2.37 (3 H), and s, 2.04 (3
H); N—CgH3(CHs)2, m, 6.85-6.95 (3 H).

(17) Calcd for ZrCagHa¢N: C, 70.39; H, 8.35; N, 2.83. Found: C, 70.15; H, 8.21;
N, 2.75. 'H NMR (benzene-ds): 5-C5(CHa)s, 5, 6 1.72 (30 H); N—CHj, s,
2.29 (3 H); N—CgHa(CH3)CHo, s, 2.86 (3 H); N—CgH3(CH3)CHy-, 5, 2.86
(3 H); N—CgHa(CH3)CHa—, m, 6.80~7.05 (3 H); N—CgH3(CH3)CHo—Zr,
s, 1.92 6 (2 H).

(18) Treatment of (n%-CsMes)2ZrD, with 1,6-dimethylphenyl isocyanide yielded
after heating to 65 °C 19-d, with the two deuteriums located exclusively
in the N-methyl group (NMR).

(19) Caled for ZrCagHagN2: C, 73.14; H, 7.75; N, 4.49. Found: C, 72.89; H, 7.85;
N, 4.33. TH NMR (benzene-ds): n°-Cs(CHa)s, s, 6 1.92 (30 H); N—
CeHa(CHa)a, s, 2.46 (12 H); N—CgHa(CHz)a, A2B, 6.86 (6 H). IR (Nujol mull):
p»(C=N) 1795, 1938 cm™".

(20) Calcd for ZrCayHasN: C, 71.20; H, 8.67; N, 2.68. Found: C, 71.08; H, 8.76;
N, 2.55. H NMR (benzene-ds): 7°-Cs(CHgs)s, s, & 1.91(30 H); Zr——CHj, s,
—0.3 (3 H); N=CCHjy, s, 1.97 (3 H); N—CHg, s, 2.67 (3 H). IR (Nujol mull):
»C=N) 1630 cm™ .

(21) The question of the coordination mode (n' vs. ) of the formimidoy! ligands
of 10, 11, 14, and 15 and the acetimidoy! ligand of 21 remains open, al-
though we presently favor the sterically less crowded 1 coordination. The
»(C=N) frequencies are in accord with this suggestion. See for example:
DeBoer, E. J. M.; Teuben, J. H. J. Organomet. Chem. 1979, 166, 193.
Yamamoto, Y.; Yamasaki, H. /bid. 1970, 23, 717.

(22) Camille and Henry Dreyfus Teacher~Scholar, 1977-1982.

Peter T. Wolczanski, John E. Bercaw*22
Contribution No. 6039

Arthur Amos Noyes Laboratory of Chemical Physics
California Institute of Technology

Pasadena, California 91125

Received May 25, 1979

Methylides from Trimethylsilylmethylsulfonium,
-ammonium, -immonium, and -phosphonium Salts
Sir:

Fluoride ion induced cleavage of carbon-silicon bonds has
become a useful tool for the generation of nucleophilic carbon
species.! To date, there is little evidence to determine which
of the resulting nucleophiles are true carbanions and which are
best described as anionic fluoride adducts'® of the starting
silane. However, it seems reasonable to assume that sufficiently
stabilized carbanions would exist in solution independently of
the fluorosilane fragment. In this paper, we report that cesium
fluoride induced desilyation occurs readily with a variety of
systems (CH3)3SiCH>X where X = positively charged sulfur,
nitrogen, or phosphorus. The resulting reactive intermediates
undergo characteristic reactions of sulfur, nitrogen, and
phosphorus ylides.

An acceptable route to the required phosphonium salts is
already available from 1CH,SiMe; and the phosphine.?
However, the analogous reaction of simple amines requires
drastic conditions (100-150 °C, several days’ reaction time)32
and alkylation of sulfides fails totally.?® We have found that
the corresponding triflate 1 (CF3SO3CH;SiMes, from HO-
CH>SiMe; and triflic anhydride/pyridine)? is far superior in
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