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Summary: Addition of diazosthane to the (u;-COCH,)-
Fe,Mn cluster 1 stereospecifically yields u,-methoxy-
carbyne, u,-ethylidene cluster 2, which undergoes slow
decomposition to yield the diastereomeric cluster 3 via
ethylidene “rotation”, u-o,m methoxyvinyl complex 4 via
carbyne-ethylidene coupling, and u,-methoxycarbene,
ug-ethylidyne cluster 5 via intramolecular hydrogen mi-
gration from the ethylidene to the carbyne ligand. In the
presence of a CO atmosphere, the isomerization of 2 to
3 is slowed, while the isomerization to § is completely
inhibited.

We recently reported the rational synthesis of the first
carbyne-methylene “difunctional” cluster, (us-
COCH,){(u,-CH,)(Cp)(MeCp)Fe,Mn(CO);, and the
PPhs-induced intramolecular coupling reaction of the
carbyne and methylene functionalities to give the meth-
oxyvinyl compound Cp(CO)Fe(u-C(OCH)=CH,){(u-CO)-
Fe(CO),PPh;.! Since this system appeared to provide a
rare opportunity to examine the stereochemistry of clus-
ter-mediated carbon—carbon bond formation,? we decided
to prepare an alkyl-labeled analogue. We report here the
remarkable stereospecific synthesis of a carbyne—~ethylid-
ene cluster, as well as carbyne—ethylidene coupling to give
a single methoxyvinyl compound. We also describe the
unexpected consequences of this simple structural change,
including room-temperature ethylidene “rotation”, intra-
molecular hydrogen migration from the ethylidene carbon
to the carbyne carbon to give the isomeric carbene-ethy-
lidyne cluster, and differential CO inhibition of these
isomerization reactions.
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Figure 1. ORTEP drawing of 2. Selected bond distances (&) and
angles (deg): Mn-Fe(1), 2.554 (1); Mn-Fe(2), 2.670 (1); Fe(1)-
Fe(2), 2.503 (1); C(1)-Mn, 1.911 (3); C(1)-Fe(1), 1.898 (3); C-
(1)-Fe(2), 1.973 (3); C(1)-0(1), 1.351 (3); C(1)-0(1)-C(19), 118.54
(21); C(2)-Fe(1), 1.942 (3); C(2)-Fe(2), 2.097 (3); C(2)-H(2), 0.950
(43); C(2)-C(20), 1.515 (4); Fe(1)-C(2)-Fe(2), 78.48 (10); H(2)-
C(2)—C(20), 111.0 (26); C(3)-Fe(1), 2.001 (3); C(3)-Mn, 1.895 (3);
Fe(1)~-C(3)-0(8), 133.19 (21); Mn—C(3)-0(3), 144.61 (22); C-
E4);Mn, 1.803 (3); C(4)-Fe(2), 2.504 (3); Mn—-C(4)-0(4), 161.52
23).

Reaction of diazoethane with trinuclear carbyne cluster
1! gave rise to the desired difunctional clusters 2 and 3 as
well as clusters subsequently identified as 4 and 5, in a
21:1:0.2:0.4 ratio (Scheme I). Crystallization of this initial
product mixture from methylene chloride/hexane at —40
°C allowed the isolation of pure 2 in 62% yield. Initial
characterization® of the carbynes was made on the basis
of the low-field methine quartets in the 'H NMR at § 9.45
and 9.09 for 2 and 3, respectively, characteristic of u-al-
kylidenes.* The *C NMR spectra exhibited peaks at
348.4 and 356.5, 275.2 and 271.6, 244.8 and 243.5, and 182.1
and 187.2 ppm, for 2 and 3, respectively, due to the u;-
COCH;,, u-CO, MnCO, and u,-C(H)CHj; carbons.! The
bands near 275 ppm in particular are typical of a carbonyl
bridging an Fe~Mn bond!5 and those near 245 ppm of a
“nearly terminal” Mn carbonyl;! since no band typical of
a CpFeCO near 230 ppm was present,’ ethylidene bridging
of the iron atoms in both clusters was indicated. This
structure was confirmed by means of a single-crystal X-ray
diffraction study of 2 (Figure 1);® the overall geometry is
similar to that previously seen for the simple methylene
analogue,! and the ethylidene methyl is syn to the metal
triangle.

Cluster 2 decomposes within 8-10 days at room tem-
perature to give 3,4 (~1%), and 5 (~25%); 3 independ-
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ently decomposes to 4 (2%) and 5 (40%) in 13 days, so its
concentration does not build up to an appreciable extent
during the decomposition of 2.7 Only a single isomer of
the p-vinyl compound 4—formed via carbyne—ethylidene
coupling'—is observed, and it also can be prepared by an
independent synthesis from the mononuclear methoxyvinyl
compounds 6Z and 6E as shown in Scheme 1.1 The ob-
vious problem is that since we have been unable to gen-
erate the opposite double-bond isomer of 4, we cannot
determine if it is stable under the reaction conditions.?®
The major product of thermal isomerization of 2 and 37
was identified by 'H NMR* as the isomeric carbene-
ethylidyne cluster 5, on the basis of the observation of
singlets at 5 9.42 for the methine hydrogen and 3.37 for
the ethylidyne methyl hydrogens (Scheme I).® The *C
NMR* exhibited peaks at 338.3 (u-CCHj), 272.1 (Fe(u-
CO)Mn), 243.1 (MnCOQ), and 228.4 (u-C(HYOCH3, oy =
155 Hz, %Jcy = 5.2 Hz) that once again suggested the u,
ligand to be bridging the iron atoms. The structure was
again confirmed by X-ray crystallography,? which in this
case revealed a methoxycarbene moiety with the hydrogen
syn to the metal triangle, rather than anti as in 2 (Figure
2).

The most important mechanistic question to resolve is
whether or not the apparent hydrogen migration reaction

(7) While it cannot be ruled out with certainty, there is no evidence
that 2 directly yields either 4 or 5.

(8) The double bond geometry of 4 was determined by conversion to
a PPh; adduct, the X-ray crystal structure of which revealed the E con-
figuration; Fong, R. H., unpublished results.

Figure 2. ORTEP drawing of 5. Selected bond distances (A) and
angles (deg): Mn-Fe(1), 2.549 (1); Mn-Fe(2), 2.629 (1); Fe(1)-
Fe(2), 2.518 (1); C(1)-Mn, 1.926 (3); C(1)-Fe(1), 1.901 (3); C-
(1)-Fe(2), 1.955 (3); C(1)-C(20), 1.501 (4); C(2)-Fe(1), 1.9186 (3);
C(2)-Fe(2), 2.129 (3); C(2)-H(2), 1.007 (41); C(2)-0(1), 1.385 (3);
Fe(1)-C(2)-Fe(2), 76.80 (10); H(2)-C(2)-0(1), 107.7 (23); C(2)-
0(1)-C(19), 115.97 (21); C(3)-Fe(1), 1.999 (3); C(3)-Mn, 1.884 (3);
Fe(1)-C(3)-0(3), 133.44 (21); Mn-C(3)-0(3), 144.59 (21); C-
(4)-Mn, 1.800 (3); C(4)-Fe(2), 2.477 (3); Mn-C(4)-0(4), 161.76
(23).

that yields 5 from 3 (and/or 2)" is intramolecular. Reaction
of a mixture of 2 and its deuteriated MeCp, analogue
(u5-COCHj) (15-C(D)CH3) (MeCp) . Fe,Mn(CO); (7-dy) gave
after 5 days at 31 °C only 5 and its d, MeCp, analogue 8-d;,
with less than 5% crossover in the methine hydrogen.®
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The hydrogen migration from the ethylidene to the car-
byne carbon is therefore intramolecular. A reasonable
mechanism would involve loss of CO from 3, migration of
the ethylidene hydrogen that is syn to the metal triangle
in 3 to give an intermediate such as 9 (Scheme I), and
reductive elimination followed by recoordination of CO to
give 5. In fact, evidence for the first part of this proposal
is provided by the observation that the isomerization of
3 to 5 is completely inhibited by 0.6 atm of CO. More
remarkable, however, is the observation that CO also slows
the isomerization of 2 to 3. Thus, while complete de-
composition of 2 takes 8-10 days in the absence of CO,
isomerization to 3 takes 16 days under 0.6 atm of CO® and
33 days under 8.9 atm of CO.!' Monitoring in situ by 'H
and ®*C NMR (using 3CO in the latter case) provided no
evidence for the presence of intermediates in these reac-
tions, precluding involvement of species such as 50-electron
open clusters formed via association of CO!? and sug-
gesting that the inhibition is indeed due to reversible
dissociation of CO from 2 and 3.1* A related observation

(9) In this experiment, 7 was 95% deuteriated. A separate reaction
of 2 and 7-d;, where the ethylidene methine hydrogen was only 70%
labeled but the ethylidyne and carbyne methyls were 994+ % deuteriated,
indicated that less than 5% crossover of the two methyl fragments had
occurred as well. The relevant signals in 5 and 8 were well-separated in
the 'H NMR at 500 MHz.
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MeCpMn(CO); (22%) and Cp,Fe,(CO), (17%) were the only other
identifiable products. This experiment allows the only practical means
of generating reasonably pure 3, since chromatography on silica gel re-
generates 2 (giving a 1:2.7 mixture of 2:3), while chromatography of pure
2 gives a 4.6:1 mixture of 2:3.
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= (4.0 £ 0.2) X 108 s7%; Peg = 0.6 atm, k(2) = (2.8 £ 0.2) X 10857}, k(3)
=(23+02) X 1085} Poy = 8.9 atm, k(2) = (1.13 £ 0.04) X 10857, k(8)
= (9.2 £ 0.8) X 1077 571,
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In the latter case, formation of an intermediate due to CO association can
slow the appearance of 3 only if its concentration builds up in solution
to observable levels (which it does not), but nevertheless if this were to
happen, increasing the CO pressure would be expected to increase rather
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of CO from 2 followed by ethylidene “rotation” and subsequent trapping
by CO to give 3 according to eq 1. Thus, a reciprocal plot (k_;, ky > k)
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of ky 7! vs. P is linear and gives k; = (3.5 £ 0.4) ¥ 10®gland k., /k, =
32 % 5 M where [CO] = 0.0075 M in benzene at 25 °C and 1 atm of CO
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102, 6248-6254. (d) Fox, J. R.; Gladfelter, W. L.; Wood, T. G.; Smegal,
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for a tungsten—osmium bridged benzylidene cluster, in
which the irreversible “rotation” was completely halted by
CO, led to the suggestion that the rotation could involve
hydrogen migration, as in 9. Since the isomerization of
2 to 3 is not halted, however, this precludes involvement
of 9 as a common intermediate in our isomerization re-
actions, and also suggests that two unsaturated clusters
formed via CO loss are involved, one leading to ethylidene
“rotation” and the other to hydrogen migration. Alter-
natives to 9 for the conversion of 2 to 3 could include
methoxycarbyne migration to the opposite cluster face (but
not methyl migration® to another carbonyl since no 3C
incorporation into the carbyne carbon of 3 is seen upon
isomerization of 1*CO-enriched 2) and bridging/terminal
interconversion of the ethylidene; even though this latter
mechanism for rotation does not formally require CO loss,
one might speculate that in this case a more reactive un-
saturated cluster could be required for such a process to
occur.’® A final implication of the CO-mediated isomer-
ization of 2 to 3 is that 3 is the thermodynamically more
stable isomer, which therefore requires that the stereo-
specific formation of 2 from 1 is due to a kinetic preference
for 2.

In conclusion, we have observed a remarkable cluster-
mediated intramolecular carbon-to-carbon hydrogen mi-
gration. While we are not aware of any comparable re-
arrangements in difunctional clusters, examples that in-
volve rearrangements of individual ligands on clusters may
be related.’® Unfortunately, the stereochemical aspect of
this study remains unresolved due to the apparent lack of
thermodynamic stability of one of the two possible meth-
oxyvinyl isomers. Further work on this mechanistic
problem and that of the ethylidene “rotation” is in prog-
ress.

Acknowledgment. We thank Peter Bonnesen for ob-
taining 500-MHz NMR spectra. Financial support for this
work from the donors of the Petroleum Research Fund,
administered by the American Chemical Society, and the
UCLA Committee on Research is gratefully acknowledged.

Supplementary Material Available: Spectroscopic data for
new compounds and tables of crystallographic data for 2 and 5
and details of the solutions (23 pages); tables of structure factors
for 2 and 5 (23 pages). Ordering information is given on any
current masthead page.

(14) Chi, Y.; Shapley, J. R.; Ziller, J. W.; Churchill, M. R. Organo-
metallics 1987, 6, 301-307.

(15) Processes involving bridging/terminal alkylidene interconversion
have been proposed in a number of systems, but rotation of the alkylidene
when it is terminal is not required (nor has it been proposed) in order
to account for the observed isomerizations: (a) Dyke, A. F.; Knox, S. A,
R.; Mead, K. A.; Woodward, P. J. Chem. Soc., Chem. Commun. 1981,
861-862. (b) Laws, W. J.; Puddephatt, R. J. Ibid. 1983, 1020-1021. (c)
Theopold, K. H.; Bergman, R. G. J. Am. Chem. Soc. 1983, 105, 464—475.
(d) Holmgren, J. S.; Shapley, J. R. Organometallics 1985, 4, 793-794. (e)
Williams, G. D.; Lieszkovszky, M.-C.; Mirkin, C. A.; Geoffroy, G. L. Ibid.
1986, 5, 2228~2233.

(16) (a) Theopold, K. H.; Bergman, R. G. Organometallics 1982, 1,
219-222, (b) Cree-Uchiyama; Shapley, J. R.; St. George, G. M. J. Am.
Chem. Soc. 1986, 108, 1316-1317. "(c) Doherty, N. M.; Fildes, M. J.;
Forrow, N. J.; Knox, S. A. R.; Macpherson, K. A.; Orpen, A. G. J. Chem.
Soc., Chem. Commun. 1986, 1355-1357. (c) Byrne, P. G.; Garcia, M. E.;
Jeffery,J C.; Sherwood, P.; Stone, F. G. A. Ibid. 1987, 53 55, (d) Del-
gado, E; Hem, d.; Jeffery J. C.; Ratermann, A. L.; Stone, F. G. A,;
Farrugla L.J.J. Chem. Soc., Dalton Trans. 1987, 1191-1199.



