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diastereoselectivity, one can envision simple solutions to a wide
range of stereochemical transformations that are currently deemed
difficult to accomplish. We are actively pursuing a variety of these.
Finally, application of a unique double asymmetric induction
phenomenon provides an inroad to even higher diastereoselectivities
in nucleophilic addition reactions to carbonyl substrates.
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It is not obvious why complexes that contain an unsupported
metal-metal double bond (i.e., no bridging ligands) should be so
rare, while there are scores of examples of complexes that contain
unbridged metal-metal single bonds, or (for molybdenum,
tungsten, and rhenium) unbridged triple or quadruple bonds.
Two types of complexes that contain an unsupported metal-metal
double bond have been reported, (Me;SiCH,);(O)Re(u-O)[Re-
(PMe;),]Re(0),(CH,SiMe;)? and macrocycle complexes such
as [M(octaethylporphyrin)], (M = Ru, Os)? and [Ru(C,,H,;-
N,)15.* In neither type is there an opportunity for ligands to
bridge the metal-metal double bond. We report here the synthesis
and structural determination of two complexes that contain an
unsupported rhenium-rhenium double bond in the presence of
potentially bridging ligands. To our knowledge these are the first
such complexes to be synthesized.

Vinyl ethers react smoothly at room temperature in tetra-
hydrofuran with syn-Re(C-t-Bu){ CH-1-Bu)[OCMe(CF;),],,56
to afford 1a’ and 1b quantitatively (eq 1). These species rapidly

, OR
+ CH;=CHOR THF,, I 4C' -Bu
Re(C-+-Bu)(CH-1-Bu)(OR), _— JREZ 1
. CHx~CH-rBu THF” | CHOR' M
OR = OCMe(CFy), in THE OR

OR = OEt (1a), OSiMe, (1b)

exchange tetrahydrofuran at room temperature and are the only
reported examples of heteroatom-substituted high oxidation state
alkylidene complexes. When analogous reactions in C¢Dg or
CD,Cl, are followed by proton NMR analysis, the base-free

(1) Cotton, F. A.; Walton, R. A. Multiple Bonds Between Metal Atoms,
Wiley-Interscience: New York, 1982.

(2) Chiu, K. W.; Wong, W.; Wilkinson, G. Polyhedron 1982, 1, 31.

(3) (a) Hopf, F. R.; O'Brien, T. P.; Scheidt, W. R.; Whitten, D. G. J. Am.
Chem. Soc. 1975, 97, 277. (b) Collman, J. P.; Barnes, C. E.; Swepston, P.
N.; Ibers, J. A. J. Am. Chem. Soc. 1984, 106, 3500.

909(4) Warren, L. F.; Goedken, V. L. J. Chem. Soc., Chem. Commun. 1978,

(5) Toreki, R.; Schrock, R. R. J. Am. Chem. Soc. 1990, 112, 2448.

(6) Syn refers to the rotamer in which the alkylidene substituent points
toward the neopentylidyne ligand.

(7) Synthetic procedures, NMR data, and analytical data are available as
supplementary material. syn-1a and syn-1b isomerize to mixtures of syn and
anti rotamers in solution. The structural type shown for 1a and 1b is only one
of two possibilities, the other being a complex containing cis OR ligands.

Figure 1. A drawing of the molecular structure of [Re(C-t-Bu)(O-t-
Bu),], (3b).

Table I. Selected Bond Distances (A) and Angles (deg) in 3a and 3b

3a 3
Re—Re* 2.3836 (8) 2.396 (1)
Re-C(1) 1.728 (8) 1.721 (7)
Re-0(2) 1.925 (5) 1.901 (5)
Re-0O(3) 1,932 (5) 1.909 (4)
0(2)-C(21) 1.395 (9) 1.421 (7)
0(3)-C(31) 1.383 (9) 1.425 (8)
Re-Re*-C(1) 90.0 (2) 89.5 (2)
Re-C(1)-C(11) 177.7 (6) 175.6 (5)
Re-0(2)-C(21) 136.9 (5) 1359 (4)
Re-0(3)-C(31) 140.5 (5) 135.9 (4)
0(2)-Re-0(3) 117.8 (2) 115.1 (2)
0O(2)-Re-C(1) 112.8 (3) 114.9 (3)
0O(3)-Re-C(1) 113.6 (3) 113.8 (3)

complexes, Re(C-1-Bu)(CHOR’)[OCMe(CF;),], [OR’ = OEt
(2a), OSiMe; (2b)], are observed as a mixture of syn and anti
rotamers, the syn/anti ratio varying with reaction conditions and
rotameric purity of the starting material. These species decompose
if their solutions are concentrated. Re(C-z-Bu)(CH-z-Bu)(O-t-
Bu),? reacts slowly with ethyl vinyl ether in dichloromethane over
the course of 2 days to give dark red prisms of [Re(C-z-Bu)(O-
t-Bu),], (3b)° in 50-60% isolated yield, cis- and trans-3,3-di-
methylbutenyl ethyl ether,19%b and neohexene (eq 2).'* Con-

+ xs CH,=CHOE!
Re(C+-BuXCH--BuXOR); ———n
12 [Re(C-1-BuXORY),]; + CH,=CH-1-Bu + EtOCH=CH-+-Bu (2)

OR = OCMe(CF;), (38)
OR = O-+Bu (3b)

centrated solutions of crude 2a in dichloromethane, pentane, or
toluene decompose in minutes at room temperature to give

(8) Edwards, D. S.; Biondi, L. V.; Ziller, J. W.; Churchil], M. R.; Schrock,
R. R. Organometallics 1983, 2, 1505.

(9) The analogous neophylidyne complex, [Re(CCMe,Ph)(O-1-Bu),]; (3¢),
also has been prepared. (See supplementary material.)

(10) (a) Identified by 'TH NMR comparison with samples prepared via
Wittig-like reactions involving tantalum alkylidene complexes.!® (b) Schrock,
R. R. J. Am. Chem. Soc. 1976, 98, 5399. (c) Neohexene is formed via
metathesis of the vinyl ether with the starting neopentylidene complex as in
eq |. Dimethylbutenyl ethyl ether is apparently formed from reaction of
Re(C-1-Bu)(CH-1-Bu)(OR), with 2a or 3a as there is not further formation
of this olefin once the neopentylidene complex has been consumed. The ratios
of product olefins are dependent on the reaction conditions.
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analogous 3a (30—40% yield), cis- and trans-diethoxyethylene,!!
and cis- and trans-3,3-dimethylbutenyl ethyl ether.'® We initially
believed 3b to be different in some fundamental way from 3a since
3b is extremely soluble in pentane whereas 3a is only slightly
soluble in dichloromethane.

3a and 3b (Figure 1)!2 are structurally analogous dimers that
possess an inversion center, a staggered, ethane-like geometry,
and an unbridged metal-metal double bond. Bond lengths and
angles in the two molecules are compared in Table I. There are
no statistically significant differences between the two except a
slightly shorter Re==Re bond and larger Re-O-C angles in 3a.
One striking feature is the 90° angle between the alkylidyne ligand
and the metal-metal bond. We suspect that the C-Re—C angle
in complexes of type 2 also may be 90° and so do not yet ascribe
any special significance to the 90° angle in 3. The rhenium-
rhenium bond distances are consistent with their being double
bonds on the basis of Re-Re distances of 2.381 (1) A in
(Me;SiCH,);(O)Re(u-0)[Re(PMe;),]Re(0)5(CH,SiMe;)? and
2.408 (1) A in [Ru(OEP)],® The Re—Re single bond in
structurally related species such as [ReO(Me==CMe),], is con-
siderably longer [2.686 (1) A]."* A rhenium-rhenium double
bond is consistent with the diamagnetism of 3 and is attractive
also because of the analogy between the Re==Re bond and the
Re=C bond in 2. The metal-alkylidyne bond lengths are among
the shortest known.!* There is no evidence for hydrides in either
3aor 3b.1

One equivalent of syn-Re(C-¢-Bu)(CH-¢-Bu)[OCMe(CF;),],
in C¢Dg reacts with 1a in 4 h at 85 °C to yield 3a (90%) and cis-
and trans-3,3-dimethylbutenyl ethyl ether as the major olefinic
products (eq 3). (Small amounts of cis- and trans-1,2-dieth-

C
syn-Re(C-t-Bu)(CH-+-Bu)[OCMe(CFy)l, + 1a ——m

3a + EtOCH=CH-t-Bu 3
(cis and trans)

oxyethylene also are formed.) When 1a is heated in C;Dy, 3a and
cis- and trans-1,2-diethoxyethylene are obtained in high yield.
Therefore, one mechanism of forming 3a and 3b most likely
involves coupling two alkylidene ligands in a dimetallacyclobutane
complex. Since it has been argued that elimination of an olefin
from a 1,2-M,C, core is symmetry forbidden,'¢ and formation of
a 1,3-M,C, core is more consistent with M==C bond polarity
considerations, we suggest that 1,3-dimetallacycles are the pre-
cursors to 3a and 3b.!”  Subsequent conversion to a di-
metallatetrahedrane could then result in extrusion of olefin and
direct metal-metal bond formation. Note that samples of syn-
and anti-Re(C-¢-Bu)(CH-1-Bu){OR), [OR = O-¢-Bu, OCMe,-
(CF;), OCMe(CF;),] produce only trace amounts of trans-
2,2,5,5-tetramethyl-3-hexene in solution at 120 °C, suggesting
that coupling is rapid only when heteroatom substituents are

(11) Baganz, H.; Praefoke, K.; Rost, J. Chem. Ber. 1963, 96, 2657.

(12) Crystals were mounted in a glass fiber. Data were collected on a
Rigaku AFC6R diffractometer at =72 = | °C using graphite-monochromated
Mo Ka radiation. For 3a (3b), a total of 4778 (4028) reflections (h,k,x/)
were collected in the range 1.2 (1.2)° < 29 < 55 (55)° with 3182 (2822)
having I > 3.000(/) being used in the structure refinement by full-matrix
least-squares techniques {253 (145) variables] using the TEXSAN crystal-
lographic software package from Molecular Structure Corporation. Final R
= 0.036 (0.029), R, = 0.047 (0.040). Full details can be found in the
supplementary material.

(13) Valencia, E; Santarsiero, B. D.; Geib, S. J.; Rheingold, A. L.; Mayer,
J. M. J. Am. Chem. Soc. 1987, 109, 6896.

(14) Murdzek, J. S.; Schrock, R. R. In Carbyne Complexes; VCH Pub-
lishers: Weinheim, 1988; p 147.

(15) 3a—<¢ do not react with CCl, to produce CHCl,, even upon photolysis.
Treatment of 3a or 3¢ with excess HCI(g) in a sealed NMR tube did not
produce H, (8 4.45). Low-temperature proton NMR (=77 °C, CD,Cl,) with
a 5-s pulse delay did not reveal any resonances attributable to hydrides in the
range +60 to —45 ppm. For neither structure did crystallographic evidence
favor the presence of bridging hydrides. (See supplementary material.)

(16) Trinquier, G.; Hoffmann, R. Organometallics 1984, 3, 370.

(17) For examples of alkylidene coupling reactions, see: (a) Schrock, R.
R.; Sharp, P. R. J. Am. Chem. Soc. 1978, 100, 2389. (b) Merrifield, J. H.;
Lin, G.; Kiel, W. A,; Gladysz, J. A. J. Am. Chem. Soc. 1983, 105, 5811.

present or when at least one of the two alkylidenes involved is
relatively small.

We also have preliminary evidence that suggests that complexes
of type 3 form when rhenacyclobutane complexes rearrange to
give an olefin by a 3 hydrogen process, i.e., that complexes of type
3 also can form by coupling of monomeric Re(C-z-Bu){OR), units.
Such d? Re(C-t-Bu)(OR), species would be expected to have
trigonal-planar structures by analogy with what are proposed to
be isoelectronic trigonal-planar Ta[OSi(z-Bu);),!® and W(N-t-
Bu)[OSi(s-Bu);),,"° and crystallographically characterized Os-
(N'2,6'i'Pr2C6H2)3.20

Dimers 3a and 3b do not react readily with simple olefins such
as ethylene or norbornene, even at 70 °C after several hours. They
also do not form stable adducts with pyridine or dimethyl-
phenylphosphine. However, [Re(CCMe,Ph)(O-t-Bu),], (3¢) does
react rapidly at —40 °C in ether with 2 equiv of I, to afford
pentane-soluble vermillion crystals consistent with the formulation
Re(CCMe,Ph)(O-t-Bu),I, (4). In future studies we hope to
elucidate these and other reactions and to determine whether
unbridged Re==Re double bonds are a general feature of Re(V)
chemistry.
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(18) LaPointe, R. E.; Wolczanski, P. T.; Mitchell, J. F. J. Am. Chem. Soc.
1986, 108, 6382.

(19) Eppley, D. F,; Van Duyne, G. D.; Wolczanski, P. T., submitted for
publication.
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Soc. 1990, 112, 1642,
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We recently reported the development of a ring-opening me-
tathesis polymerization (ROMP)! system based on low valent
ruthenium complexes? that tolerates many organic functionalities
known to deactivate early-transition-metal metathesis catalysts.
The coordination compound Ru(H,0)(t0s), (tos = p-toluene-

(1) (a) Grubbs, R. H.; Tumas, W. Science 1989, 243, 907-915. (b) Ivin,
K. J. Olefin Metathesis; Academic Press: London, 1983. (c) Grubbs, R. H.
In Comprehensive Organometallic Chemistry; Wilkinson, G., Ed.; Pergamon
Press, Ltd.: New York, 1982; Vol. 8, pp 499-551.

(2) (a) Novak, B. M.; Grubbs, R. H. J. Am. Chem. Soc. 1988, 110,
7542-7543. (b) Novak, B. M.; Grubbs, R. H. J. Am. Chem. Soc. 1988, 110,
960-961.
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