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Synthesis and Reactions of Cp*(CO);Re=Re(CO),Cp*
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While metal-metal double bonded compounds are quite com-
mon,! examples which are the formal dimers of 16e d® fragments
are very rare.”* Here we report that Cp*Re(CO),(THF) (1,
Cp* = CsMes) loses THF to form the stable isolable diamagnetic
rhenium~rhenium double bonded compound Cp*(CO),Re=Re-
(CO),Cp* (2). The kinetic reactivity of 2 is extremely high:
reaction with CO occurs within seconds at ~80 °C to produce the
known Cp*(CO),Re(u-CO)Re(CO),Cp* (3). and reaction with
H, also occurs within seconds at ~80 °C to produce the new
dirhenium dihydride Cp*(CO),Re(u-H),Re(CO),Cp* (4).
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In an effort to prepare rhenium—alkene and alkyne complexes,
we photolyzed Cp*Re(CO); in THF solution to obtain a solution
of the reactive intermediate Cp*Re(CO),(THF) (1), which has
been employed as a versatile synthetic intermediate but which had
previously been characterized only in solution.> Concentration
of the solution of 1 and addition of hexane at —80 °C led to the
isolation of yellow crystalline 1 in 50% yield.® The 'H NMR
spectrum clearly showed a 1:1 ratio of Cp* and complexed THF
ligands.

Solid yellow 1 (427 mg, 0.95 mmol) was converted to dark green
solid CsMes(CO),Re=Re(CO),CsMes (2) (360 mg, 98%)” upon
storage for 1 week in a glovebox. The 'H NMR spectrum of 2
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Bonding 1988, 62, |. (c) Winter, M. J. Adv. Organomet. Chem. 1989, 29,
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(3) Compounds with d 16e fragments linked by two three-center two-
electron M(u-H)M bonds include [(CO),Re(u-H)]5* Os;(CO),o(u-H),,*® and
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Woo, L. K. Proc. Natl. Acad Sci. U.S.A. 1983, 80, 7684. (b) Collman, J. P.;
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(c) Herberhold, M.; Schmidkonz, B.; Ziegler, M. L.; Serhadle, O. Z. Na-
turforsch, B. Chem. Sci. 1987, 42, 739. (d) Alt, H. G.; Engelhardt, H. E.
J. Organomet. Chem. 1988, 342, 235. (e) Choi, M. G.; Angelici, R. J. J. Am.
Chem. Soc. 1989, 111, 8753. (f) Klahn-Oliva, A, H.; Singer, R. D.; Aramini,
J. M.; Sutton, D. Inorg. Chem. 1989, 28, 4217,

(6) For 1: 'H NMR (THF-dj) 6 3.78 (OCH,), 1.95 (CsMey), 1.8t (OC-
H,CH,); *C{'H} NMR (toluene-d;, -80 °C) § 208.9 (CO), 92.9 (CsMe;),
86.4l (OCH,), 27.3 (OCH,CH,), 10.8 (CsMes); IR (THF) 1893 (s), 1823 (s)
cm”

(7) For 2: "H NMR (C¢Dy) 5 1.98 (CsMes); '"H NMR (THF-dg) 6 2.14;
13C NMR (toluene-dg) & 209.4 (CO), 103.1 (CsMes), 11.1 (CsMey); IR
(toluene) 1869 (s), 1824 (s) cm™'; IR (KBr) 1860 (s), 1809 (s) cm™; HRMS
caled for Cy3H3005'*Re, (M - CO)* 728.1311, found 728.1353. Anal. Calcd
(found) for C,H;00.Re,: C, 38.19 (37.49); H, 4.01 (4.16).
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Figure 1. Structure of Cp*(CO),Re=Re(C0),Cp* (2:C¢Ds). Selected
bond lengths (A) and angles (deg): Re(1)=Re(1A), 2.723 (1); Re-
(1)-C(2), 1.921 (9); Re(1A)-C(2), 2.485 (9); Re(1)-C(2)-0(2), 165.2
(8); Re(1)-C(1)-0O(1), 173.4 (7); Re(1A)-Re(1)-C(2), 61.9 (3); Re-
(1A)-Re(1)-C(1), 98.6 (2).
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Figure 2. Structure of Cp*(CO),Re(u-H),Re(CO),Cp* (4). Selected
bond lengths (A) and angles (deg): Re(1)-Re(2), 3.143 (1); Re—(u-H),
1.840 (20); C(21)-Re(1)-C(22), 86.4 (5); C(23)-Re(2)-C(24), 89.3 (5)
Re(2)-Re(1)-C(21), 96.1 (5); Re(1)-Re(2)-C(23), 95.1 (3); Re(2)-
Re(1)-H(1), 31.4 (6).

in benzene-dg showed a new singlet at & 1.98 for a single compound
of >95% purity and no signals for THF. In a separate experiment,
free THF evolved from solid 1 over several days and was condensed
and analyzed by 'H NMR. When a solution of 1 in THF-dg was
monitored by 'H NMR over 2 days, 2 (6 2.20), a small amount
of Cp*Re(CO); (8 2.18), and free THF were observed in addition
to unreacted 1. Pure 2 is best obtained from solid-state decom-
position of 1.

X-ray crystallographic analysis of single crystals of green 2:C¢Ds
isolated from benzene-dg (Figure 1) showed a centrosymmetric
structure having a planar arrangement of two semibridging
carbonyls and the two rhenium atoms, with anti Cp* and terminal
carbonyl ligands above and below the plane. The Re=Re bond
length in 2.C¢D; of 2.723 (1) A is 0.234 A shorter than the 2.957
(1) A Re—Re single bond of Cp(CO),Re(u-CO)Re(CO),Cp® and
0.312 A longer than the 2.411 (1) A Re=Re triple bond of
Cp*Re(u-CO);ReCp*? The Re—C distances to the semibridging
CO ligands are 1.921 (9) and 2.485 (9) A, and the Re—~C—O angle
is 165.2 (8)°; these parameters are similar to those of other linear
semibridging carbonyls.!® 1In the IR spectrum of 2 in toluene,
the terminal and semibridging CO ligands give rise to bands at
1869 and 1824 cm™, respectively. Cp*(CO),Re=Re(CO),Cp*
(2) has two more valence electrons than the related triple-bonded
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group 6 Cp*(C0);M=M(CO),Cp* compounds.!!

The rhenium-rhenium double bonded compound 2 is extremely
reactive in ligand addition and in oxidative addition reactions.
When a green solution of 2 in THF at ~80 °C was exposed to
1 atm of CO, the color of the solution changed to yellow in less
than | min. In a preparative reaction, 2 (30 mg, 40 umol) reacted
with CO at room temperature to give the known Cp*(CO),Re-
(u-CO)Re(CO),Cp* (3)? in 95% vield after flash chromatography.

Similarly, a green solution of 2 in THF at —80 °C turned yellow
in less than 1 min upon exposure to H,. In a preparative reaction,
2 (30 mg, 40 umol) in THF reacted with H, at room temperature
to produce the new dihydride Cp*(CO),Re(u-H),Re(CO),Cp*
(4) in 90% yield after flash chromatography. The 'H NMR
spectrum of 4 established a 1:1 ratio of Cp* to ReH units, and
the IR spectrum established that only terminal CO groups were
present.!2  An X-ray crystal structure of 4 (Figure 2) showed
a long Re~Re distance of 3.143 (1) A and indicated a staggered
arrangement of the Cp* and CO ligands with anti Cp* groups.
The arrangement of the Cp* and CO ligands is consistent only
with bridging hydride ligands. Symmetrically bridged hydrides
were located close to the plane perpendicular to the plane of the
Re atoms and the Cp* centroids. 4 has two more valence electrons
than the related tungsten compound Cp*(CO),W(u-H),W-
(CO),Cp*; " this gives 4 an unusual formal electron count of >18e
at each Re. The long Re-Re distance is consistent with the
presence of two three-center two-electron Re(u-H)Re bonds and
a Re--Re antibond, for a net bond order of 1. This type of bonding
was first suggested by Dahl'* for compounds such as
[L,H,;Rely(u-H), (5)'° and [Co,Lg(u-H);1*.1¢  The bridging
hydride 'H NMR chemical shift of 4 (6 —6.19) is downfield from
normal u-H ligands but is similar to that seen for the unusual u-H
ligands of 5. The facile oxidative addition of H, across multiple
metal-metal bonds is unusual, but Sattelberger!” and Messerle!®
have reported H, addition across Ta=Ta double bonds at room
temperature.

While Re=Re compound 2 is the formal dimer of the high-
energy coordinatively unsaturated 16e dS fragment A, it is highly
unlikely that it is formed by dimerization of A. We suggest that
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unsaturated intermediate A adds to a Re=CO unit of THF
complex 1 to form the bridging CO intermediate B, which then
loses THF to form 2. The reactions of 2 with CO and other donor
ligands may proceed by reactions related to the microscopic reverse
of the loss of THF from B. We are actively pursuing the reactions

(4]
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Huffman, J. C. Inorg. Chem. 1982, 21, 4179. (c) Wilson, R. B,, Jr.; Sat-
telberger, A. P.; Huffman, J. C. J. Am. Chem. Soc. 1982, 104, 858. (d) Scxoly.
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of 2 and the synthesis of new M=M systems.
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The importance of chiral, nonracemic cyclopropane subunits
in a number of natural and unnatural products? as well as in
molecules used to probe biological processes® has led to intensive
efforts to develop efficient methods for their construction. One
synthetic strategy involves the stereoselective cyclopropanation
reactions of substituted allylic alcohols or a,8-unsaturated carbonyl
compounds linked to a number of well-known chiral auxiliaries.*
However, in most cases these reactions show some severe draw-
backs that include the limited availability of the chiral auxiliary
and the general scope of the reaction. A highly diastereoselective
cyclopropanation reaction of substituted allylic alcohols linked
to a carbohydrate® readily available from p-glucose is reported
herein.

The design of a new chiral auxiliary for this reaction is based
on the observation that oxygen atoms proximal to the alkene can
undergo direct attack by the reagent via prior coordination of the
zinc atom.® It was initially anticipated that a suitably protected
carbohydrate derivative would be an ideal chiral template for this
purpose since it possesses a number of proximal oxygens that can
direct the attack by the reagent. The ability for chelation of the
oxygen at the C-2 position can, in principle, be modified by se-
lecting an appropriate protecting group, R’. It was hoped that
stereoselective delivery of the reagent from one side of the dia-
stereotopic double bond or the other could be favored by ade-

(1) NSERC (Canada) University Research Fellow, 1989-1994; Bio-Méga
Young Investigator, 1991-1993.

(2) Recent reviews: (a) Wong, H. N. C.; Hon, M.-Y,; Tse, C.-W,; Yip,
T.-C.; Tanko, J.; Hudlicky, T. Chem. Rev. 1989, 89, 165-198. (b) Salailn,
J. Chem. Rev. 1989, 89, 1247-1270,

(3) A recent review: Suckling, C. J. Angew. Chem., Int. Ed. Engl. 1988,
27, 537-552.

(4) For the use of chiral auxiliaries in asymmetric Simmons-Smith see the
following. Chiral acetals: (a) Mori, A.; Arai, I.; Yamamoto, H. Tetrahedron
1986, 42, 6447-6458. (b) Mash, E. A.; Hemperly, S. B.; Nelson, K. A.; Heidt,
P. C,; Deusen, S. V. J. Org. Chem. 1990, 55, 2045-2060. (c) Mash, E. A.;
Nelson, K. A. Tetrahedron 1987, 43, 679692, (d) Arai, I.; Mori, A.; Yam-
amoto, H. J. Am. Chem. Soc. 1988, 107, 8254-8256. (e) Mash, E. A.; Nelson,
K. A.J. Am. Chem. Soc. 1988, 107, 8256-8258. Chiral diols: (f) Sugimura,
T., Yoshikawa, M.; Futagawa, T.; Tai, A. Tetrahedron 1990, 46, 5955-5966.
(g) Sugimura, T.; Futagawa, T.; Yoshikawa, M.; Tai, A. Tetrahedron Lett.
1989, 30, 3807-3810. (h) Sugimura, T.; Futagawa, T.; Tai, A, Tetrahedron
Lerr. 1988, 29, 5775-5779. Chiral acyl iron complexes: (i) Ambler, P. W.;
Davies, S. G. Tetrahedron Lett. 1988, 29, 6979-6982. (j) Ambler, P. W,;
Davies, S. G. Tetrahedron Lett. 1988, 29, 6983-6984.

(5) For recent examples of the use of carbohydrates as chiral auxiliaries
see: (a) Laschat, S.; Kunz, H. Synlett 1990, 1, 51-52. (b) Choudhury, A.;
Franck, R. W.; Gupta, R. B. Tetrahedron Lett. 1989, 4921-4924. (c) Kunz,
H.; Pfrengle, W. Angew. Chem., Int. Ed. Engl. 1989, 28, 1067-1068. (d)
Kunz, H.; Schanzenbach, D. Angew. Chem., Int. Ed. Engl. 1989, 101,
1068-1069. (e) Kunz, H.; Pfrengle, W. J. Am. Chem. Soc. 1988, [10,
651-652 and references therein.
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