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two different alkynes (including terminal alkynes) in a
selective fashion.!®
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Summary: The Re(VII) cis-dioxo complexes ReO,-
(CH,CMe;),Br and ReO,(CH,CMe;),X(py) (X = Br, CI, or
F) have been prepared by oxidation of the Re(VI) dimer
[Re(u-0)O(CH,CMe;),].. Reaction of ReO,-
(CH,CMe,),Clpy) with an excess of Zn(CH,CMe,), gives
Re0,(CH,CMej);.

Complexes containing a d° cis-ReO, fragment are rare,
and little is known concerning their structure and re-
activity. In fact, the only well-characterized examples of
these types of compounds are ReO,F; and ReO,R; (R =
Me, CH,CMe;, CH,SiMej).12  The limited number of
compounds available, together with the fact that the alkyl
ligands in the organometallic ReO;R3 compounds are not
substitutionally labile, makes a comprehensive examination
of the reaction chemistry difficult. We therefore set out
to prepare complexes containing other types of ligands and
report here the synthesis of the Re(VII) cis-dioxo alkyl
halide complexes ReO,(CH,CMe;);Br and ReO,-
(CH,CMes),X(py) (X = F, Cl, Br) by oxidation of the
Re(VI) metal-metal singly bonded dimer [Re(u-O)O-
(CHgCMe3)2]2 (1).3’4
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The compound ReOy,(CH,CMe,),Br (2) is prepared by
the formal oxidative addition of Br; to the Re~Re bond

inl (eq 1). Compound 2 is a volatile oil (mp -10 °C)
pentane
[Re(u-O)O(CH,CMes,),], + Bry o

2R602(CH20MB3)2BI' (1)
72%

which can be vacuum distilled directly from the reaction
mixture (23 °C, 10~ Torr). The 'H NMR spectra recorded
for CD,Cl, solutions of 2 in the temperature range —90 to

R

l /o Rem CHzCMeg
Br— Re<

| So

R 2

+23 °C consist of only two singlets, which suggests the
neopentyl ligands lie in a mirror plane, and the IR spec-
trum has bands at 1001 and 961 cm™ (Re!®0,, 951 and 916
cm™), the latter of greater intensity, which are charateristic
of a cis-M(=0), moiety.> This spectroscopic data and the
volatility of 2 are consistent with the monomeric trigo-
nal-bipyramidal structure shown above, but the dimer
formulation Ry,O,Re(u-Br),ReQyR,, in which the rhenium
centers are octahedrally coordinated, cannot be ruled out.t

The inconvenience of handling and purifying oily
Re0,(CH,CMe,),Br prompted us to search for solid de-
rivatives. Thus, we find compound 2 reacts rapidly with
pyridine (eq 2) to give ReOy(CH,CMe,),Br(py) (3a) which

hexane/py

ReOQ(CHQCMea)QBr + py

Re02(CH2CMe3)ZBr(py) 2)

can be crystallized from concentrated hexane solutions (50
°C). Complex 3a is more conveniently prepared without
isolating 2, however, by sequentially carrying out reactions
1 and 2 in one flask and then extracting 3a from the
stripped reaction mixture with hexane. This procedure
allows isolation of 3a in 78% yield based on 1. The
chloride derivative Re02(CH20Me3)2Cl(py) (3b) is pre-
pared in 43% yield by the reaction in pentane/pyridine
(20:1) of 1 with an excess of Cl, (eq 3). The yield of 3b

pentane/py

[Re(x-0O)O(CH,CMes),], + Cly + 2py
2R902(CH20M33)201(PY) 3)

is lower (25%) if pyridine is added after the chlorination
step. One possible explanation for the lower yield is that
pyridine-free ReO,(CH,CMe,),Cl is unstable to Cl,.
Re0,(CH,CMe;),Cl(py) can also be prepared by stirring
3a in methylene chloride with an excess of AgCl (yield
90%).

The cation [ReO,(CH,CMes);]*, which is analogous to
the known compound MoQ,{mesityl),, is a logical Re(VII)
cis-dioxo target molecule.” Qur attempt to prepare
[ReO5(CHy,CMey),]™ by reacting 1 with an excess of AgBF,,
however, did not give the cation as the final product; in-
stead, ReO,(CH,CMe,),F(py) (3¢) is produced in 45%
vield (eq 4). If AgBPh, is substituted for AgBF, in (4),

pyridine

[Re(u-0)O(CH,CMe;),], + 2AgBF, + 4py Py
2Re0,(CH,CMe;), F(py) + 2Ag + 2py-BF; (4)
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Figure 1. ORTEP plot of ReOy(CH,CMes),Br(py) (3a) showing
the atom-numbering scheme (50% probability level). Selected
distances (&) and angles (deg): Re(1)-Br(1), 2.680 (1); Re(1)-0(1),
1.696 (7); Re (1)-0(2), 1.680 (7); Re(1)-N(1), 2.396 (7); Br(1)-
Re(1)-0(1), 165.6 (2); O(1)-Re(1)-0(2), 107.4 (3); O(1)-Re(1)-C(1),
95.6 (3); O(2)-Re(1)-C(1), 103.4 (4); O(1)-Re(1)-C(2), 100.0 (4);
0(2)-Re(1)-C(2), 99.3 (4); Br(1)-Re(1)-N(1), 83.7 (2); O(2)-Re-
(1)-N(1), 170.7 (3); C(1)-Re(1)-N(1), 75.0 (3); C(2)-Re(1)-N(1),
78.8 (3).

a mixture of products is obtained which we have not yet
been able to separate.

The structure of 3a has been determined by an X-ray
crystallography study; an ORTEP drawing of one of the two
similar independent molecules in the unit cell is given in
Figure 1.8 One noteworthy strucural feature in 3a is the
bending of the neopentyl methylene groups away from the
Re=0 multiple bonds (C(1)-Re-C(2) = 147.1 (4)°). An
analogous structural feature was also observed in the oc-
tahedral cis-dioxo trans-dialkyl compounds MoO,R,(bpy)
(R = Me, CH,CMe,;, CHyPh).® 1In all of these complexes
it is likely that the closed RH,C-M-CH,R angles are due
to electronic effects because the bending facilitates metal
p,—d,. mixing (xz plane bisecting the O-M-O angle), which
in turn enhances Re-O 7 bonding.1

The pyridine ligands in 3a—c rapidly dissociate on the
TH NMR time scale at 23 °C, but spectra recorded for the
compounds at low temperatures (<-35 °C) are consistent
with expectations based upon the solid-state structure of
3a; e.g., 3c reveals an AB quartet with coupling to °F (%Jyy
=121 HZ, 3JHaF =90.2 HZ, SJHbF =138 HZ, CHaHbCMeg)
and a singlet (CH,CMe;) as well as five separate resonances
assigned to the protons of coordinated pyridine.

In order to determine if substitution reactions can be
carried out on the Re(VII) complexes without reduction
of the metal center, we attempted the preparation of
ReQy(CH,CMe,); (4)'° from 3a and 3b. Compound 3b
reacts with an excess of Zn(CH,CMej), (eq 5) to give 4 in

Re0,(CH;CMey);Cl(py) + Zn(CH;CMey); —

ReO0,(CH,CMey,); + ZnCl(CH,CMe,) (5)

79% yield and a small amount of 1,® a product of reduc-
tion. Under similar conditions, reaction of 3a with an
excess of Zn(CH,CMes), generates 4 and 1 in 53% and
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26% isolated yields, respectively, indicating, as expected,
that the bromide complex is more easily reduced than the
chloride.

We have shown that oxidation reactions can be used to
prepare Re(VII) cis-ReO, complexes from Re(VI) [Re(u-
0)O(CH,CMejs),], in moderate to good yields. Similar
oxidation reactions involving the Re(VI) dimers [Re(u-
0)O(R).]; (R = Me,!! CH,SiMe,,'d CH,CMe,Ph%) should
yield Re(VII) compounds analogous to 3a—e. Additionally,
reaction 5 shows that substitution of halide by alkyl can
be accomplished with only a small amount of undesirable
Re(VII) reduction. Substitutions of the halides with other
types of ligands (e.g., alkoxides via trimethylalkoxysilane
reagents) are therefore feasible. Further studies concerning
the reactivity of 2 and 3a—e are in progress.
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Summary: Coupling of a Cp-bonded (Cp = cyclo-
pentadienyl) substituent with a C,Hg unit at zirconium is
observed by reacting (n*-CsH,CH,CH=CH,),ZrCl, (5) with
the (butadiene)magnesium reagent 6. Treatment of the
resulting metallacyclic w-allyl-type coupling product 8 with
stoichiometric gaseous HCI yieids the mixed Cp-substi-
tuted metallocene dihalide (Cp-allyl) [7°-C5H,(CH,),CH=
CHCH,3]ZrCl, (9). Repetition of this reaction sequence
cleany converts 9 into [15-C4H,(CH,),CH=CHCH,],ZrCl,
(11). The trans-5-heptenylcyclopentadienyl substituent is
prepared regio- and stereoselectively by the CC cou-
pling/HC! addition reaction at the early-transition-metal
center.

Substituted »-cyclopentadienyl ligands are gaining ever
increasing importance in organometallic chemistry; e.g.,
using various new Cp-substituted metal complexes has led
to very interesting developments of novel catalyst systems
recently.! An increasing number of synthetic entries to
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