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the appropriate orientation and proximity of the isopropyl groups
to the reactive oxo ligands in 6 is also an important factor for the
present intramolecular reaction.

A few examples of aerobic ligand oxidations of transition-metal
complexes have previously been reported. These include the
oxidations of aromatic rings in dinuclear Cu complexes,!? olefinic
ligand oxidation in an Ir complex,!! and aliphatic CH bond ox-
idation in a Ni complex.!?

The present ligand oxidation may provide us with a useful
method to prepare a new type tris(pyrazolyl)borate ligand con-
taining a functional group on one pyrazole ring. Thus, currently,
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The availability of macroscopic quantities of Cgo'™ has rapidly
led to remarkable discoveries of its chemical (formation of
crystalline, structurally characterized transition-metal complex-
es,>” hydrogenation,* fluorination®) and physical (metallic con-
ductivity,'%!! superconductivity!2!? and soft ferromagnetism!? in
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Figure 1. Schematic drawing of the ideal Dj), structure of Cq. The 5-fold
axis passes through the pentagonal faces on the top and bottom sides.
Sets of identical carbon atoms are labeled a—e. The arrow shows one of
the 10 a-b bonds.

n-doped Cg) properties. The higher fullerenes (e.g., Cyy, Cgy, etc.),
which are available in smaller quantities, have naturally received
less attention, but based on the results obtained for Cg, their
properties clearly deserve attention.

For C4q, spectroscopic®? and theoretical considerations!4!6 have
focused on a Ds, structure, shown in Figure 1, which consists of
12 pentagonal faces fused to 25 hexagonal faces. In this structure
there are five types of carbon atoms (labeled a—e in Figure 1) and
eight distinct types of C-C bonds. Four of these (a-b, ¢-¢, d—e,
and e—e) are formed at fusions of two six-membered rings while
the other four (a—a, b—c, c—d, and d—d) occur at fusions of five-
and six-membered rings. In contrast, Cq, with I, symmetry, has
only one type of carbon atom and two types of C—C bonds: those
at 6:6 ring fusions and those at 6:5 ring fusions. For Cg, the
reactivity noted so far toward transition-metal reagents occurs
at the 6:6 ring fusion. The additions of (Ph,P),Pt and Ir(CO)-
CI(PPh,), both occur at 6:6 ring fusions to give 7?-Cgq adducts,®’
and osmium tetraoxide attacks at the same site to form a cis-diol
chelate ring.’ Theoretical work has indicated that the bonds at
the 6:6 ring fusions in Cg, will be more reactive than those at the
6:5 ring fusions.” Here we report on the synthesis and structural
characterization of an iridium complex of C,;.

Mixing equal volumes of dioxygen-free benzene solutions of
Ir(CO)CI(PPh;), (2 mM) and C,, (2 mM) gives a brown solution,
from which brown crystals of (9*Cs)Ir(CO)CI(PPh,),+2.5C¢H,
(1) can be obtained by either slow evaporation or gradual addition
of methanol. The infrared spectrum of 1 in a fluorolube mull
shows a carbonyl stretching vibration at 2002 cm™ with a shoulder
at 2010 cm™. The increase in »(CO) over that in Ir(CO)CI(PPh,),
(»(CO), 1965 cm™) is consistent with partial oxidation of the metal
and is characteristic of addition of an electron-withdrawing moiety
(i.e., an electron-deficient olefin).!8

The results of an X-ray crystallographic study are presented
in Figure 2!%% and Figure 3, which shows a stereoscopic view of
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120 K with Z = 2. Refinement of 5107 reflections with F > 4.0¢(F) and 440
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Figure 2. A perspective view. of (13-Cs0)Ir(CO)CI(PPh;), with 50%
thermal contours for Ir and P and arbitrarily sized circles for C, Cl, and
O. Only one orientation of the disordered CO and Cl units is shown.
Bond distances (A): Ir=P(1), 2.376 (5); Ir-P(2), 2.389 (6); Ir-C(1), 2.19
(2); Ir=C(6), 2.18 (2); C(1)—C(6), 1.46 (3). Bond angles (deg): P-
(1)-Ir=P(2), 114.9 (2); C(1)-Ir-C(6), 39.0 (7).

Figure 3. A stereoscopic drawing of (7%-Cs0)Ir(CO)CI(PPhy),.

the molecule from a different perspective. The core structure of
the C,q portion confirms earlier expectations (i.e., Figure 1). It
has a spheroidal shape with a 7.90-A distance along the major
axis and a 6.82-A diameter. Average C-C bond distances are
as follows: a-a, 1.46 (3) A; a-b, 1.38 (1) A (C(1)—C(6) distance
excluded); b—c, 1.45 (3) A; c—, 1.37 (2) A; c—d, 1.43 (2) A;d—d,
1.44 (1) A, d—e, 1.42 (3) A; e—¢, 1.46 (2) A. These lengths, with
their admittedly large experimental errors, generally follow the
trend of recent calculations,? which predict the equatorial e—e
bonds to be the longest and the c-c and a-b bonds to be the
shortest. The pentagonal and hexagonal faces are nearly planar.
The largest deviations from planarity involve the hexagons adjacent
to the C(1)-C(6) bond and the hexagons along the equator. These
are concave while the hexagons of the next band are convex. The
iridium ion is bound in an »? fashion with the connection made
at one of the a-b bonds (i.e., at a 6:6 ring fusion). The C(1)—C(6)
distance (1.46 (3) A) is elongated relative to the average of the
other a-b bonds (1.38 A). The geometry about the iridium is
similar to that of (12-C¢g)Ir(CO)CI(PPh;),’ and that of the olefin
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complex (tetracyanoethylene)Ir(CO)CI(PPh,),.2>%*  All have
acute C-Ir—C angles, linear Cl-Ir-CO units, and P-Ir-P angles
near 115°.

The finding that the iridium ion is bound to an a-b edge of C;,
is not unexpected in light of the structural information on (5%
Ceo)Pt(PPh,),% and (3%-Cgo)Ir(CO)CI(PPh,),.” In both of those
structures it was noted that metal binding was accompanied by
local distortion of the C¢q so that the two carbon atoms involved
in coordination were pulled out from the Cg surface. In the
idealized C,q structure, simple geometric considerations show that
the a~b bond is the most accessible bond for coordination of this
sort. The other C—C bonds at 6:6 ring fusions (¢c—, d—e, and e—¢)
all have a more flattened local structure, which would require
much larger distortion to accommodate metal coordination. Thus
while eight isomeric forms of (52-C;4) coordination by metal
centers are possible, we suspect that coordination at the a~b bond
will be most favored as found here. Given the success of our efforts
in obtaining ordered crystals of (72-Cgq)Ir(CO)CI(PPh,), and a
single isomer of (32-C4)Ir(CO)CI(PPh,),, it appears that Ir-
(CO)CI(PPh,), will be a useful reagent for obtaining crystalline
samples of the higher fullerenes whose structures remain to be
determined.?
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The organometallic compounds of heavier alkaline-earth metals
have found little application in organic synthesis, since they do
not offer any advantages over Grignard reagents.! We have been
interested in using barium or strontium reagents with the antic-
ipation that such species should exhibit stereochemical stability

(1) Reviews: (a) loffe, S. T.; Nesmeyanov, A. N. The Organic Compounds
of Magnesium, Beryllium, Calcium, Strontium and Barium; North-Holland:
Amsterdam, 1967. (b) Niitzel, K. In Houben-Weyl: Methoden der Organ-
ischen Chemie; Milller, E., Eds.; Thieme Verlag: Stuttgart, 1973; Vol. 13/2a,
p 529. (c) Gowenlock, B. G.; Lindsell, W. E. In Journal of Organometallic
Chemistry Library 3, Organometallic Chemistry Reviews; Seyferth, D.,
Davies, A. G., Fischer, E. O., Normant, J. F., Reutov, O. A., Eds.; Elsevier:
Amsterdam, 1977; p 1. (d) Lindsell, W. E. In Comprehensive Organometallic
Chemistry, Wilkinson, G., Stone, F. G. A., Abel, E. W, Eds.; Pergamon Press:
Oxford, 1982; Vol. 1, Chapter 4, p 223. (e) Wakefield, B. J. In Compre-
hensive Organometallic Chemistry; Wilkinson, G., Stone, F. G. A., Abel, E.
W., Eds.; Pergamon Press: Oxford, 1982; Vol. 7, Chapter 44.

0002-7863/91/1513-8955802.50/0

8955

Table I. Regio- and Stereoselective AllylationA of Carbonyl
Compounds with Allylic Barium Reagents Prepared from Allylic
Chlorides®

allylic chlorides carbonyls yield, %°  o:y? E:Z°
(E)-"C7H15(Y:H=CHgHzcl PhCHO 80 97:3 >99:1
CsH4,CHO 82 98:2 97:3
(E)PhCH=CHCHO  73° 94:6 98:2
Cyclohexanone 95 99:1 99:1
v o Acetophenone 94 96:4 99:1
(2)-"C4H,5CH=CHCH,CI "CsH,,CHO 75 86:14 2:98
‘ o Cyclohexanone 89 75:25 2:98
(2)-CH,CH=CHCH,C1 CgH,,CHO 56 77:23 1:99
o PhCHO 90 92:8 98:2
NN NCgHy4CHO 90  94:6 >99:1
Cyclohexanone 98 89:11 >99:1
PhCHO 89 94:6 2:98
NN MCgH,,CHO 73 96:4 <1:99
el Cyclohexanone 98 91:9 <1:99
\/Yﬁ/"\c, MGy CHO 64  94:6 >99:1
Cyclohexanone 92 96:4 99:1

4 Allylation was carried out by using an allylic chloride, barium, and
carbonyl compound (2, 2, and 1 equiv, respectively) at =78 °C for 30
min. ®Stereochemically pure (>99%) allylic chlorides were used.
“Isolated yield. 9Determined by GC analysis. ¢1,4-Adduct was also
obtained in 14% yield.

markedly different from that of the ordinary magnesium reagent.?
Herein, we disclose the first direct preparation of allylbarium by
reaction of in situ generated barium metal with various allylic
chlorides,? and regio- and stereoselective allylation of carbonyl
compounds using these allylmetals (eq 1).

(o]
OH
R! Cl Ba R! BaCl naj\m R!
R —*[ N ] b o

R? THF R? R

Highly reactive barium was readily prepared by the reduction
of barium iodide® with 2 equiv of lithium biphenylide’ in dry THF
at room temperature for 30 min. The dark brown suspension thus
obtained was exposed to allylic chlorides at 78 °C. A slightly
exothermic reaction takes place immediately to give a reddish
suspension of allylic barium. The barium reagent reacts with a
variety of carbonyl compounds cleanly at 78 °C in a few minutes
to produce the homoallylic alcohol with remarkably high a-se-
lectivity and retention of stereochemistry of the starting halides.
It is well established that the corresponding magnesium or calcium
reagent gave the y-substituted product predominantly and the
allylation with the lithium reagent was less selective.® Table I
summarizes the results obtained for the reaction of a variety of
carbonyl compounds with barium reagents generated from E- or
Z-allylic chlorides in THF at 78 °C. All reactions resulted in
high yields with remarkable a-selectivities not only with aldehydes
but also with ketones. In marked contrast to the allylmagnesium
or allyllithium, the double-bond geometry of the allylbarium was

(2) Yanagisawa, A.; Habaue, S.; Yamamoto, H. J. 4m. Chem. Soc. 1991,
113, 5893.
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(6) Anhydrous Bal, was prepared by drying commercially available Ba-
1,-2H,0 with a heat gun under reduced pressure (5 Torr).

(7) Highly reactive calcium has been prepared by the lithium biphenylide
reduction of CaBr, or Caly; see: Wu, T.-C,; Xiong, H.; Rieke, R. D. J. Org.
Chem. 1990, 55, 5045.

(8) a:v ratios of the products obtained by the reaction of benzaldehyde
with geranylmetals: M = Mg, a:y = <1:99 (99% yield); M = Ca, a:y = 8:92
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