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Copies of the data can be obtained free of charge on application to
CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax: (+44)1223-
336-033; e-mail: deposit@ccdc.cam.ac.uk).
a) B. Lippert, D. Neugebauer, U. Schubert, Inorg. Chim. Acta 1980, 46,
L11; b) T. V. O’Halloran, M. M. Roberts, S.J. Lippard, Inorg. Chem.
1986, 25. 957.
Crystal data for 6: Cs,HgLIr,N-0.5CH,, M,=1995.0, mono-
clinic, P2/c, a=17.692(3), b=11.1225(13), ¢=20.9593) A, =
111.128(11)°, V=3847.1(10) A3, Z=4, poea=1.722 gem3, F(000) =
1886, T=200.0(2) K, Moy, radiation (1 =0.71073 A, x =7.739 mm1).
Data collected as described above for 3 with an orange crystal (0.30 x
0.23 x 0.10 mm) in the range 4 <260 <50°. Of 8285 reflections, 6752
were unique. The data were corrected for absorption (Gaussian face-
indexed method, SHELXTL 5.03., Siemens Analytical X-ray Instru-
ments, Inc., Madison, WI 1994); min./max. transmission factors of
0.201/0.483; structure solution and refinement as described for 3.
After isotropic refinement, it was evident that heavy static disorder
was present which affected three fert-butylisocyanide groups and the
solvent molecule. Two different positions were included for each
disordered moiety, and the refinement was carried out as described for
3. Hydrogen atoms were only included in calculated positions for the
nondisordered pyrazolate ligands. Final agreement factors were R, =
0.0414 (4270 observed reflections) and wR, =0.0964 (all data) for 341
parameters and 68 restraints; GOF =0.910. Largest peak in the final
difference map 1.21 eA=3 (close to Ir).I
[10] M. A. Ciriano, S. Sebastian, L. A. Oro, A. Tiripicchio, M. Tiripicchio-
Camellini, F. J. Lahoz, Angew. Chem. 1988, 100, 406; Angew. Chem.
Int. Ed. Engl. 1988, 27, 402
[11] Calculations of the extended Hiickel type (R. Hoffmann, J. Chem.
Phys. 1963, 39, 1397) were carried out with a modified version of the
Wolfsberg—Helmholtz formula (J. H. Ammeter, H. B. Biirgi, J. C.
Thibeault, R. Hoffmann, J. Am. Chem. Soc. 1978, 100, 3686) with the
program CACAO (C. Mealli, D. M. Proserpio, J. Chem. Edu. 1990, 67,
399).
[12] T. V. O’Halloran, P. K. Mascharak, I. D. Williams, M. M. Roberts, S. J.
Lippard, Inorg. Chem. 1987, 26, 1261
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Homoallyl-Substituted Vinylcyclopropanes
from a,f-Unsaturated Ketones and Allylindium
Derivatives**

Henning A. Hoppe, Guy C. Lloyd-Jones,* Martin
Murray, Torren M. Peakman, and Kenneth E. Walsh

Organoindium species are of particular appeal as reagents
for organic synthesis because they are often stable under
aqueous and even mildly acidic conditions and are compatible
with many organic functional groups.ll Allylindium sesqui-
halides (allyl);In,X; and dihalides (allyl),In,X, 1, prepared by
the reaction of allyl halides with indium metal® or indium
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halides,P! react smoothly with aldehydes and ketones* 2 via
transition states of the Zimmermann —Traxler type to afford
indium alkoxide intermediates 3 (Scheme 1). Hydrolysis
yields homoallylic alcohols 4.F1 Here we report on the
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Scheme 1. Reaction of allylindium sesquibromide 1 with ketones 2 to give
3 and 4 via a Zimmerman —Traxler transition state.

reaction of 1 with «,8-unsaturated ketones or aldehydes 5 to
produce homoallylic indium alkoxide intermediates 6, which
can be induced to undergo a deoxygenative rearrangement
that results in vinylcyclopropane derivatives of type 7
(Scheme 2).

In initial experiments, dibenzylideneacetone 5a was al-
lowed to react under nitrogen with freshly prepared
(C3Hs)5In,Br; (1) in anhydrous THF at 25°C (5a:In=1:1).
After the mixture was diluted with Et,O, worked up with
1M HCl, and subjected to column chromatography, we
obtained analytically pure 7a in yields of 40—-60%. Thus,
a reaction took place that did not lead to 8a, but instead
resulted in cleavage of the C-O bond. Presumably this
involved coupling between the allylindium moiety (C(4)-
C(6)) in 6a and the C(3) terminus of the initially transferred
allyl group (C(1)-C(3)) to afford the homoallyl-substituted
vinylcyclopropane derivative 7a. The overall reaction there-
fore involves deoxygenative sequential transfer of six carbon
atoms (two allyl moieties) from the indium sesquihalide
species 1 to the a,(f-unsaturated ketone 5a. A three-mem-
bered ring is formed by linkage of the carbonyl carbon atom
with C(1) and C(2) of the first allyl unit. After many
experiments it became clear that removal of the THFU!
(which presumably stabilizes the intermediate) and exposure
of the crude product to air in an acidic medium® (which may
induce homolysis of the C—In bond, possibly by insertion of
0,) is essential for efficient and reproducible diversion of 6 to
7 rather than to 8.

We suspected that rearrangement of 6 to 7 might involve
the reaction of CH,~CHCH,In(L), with aerobic oxygen to
afford an intermediate of the type CH,=CHCH,(O),In(L),
(n=1,2). The following experiments were performed to
circumvent the requirement of exposure to air. One equiv-
alent of (C;Hs),In,I,, in which each indium atom bears only
one allyl group, was allowed to react with Sa (THF, 25°C,
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Scheme 2. Acid-catalyzed rearrangement of intermediate 6 to homoallyl-substituted vinylcyclopropane 7 and hydrolysis to 8.

30 min) to generate 9a, and then two equivalents of
CH,=CHCH,ONa were added to exchange iodide with allyl
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alkoxide and yield 10a+ Nal (or the corresponding indium
“ate” complex).?> >4 After removal of the THF the residue
was stirred in toluene (18 h), and 7a was isolated in 83 % yield
after workup. However, analogous reactions with (E)-
PhCH=CHCH,ONa afforded only 7a, and not 1la; this
demonstrates that allylic moieties of the alkoxides are not
incorporated. Hence, addition of allylic alkoxide did not
bypass the oxidation stage, but addition of alkoxide did
increase the yield of 7a substantially—possibly by formation
of an indium “ate” complex. Consistent with this interpreta-
tion, reaction of the more conveniently prepared
(C;Hs)3In,Br; (1) with 5a in THF followed by (exothermic)
addition of LiBr (or NaOH) and subsequent aerobic workup
(addition of Et,O and then aqueous HCI) afforded 7a in 82—
83 % yield. The formation of an “ate” complex could improve
the yield in two distinct ways. First, allylindium “ate”
complexes show enhanced reactivity®l and selectivityPd
toward electrophiles relative to their neutral precursors.
Second, because rearrangement may compete with hydrolytic
cleavage of the In-OC or In-C(4) bonds, the negatively
charged “ate” complex may be less susceptible to hydrolysis.

Based on the same procedure—addition of «,3-unsaturated
carbonyl compound 5b, 5¢, 12, or 13 to allylindium sesqui-
bromide 1in THF at 25°C (12 h) followed by formation of the
“ate” complex (LiBr, THF, 24 h), dilution with Et,O, admis-
sion of air, and then addition of 1M HCl—we prepared
vinylcyclopropanes 7b and 7¢, divinylcyclopropane 14, and
spiro-vinylcyclopropane 15 in yields of 79, 52, 92, and 38 %,
respectively.

Curiously, a,f-unsaturated ketones and aldehydes have
been reported to undergo indium-mediated Barbier-type
allylations to afford allylic—homoallylic alcohols 8 in high
yield (83-95 %) with no mention of cyclopropane formation
(see Scheme 2).5 41 Indeed, we were able to reproduce

«
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reported allylations of Sb and Sc¢ to 8b and 8 ¢ by treatment of
allyliodide with In or Inl in THF or DMF and addition at 25°C
of 5b or 5c followed by workup after one hour by addition of
1M HCIL. However, we were also able to detect a small amount
of cyclopropane 7b (4 %) in the crude product from reaction
of 5b (—8b) by thin-layer chromatography and NMR
spectroscopy. Homogeneous acidic conditions (THF/H;0%)
cause hydrolysis of CO-In and allylic
C-1In bonds,*l in this case converting 6b and 6¢ into 8b
and 8c. Subsequent addition of Et,0 generates a biphasic
mixture, which facilitates separation of the organic products.

Somewhat surprisingly, simply inverting the order of
addition of aqueous acid and Et,O (that is, dilution with
Et,0O first and then addition of H;O™) diverts the reaction
pathway of intermediate 6 away from 8 to form 7 instead. The
effect of Et,0O addition may be twofold: It reduces the THF
concentration and, more important, it results in generation of
a biphasic mixture upon addition of the aqueous acid.
Intermediate 6—which bears C(4), C(5), and C(6) prior to
transfer—is more soluble in the ethereal phase, and may
therefore be protected somewhat from acidic hydrolysis. Acid
is essential, however, because under neutral conditions (i.e.,
addition of water instead of aqueous HCI) no generation of 7
is observed until dilute HCl is introduced.

The intimate details of the mechanism by which 6 is
converted into 7 are not obvious. At present we have no
evidence as to whether the overall homoallylic to methylene-
cyclopropane skeletal rearrangement, formation of an allylic
C-C bond, and cleavage of the C-OIn bond occurs by
covalent, ionic, or radical intermediates. However, the
rearrangement does appear to be facilitated by allylic place-

ment of the C—OlIn bond, because benzophenone does not
lead to a cyclopropane product.
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The potential applications of indium-mediated deoxygena-
tive reactions are of considerable scope. Further investiga-
tions’! are underway and will be fully reported in due course.

Experimental Section

7a: Under N,, allyl bromide (0.530 mL, 6.09 mmol) was added to indium
powder (particle size: 100 mesh; Aldrich, 459 mg, 4.00 mmol) in THF
(2 mL), which resulted in an exothermic reaction. After 70 min 5a (235 mg,
1.00 mmol) was added as a solid. After 4 h LiBr (347 mg, 4 mmol) was
added (exothermic reaction), and after a further 12 h air was admitted to
the reaction vessel. Et,0 (10mL) and 1M HCl (30mL) were then
introduced, and the biphasic mixture was shaken vigorously at intervals
of 10 min over a period of 1h. The organic phase was separated, dried
(Na,SO,), and concentrated. Chromatographic purification (silica gel,
hexane/EtOAc 19/1) afforded 7al® (249 mg, 83%) as a colorless oil.
Elemental analysis calcd for Cp3H,,: C 91.95 %, H 8.05 % found: C 91.59 %,
H 8.30%. 7b, 7¢, 14, and 15 were prepared similarly. Tenfold scale-up with
Sa afforded 7a in similar yield.
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range), and 2D-3C INADEQUATE spectra, NOE studies, selective
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Complete analytical data for 7b, 7¢, 14, and 15 will be reported
elsewhere; the diastereomer ratios of 7b, 7¢, and 15 were 1:1, 2:1, and
4:1. Analyses of the reaction mixtures by thin-layer chromatography
indicated no traces of starting materials Sa—c, 12, or 13. Lower yields
for 7¢ and 15 presumably reflect loss of material through polymer-
ization or formation of highly polar materials.

Compound 5a reacts with (C;H;),In,1, to give 9a (and with 1 to give
6a), as shown by 'H NMR spectroscopy in [Dg] THF. Removal of THF
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1,4-Addition of a Terminal Phosphinidene
Complex to [S]Metacyclophane**

Maurice J. van Eis, Corine M. D. Komen,

Franciscus J. J. de Kanter, Willem H. de Wolf, Koop
Lammertsma,* Friedrich Bickelhaupt,* Martin Lutz,
and Anthony L. Spek

In general, carbenes!'! and related electron-deficient species
such as the metal complexes of phosphinidenes (phosphane-
diylenes) [RPW(CO);]? react with 1,3-dienes by [2+1] cyclo-
addition (1,2-addition) to furnish only vinylcyclopropanes or
vinylphosphiranes, respectively. However, as vinylphosphir-
anes tend to rearrange to the corresponding phospholenes,
products are frequently isolated that seemingly result from a
formal [4+1] cycloaddition (1,4-addition).> 4 To our knowl-
edge, there is so far only one exception: A direct 1,4-addition
does occur, in competition to 1,2-addition, in the reaction of
dihalocarbenes with 1,3-dienes which are frozen in a cisoid
conformation.P!

We here report on the 1,4-addition of a phosphinidene
complex and highlight three exceptional aspects. 1) It is the
first genuine 1,4-addition of a phosphinidene complex, 2) it is
the first addition of a phosphinidene complex to a benzene
ring, and 3) it is, as far as we know, the first [4+1] cyclo-
addition to an aromatic ring.

Because of its high strain energy and its bent benzene ring,
[5]metacyclophane 1 reacts under unusually mild conditions
with dienophiles at C8 und C11 by a [4+2] cycloaddition
(Diels— Alder reaction).[) We therefore considered 1 to be a
promising candidate for 1,4-additions with phosphinidene
complexes. Indeed, reaction of 1 with the precursor 2 of the
phosphinidene complex 3 (with 10% CuCl as catalyst in
toluene at 55°C)[" gives the 1,4-adduct 4 as the only product in
the form of light yellow crystals in 52% yield after column
chromatography and crystallization from pentane
(Scheme 1).

The NMR data of 4 are in good agreement with those of
other 7-phosphanorbornadienes (e.g. 2). The phosphorus
center is slightly more shielded (6(°*'P)=191.1) than in
reference compounds (6(3'P)=208-240"»81); the two ole-
finic carbon atoms anti to the W(CO)s substituents display a
strong coupling to the phosphorus atom (3/(P,C)=21.2 and
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