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Figure 2, Stereochemistry of the Ta(n*-CsMes)(C7 H,2)Cly molecule.
Note the “opened envelope™ configuration of the TaCy4 ring and the
pseudobicyclo[3.3.0Joctane system formed by cyclizing the incoming
|,6-heptadiene molecule.

M(en) chelate complexes) and to that found? in the PtC4Hjg
ring.] Distances within the five-membered ring follow: Ta-
C(l) = Ta-C(1") = 2.217 (8), C(1)-C(2) = C(1")-C(2) =
1.552 (11), and C(2)-C(2’) = 1.553 (12) A. The C(1)-Ta-
C(1”) angle is 72.45 (28)°; other angles are Ta-C(1)-C(2) =
Ta-C(1")-C(2) = 97.57 (48) and C(1)-C(2)-C(2) =
C(11)-C(2)-C(2) = 110.12 (67)°. Distances within other
portions of the molecule include tantalum-chlorine = 2.366
(2) and Ta-C(cyclopentadienyl) = 2.371 (10)-2.428 (8) A.

The high degree of thermal motion in this molecule, taken
in conjunction with the crystallographically required C;
symmetry (which could force an unusual conformation on the
TaC4Hg system) led us to extend our crystallographic inves-
tigations to the complex Ta(n*-CsMes)(C7H;5)Cl; from eq
2.

This complex crystallizes in the monoclinic space group
P2)/n with a = 92051 (13) A, b = 13.6233 (24) A, ¢ =
14.1436 (26) A, 3 =96.63 (13)°, V' =1761.8 (5) A3, p(caled)
= |.82 gcm™3 for mol wt 483.25 and Z = 4. Diffraction data
(Mo Ka) were collected as above and the structure was refined
to Rr = 4.4% and R,,r = 3.4% for 3116 independent reflections
with 4° < 26 < 50° (none rejected). All atoms (including all
hydrogen atoms) were located; the resulting structure is shown
in Figure 2.

The TaC;H,;, system defines a bicyclic tantallabicy-
clo[3.3.0]octane framework, consisting of fused five-membered
rings. The bicyclic system has an exo,cis-exo configuration
relative to the tantalum atom. Although there is no crystallo-
graphically dictated symmetry, the molecule possesses ap-
proximate Cs symmetry. The tantallacyclopentane ring again
has the “opened envelope” conformation, the angle between
the planar.C(11)-Ta-C(17) system and the approximately
planar (root-mean-square deviation, 0.038 A) C(11)-
C(12)-C(16)-C(17) system being 122.64°,

Distances within the tantallacyclopentane ring are as fol-
lows: Ta-C(11) = 2.191 (6), Ta-C(17) = 2.200 (6),
C(11)-C(12) = 1.528 (9), C(17N-C(16) = 1.539 (9),
C(12)-C(16) = 1.562 (9) A. Anglesare C(17)-Ta-C(11) =
71.47 (25), Ta-C(11)-C(12) = 101.61 (41), C(11)-C(12)-
-C(16) = 109.02 (53), C(12)-C(16)-C(17) = 108.89 (53),
and C(16)-C(17)-Ta = 104.03 (42)°. Other distances within
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the molecule include Ta-Cl(1) = 2.375 (2) and Ta-CI(2) =
2.36A2 (2) A, and Ta-C(cyclopentadienyl) = 2.378 (5)-2.469
(6) A,

The two molecules are characterized by the “opened enve-
lope” conformation for the tantallacyclopentane ring and have
their two C(a)-C(8) bonds essentially perpendicular to the
7°-CsMes ring. It is worth noting that Ta(n3-CsMes)-
(C4Hg)Cl, readily dissociates? in solution, yielding the olefin
complex Ta(>-CsMes)(C3Hy)Cly, in which the carbon atoms
of the ethylene ligand lie parallel to the n°-CsMes ring.”
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Onium Ions. 21.1 Cyclopropylhalonium Ions
Sir:

Cyclopropylhalonium ions are one of the major missing class
of halonium ions not yet observed despite extensive study on
dialkyl-, arylalkyl-, and diarylhalonium ions.? Dence and
Roberts? were the first to attempt the preparation of the cy-
clopropylphenyliodonium ion from phenyliodo dichloride and
cyclopropyllithium, However, they were unable to isolate the
corresponding iodonium ion or any product derived from it.
We report now the first preparation and NMR spectroscopic
observation of a series of cyclopropylhalonium ions.

The series of alkylcyclopropylhalonium ions 1-8 were pre-
pared by reacting cyclopropyl halides with ethyl and methyl
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fluoride-antimony pentafluoride complexes or isopropyl
hexafluoroantimonate in SO5 or SO,CIF solutions at =78 °C.
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Table I, '*C NMR Chemical Shift¢# Data of Cyclopropylhalonium
lons in SbF</SO,CIF Solution at =70 °C

ion « I51 others

1 46.10 (215.0) 9.40 CH,,39.00 (161.5)

2¢ 42,40 (211.4) 9.30 CH,, 67.30; CH;, 16.40

3 38.80 (200.8) 7.70  CH,99.20(163.4)
CHj, 24.10

4 53.80(214.9) 9.40  CHa;, 50.50

5 46.50 (214.9) 930 CH, 10840 (163.4)
CH,, 23.70 (131.5)

6 13.10 (196.5) 9.30 CH,, 10.20

7 10.70 (201.7) 890 CH-, 38.30(161.0)
CH;, 16.30

8 10.20 (201.3) 8.50 CH,70.60(173.4)
CH;, 26.40

9 102.60 (186.5) 48.90

(175.1)

@ In parts per million from external capillary MesSi (J ¢y in hertz).
h13C NMR spectra were recorded on a Varian Associates Model
['T-80A spectrometer. ¢ In SbFs/SO: solution.

Attempts of preparing cyclopropyl-zert-butylhalonium ions
were, however, unsuccessful. The '3C NMR chemical shifts
of prepared halonium ions are listed in Table . There is a
considerable trend? of shielding observed going from chloro-
nium to iodonium ions, consistent with the inductive effect of
halogen atoms and also their relative sizes (the smaller the
halogen atom, the less positive charge it can accommodate).

In an effort to prepare the dicyclopropylbromonium ion 9,
cyclopropyl bromide was slowly added to a stirred solution of
SbFs/SO-CIF at =78 °C. A light brown colored solution was
obtained, whose proton decoupled '?C NMR spectrum ex-
hibited two resonances at 8('3C) 102.60 (Jcw = 186.5 Hz) and
48.90 (J¢1y = 175.0 Hz) ppm, substantially deshielded from
those of the parent bromide* The '"H NMR spectrum™
showed two multiplets at 6 7.2 and 5.2, respectively (in the ratio
of 2:8). No unreacted cyclopropyl bromide was detected. From
the observed spectral symmetry, one is tempted to assign the
dicyclopropylbromonium ion structure 9 to the observed
species 9a. However, a comparison of the chemical shifts with
those of alkylcyclopropylbromonium ions, discussed previously
(see Table 1), rule out such simple structural representation,
as there is obviously very significant deshielding indicating
extensive charge delocalization. An opened allylic ion structure
12 with significant 1,3 overlap or an equilibrating nonbonded
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system including a free cyclopropyl cation 13 is, however,
highly unlikely. The significant deshielding of cc and 3 cyclo-
propyl carbons in the observed ion 9a*°-¢is best explained by
substantial ¢ delocalization into the cyclopropyl ring and may
involve bromonium ion 9%¢ with a partially bridged static or
rapidly interconverting dynamic structure. lon 9a exhibited
no temperature-dependent change in the NMR spectrum down
to —140 °C and was found stable up to —40 °C, above which
it rapidly decomposed.

Attempted generation of the dicyclopropylchloronium ion
10 under similar conditions in SO,CIF/SbFs solution was
unsuccessful, and resulted instead in rearrangement into the
ethyl-ce-cyclopropyl-a-chlorocarbinyl cation 14, whose
structure is assigned based on the '3C NMR data.® Cyclo-
propyl chloride in SO,/SbF; solution gave the cyclic sulfinate
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15.7 The corresponding reactions of cyclopropyl iodide® re-
sulted in unidentifiable species. Under milder conditions with
Ag*SbFs™ in SO solution, all the three halides gave only
polarized complexes of type 16.

i>)<»4 AqTSLF

]_6_ x= Cl, Br, 1

The failure to observe dicyclopropylchloronium ion 10 could
be attributed to its extreme reactivity. The formation of ion
14 can be rationalized through the intermediacy of 10. The
dicyclopropyliodonium ion 11 may, on the other hand, be un-
stable under the reaction conditions and be capable of under-
going oxidative side reactions.

The formation path of dicyclopropylbromonium type ion
1a is interesting. Two alternate pathways can be proposed. One
occurring through a polarized complex (Sx2 type) and the
other through a cyclopropyl cation, more probably a partially
ring-opened ion” ¥ (S~ 1 type).
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There is considerable interest in the stereochemistry of
nucleophilic substitution at cyclopropyl carbons.!! However,
there are only few such bona fide substitution reactions known
in the literature. Thus, the present bromonium ion formation
reaction may be a suitable probe for the nature of such sub-
stitutions. Consequently, we are pursuing such studies.
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The Role of Conservation of Orbital Symmetry in
Cycloadditions of Olefins to Aromatic Hydrocarbons
Sir:

Cycloaddition reactions may proceed via a concerted or a
stepwise reaction pathway.!-® The rule of conservation of or-
bital symmetry, commonly known as the Woodward-Hoff-
mann rule,’ plays on important role in determining the path-
way of cycloadditions. The Diels-Alder reaction in which an
aromatic hydrocarbon functions as the diene component is well
known.” 1 More recently, the photocycloaddition of conju-
gated polyenes to aromatic hydrocarbons and their derivatives
has been described.!'~'4 These reactions are believed to involve
concerted pericyclic bond formation and follow the precepts
of the Woodward-Hoffmann rule.'*-'¢ In this communication,
we report on the photocycloadditions favored by the higher
cata-condensed polynuclear aromatic hydrocarbons with
1.3-cyclohexadiene (CHD). In these reactions, the symmetry
of the relevant reactive orbitals in the arene may supersede the
symmetry (when present) of the entire system conserved in the
transformation. Our findings suggest that the local symmetry
in the frontier orbitals about the reactive positions implicitly
determines the favorable pathway of cycloaddition of unsat-
urated compounds to aromatic hydrocarbons.

The thermal reaction of maleic anhydride (MA) with an-
thracene” and the photocycloaddition of CHD to anthracene!3
can be examined as characteristic concerted cycloadditions (eq
1). In these reactions, reactants and products possess a plane
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heat

of symmetry which is conserved throughout the transforma-
tion. As such, they are amenable to analysis using the Wood-
ward-Hoffmann orbital symmetry approach,’ or using Fukui’s
simplification of analyzing interacting fragments.® Conse-
quently, the thermal reaction is interpreted as an “allowed”
[4ms + »7,] concerted process and the photochemical reaction
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as an “allowed™ [4m, + 4m,] process. Furthermore, naphthalene
and benzene react photochemically with CHD and(or) its
derivatives to give the corresponding [47, + 4] adducts,'!-13
in accordance with the postulate of Woodward and Hoffmann
and that of Fukui.

Benz[a]anthracene, formally lacking an element of sym-
metry maintained throughout the transformations, neverthe-
less undergoes cycloadditions which are analogous to those of
anthracene. The Diels-Alder reactions have been described
previously.®!'7 The major product from the photocycloaddition
of benz[a]anthracene with CHD was assigned the structure
3 (69%, mp 152-153 °C) (eq 2) on the basis of high resolution

O
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NMR spectroscopy with spin decoupling and its conversion
into a dihydro derivative.!® This adduct has the stereochemistry
predicted by the consideration of maximum secondary orbital
overlap and bond order calculations. As with anthracene, the
photocycloaddition of benz[a]anthracene with CHD affords
a [4ms + am] adduct (8%, mp 141-143 °C) as a minor
product,!419.20

Although the reaction of dibenz[a A ]anthracene with MA
was found to occur under forceful conditions, i.e., in boiling
xylene with a large excess of the dienophile,®2! we found that
the concerted photocycloaddition of dibenz[a,h]anthracene
with CHD was effectively foiled. Unlike anthracene and
benz[a]anthracene, the fluorescence of dibenz[a,hlanthracene
was not quenched by CHD,2? and prolonged irradiation af-
forded a [4ms + 27| adduct, 4 (82%, mp 162-164 °C), as the
major product together with a small amount of 5 (7%) (eq 3).23

No [4my + 4m] adduct was detected in the reaction mix-
ture.

The photochemical behavior of dibenz[a, kA ]anthracene with
CHD cannot be rationalized by the simplified Woodward-
Hoffmann rule, which predicts a [475 + 47;] process, nor can
it be explained by the method of Fukui as the result of a
LUMO-LUMO interaction.® However, consideration of the
local symmetry of the relevant orbitals involved in nascent bond
formation (boxed in Figure 1) provides an insight into the
observed behavior of aromatic hydrocarbons toward cy-
cloadditions. Clearly, the local symmetry of the relevant re-
active orbitals in arenes is similar to that for a typical diene
(e.g., CHD) in all cases depicted, with the exception of di-
benz[a,h]anthracene. Hence, the recognition of the local
symmetry would seem to be a requisite for concerted cy-
cloaddition(s) to be allowed at the meso positions of higher
benzenoid aromatic hydrocarbons. It should be noted that, in
the reaction of dibenz[a,h]anthracene with tetracyanoethyl-
ene, an axis of symmetry of conserved; nevertheless, no reaction
is observed between these reagents under ordinary laboratory
conditions.2* Consequently, the local symmetry may be more
important than the orbital symmetry of the entire system in
determining an energy barrier in a concerted reaction. Fukui’s
method® of examining only the interaction of those atomic
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