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It seems reasonable to suppose that this difference
would be felt in the corresponding tramsition states.
Another example of what may be the same influence is
reported in an accompanying paper,?®
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A Circuitous Mechanism for the Formation of a
Cyclopropylcarbinyl Cation. On the Anomalous
Relative Migratory Aptitude of a Cyclopropyl vs. a
Cyclopentyl Ring in Nortricyclylcarbinyl Cation!

Sir:

Carbonium ion reactions of the nortricyclylcarbinyl
system (1) produce large amounts of materials derived
from the 3-tricyclo[3.2.1.0*"]octyl cation (2) which is
captured either in the form of the corresponding very
sensitive tricyclic product 3 or the closely related unsatu-
rated isomer 4.2—¢ The most straightforward mechanism
imaginable for the 1 — 2 rearrangement involves
migration of the cyclopentane ring carbon (C-4) to the
methylene side chain, producing the very stable cyclo-
propylcarbinyl cation 2 directly. Nevertheless, the
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present experiments show that the 1 — 2 rearrangement
shuns this path.

3-Nortricyelylcarbinol-3-d containing 0.83 D/mole-
cule® is formed by lithium aluminum hydride reduction
of a mixture of methyl and z-butyl esters of 3-nortricy-
clene carboxylic-3-d acid which results from the reaction
of methyl 3-nortricyclenecarboxylate with potassium -
butoxide in boiling z-butyl alcohol-O-d. The location
of the deuterium at C-3 follows from the method of
synthesis and is confirmed by the nuclear magnetic
resonance (nmr) spectrum (solvent CCl,, tetramethyl-
silane internal standard, 60 MHz), which shows the
signal of the carbinol methylene protons as a singlet at
§ 3.34 rather than the doublet characteristic of the un-
deuterated compound.
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Solvolysis of the deuterated p-bromobenzenesul-
fonate 1b in acetic acid (sodium acetate buffer) gives a
mixture from which, after lithium aluminum hydride
reduction and preparative vapor chromatography, bi-
cyclo[3.2.1]oct-2-en-7-0l (5) is isolated. This material
contains 0.82 D/molecule,® and its nmr spectrum shows
the O~H and upfield C-H protons as a series of over-
lapping absorptions of intensity 8. Careful integration
of the spectrum of this material (H-2 plus H-3 at § 5.2~
6.0 vs. H-7 at § 4.13) shows the presence of 1.97 = 0.04
vinyl protons. Therefore, not more than 3-4 ¢7 of the
product 5 is formed from the vinylically deuterated
acetate 4b that would result from the direct cyclopen-
tane migration mechanism.

The results are consistent with a circuitous mechanism
in which net cyclopropane ring carbon (C-2) migration
gives the tricyclooctyl cation 6 (or a delocalized variant),
either directly or through closely related intermediates.*
The vicinal hydride shift already known®™* to occur in
this system then transforms 6 into the C-4-deuterated
cyclopropylcarbinyl cation 2c.
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The exclusive cyclopropyl migration observed in 1b
provides a point needed to complete the pattern of struc-
ture vs. relative migratory aptitude in this series.

Baeyer—Villiger oxidation of nortricyclanone (7) gives
lactone 8, resulting from cyclopentyl migration® in the
intermediate 9. Nitrous acid deamination of the amino
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(6) (a) R. R. Sauers, Tetrahedron Letters, 1015 (1962). (b) The struc-
ture is assigned from the nmr spectrum in concentrated sulfuric acid.®
Because of the possibility of rearrangement or selective destruction of
the lactone that would result from cyclopropyl migration, the extent of
the preference for cyclopentyl migration is not firmly established.



alcohol 10 gives 109 ketone 11, resulting from cyclo-
pentyl migration, and 909, ketone 12, from cyclo-
propyl migration.”

The Baeyer—Villiger case is a mechanistic extreme in
which the high electronegativity of the migration
terminus (oxygen) and the exceptional strength of the
C==0 = bond thrust an inordinately large share of posi-
tive charge upon the migrating group M, i.e., the reso-
nance structure 13 is a large contributor to the transi-
tion state.®®  This factor dominates the rearrangement
of 9% and that of the corresponding Baeyer—Villiger
intermediates in other model systems,* all of which
show cyclopropy! to be a poor migrating group relative
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to other sec-alkyl groups. Presumably because the high
s character of the migrating ring carbon in cyclopropyl
makes it rather electronegative, the relative contribution
of resonance structure 13 is diminished and hence the
transition state is destabilized. When the migration
terminus is carbon, as in cases 1 and 10, the positive
charge resides to a smaller extent on the migrating
group, and cyclopropyl migration becomes relatively
more important than in 9. What is at first surprising
is the net preference for migration of the less efficient
migrating group (cyclopropyl) to give the less stable
ring-expanded cation 6, which only an appended hy-
dride shift finally converts to the more stable cation 2.
The mechanism is curiously indirect, since 2 in principle
could be generated in one step from 1 by migration of
the better migrating group (cyclopentyl). This be-
havior seems to be largely a result of steric inhibition of
cyclopropylcarbinyl resonance.!! Although the fully
developed cyclopropylcarbiny! cation 2 has the favor-
able “bisected” geometry,!? the transition state 14* for
direct cyclopentyl migration leading to 2 does not.
With the ordinary conjugative interaction thus damped,
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the cyclopropane ring is less efficient than a simple
alkyl group as a stabilizer of adjacent positive charge.!!
When there is an additional contiguous source of elec-
tron supply to the migration origin (for example, the OH
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group in 10), the effect is mitigated, and some cyclo-
pentyl migration occurs.
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The Characterization and Molecular Configuration
of Diazulenetetrairon Decacarbonyl
Sir:

We have recently shown that the complex (CH;);Cyo-
H:Ruy(CO), has a 4,6,8-trimethylazulene ligand bonded
to three atoms of a tetrahedral ruthenium cluster.?
This unexpected result has prompted our examination
of a polynuclear azulene~iron carbonyl complex which
previously had been tentatively formulated? as “/(Cio-
H;):Fe;(CO)3.> We now report that this species
should be reformulated as (C1oHs):Fes(CO)yq, that it does
not contain a cluster of four metal atoms, but that it
does show some features novel to azulene-metal car-
bony! chemistry.

The complex was prepared by the method of Burton,
et al.? Beautiful multifaceted deep-brown crystals of
stoichiometry (C;oHs):Fed(CO)yo- C:HCly® were  ob-
tained by slow cooling of a solution in 1,2-dichloro-
ethane-hexane. The compound crystallizes in the
centrosymmetric monoclinic spacegroup C2/c (Cyn®;
no. 15) witha = 17.296 A, b = 15.541 A, ¢ = 12.915 A,
B = 114.53°, Z = 4, Observed and calculated dens1-
ties are 1.82 = 0.02 and 1.805 g cm—3. A set of X-ray
diffraction data complete to sin § = 0.40 (Mo Ka
radiation) were collected with a 0.01° incrementing
Buerger automated diffractometer, using a ‘“‘stationary-
background, w-scan, stationary-background” counting
sequence. The structure was solved by Patterson,
Fourier, and least-squares refinement techniques, the
discrepancy index at the present stage of refinement be-
ing Rg = 6.61% for 2040 independent nonzero reflec-
tions. Refinement is continuing.

The (CyHs)FelCO);p molecule has exact (ie.,
crystallographically required) C, symmetry (see Figure
1) and is derived from two trans-C;;HsFe(CO); units
which are linked both by a 4-endo-4’-endo carbon-
carbon bond and by an Fey(CO), bridge analogous to
that found in [w-C;H;Fe(CO)L,* the Fe-Fe distance
being 2.519 + 0.002 A. (However, the site symmetry
of the Fe,(CO), moiety is C; in the present complex as
opposed to C; in the parent molecule.* Thus the Fe,-
(CO); fragment in [7-C;H;Fe(CO),); is more-or-less
planar, whereas there is an angle of 154.8° between the
planes of the two carbonyl bridges in the (CjoHs):Fes-
(CO),0 molecule.) As in previously examined azulene
complexes { CmI‘IsF“Cg(CO){),5 CmI‘IsMOg(CO)s,ﬁ’7 (I-
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