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The structure of the bicyc:lcsaromq:wi(:3 bicyclo[3.2,2]nonatrienyl anions has received considerable
attention recently."s On the other hand, the cotionic species of the same structure seems to be an
unstable intermediate or transition state between interconverting barbaralyl cﬂtionsé' 7'8. In this
communication, we wish to report the preparation of some cationic iron complexes of the bicyclo[3.2,2]
system9. One of the routes to these complexes involves what in organometallic chemistry is an opparently
unprecedented, but nevertheless easily rationalized, Wagner-Meerwein type shift,

The reaction of bicyclo[3.2.2]m:m¢:-2,6,8—trien-4»_—o|6 (1) with Fe_2(CO)9 in hexdne-benzene
solution afforded three isomeric complexes (ll, I, IV), which were separated by column chromatogrophy

and identified from their ir and nmr specfrom'”
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Treatment of Il with HBF4 in acetic anhydride, followed by ether oddition, led to the precipit-
ation and isolation of a fine, yellow powder, which, after recrystallization from acetonitrile, appeared
as yellow, hexagonal crystals, mp 180°(d).  The identification of the cationic complex as the expected
V followed directly from the nmr spectrum (see below and Fig 1). Interestingly, similar acidic treatment
of IV olso resulted in the formation of V, opparently via a 1,2 carbon shift (Wagner-Meerwein process),

The nmr spectrum of V (Fig 1) shows the bridgebead protons, H] and H5, as seven lines at 76,30,
The outer protons of the allylic portion, H2 and H4, absorb as a triplet (J] 2 2 3—7.5 Hz) at 75,12,
The central allylic proton, H3, appears as a triplet of triplets (small long-ronge coupling to H] and H5
as well as normal coupling to H2 and H4 at T5,65. The complexed vinyl protons (H,, H7) and the
free vinyl protons (H H ) both show multiplets at T5.36 and 73.6, 13 respectively.
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The Wagner-Meerwein type process which led to the transformation of IV into V could oceur in
two distinctly different ways,  The first (path a) is a 1,2 shift of the neighboring 5,9 or equivalently,
5,6 bond,  The second (path b) is the 1,2 shift of the 1,8 or 1,7 bond, along with allylic rearrangement,

Fe(c0)3' Fe(CO)./
Path a ’
— D
- \ -~ ~ 90%
D

3 (in CHSCN)

~ 10%

Fe (CO)3

As indicated in the diagrams, appropriate deuterium.labeling could differentiate these two pathways.
Indeed, when V was generated from IV-dl-4, 14 the nmr spectrum (Fig.2) showed c0.90% of the deuterium
had gone into the bridgehead position (path a), ‘while only ca.10% of the label appeaivd in the unbound
vinyl position (path b).,  This shows a roughly 1 kcal preference for the direct rearrangement which does
not involve the allylic double bond,

Another instance of Wagner-Meerwein type isomerization occurred upon protonation of Vl,ls
obtained as a product from the reaction of bicyclo[3.2,2]-nonatrienone with F02(CO)9. Thus, when the
orange-red solution of VI in CH2CI2 was extracted into conc, H,50, at room temperature, a yellow
solution resuited, the nmr of which was only consistent with Vi{ 6,17,
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OH
At 100 MHz, the three allylic protons (H,, Hy,H,) were separated into three friplefs. H 4(7‘4.94)18

appeared as a triplet (JS, 4=J 4, 5=7.0Hz), broodened by long-range couplings.  Irmadiation of H5( T6,36)
g, o § =20 o).

Of H9 (]1;7.24, proton syn to allylic system) and H9P(77.49), only the latter was coupled to HS(J5.9
=4,5 Hz) . The central allylic proton, H3, occurred as a triplet at 75,20 (J3'4=J2'3=7.0 Hz); this
could be reduced to a broadened doublet by irradiating H,. HZ' T5.48, partially overlapped the brood
triplet due to H, and H, (bound vinyls) which was centered at T5.61, The other bridgehead proton,
H,, resonated as a multiplet ot 75.97.

While it was obvious that the iron-complexed allylic (or homopentadienylic) cation, V, would
be far more stable than the uncomplexed allylic ion, Vuzl (thus facilitating the observed rearrangement),
it was not o priori obvious that the hydroxyailylic ion, Vik, would be less stable thon the iron-complexed

collapsed the H4 resonance to a doublet, and the C9 methylene protons to an AB quartet (

1

allylic ion, VI,
In conclusion, the chemistry of the iror-complexed bicyclo[3.2.2]-nonatrienyl cation is in marked
controst to that of the free ion, where rearrangement to the barbaralyl cation is predomimnfé’ 78 .
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The analogous tricarbonyliron bicyclo [3,.2.1]octadienyl tetrafluoroborate has been reported:
M. Margulis, L. Schiff and M. Rosenblum, ibid,, 87, 3269 (1965),

All new compounds gave satisfactory C, H analyses and/or mass spectra.

(@) Data for .I: mp 83-84°; ir 1976, 2045 cm™ (CO obsorptions), 1709 cm™| (carbonyl); (b) Data
for 1ll: mp 56-570; ir 1972, 2038 em™) (CO absorptions), 3595 em™! (OH-the absence of intra-
molecular Fe-HO bonding indicated Il was the exo isomer, as shown); nmr unbound vinyl protons
(HB'H ) appeared os a 6 line symmetrical multiplet contoiod at 3,68; (c) Data for IV: mp
92-938; ir 1969, 2037 em-) { o tions), 3571 em™' (OH); nmw unbound vinyl protons

( 'HS) appeared as an AB puair centered ot 4,17 (J2 T 11.5 Hz), split further due to
couplings with H, ond H,. The nmr spectrum of the ‘Corresponding ketons, < where Iy 4 wes
eliminated, served to further corroborate the assignments. ’

R. Aumann and S, Winstein, unpublished results,

The virtual identity in chemical shift of the unbound viny! protons (H ,H9) in Il and V indicates
that the charge in V is not delocalized into the free double bond,

IV-d, -4, where the deuteron replaced H,, was obtained as ysliow needies, mp 89°, via LiAlD4
reduction of bicyclo{3.2.2] nonatrienone (to give l-dl—4), followed by reaction with Fe2(CO)9.

VI was first prepared, in These Laboratories, by Dr. R. Aumann, unpublished results.

Of course, we cannot be sure whether or not the ketone moliety is also protonated, since exchange
with the solvent would eliminate any pedk due to a protonated ketone in this medium; however,
this is o minor point which has no bearing on the results reported herein,

No signals corresponding to the ion with a bridgehead hydroxyl (1,2-shift of the 5,6 or 5-9 bond)
could be sean in the nmr spectrum,

CH2C|2, token os T4,70, was used as the internal stondord.
This is in accord with theoretical prodictionszo made based upon examination of models.
M. Karplus, J. Chem. Phys., 30, Il (1950),

J.E. Mahler and R. Pettit, Jour, Amer. Chem, Soc., 85, 3955 (1963), and references cited
therein. =




