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The structure of the bicy&aromatic3 bicyclo[3.2.2]nonatrienyl aniore hos received considemble 

attention recently. 
4,s On the other hand, the cotionic species of the same StNCtWO ~aems to be an 

6,7,8 
unstable intermediate or tmnsition state between interconverting barbamly] cations . In this 

communimtion, we wish to report the preparation of some cutionic iron complexes of the bicyclo[3.2.21 
9 

system . One of the routes to these complexes involves what in orgonometallic chemistry is an apparently 

unprecedented, but nevertheless easily rationalized, Wagner-Meerwein type shift. 

The reaction of bicyclo[3.2.2]nana-2,6,8-triend-o16 (I) with FQ~(CO)~ in hexone-benzene 

solution afforded three isomeric complexes (II, Ill, IV), which were sepamted by 

and identified from their ir and nmr spectm 
IO,11 

column chromatogmphy 

8 

k 
IV 52% 

Treatment of Ill with HBF4 in acetic anhydride, followed by ether addition, led to the precipit- 

ation and isolation of a fine, yellow powder, which, after recrystallization from ocetonitrile, appeared 

as yellow, hexagonal crystals, mp 180’(d). The identiflmtion of the cutionic complex as the expected 

V followed directly from the nmr spectrum (see below and Fig 1). Interestingly, similar acidic treotment 

of IV olso resulted in the formotion of V, opparently via o 1,2 carbon shift (Wagner-Meerwein process), 

The nmr spectrum of V (Fig 1). shows the bridgebeod protons, H, and H5, OS seven lines at 76.30. 

The outer protons of the allylic portion, H2 and H4, absorb os a triplet (J, 2= J2 3=7.5 l-ix) at f5.12. 

The central allylic proton, H3, appeom as a triplet of triplets (small long-r&e ckrpling to H, and H5 

as well as normal coupling to H2 and H4 at T5.65. The complexed,;inyl protons (H6, H7) and the 

free vinyl protons (H8, Ho) both show multiplets at 75.36 and 73.6, respectively. 
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Fe(CO)_- 

The Wagner%berwein type process which led to the transformation of IV into V could occur in 

two distinctly different ways. The first (path a) is a I,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 rearmngement. 

V Fe(CO)3 ( in CH CN) 
3 

As indicated in the diagmms, appropriate dwterium~labeling could differentiate these two pathways. 

Indeed, when V was genemted from IV-d,-4,” the nmr spectrum (Fig.2) showed ca.90% of the deuterium - 
hod gone into the bridgehead pcsition @ath a), ‘while only ca.lO% of the lobe1 appeoaod in the unbound - 
vinyl position @ath b). This shows a roughly 1 kcal preference far the dimct rearmngement which does 

not involve the allylic double bond. 

Another instance of Wagner-Meerwein type isomerization occurred upan protonation of VI, 15 

obtained as a product fram the reaction of bicyclo[3.2.21-nonatrienone with Fe2(CO&. Thus, when the 

omnge-red solution af VI in CH2Cl 
2 

was extmcted into cont. at mom tempemtum, a yellow 

solution msulted, the nmr of which was only consistent with 
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VI 

H’ 

OH 

VII 

At 100 MM, the three allylic protons (H2, H3,H,) were separated into thraa triplets. H,(r4.p4,‘O 

appeared as a triplet (J3 cJ4 5- -7.OM), broadened by long-mrge couplings. Bradiition of H5( f6.36) 

collapsed the H4 resonanb to6 doublet, and the C9 methylene protons ta an AB quartet (IJ, 9 
d 

=20 Hz). 

Of ii9 (T 7.24, p roton syn to allylic system) and Hgp(77.49), only the latter was coupled to ‘H (J 

=4.5 Hz) 
19 5 5.98 

. The central ollylic proton, H3, occurred as a triplet at 75.20 (J3 eJ2 3’7.0 fk); this 

could be reduced to a bmademd doublet by irmdiating H4. H2, 75.418, partial& ovekpped the broad 

triplet due to H6 and H7 &ound vinyls) which was centered at 75.61. The other bridgehead proton, 

H,, resonated rs a multiplet at15.97. 

While it was obvious that the iron-complexed allylic (or hamopentadienylic) cation, V, wauld 

be far more stable than the uncomplexed allylic ion, Va 21 (thus facilitating the abserved rearrangement), 

it was not o priori obvious that the hydroxyallylic ion, Vlb, would be less stable than the iron-complexed 

allylic ion, VII. 

In conclusion, the chemistry of the iron-complexed bicycld3.2.2]-nonatrienyl cation is in marked 

6,7fi contrast to that of the free ion, where reormngement to the barbamlyl cation is predominant 
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The amlogaus tricorbonyliron bicycle [3.2.i]octadiony’ tetmfluaroborate has ken reported: 
M. Morgu’is, L. Miff and M. Rose&urn, ibid., 8L, 3269 (115). - 

All new compounds gave satisfactory C, H amiyses and/or moss spechu. 

(a) Data for .I: mp 83-64’; ir 1976, 2045 cm-‘(CO absorptions), 1709 cm -’ 
for iii: mp 56-570; ir 1972, 2038 cm-’ 

(carbonyl); (b) Data 
(CO absorptiom), 3595 cm-’ (OKth absence of intro- 

molmuiar F&IO bondin(l indicated ill was the 0x0 isomer, as shawn); nmr unbound vinyl protons 

$:a) :=9 
rad as a 6 line s mmetrical multiplet cent~\ad at 3.68; (c) Data for IV: mp 

(<.H;j 4 

2037 cm-’ (C&-&+ns), 3571 cm (OH); nmr unbound vinyl protons 
as an AB pair centered at 

couplings with Hi and H . 
A 

4.17 (J2 3= ‘1.5 Hz), split &I?~~~ to 
Tb nmr spectrum of the &rrqondirg ketons, 

olimimted, served to fu m carrobomte the assi9nmonts. 
3,4 was 

R. Aumonn and 5. Winshin, unpubiishod results. 

Tb virtual identity in chomicd shift of the unbound vinyl protons (H8, H9) in III and V indicates 
that the chow in V is not d&aaiiud into the free dotMe bond. 

iV-d,J, whom the doutuan mpiocod H , W~I abtoind o yailow naedios, mp 89’, via LiAlD4 
mductian d bicyci~3.2.2)mmtrienone~to giva i-d,-4), followed by raction with Fe2(CO)9. 

Vi was first pmparod, in Thasa Labomtarios, by Dr. R. Aumann, unpubiishod msuits. 

Of couso, we cannot be sum whother or not the ketam moiety is olsa protomted, since exchange 
with the solvent would eiiminata any peak due to a protanatad ketom in this m&urn; however, 
this is o minor point which has m boar/q’ on th results rqorted honin. 

Na sigmis wqanding to the ion with o bridgehead hydroxyi (l,P-shift of t’m 5,6 or 5-9 bond) 
could be soan in tha nmr spm’ntm. 

CH2C’,, tak 8m a 74.70, was trsod as th intermi standard. 

This is in accord with thoarotimi prodictians 
20 

made based upon exomimtion of models. 

An. Karplus, J. Chem. whys., g, II (1950). 

J.E. Mahbr and R. Rttit, Jour. Amer. Chem. Sot.., 3 3955 (1%3), and references cited 
therein. 


