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[(6,7,8,9q)-Bicyclo[3.2.2] nona-2,6,8-trien-4-o1] tricarbonyliron (6) re- 
arranges in the presence of Fe(CO),- to [(2,3,6,7-r,)-bicyclo[3.2.2] nona- 
2,6,8-trien+one] tricarbonyhron (7); rather than [(6,7,8,9q)-bicyclo- 
[ 3.2.21 nona-6,8dien-2-one] tricarbonyliron (9), the product expected on 
the basis of known organoiron chemistry and previously proposed mechanisms. 
The starting material 6 is stable in the absence of Fe(CO& , which leads to the 
conclusion that some iron-containing species derived from Fe(CO)5 is respon- 
sible for bringing about rearrangement; Since the usual mechanism for iron 
carbonyl-induced rearrangement in olefins cannot be operating here, a mech- 
anism involving an ion pair with [HFe(C0)4 ] - is suggested. 

That ally1 alcohols rearrange to saturated aldehydes and ketones upon 
treatment with one of a variety of iron carbonyl reagents js well known. endo- 
/3-5-Hydroxytricyclo[5.2.1.02~6 ] dec-3-ene (l), for example, has been shown 
to yield the corresponding saturated ketone 2 cl], while the acyclic labelled 
alcohol 3 provided I-propanal with deuterium distribution as indicated in 
structure 4 123. Observations such as these have led to a generally accepted 
mechanistic proposal for rearrangements which involves intermediary of a 
n-ally1 hydridoiron tric&rbonyl species 5; unambiguous proof for such an 
intermediate continues to elude interested investigators [3]. 

Some of our most recent results possibly reflect on this problem. We there- 
fore wish to report an anomalous reaction of an ally1 alcohol with iron penta- 
carbonyl,.in which the product is an cy,&u.nsaturated ketone instead of the 
saturated ketone expected on the basis of previous observations recorded in 
the literature. 
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When [(6,‘7,8,9,~)-bicyclo[3.2.2] nona-2,6,8-trier&_] tricarbonyhron 
(6) [4] was heated in refluxing heptane for 10 h under N2 with a molar equiv- 
alent of Fe(CO)S, a new complex of m.p. MO-181°C was obtained, as the 
only isolable material besides starting material, in about 70% yield, whose 
structure we have unequivocally assigned as that of [(2,3,6,7*)-bicyclo- 
[ 3.2.21 nona-2,6,8-trien-kone] tricarbonyliron (7)* on the basis of its single 
crystal X-ray analysis. The complex 6 was found to be stable under identical 

6 7 8 

reaction conditions in the absence of iron pentacarbonyl. It appears, therefore, 
that the reaction, formally an oxidation of an ally1 alcohol, is brought about 
by Fe(CO), _ It is likely that the transformation of 6 to 7 proceeds through 
intermediacy of 8, since 8 rearranges to 7 at refluxing heptane temperature 
whether or not Fe(CO), is present. The isomerization proceeds more rapidly 
in the presence of Fe(C0)s , but nonetheless proceeds at an appreciable rate 
in its absence. This transformation is currently under investigation, and is the 
subject of an upcoming report. Finally, the uncomplexed bicyclo[3.2.2] nona- 
2,6,8-trien-4-01 fails to rearrange to any significant extent under the reactions 
conditions which bring about 6+7 reaction, that is, under reflux in heptane 
for 10 h. At higher temperature (reftuxing octane) some saturated ketone is 
produced from uncomplexed 6, but the reaction is very slow**. 

*Newcompoundsreportedheregavesatisfactoryelemen~analysesand~ec~dah.Compound7. 
m-p. MO-181°C.IR (CHCI,) 2060.1990and1660cm~ ':NMEt<CDCl,)6 6.35<br~uartet.ZH); 
3_60<compIexbend. 5El)e&d246<brdoublet,lFD ppm.Compound8:m.p.116.5-117°C.IR 
<CCl,) 2048.1975.end1670cm~ ;NMR<CDCl,)6 6.93 <doubIetofdoublet.s.lH),6.1S~r 
doublet.lH).4.45 <br multi~let.. !ZH). 3.56 (br triplet. 2H).and 3.02 <brtripIet, 2Ei) PPm. 

**Tbereasontbatno 7isproduceddudngsynthe~ofstartingrnatelial6 apparently involvesdifferc 
ence.sinreactionconditions,ie.. reffuxinghexane for lhforsynthesisandrefluxfngheptanefor 
lOhfor~7transformation. 
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T@inic crystals of 7 belong to space group Pl(C; ), with two discrete 
molecules of composition (C, Hs O)Fe(CO), occupying the general positions 
in a unit cell of dimensions a 6.809(3), b 13.199(6), c 7.090(3) a, c11110.26(5), 
fl 114.30(5), 7 94.31(5)“. The structure was solved by the heavy-atom method. 
Fuli-matrix least squares refinement of atomic positional and thermal par- 
ameters (anisotropic, Fe, C, 0; isotropic H) has reduced R to 0.062 over 1470 
statistically significant [I>2_Oo(I)] reflections [5] _ Measurements were made 
on an Enraf-Nonius CAD-3 automated diffractometer (Ni-filtered Cu-K, radia- 
tion, X 1.5418 A; 0-20 scans). 

A view of the atomic arrangement of 7 is shown in Fig. 1. The iron atom 
coordination is distorted trigonal bipyramidal with C(l’), C(2’), and the mid- 
point of the C(2)-C(3) bond defining the equatorial plane, while C(3’) and 
the midpoint of the C(6)-C(7) bond occupy axial sites. The axial F-C(car- 
bonyl) bond (l-758(8) A) is slightly shorter than the mean of the two equa- 
torial lengths (l-795(7) I%). The distinctly different lengths of the three C=C 
reflect. the extent of their involvement with the iron atom. Thus, the unco- 
ordinated C(S)-C(9) bond (1.319(9) A lies close to the normal C=C length [6] 
(l-337(6) A), the axially coordinated C(6)-C(7) bond (l-357(9) A) which is 
trcms to the strongest Fe-C(carbonyl) bond is only slightly longer than normal, 
and the strongly coordinated equatorial C(2)-C(3) bond (1.415(8) A) is 
distinctly increased over the uncoordinated value. Some distances not shown 
in Fig. 1 are: X%-C(3) 2.104, F&(2) 2.118, Fe-C(G) 2.241, Fe-C(?) 
2.171 A _ Angles (a 0.3”) at the iron atom are: C(l’)-Fe-C(2’) 102.3, C(l’)- 
Fe-C(3’) 98.3, C(l’)-Fe-M(2,3) 117.9, C(l’)-F+-M(6,7) 101.7, C(2’)- 
Fe-C(3’) 89.7, C(2’)--Fe-M(2,3) 139.6, C(2’)-Fe-M(6,7) 91.5, C(3’)-Fe- 
M(2,3) 88.6, C(.3’)-Fe-M(6,7) 159.2, M(2,3)-Fe-M(6,7) 77.2”, where 
M(2,3) and M(6,7 j me the midpoints of the C(2)-C(3) and C(6)-C(7) bonds, 
respectively. 

Fig 1. Atomic yangement and some bond lengths (o 0.006~.009 b) in (C, H, O)Fe(CO), : small 
circles denote hydrogen a$oms. 
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It is difficult to provide a convincing explanation for the observation re- 
ported here ti terms of known organoiron carbonyl chemistry, and on the basis 
of currently.accepted mechanisms for the interaction between iron carbonyl 
species and olefinic systems, The- s-allylhydridoiron tricarbonyl mechanism 
described briefly above, which must proceed through intermediacy of 5, has 
no application here, since the ultimate result of such a process should have 
been the saturated ketone complex 9 rather than 8 (or 7). While the Fe(CO), 
moiety in 6 is a prerequisite for the reaction we have obs@ned (uncomplexed 
alcohol does not react under these conditions), it does not appear to be taking 
part in the reaction in a direct manner. The inescapable conclusion, it seems, 
would be that the reaction must be brought about by action of an extramolec- 
ular iron species on a system which has heen rendered susceptible to this 
action by the presence of the previously attached Fe(CO)J unit. 

In an earlier report 133, we had suggested the possibiliiy that the species 
directly responsible for observed 1,3-H shifts is Fe(CO), , a molecule of 
fleeting existence [7] produced thermally from Fe(CO)S, and the process 
through which the migration occurs involves hydride abstraction to form 
(allyl)*[HFe(CO), I-, rather than a-complexation such as that represented 
by 5. While more evidence is needed before we can propose such a mechanism, 
this sequence of events is-nicely adaptable to the present problem where the 
a-allylhydridoiron tricarbonyl mechanism is not. Iron tetracarbonyl can be 
envisioned as abstracting an ally&z hydride to produce the intermediate 
cationic species 10. It is not unreasonable to suppose that 10 is a sufficiently 
strong acid to protonate [HFe(C0)4 11, thereby bringing about formation of 
8 and the volatile, unstable H2 Fe(C0)4 [8]. 

The cationic species 10 should be attainable by protonation of the ketone 
8, a study which has been undertaken some time ago 143 _ Under conditions 
employed in that work, WagneMeerwein rearrangement leading to the 
cationic complex 11 was observed. In our own work, we have not yet found 
evidence for such a rearrangement having taken place. It would not be partic- 
ularly surprising that, under reaction conditions which we have employed, 
viz. hep.tane as solvent and elevated temperatures, rearrangement of 10 might 
not be competitive with hydroxyl proton transfer to the nearby ]HFe(C0)4 I-, 
since even in more polar solvents such as tetrahydrofuran it has been shown 
that this anion remains extensively associated with its counterion ]9]. We 
are continuing our investigations in these and related systems, especially 
toward the determina tion of the nature of the inorganic products of the 



c33 

reaction we have reported here and tow&d determination of the validity of 
our mechanistic suggestioqs.*_ 
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*A referee has suggested the possibility of oxidative addition of Fe(CO), to the O-H bond of our 
complexed alcohol 6. followed by &elimination to produce the q&unsaturated ketone 8 and 
% Fe<CO), . We consider this proposal to be a viable alternative to our me& - , end it bears further 
scrutiny in our coatimdng wor&. 


