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SUMMARY 

Reaction of 
room temperature, 

cis-bicyclo[6_1_0]nona-2,4,6triene (C,H,,) (I) with Fe2(CO)S, at 
yields a number of complexes (IV)-(IX). One of these, (IX), is the 

Fe,(CO),herivative of the starting polyolefm (I), whereas the others are Fe(CO)s or 
Fe(CO), complexes of isomeric &HI,, polyolefms. 

(IV) is (A”-1,2,3,4-c&8,9-dihydroindene)iron tricarbonyl, (V) is tentatively 
formulated as (h’-8,9- or h2-5,6-cis-bicyclo[5.2.0]nona-2,5,8&ene)iron tetracarbonyl, 
(VI) has been characterized only as C,H,,-,Fe(CO),, and (VII) and (VIII) are the asym- 
metric and symmetric isomers (h4-cis-cyclononatetraene)iron tricarbonyl. 

Characterization of the complexes has been obtained through PM& IR, 
and mass spectra 

Peculiar features of this reaction are the promotion of the polyolefin (I) 
rearrangement by iron carbonyls and the stabilization ofhighly reactive intermediates 
through coordination to the metal carbonyl groups. 

INTRODUCTION 

Metal carbonyls and particularly iron carbonyls have been found to be very 
effective in promoting rearrangement of cyclic polyolefms under mild conditions1-3, 
and in some cases’ the same organic producb obtained by higher temperature rear- 
rangement of the polyolefin, can be isolated : 

* Workprestnredinpartatthe3rdIntcmationalSymposiumonRcactivityandBon~ginTransition 
Organometallic Compoun&, Venice, September SlO, -1970. 

* Most ofthe work was tied out in Boston ColIcge.where G-D-was on leave ofabsence. during 1970. 
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In other cases new products are obtained2*3 : 

R.t. 

I 

+ Fe,(C0)9 

WC1,Fe-DT/ + other COI7IpOundS 

suggesting a change in the rearrangement pathway provoked by the metal carbonyl. 
Another feature of metal carbonyls is the stabilization of highly reactive organic 
molecules by coordination, for example, stable iron carbonyl complexes of cyclobuta- 
diene4, heptafulvene 5-7, trimethylenemethane8, and methyl-g or phenylpentaIenelo 
have been reported. 

cis-Cyclononatetraene (II) has been widely studied as a possible intermediate 
in therearrangement ofcis-bicyclo[6_1_0]nona-2,4,6-triene (I) to cis-8,9-dihydromdene 

11.12. (III) . 

~-Q-Q' 

(I) (II) UU) 
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III has been isolated from the reaction of9chloro-cis-bicyclo[6.l_O]nona-2,4,6- 
triene and lithium and by successive quenching of the cyclononatetraene anion with 
water13 ; its half life at 23’ is *SO min14. 

Some attempts have been made to stabilize (II) as a metal complex but so far 
no report has appeared on the isolation ofametal derivative of cis-cyclononatetraene*. 
The formation of a molybdenum tricarbonyl complex of (II) by reaction of (III) with 
Mo(CO), was reported l 6 by King but subsequently retracted 1 ‘. Iron carbonyls react 
with (III) to give several complexes’6-1 s : none ofthese, however, is a derivative of (II)“. 

cis-Bicyclo[6.1.0] nona-2,4,6-triene (I) appears to be a better precursor of (II) 
and in this paper we report isolation of the stable (h4-1,2,3,4-cis-cyclonona-1,3,5,7- 
tetraene)iron tricarbonyl and of a number of other complexes obtained in the room 
temperature reaction of (I) with Fe,(CO)+ 

EXPERIMENTAL 

All the reactions and working up of the compounds in solution were carried 
out in an atmosphere of pure nitrogen. Solvents were dried before use. Melting points 
are uncorrect. 

Elemental analyses were performed by DSrnis und Kolbe, Miilheim (West 
Germany). IR spectra were recorded on Perkin-Elmer, Model 457 or 521 spectro- 
meters. The mass spectra were obtained on a Hitachi-Perkin-Elmer RMU-6D 
spectrometer.The PMRspcctrawererecordedonVarianT-60orHA-60spectrometers. 

Preparation of the li~ands 
cis-Bicyclo[6.1.0] nona-2,4,6-rriene (I) was prepared with the method suggested 

by Staley and Henrylg from cyclooctatetraene and lithium amide in liquid ammonia at 
-33”. Slow addition of CH,CI,, in ether, to this mixture gives (I) in SO-SO% yield, 
after aqueous work-up and distillation. 

cis-8,9-Dihydroindene (ill) was prepared by published methodsI from 9- 
chlorobicyclo[6.1.0] nona-2,4,6trieneandlithium.Thereaction mixturewasquenched 
by water to give (III), in ~80% yield. 

Reaction between (I) and Fe,(CO)g 
Reactions were can-led out at room temperature for 24 days in soIvents 

such as petroleum ether, beneene, diethyl ether, etc. All reactions gave comparable 
results as typically described below : CgH,, (I) (4.72 g, 40 mmol) in anhydrous diethyl 
ether (350 ml) and Fe,(CO)g (25.4 g, 70 mmol) were stirredat room temperature 
for four days. The reaction mixture was filtered and the resulting dark-red solution 
concentrated under reduced pressure to give an orange-red oil, which was chromato- 
graphed on a 60 ic 3 cm alumina column (Merk, reactivity 2, 100-200 mesh). Elution 
with petroleum ether gave a diffuse pale yellow band (A) ; elution with ether an orange- 
red band (B). The solution from band A was concentrated to leave an orange-yellow 
oil which was rechromatographed on a 60 x 3 cm alumina column (Merk, reactivity 1, 
100-200 mesh). Elution with petroleum ether gave two large pale-yellow bands. The 
frost was concentrated and cooled at - 50’ to give pale yellow needles (IV), melting at 

l An iron ticarbonyl complex ~Tcis-cyclononatctraene has been quoted in the lirerature’O. 
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‘TABLE 1 

ANAL.YTICAL Ah-D SPECTEkOSCOPICAL DATA OF THE COMPLMES (IV)-(IX) 

Complex 
(color, mp.) 
Yield( %) 

Ano~ysi5fomd/(cokd.) (%) Infrared PMR Mass 
spectrd speck? spectra 

c H Fe VW) (area) 

W-LdWW3 
(yellow, z IOn) 

it22 
GHloWW, 
(yellow, oil) 

Wi 
8-10 

C,HmFc(CG), 
(yellow, oil) 

(VI) 

CSHIOFe(WI 
(orange-yellow, z 30”) 

\?9I) 

C,H,OFe(CG)a 
(orange-yellow, oil) 
(WI) 

CgH,,Fee2(CtX 
(red-orange. 125’) 

(W 
20-25 

55.78 
(55.81) 

54.48 
(54.54) 

55.70 
(55.81) 

55.92 
(55.81) 

55.79 
(55.81) 

54.20 
(54.27) 

3.85 
(3.87) 

358 19.31 
(3.49) (19.58) 

3.89 
(3.87) 

3.78 
(3.87) 

3.85 
(3.87) 

247 

(251) 

21.65 
(21.70) 

21.60 
(21.70) 

27.88 
(28.06) 

204Qs 4.68(4), 6.86(3) 
1994s 7.02-8.42(3) 
1986s in CS2 

2078s 3.65-5.02(6) 
2oms 6.43(t) 
1988s 6.6(l) 7.4(l) 

in CSI 

Contaminated by (VIl) 
and (VIII) 

2042s 4.02-4.96(4) 
2001s 5.58(2), 6.68(2) 
1990s 7.71(l), 8.38(l) 

in C,D, 

Contaminated by (VII) 

2053s 6.5(2), 5.9(2) 
2012s 7.2(2), 8.96(3) 
1992s 9J(l) 
1988(sh) in CS2 
1968s 

258(M+) 
230(-CO) 
202( - 2CO) 
174(--3CO) 

286(M+) 
258(-CO) 
230( -2CO) 
202(--3CO) 
174( -4CO) 

258(M+) 

258(M+) 
230(-CO) 
202( -2CO) 
174(-3CO) 

258(M+) 

398(M+) 
370(-CO) 
342( -2CO) 
X4(-3CO) 
286( - 4CO) 
258(-5CO) 
230( -6CO) 

E In cyclohexane solutioe ’ In ppm (r), relative to TMS. 

room temperature. The analytical data for this and the other compounds discussed 
here are listed in Table 1. 

The crystallization solvent for (IV) and the second pale-yellow band from the 
original band A, were combined (A,) and rechromatographed on alumina Sometimes 
more than one chromatographic separation was necessary, because only a small 
quantity of A1 can be used in each run if ekient separation is to be achieved but it 
is possible to obtain five compounds (IV)-(VIII) (Table 1) by elution with petroleum 
ether. 

The orange-red band B was concentrated and the resulting orange-red oily 
solid crystallized from petroleum ether and sublimed in high vacuum to give (IX). 

Reaction of(lll) with Fe,(CO),z 

This reaction was carried out at room temperature in boiling benzene or 
boiling xylene. Each run gave a good yield of (IV) in addition to other c.omplexes1E. 

. . . . 
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The spectroscopic data of (IV) obtained from these reactions are completely identical 
to those of (IV) obtained in the reaction of (I) with Fe,(CO),. 

RESULTS AND DISCUSSION 

The products isolated in the room temperature reaction of (I) with Fe,(C0)9 
are set out in Scheme 1. Increasing the temperature of the reaction results in a decrease 
in yield of all compounds (V)-(K) _ m f avor of (IV) and a number of new complexes are 
formed. Similar results are obtained by thermolysis of (IX) and will be reported laterg. 

SCHEME 1 

- 
Fe,lCOip + 1 0 - 

(II 

CeH,n FaKOl, (VI 

&H,,FelCO), (VI) 

(IX) 

cis- and rrans-8,9-Dihydroindene (III) are obtained in a ratio of 9/l in the 
thermal (90”) rearrangement of (I)‘“. When Fe,(CO)S reacts with (I), however, the 
rearrangement to (III) occurs much faster since yields higher than 30% in (IV) are 
obtained, at room temperature. At present it is not clear if this is due to the instability 
of an intermediate Fe(CO), complex of (I) which rearranges to the more stable (IV) or 
to a promotion of the rearrangement (I)+(III) by the metal, followed by coordination 
of the strong dienophile Fe(CO),. The isolation of stable complexes of (II), however, 
should support the second interpretation although other mechanisms which inter- 
convert the Fe(CO)S complex of (I) to (IV) cannot be ruled out. That (IV) con- 
tains the c&configuration follows from the fact that the same complex has been ob- 
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. . . . . 

tab@ by reaction of pure (III) with Fe3(C0)121s. Since cis~transdihydrpindene’_ ’ 
_.isotierization is,unlikely we assign one ofthe above c&structures as comp@ind (n’). 

U!Za 1 (Ipb) 

Thechoice between-@Va)and(lVb)is diflicult on the basis of the PMR spectrum (Fig. 1) 
since the absorption in the range of H5 and H9 appears rather complicated. IR and 
mass spectra of (IV) have been reported in the experimental section (Table 1) and are 
in agreemeht With the giveil fomwlation. 

1.447 

a 6 B 7 er L 

Fig 1. The 60 MHz PMR spectrum of C,H,,Fe(CO)I (IV) in CS2 solution. 

Complex (If) 
Although (V) has been fully characterized by m PMR; and mass spectra, we 

are not Able, to give a definitive formulation of it. On the basis of the PMR spectrum 
-(Fig: 2j and mass spectra (M+ =286 tid follywing patteti showing loss of fox car- 

. 
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3 a 5 a 7 B ? 

Fig. 2. The 60 MHz PMR spectrum oTCgH,,Fe(CO)r (V) in CS1 solution. See discussion. 

bony1 groups) we ‘are inclined to the tentative formulation of(V) as an Fe(CO), com- 
plex of cis-bicyclo[52_0]nona-2,5,8-triene : 

(Pa 1 (Pb) 

The broadening of the spectrum in the region of protons 4 and 4’ favours the (Vb) 
configuration. In this case the symmetrical spectrum could be obtained by rapid in- 
terconversion of the two equivalent forms (hz-5,6-Fe(C0)4) and (h2-2,3-Fe(CO),)t. 
Further studies are in progress to check this possibility. The organic unit which we 
suggest has been postulated as a possible precursor of (II) in the rearrangement of (I) 
to (III)i2. If the formulation of (V) as (h2-8,9-) or (h2-5,6-bicyclo[5_2_0]nona-2,5,8- 
triene)iron tetracarbonyl is correct it would represent a further example of stabilka- 
tidn of a highly reactive polyolefi by metal coordination. However, such a stabiliza- 
tion by an Fe(CO), group is unprecedented. 

Complex (VI) 
(vr) analyzes as C,H,,Fe(CO), but its PMR spectrum shows that some 

(VII) and (VIII) are still present and we are not able to assign an exact conliguratidn 
for it. ln addition the very low yield in (VI) precluded further purification and charac- 
terization. 

* We thank Prof. M. Gmziaoi for hel&l discussion on this point. : 
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Complex (VII) and complex (VIII) 
Coordination of an Fe(CO)s group to cis-cyclonona-1,3,5,7_tetraene 

can be obtained via a diene-metal linkage in the 1,2,3,4 and 3,4,5,6 positions, 
example : 

Fe (CO13 

(OCIj Fe 

4 5 

3/ \= 

2 c? /7 \ 
I a 

9 

Both complexes have indeed been isolated and the ratio between the asymmetric 
(VII) and symmetric (VIII) isomers is ca. 9/l. PMR, IR and mass spectra are consistent 
with the formulation of (VII) as (h”-1,2,3,4-cis-cyclonona-1,3,5,7-tetraene)iron 
tricarbonyl. The absence of cyclopropyi protons (Fig. 3), the presence of four un- 
coordinated olefmic protons (T 424.9), and the characteristic inner (H2,s) and outer 
(Hi_,) protons of a coordinated diene unit* support the monocyclic configuration. 
The asymmetry of the spectrum particularly in HSS6,,.s and H,., proves that coordi- 
nation of the Fe(CO), group must involve the 1,2,3,4 carbons. 

I I I I I I I 
3 4 5 6 7 8 9 5 

Fig. 3. The 60 MHz PMR spectrum of C,H,,Fe(CO), (VII) in C,D, solution 

* For a review article on PMR spectra of dime complexes, see ref. 20. 
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The symmetric isomer (VIII) has also been isolated, albeit in an impure state- 
The presence of (VII) complicates the assignment of its PMR spectrum. 

Pure (VII) as well as a mixture of(V), (VI), (VII), (VIII) undergoes very slow 
rearrangement to (IV) (Scheme 1) at % 100°. These experiments may be taken as sup- 
porting (vi& supra) an enhanced rearrangement of the starting ligand (I) to cis-8,9- 
dihydroindene (III) promoted by iron carbonyls. Coordination and stabilization of the 
intermediate polyolefis by Fe(CO), or Fe(CO), groups occur in a second, less rapid 
step. 

Other metals can bring about the rearrangement of these polyolellns. For 
example the rearrangement of (I) to (III) is stereospecifically catalyzed by [Rh- 
(CO),CI],~‘. 

Complex (IX) 
This is the only complex which maintains the organic moiety of the starting 

polyolefi. The IR spectrum shows live bands in the terminal carbonyl region 
[v(CO) at 2053,2010,1992,1988(sh), and 1968, all & 5 cm-i] and the mass spectrum 
shows a molecular ion at 398 and fragmentation according to the loss of six carbonyl 
groups and two iron atoms. Its PMR spectrum is symmetric and the assignments are 
reported (Fig. 4). The fact that the Ph4R spectrum ofIX does not change on lowering the 
temperature to - 90” could be due to a real symmetry of the molecule in solution or to 
a very low activation energy for the interconversion of two energetically equivalent, 
asymmetric, configurations (see e.g. ref. 22). 

The presence of two carbonyls peaks (2/l intensity ratio) in the 13C NMR 
spectrum of (IX), however, has been taken as evidence of non-lluxional behavior23 
in agreement with the former hypothesis. X-ray crystal structure determination” 

(OC),Fe-Fe(CO& 

0 

proved to be similar to other complexes which show fluxional behavior’3*‘5.26. The 
only plausible interpretation we can give is that (IX) displays a rigid, symmetric con- 
liguration in solution, like C,HRFe2(C0)627, but as shown by X-ray analysis, in the 
solid, it prefers an asymmetric structure, such as CBH1,,Fel(C0)6 or C,iHiIFez- 
(CO),- 

CSH,,Fe,(CO), (IX) when heated at z 100' is converted to a series of new 
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Fa (COI, ‘.’ 
12 

/- 

4 5 6 7 a 9 lb ‘c 

Fig. 4. The 60 MHz PMR spectrum of C9H,,Fe,(C0)6 (Ix) iu CSI solution. 

complexesg, none of these however being a derivative of bicyclo[4.2.l]nona-2,4,7- 
triene (X): 

. . 

5 6 

(X1 

The stable Mo(CO), complex of 6) has been reported in the thermolysis of the Mo- 
(CO), derivative of (1)2a _ 
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