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Summary

It has been shown that bicyclo[5.1.0]-2,4-octadieneiron tricarbonyl under-
goes thermal isomerization to bicyclo [4,2.0]-2,4-octadieneiron tricarbonyl. The
first-order rate constant for this process at 120,6° was determined to be 1.8 X
1075 s™! which corresponds to AF¥ = 31.8 kcal/mol. Gas chromatographic re-
sults coupled with a kinetic analysis very strongly suggest that 1,3,5-cycloocta-
trieneiron tricarbonyl is an intermediate in this isomerization. Two plausible
mechanisms are offered to explain this rearrangement.

Introduction

There has been much recent interest in the reactions of vinyl cyclopropanes
with iron carbonyls to form organoiron carbonyl complexes in which the vinyl
cyclopropane ligands have undergone skeletal rearrangement [1—6]. Sarel and
Ben-Shoshan [1] have shown that vinyl cyclopropane derivatives of general
structure I react with iron pentacarbonyl at 140° to form dieneiron tricarbony!l
complexes of general structure II. It was suggested that these reactlons might
proceed through o,w-allyl intermediates such as TII. '

AR : AR '
AR . Fe(CO)s )—-\_ : B
/ B e et / \ /\ CHB, 1/ 4
. ' Fe(CO); :
, (CO);Fe

(0 S (m)

* Presented in part at the 163rd National Meeting of the American Chemical Society, Boston, Massa-
- chusetts, April 9—14th, 1972. ' : '
** To whom correspondence should be addressed
*** NSF Undergraduate Research Participant, summer 1971.



; When po]ycychc vmyl cyclopropanes are emplo Jed such that C, becomes
& bndgehead carbon, rearrangement to the diene complex is prevented and. the

a,7-allyl species ITI may be isolated. This was first demonstrated by Aumann [2]
who isolated both IV and V from the reaction of bullvalene with diiron nona-
carbonyl Further examples have been prowded by Aumann [3] Elsenstadt [4]
: Mona.rty [5] and Rosenblum [6} o ;
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Recently our interests have been focused on investigations of thermal iso-
merizations of organic ligands which are already bound to transition metals. In
this regard, vinyl cyclopropane type complexes have received relatively little
attention. Grimme [7] has reported that bicyclo[6.1.0]nonatrienemolybdenum
tricarbonyl, V1, isomerizes to bicyclo[4.2.1]nonatrienemolybdenum tricarbonyl
while Aumann [8] has recently shown by deuterium labeling studies that bicy-
clo{5.1.0]-2,4-octadieneiron tricarbonyl, VII, undergoes a degenerate isomeri-
zation as illustrated below.
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In this paper we wish to report our investigation of the thermal isomeriza-
tion of VII to bicyclo[4.2.0]~2,4—octadienéiron tricarbonyl, VIIT*.

Results and discuSsion

- Pure samples of bicyclo[5.1.0]Joctadieneiron tricarbonyl, V1I, were pre-
pared in good yield by photolysis through Pyrex of equimolar amounts of iron
pentacarbonyl and bicyclo[5.1.01-2,4-octadiene in benzene followed by chro-
matography on alumina. Initial NMR studies revealed that the diene complex -
VII could be thermally isomerized to the bicyclo{4.2.0]-2,4-octadieneiron tri-
carbonyl complex VIII by heating at 100° in degassed heptane for long periods
of time. Quantitative rates of isomerization of VII to VIII could be conveniently
measured by direct gas chromatographic analysis of the complexes. A typical
kinetic run consisted of heating a thoroughly degassed octane solution of VII at
© 120.6°, taking aliquots at ca. one hour intervals and analyzing for the ratio of
VII to VIII by gas chromatography Results of three kinetic runs are illustrated
.in Table 1

* The isomerization of VII to VIII has also been observed by R. Aumann (personal communication).
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TABLE 1
RATES OF ISOMERIZATION OF VII TO viiI®

Temperature (°C) RGH AFF (keal/moi)

110 =1 ' 6.7+1X 1076 31.8
120.6 + 0.1 1.7+0.1 X 1075 31.8
120.6 £ 0.1 1.8 2 0.1 X 1075 31.8

2 petermined by gas chromatographic analysis on a 6 X 1/4” column packed with 3% UC-W98 on Chromo-
sorb W 60-80 102°, He flow 85 ml/min. Retention times of VII, VIII and IX were 10.4, 7.9 and 11.5 min
respectively.

In each case the isomerization followed good first-order kinetics and at
both 120.6 and 110° the free energy of activation, AF*  determined from the
rate constant was 31.8 kcal/mol.

Early in the isomerization a small peak in the gas chromatogram appeared
with a retention time (11.5 min) which corresponded exactly to the retention
time of the 1,3,5-cyclooctatrieneiron tricarbonyl, IX, under the conditions. This
peak was broad and in the tail of VII (10.4 min); its area could not be measured
precisely but at 2—4 h it could be estimated to be ca. 2—3% of the area of the
peak for VIII. We feel this is a strong indication that the triene complex IX is an
intermediate in the isomerization of VII to VIII and that the reaction proceeds
as illustrated (egn.l).
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Further support for this contention comes from a kinetic analysis. We have
previously determined the first-order rate constant, k,, for conversion of IX to
VI as k, =7 X 1075 57! at 102° [9]. Extrapolation to 120.6° yields a predicted
k, of 4.7 X 107% s7'. Applying consecutive first-order kinetics, the concentration
of IX during the reaction were it an intermediate is given by eqn.2.

[1X1=kLk efit—eTha). | | (2)

(where a = initial conen. of [IX])

Using k; =1.7X 1055 ! and k, = 4.7 X 107 7}, the predicted concentra-
tions of IX at various time intervals are 3.0% at 1 h, 3.4% at 2 h (time of IX max),
3.1% at 4 h, 2.4% at 8 h, and 1.8% at 12 h. These percentages are in qualitative
agreement with the gas chromatographlc results and thus support the idea that
IX is indeed an intermediate.

Assummg triene complex IX is an intermediate, two plausxble mechanisms
can be suggested. These are illustrated as mechanisms A and B.
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" Mechanism A mvolves formation of the hydridoiron 7-allyl complex XI via
the dihapto unsaturated complex X*. Complex XI then undergoes ring opening
to the hydridoiron 7-allyl complex XII which collapses to the triene complex IX,
the immediate precursor to VIII. Mechanism B entails again initial formation of
a dihapto unsaturated complex XIII* which is followed by oxidative addition to
the cyclopropane ring to yield the g,m-allyl complex XIV. XIV then undergoes.
B-metal hydride elimination to yleld the hydndmron m-allyl complex XII which
may collapse to triene IX.

Although both mechamsms appear plausmle** 11; should be noted that for

- * This species rnay :epresent either an intermediate or the transition state.
** A referee has suggested the possibility of a third mechanism similar to B in which the intermediate
rather than XIII is the dl’hap!o iron tricarbonyl complex of bicyclo[5.1.01-2, S5-octadiene. This com-
plex could be obtamed ﬁ:om callapse of XI. This mechanism appears less probable than mechamsm
B but cannot be ruled out on'the basis of presently available data.
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B each step has to some extent precedent. The formation from iron carbonyls: -

~of g,m-ally! complexes such as XIV has been amply demonstrated {2—6] and .
was discussed in the introduction. The f-metal hydride elimination of XIV to- -
form XII is a well known and facile general decomposition route for alkyl trans- - -
ition metal derivatives [10], while hydridoiron w-allyl species such as XII have
been frequently invoked to explain olefin isomerizations by iron carbonyls [11].
In mechanism A, the ring opening of a species such as XI has no precedent in
the literature. The hydridoiron 7-allyl species itself is a fairly high energy inter-
mediate and for mechanism A to be plaus1b1e the ring opening of X1 must neces-
sarily be rather facile.

The comparison of the thermal isomerization of complex VII with that of
the free ligand, bicyclo[5.1.0]-2,4-octadiene, is of considerable interest. Where-
as VII rearrangesto only VIII at 120°, the isomerization of the free diene re- -
ported by Doering and Roth [12] requires substantially higher temperatures
(225°) and yields an equilibrating mixture of 1,3,5-cyclooctatriene, 1,3,6-cyclo-
octatriene and bicyclo[4.2.0]-2,4-octadiene. These initial products are thermal-
ly labile at 225° and yield secondary products of tricyclo[3.2.1.0%7]-3-octene- .
benzene, and ethylene*. In that the diene ligand can readily be oxidatively
cleaved from the iron, isomerization of substituted derivatives of VII may re-
present synthetically useful routes to certain substituted cyclooctatrienes and
bicyclo[4.2.0}octadienes.

Experimental

General

Gas chromatography was performed on an Hewlett—Packard 5750 Research
Chromatograph using a flame ionization detector and helium as the carrier gas.
IR spectra were recorded on a Perkin—Elmer 421 spectromster while PMR spec-
tra were obtained using a Jeol-C60HL spectrometer. Nitrogen gas was purified by
passing it first through concentrated sulfuric acid and then through a heated
column of BASF catalyst R3-11.

Bicyclo[5.1.0]-2,4-octadiene

This diene was prepared using the modification of the Simmons—Smith
reaction reported by Rawson and Harrison [13]. A mixture of zinc dust (17 g)
and copper chloride (2.5 g) in 40 m! of ether was heated at reflux under nitro-
gen for 0.5 h. Distilled cycloheptatriene (12 g) and methylene iodide (40 g) were
added in ether dropwise and the mixture heated at reflux for 24 h. The ether
layer was then decanted onto ice and washed with 100 m} 1:N HC], 100 ml 5%
sodium bicarbonate, twice with distilled water and dried over anhydrous mag-
nesium sulfate. The ether was removed at water aspirator pressure and the re-
maining mixture of hydrocarbons was distilled away from polymeric material
by bulb to bulb distillation under high vacuum. GLC analysis (6'X 1/4" 20%
UCW-98 on Chromosorb W 60-80 mesh, 70°) indicated a ca. 12—14% yield of the

* In that the rearrangement of bicyclo[5.1.0}-2,4-octadiene is clearly much slower than complex VII,
the free diene ligand cannot be invoked as an intermediate in the isomerization of VII. -



d1en ~areful: spmmng 'band dlstlllatlon of the hydromrbon mlxture yxelded ca.
1.0gof pure bicyclo[5. 1. 0]-2;4-octadiene (b.p. 562, 50 mmHg). The PMR spec- -
‘trum (CCl,; int: TMS) pxhﬂ-nfnd ‘bands at §.0.53 (1}1, m\ 1.08 {23 m), 1 53 {IH,
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‘m 2. 2{‘(2H m), 5 68 (3H m) and 6 23 ppm (14, quartet)

‘ancycIo[S 1 0]—2 4—octadzenezron trzcarbonyl { VII ) . ‘

-, Bicyclo[ 5.1.0]-2,4-octadiene (1.0 g) and iron pentaca.rbonyl (2 5 g) in. 200
'ml ‘of degassed benzene were irradiated through Pyrex in a standard photochem-
1ca1 well at room temperature for 3 h using an Hanovia 450 W lamp. The benzene
'was removed using a rotary evaporator and the remaining oil was chromatograph-
ed under nitrogen on' Woelm alumina (grade 1.5, basic) using degassed hexane .
as eluant. The first yellow-band to elute was VII. Removal of all volatiles by .
high vacuum yielded 2.0 g (86%) of VII as a yellow solid. The spectral data (IR
PMR) obtained for.VII were identical to those for VII when obtained by hydride

reductlon of the blcyclo[5 1 0]0ctad1enyhron tncarbonyl cation [8 14].

Rate measurements , ‘ B
. To'a'small Schlenck tube which had been soaked in an amrmonium hydrox- v

ide solutlon overnight, rinsed with distilled water and dried and flamed under
high vacuum was added 29 mg of VII in 0.6 ml of degassed octane. This solution
was degassed on a high vacuum line using two freeze-pump-thaw cycles and kept
under nitrogen. The tube was then immersed in a glycerine bath maintained at a
constant temperature of 120.6 + 0.1° by a Haake FS Constant Temperature Cir-
culator. At 1 h intervals the tube was quenched and a 1.0 ul sample withdrawn
by syringe. The tube was thoroughly flushed with nitrogen, recapped, and re-
placed-in the glycerine bath. The withdrawn sample was analyzed by GLPC on a
6’ X %" column packed with 3% UC-W98 on Chromosorb W-60-80 mesh (Column
102°, injection port 113°, He flow 85 ml/min). Under these conditions retention
times of VIII, VI and IX were 7.9 min, 10.4 min and 11.5 min respectively. Ki-
netics were followed for ca. 2.5 half-lives. That VIII was indeed the product of
thermal isomerization was verified by heating ca. 0.5 g of VII in degassed heptane
for several half-lives, isolating the product and verifying by PMR that it was iden-
tical to authentic VIII [9,15]. A
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