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Synthesis and Reactions of the Tautomeric Complexes
n-2,3,4,5-Cyclooctatrienoneiron Tricarbonyl and
Bicyclo[4.2.0]octa-2,4-dien-7-oneiron Tricarbonyl.

Generation of

Bicyclo[4.2.0]octa-2,4-dien-7-one!

Maurice S. Brookhart,* George W. Koszalka, Gregory O. Nelson, Gary Scholes,

and R. A. Watson

Contribution from the William Rand Kenan, Jr., Laboratories of Chemistry,
Department of Chemistry, University of North Carolina, Chapel Hill,
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Abstract: Photolytic reaction of 2,4,6-cyclooctatrienone with iron pentacarbonyl in benzene yields 5-2,3,4,5-cyclooctatrien-
oneiron tricarbonyl (X1I), whereas thermal reaction of the ketone with benzylideneacetoneiron tricarbonyl or 3-penten-2-one-
iron tricarbonylinbenzeneat 60 °C results in trapping of the bicyclic diene tautomer of cyclooctatrienone as bicyclo[4.2.0]octa-
2,4-dien-7-oneiron tricarbonyl (IX). Detailed 'H and '3C NMR studies have been carried out to elucidate the structures of
these complexes. Low temperature (=30 °C) oxidative cleavage of IX gives bicyclo[4.2.0]octa-2,4-dien-7-one which at 0 °C
undergoes ring opening to cyclooctatrienone with a first-order rate constant of 5.7 X 10~4s~1, AG* = 20.0 kcal/mol. The equi-
librium ratio of 2,4,6-cyclooctatrienone to bicyclo[4.2.0]octadienone was estimated from 'H FT-NMR studies to be ca. 135.
This value agrees with one estimated from the ratio of rate constants for the ring opening and ring closing reactions of the two
tautomers. When treated with sodium methoxide-methanol, the bicyclic ketone complex IX undergoes ring opening to yield
the monocyclic ((carbomethoxymethyl)cyclohexadiene)iron tricarbonyl X1V; protonation of the intermediate anion was ob-
served to occur stereospecifically exo. Upon treatment with methyllithium the bicyclic ketone complex X is converted to the
tertiary alcohol. This alcohol undergoes base-induced ring cleavage to yield the monocyclic ketone, ((2-oxopropyl)cyclohexa-
diene)iron tricarbonyl (XVI), again with stereospecific exo protonation of the intermediate anion.

Introduction

The reactions of cyclooctatriene and its derivatives with
iron carbonyl reagents can lead to a variety of mononuclear
cyclic polyolefin iron carbonyl complexes, the nature of which
depends upon the triene derivative and the iron carbonyl re-
agent used as well as the reaction conditions, Early work by
Stone showed that reaction of 1,3,5-cyclooctatriene with
Fe(CO)s at 140 °C leads only to the complex of the bicyclic
tautomer, bicyclo{4.2.0]octa-2,4-dieneiron tricarbonyl (I),2
while reaction with Fe;(CO),; at lower temperatures (80-100
°C) leads to mixtures of I plus cyclooctatrieneiron tricarbonyl

o

Fe(CO),

I Fe( CO)S

II

(IT).? Pure samples of II can be generated photolytically at
room temperature employing cyclooctatriene and Fe(CO)s.4
In the equilibrium between the uncomplexed cyclooctatriene
and bicyclooctadiene tautomers, the triene is favored over the
diene by a ratio of 85:15 at 100 °C;3 however, in contrast for
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Table I. Proton Chemical Shifts? and Coupling Constants for Compounds IX and X1
Compd  Solvent H, H; H; H, Hs Hg H- Hs.s Coupling constants?
X1 CS, 296 627 556 339 6.10 552 286,229  Jy3=6.9,J=1.1
X1 Benzene-ds 279 545 472 280 573 531 257,220  J33=58,J45=8.5
Js6 = 8.1,J67 = 10.5
Jes = 0.8, Jgg = 2.5
J5g = ].],J7g =56
J7g/ = 9.7, Jgg/ =113
ng =20
IX CDCl; 293 347 547 565 311 347 211 (Hga) J12=4.6,J3=1,J;5=0.3
2.66 (Hgb) J23 = 6.5, J24 =1.6
J3s=1.6,J34 = 4.31
I1X-d3 CDCl3 293 347 547 565 311 ¢ ¢ Jus = 6.4, 5,8, = 17

Jgapor Jgas = 3.25
JlSa = 2.5, J]gb = 8,25

@ Chemical shifts in 6 relative to internal Me,Si in CS,, to internal benzene (6 7.26) in benzene-dg, and to internal CHCl; (6 7.27) in CDCls.

4 Coupling constants in hertz. ¢ Resonances absent.

the iron-complexed systems, diene complex I appears to be
more stable than triene complex I1. We have observed that I1
undergoes essentially quantitative isomerization to I at 100 °C
(AG* = 29.3 kcal/mol) with a minimum ratio of I:1I at equi-
librium of 100.4

The reactions of ring-fused derivatives of cyclooctatriene
of general structure III have been examined by Cotton and
Deganello® and ourselves.”

a,n=1

@cm)n bon=2 ©’__@CH2>H
¢, n=3
d n=4¢

111 v

In the case of bicyclo[6.2.0]decatriene (I1Ib) Cotton and
Deganello showed that even though ITIb was largely favored
over its diene tautomer IVb, reaction with Fe,(CO)g led to
isolation of a low yield of the stable tricyclic dieneiron tricar-
bonyl complex (Vb), along with a binuclear triene complex
(I1Tb-Fe2(CO)¢) and other unidentified complexes. In a
similar manner iron tricarbonyl complexes Vc and Vd also

were isolated.®
CH»n
. H
/ K4 H

Fe(CO);

\Y
a,n=1
b,n=2
c,n=23
dn=4

We have shown that benzylideneacetoneiron tricarbonyl
(BDA-Fe(CQ);) serves as a remarkably selective reagent for
trapping tricyclic diene tautomers IVa and IVb in high yields.”
Reaction of bicyclo[6.2.0]decatriene (IIIb) with BDA-
Fe(CO); leads exclusively to tricyclic diene complex Vb (82%)
whereas reaction with bicyclo[6.1.0]nonatriene leads to tri-
cyclic diene complex Vb as well as dihydroindeneiron tricar-
bonyl (VI). We8 and Deganello® have shown that reaction of
bicyclo[6.1.0]nonatriene with either Fes(CO)g thermally or
Fe(CO)s photolytically leads to VI, cyclononatetraeneiron

Fe(CO),
Fe(CO),
Fe(CO)
VI 3 VIII

vII

tricarbonyl (VII),and the unusual 1,5-bonded bicyclo{6.1.0]-
nonatrieneiron tricarbonyl (VIII) as the major mononuclear
products.

Relatively little work has been reported concerning the re-
actions of iron carbonyl reagents with substituted cycloocta-
triene systems. In this regard a particularly attractive candi-
date for study is 1,3,5-cyclooctatrienone, ' in that, unlike the
hydrocarbon complexes, the keto functionality potentially
allows conversion of isolated complexes into a variety of in-
teresting derivatives. The sole report of the reaction of cy-
clooctatrienone with iron carbonyl reagents is that by King who
showed that reaction of the ketone with Fe;(CO),, led to a
mononuclear CgHgO-Fe(CO); complex in 13% yield and a
binuclear CsHgO-Fe,(CO)g complex in ca. 3% yield.!! A bi-
cyclicstructure for the mononuclear complex, bicyclo[4.2.0]-
octa-2,4-diene-7-oneiron tricarbonyl (I1X), was ruled out by
King since infrared data showed the absence of a cyclobuta-
none moiety. The structure was postulated to involve binding
of iron tricarbonyl to two double bonds of the monocyclic cy-
clooctatrienone as in 7-3,4,5,6-cyclooctatrienoneiron tricar-
bonyl (X) or 5-2,3,4,5-cyclooctatrienoneiron tricarbonyl (XI);
however, the data available did not permit the exact structure
to be specified.

Fe(CO), [

X Fe(CO); Fe(CO);

X XI

In this paper we wish to report the synthesis, detailed spec-
troscopic characterization and selected reactions of the tau-
tomeric complexes 7-2,3,4,5-cyclooctatrienoneiron tricarbonyl
(XI) and 9-2,3,4,5-bicyclo{4.2.0]octa-2,4-dien-7-oneiron
tricarbonyl (IX), as well as isolation of bicyclo[4.2.0]octa-
2,4-dien-7-one from low-temperature cleavage of IX.

Results and Discussion

7-2,3,4,5-Cyclooctatrienoneiron Tricarbonyl. Irradiation
of a benzene solution of iron pentacarbonyl and cyclooctatri-
enone through Pyrex with a Hanovia medium-pressure lamp
led to evolution of carbon monoxide and production of a deep
orange solution which on workup afforded an orange crystal-
line mononuclear complex CsHgO-Fe(CO); in ca. 40% yield.
Reaction of the ketone with Fe;(CO),; according to the pro-
cedure of King'! led to isolation of a mononuclear complex
which proved to be identical with the one produced photolyt-
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Figure 2. 100-MHz 'H NMR spectrum of complex IX in CDCls.

Table II. Carbon Chemical Shifts for Compounds I, IX, and XI

[] 5 4 3 H

Figure 1. (2) 100-MHz 'H NMR spectrum of complex XI in benzene-d;
(b) 100-MHz 'H NMR spectrum of complex X1 in CS..

ically with Fe(CO)s. This complex was examined in detail by
'H and 3C NMR spectroscopy. The 'H NMR shifts were
remarkably sensitive to solvent; spectra recorded in rigorously
degassed carbon disulfide and benzene-d¢ are shown in Figure
1. The ability to shift relative peak positions by changing sol-
vents in conjunction with double resonance experiments al-
lowed complete assignments of all coupling constants and
chemical shifts. In cases where the same coupling constant
could be measured in each solvent system, no solvent depen-
dence of coupling constants was observed. The 'H NMR
chemical shifts and observed coupling constants are summa-
rized in Table 1. These data are consistent only with the
n-2,3,4,5-cyclooctatrienoneiron tricarbonyl structure, XI.!12
The methylene protons, 8 and 8 (6 2.20 and 2.57, benzene),
are strongly coupled (J = 9.7, 5.6 Hz) to the proton with a
chemical shift of 6 5.31. This chemical shift is clearly consistent
with that expected for a vinyl proton attached to an uncom-
plexed double bond as in structure XI and not with that ex-
pected for a proton attached to the external carbon of a bound
diene as in X. The chemical shift for H(3) in X would be ex-
pected to appear at higher fields in the range of § 3.0 to
3.5.13

The !3C chemical shifts for complex XI are summarized in
Table II and are consistent with the assigned structure. At 25
°C the iron carbonyl resonance is somewhat broadened (ca.
15 Hz at half-height) due to incomplete averaging of the three
distinct carbonyls in the static structure. As the temperature
is lowered this carbonyl resonance rapidly broadens, and at
—46 °C three distinct resonances are observed at 212.9, 207.1,
and 204.3 ppm. This behavior is consistent with the general
fluxional nature of dieneiron tricarbonyl complexes studied
in.detail previously by Takats'4 although in the present case,
the barrier to scrambling appears to be somewhat higher than
those observed for simple dieneiron tricarbonyl com-
plexes.!3

Bicyclo[4.2.0]octa-2,4-dien-7-oneiron Tricarbonyl, As earlier
noted we have shown that reaction of BDA-Fe(CO); with
cyclooctatriene derivatives leads exclusively to trapping of the
bicyclic diene tautomer as the iron tricarbonyl complex.’
Huisgen has reported that 1,3,5-cyclooctatrienone XII is in
equilibrium with bicyclo{4.2.0]octa-2,4-dien-7-one XIII, and
from tentative '"H NMR measurements the bicyclic tautomer
was estimated to be present to the extent of ca. 5% at 25 °C3d
(however, see below for a revised estimate). Reaction of this
equilibrating pair of tautomers with either BDA-Fe(CO); or
3-penten-2-oneiron tricarbonyl in benzene at 45 °C leads ex-
clusively to the bicyclic diene complex IX in ca. 55% yield. Use
of the 3-penten-2-oneiron tricarbonyl proved more convenient

Compd 13C shifts and assignments®?

I 24.4% (C4,Cg), 37.4¢ (C),C¢), 70.1¢ (C5,Cs), 85.9¢
(C3,C4), 212.1 (CO%)

IX 58.0(C)),64.8 (Caor Cs), 68.0 (C;or Cs),86.8 (C3or
C.), 85.0 (C3 or Cy), 30.1 (Cg), 48.0 (Cg), 204.7 (C7),
210.9 (CO%)

X1 42.4(Cg), 53.5 (C or Cs), 60.1 (C; or Cs), 90.9 (C3 or
C4), 92.1 (C3 or C4), 120.9 (Cé or C7), 135.5 (C6 or
Cy), 210.7 (25°, Cy), 213.5 (—46°, C}), 208.24 (25°,
CO’s), 204.3,207.1, 212.9 (—46°, CO’s)

@ Shifts in ppm downfield from Me,Si. All samples measured in
CDCl;. ? Triplet in off-resonance spectrum. ¢ Doublet in off-reso-
nance spectrum. 4 Line width at half-height ca. 15 Hz.

in that after exchange the volatile pentenone could easily be
removed from product complex IX. Use of BDA-Fe(CO);
necessitates careful chromatographic separation of free ben-
zylideneacetone from IX. The free trienone X1I is somewhat
unstable, and the moderate yield seems primarily due to deg-
radation of XII under the reaction conditions. The 'H NMR
spectrum of IX is illustrated in Figure 2, and NMR parameters
are summarized in Table I. Chemical shifts and coupling
constants were assigned on the basis of decoupling experiments
on IX and NMR analysis of the deuterated derivative
6,8,8’-trideuteriobicyclo[4.2.0]octa-2,4-dien-7-oneiron tri-
carbonyl, IX-d3. The deuterated complex IX-d5 was synthe-
sized by exchange of cyclooctatrieneone in methanol-d,/
sodium methoxide, followed by reaction of the trideuterated
ligand with 3-penten-2-oneiron tricarbonyl. The 1X-d; com-

0
o

Fe(CO)s
IXd,

plex showed no 'H NMR signals at § 2.11, 2.66, and 3.47.
Clearly the 2.11 and 2.66 resonances can be assigned to the
C(8) methylene protons and the 3.47 band to H(6). Broad
band deuterium decoupling led to a first-order spectrum,
analysis of which revealed J,,=4.6,J,3=1.0,J,5=0.3,J23
= 6.5, J2'4 = 1.6, J3_5 = 1.6, J3'4 = 4.3, and J4y5 = 6.4 Hz.
Proton decoupling experiments established that Jg, gp = 17,
J18a=2.5,and J, g, = 8.25 Hz. The basis for assignment of
protons 8a and 8b is the predicted larger coupling of H(1) with
the cis proton at C(8)(H(8b)), where the dihedral angle be-
tween H(8b) and H(1) is ca. 0 °C.

The !3C NMR data for IX is summarized in Table I and
supports the assigned structure. Several shift assignments can
be made by comparison of the carbon shifts with those of bi-
cyclof4.2.0]octadieneiron tricarbonyl (1) also reported in Table
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I1. Comparing cyclobutane with cyclobutanone,!® substitution
of the keto function shifts the a-carbons resonances downfield
by 23 ppm and the B-carbon resonance upfield by 14 ppm.
Using these shift increments in comparing I with IX, the fol-
lowing assignments can be made: C(1) (58.0 ppm), C(6) (30.1
ppm), and C(8) (48.0 ppm). Further proof of structure comes
from the infrared spectrum which shows the typical iron tri-
carbonyl bands at 1980 and 2055 cm™! and a band at 1782
cm™! characteristic of the carbonyl stretching frequency of
cyclobutanones.!’

Reactions of Bicyclo[4.2.0]octa-2,4-dien-7-oneiron Tri-
carbonyl. Although bicyclo[4.2.0]octa-2,4-dien-7-one has been
detected by infrared as a minor component in equilibrium with
its valence tautomer, 1,3,5-cyclooctatrienone, isolation of a
pure sample of XIII has not yet been reported. This can be
accomplished by low-temperature oxidative cleavage of 1X.
Treatment of 1X with ceric ammonium nitrate adsorbed an

Fe(CO),
X
Ko = 0007, 25 °C
ko, = 57 X 10~¢ sec™}, 0 °C
AG™ = 200 kecal/mol

alumina in ether at —30 °C followed by low-temperature
workup led to isolation of a pure sample of bicyclo[4.2.0]-
octa-2,4-dien-7-one. This ketone showed 'H NMR signals
(CDCl3) at 6 6.05 (1 H, vinyl), 5.91 (2 H vinyl), 5.56 (1 H,
vinyl), 4.23 (H(6)), 3.00-3.81 (H(1), H(8a), H(8b)). Upon
warming to 0 °C, X1II undergoes a clean first-order isomer-
ization to the trieneone XI11I. The rate of isomerization of X111
to XII can be followed at 0 °C by integration of the § 4.23 band
of XIII relative to the 6 6-7 band of XII. From this data we
obtain k_, = 5.7 X 1074 s~ ! which corresponds to a AG_,*
= 20.0 kcal/mole. Huisgen> has measured k; from tetracy-
anoethylene trapping of XIIT at 44 °C (k; = 4.9 X 107457 1),
50 °C (9.8 X 10~*s~1),and 56.7 °C (19.9 X 10~4s~!). Ex-
trapolation of these data to 0 °C yields a value of £, = 2.0 X
10~¢ s~! and thus an estimated kq (k;/k-,) of ca. 0.0035
which corresponds to AG = 3.1 kcal/mol. Assuming that AG
= 3.1 kcal/mol at 25 °C, then k.q = 0.0052 at 25 °C. This
value of k. is substantially lower than the value of 0.05 pre-
viously estimated by Huisgen from provisional 'H NMR
data.®d We have reexamined the equilibrium mixture of tau-
tomers at 25 °C using 'H FT-NMR measurements and find
that the relative intensities of the 6 2.98 signal of XII and 6 4.23
signal of X111 are ca. 135:1, indicating a K.q at 25 °C of ca.
0.007, AG = 2.9 kcal/mol. These values are in accord with
those estimated from the measured values of k; and £_,, and
we feel that since the two methods are in close agreement, the
revised estimate of K.q of ca. 0.007 at 25 °C represents a
substantially more accurate determination than previously
reported.

Ring Cleavage of Complex IX and Its Derivatives. Cyclo-
butanones containing anion-stabilizing groups at the « position
have been shown to undergo base-catalyzed ring cleavage re-
actions via the mechanism shown in Scheme .18

Scheme I

Trost has recently reported a wide variety of substituted
cyclobutanones that undergo such cleavage reactions.!88 In-
terestingly, bicyclic ketone complex IX also undergoes ring
cleavage under similar conditions. When complex IX is stirred
in sodium methoxide-methanol for 4 h at 25 °C, it is cleanly
converted to the monocyclic ester XIV. Use of sodium meth-
oxide-methanol-d, results in production of the trideuterio
derivative XIV-d; in which deuterium has been incorporated
at the C(7) methylene position and stereospecifically exo at
the C(6) position as shown in Scheme II. Exchange of the

Scheme II
0

! H

—_— "Hen
Na*t —OMe 3 o

/ 4 ° 7 OMe

Fe(CO); Fe(CO),

X1V

Na+ ~OMe | MeOD
Na+ 'OMel MeOD

0

OMe

Fe(COLD D
X1V,

Fe(CO D D
X1V-d;

monocyclic ester complex XIV in methanol-d, gave the di-
deuterio ester, XIV-d,. The '"H NMR spectral data for XIV,
X1V-d,, and XIV-d; are summarized in Table II1, Chemical
shifts and coupling constants were assigned on the basis of
specific proton decoupling experiments on XIV at 270 MHz
and broad band deuterium decoupled 100-MHz spectra of
X1V-d, and XIV-d.

The 'H NMR data clearly show the anion formed in the
base-catalyzed reaction is quenched stereospecifically exo to
the iron moiety. In the trideuterio XIV-d; generated in
methanol-d,, the AB pattern at 6 2.19 assigned to the di-
astereotopic C(7) methylene protons and the doublet of triplets
at 6 1.25 assigned to H(6X) are absent. The assignment of the
exo proton at C(6) (H(6X)) to the resonance at 6 1.25 is based
on two features of the coupling patterns. It should be noted that
crystal structures of substituted and unsubstituted cyclohex-
adieneiron(0) complexes indicate a ridged cyclohexadiene
geometry with an eclipsed conformation about the C(5)-C(6)
bond.!® On this basis the dihedral angle between H(6N) and
H(5N) is expected to be ca. 0° while the H(5N)-H(6X) di-
hedral angle would be about 120°. Applying the Karplus
relation?® Jsn 6~ is expected to be considerably larger than
Js~nex and is thus consistent with the assignments made
(Jsnen = 10.6 Hz, Jsn6x = 3.4 Hz). Further support for these
assignments comes from the fact that the two protons assigned
as endo protons show very similar vicinal couplings to the ad-
jacent vinyl protons (Jen,) = 3.5 Hz, Jsn4 = 3.9 Hz) while the
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Table III. '"H NMR Chemical Shift Assignments?® and Coupling Constants for Compounds XIV and XVI
Chemical shifts
Compd H, H, H; Hs; Hsn  Hen  Heyx H7 7 Other Coupling constant?
X1V 3.03 526 537 3.09 2.49 2.09 1.25 2.19 3.67(OCH:) Jigx=15%2,J16n=39
Jl,2 = 65, J1_3 =20
XIv-d, 303 526 537 3.09 2.49 2.09 1.25 c 3.67 (OCHj3) Jy3=4.1,J24=14
XIv-dy 3.03 526 537 3.09 2.49 2.09 ¢ ¢ 3.67 (OCH3) J34=6.5J4sn=13.5
J5N7—66 J5N7 =38.1
JsneN = 10.6, Jsnex = 3.4
JGNGX- 1S. ] J77 =148
XVI1 302 525 529 306 250 2.07 1.03 2.25 1.96 (CH3) Ji3=22,J12=6.2
XVI-dg 3.02 525 529 3.06 2.50 2.07 ¢ ¢ ¢ Jigx =1.8,J16n =40

J23=139,J24=1.6

J3_1 = 6.6, J4_5N =32

Jsneon = 1, Jsnex = 3.5+£0.5
Jeneox =15

a Chemical shifts in é relative to internal CHCl3 (6 7.27).  Coup

exo proton exhibits a somewhat different vicinal coupling -

(J6X'l =1.5 HZ).

Trost has reported that cyclobutanols with anion-stabilizing
groups also undergo base-catalyzed ring cleavage to yield
carbonyl derivatives according to the general scheme illus-
trated below.!68 Treatment of cyclobutanone complex IX with

X OH X o

e = o

!

X
M
- X
+ X KR “BH R

methyllithium yields a single diastereomeric tertiary alcohol
XV whose stereochemistry is unassigned. Treatment of alcohol
XV with sodium methoxide-methanol for 12 h at 65 °C results
in clean conversion to (5-(2-oxopropyl)cyclohexadiene)iron
tricarbonyl (XVI). Use of methanol-d, leads to the d¢ ketone
XVI-dg. As for the cleavage of XV, the anionic intermediate

&

Fe(CO);
CH,0"/CH,OH /
HO

R

0O
CH,C—CH,

XVI

0

/@.__( CH.Li

—
Fe(CO),

CH;

Fe(CO),
XV
cmon\(cmo— D

& 1 0

/ CDQC_CDQ

Fe(CO)s
XVlId,

is stereospecifically quenched and when carried out in meth-
anol-d, leads to exclusive incorporation of deuterium in the
6 exo position. The proton chemical shift assignments are based
on the very close analogy of XVI with XIV and are summa-
rized in Table ITI. Aside from NMR analysis, the structure of
XVI was further verified by comparison with an authentic

ling constants in hertz. ¢ Resonances absent.

sample of XVI prepared by an independent route.?! Reduction
of cyclobutanone complex IX with sodium borohydride gives
a secondary alcohol of undetermined stereochemistry which
undergoes cyclobutanol ring cleavage upon treatment with
sodium methoxide. The '"H NMR shows that the expected
aldehyde is the major product, as evidenced by the charac-
teristic aldehydic proton at 6 9.65, but due tg the lability of this
complex under the basic conditions employed, other products
are formed (most likely condensation products) from which
the aldehyde was not separated.

The exact structure of the anionic intermediate in the
base-induced cleavage reaction of the bicyclic ketone complex
(IX) is of considerable interest. Relatively little is known re-
garding anionic polyolefinic iron complexes. Maltz2? has re-
ported that the cycloheptatrienyliron tricarbonyl anion is
readily formed from deprotonation of cycloheptatrieneiron
tricarbonyl in marked contrast to free cycloheptatriene.
However, since the cycloheptatrienyliron tricarbonyl anion is
a fluxional molecule and the static structure has not yet been
observed by NMR, it is not clear whether the best description
of this species is one in which iron is bound to a diene unit
leaving a free allylic anion or one in which iron is bound to an
allylic anion leaving a free diene moiety.

Some additional information as to the structure of the in-
termediate anion generated here was derived from the fol-
lowing experiment. The 6,8,8'-trideuteriobicyclo[4.2.0]octa-
2,4-dien-7-oneiron tricarbonyl complex IX-d; was treated with
methanol-d,~sodium methoxide, and the resulting ester was
analyzed by 'H NMR to locate the endo deuterium. It was

D
CHQO‘
" oD Y, CD;COCH;
Fe(CO)a 5 o FelCO)
@: s
1
; CD,CO,CH, ) _m”D
Fe(COY, N CD,CO,CH;
Xvll Fe(CO);
(CO)sFe XIV-d,
CD,C0,CH,
H
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found that the product contained deuterium exclusively at the
endo-C(6) position with no incorporation at C(4) as shown
below. This experiment indicates that protonation occurs ex-
clusively at C(6) and, during the lifetime of the anion, C(4)
and C(6) do not equilibrate via iron migration. Furthermore,
it seems unlikely that the anionic species isomerizes to the
w-allyl anion complex X VII, since protonation of this species
would be expected to occur at C(4) and result in incorporation
of deuterium at the endo position of C(4).

Experimental Section

General. All 'H and '3C NMR spectra were recorded on a Varian
XL100 FT-NMR except the 'H NMR spectra of cyclooctatrien-
oneiron tricarbonyl which were recorded on a Varian HA-100 NMR
spectrometer and the 'H NMR of (5-(carbomethoxymethyl)cyclo-
hexadiene)iron tricarbonyl which were recorded on a Bruker WH-270
NMR spectrometer. All NMR samples of iron complexes were pre-
pared under nitrogen using degassed solvents. Infrared spectra were
recorded on a Perkin-Elmer 421 infrared spectrometer.

2,4,6-Cyclooctatrienone (XIII). Cyclooctatrienone was prepared
by the procedure reported by Cope and Tiffiny!® except that butyl-
lithium instead of phenyllithium was used to generate lithium diethyl
amide. A viscous yellow liquid was obtained which exhibited an 'H
NMR spectrum identical with that reported earlier by Roberts.20 13C
NMR (CDClj, in ppm downfield from Me,Si): 43.65 (C(1)), 126.41,
129.61, 130.04, 133.41, 137.01, 138.01, 191.9 (C==0).

2,7,7'-Trideuteriocyclooctatrienone. Cycloctatrienone (0.2 g, 1.6
mmol) was treated with 5 ml of 2 M sodium methoxide in methanol-d,
for 3 h, followed by addition of ether and quenching with deuterium
oxide. The ether layer was dryed (K>CO3) and concentrated, and the
residue was distilled to give 0.130 g (65%) of the deuterated ke-
tone.

Cyclooctatrienone (XII)-Bicyclo[4.2.0]octa-2,4-dienone (XIII)
Equilibrium. A 0.03 M solution of chromium acetylacetonate in neat
cyclooctatrienone was examined by '"H-FT NMR (100 transients).
Integration of the 6 2.98 signal of XII and the 6 4.23 signal of X111
gave a ratio of X11/XIII of 135:1, indicating a K¢ of ca. 0.007. The
Cr(acac); was added to reduce all proton T)’s to equivalent values and
thereby insure accurate integration, Examination of this mixture by
infrared revealed carbonyl bands at 1660 and 1780 cm~" for X1I and
XIII in a ratio of 25:1.1, respectively. This ratio does not represent
an equilibrium ratio of XII: X111, and it must be concluded that the
extinction coefficient is higher for XIII than for XII.

Cyclooctatrienoneiron Tricarbony! (XI). A solution of cycloocta-
trienone (2.79 g, 23 mmol) and iron pentacarbonyl (4.9 g, 25 mmol)
in benzene was photolyzed for 12 h in a Pyrex well with a Hianovia
450-W lamp. The solution was filtered, concentrated, and chroma-
tographed on basic alumina I11. Elution with benzene afforded two
bands, a wide yellow band which proved to be the title compound,
followed by a narrow orange band which proved to be cyclooctatri-
enonediiron hexacarbonyl. Concentration of the yellow band gave an
oil which was crystallized from ether-pentane to give cyclooctatri-
enoneiron tricarbonyl as an orange solid, 2.14 g (36%) mp 98-100 °C.
This compounds proved to be identical with the compound reported
earlier by King.!!

Benzylideneacetoneiron Tricarbonyl. Benzylideneacetone (4.0 g,
27 mmol) and Fe(CO)s (10 ml, 75 mmol) were photolyzed in a Pyrex
well in benzene (150 ml) for 8 h using a 450-W Hanovia lamp. The
dark-red solution was filtered, concentrated under reduced pressure,
and then heated in benzene for several hours at 60 °C until the 2095
cm~! band in the infrared (benzylideneacetoneiron tetracarbonyl)
disappeared. The solution was refiltered, concentrated, and then
chromatographed on silica gel eluting with 5% ethyl acetate in ben-
zene. The material was collected, concentrated, and rechromato-
graphed to give dark-red crystals, 4.6 g (mp 88-89 °C), identical with
the material reported by Lewis.2' The overall yield was 60%: '"H NMR
(CeDe) 6 2.6 (s,3 H,-CH3), 13.03(d, | H),5.35(d, | H), 6.88 (m,
CeHs).

3-Penten-2-oneiron Tricarbonyl. A solution of 3-penten-2-one (3.0
g, 36 mmol) and iron pentacarbonyl (10.5 g, 53 mmol) in benzene was
photolyzed for 15 hin a Pyrex well with a 450-W Hanovia lamp. The
solution was filtered and concentrated, and the residue was diluted
in hexane and refiltered. Evaporation of the hexanes yielded the 3-

penten-2-oneiron tricarbonyl as a reddish brown oil (3.66 g, 45%): 'H
NMR (CDCl3) 6 1.62 (d,3H),2.30 (m, | H),2.57 (s, 3 H), 5.51 (d,
1 H); 13C NMR (CDCls, in ppm downfield from Me4Si) 17.6 (C) or
Cs), 20.6 (C, or Cs), 57.0 (C3), 84.5 (Cy), 142.0 (C=0), 208.5
(C=0).

Bicyclo[4.2.0]octa-2,4-dien-7-oneiron Tricarbonyl (IX). A. Using
Benzylideneacetoneiron Tricarbonyl. Cyclooctatrienone (0.624 g, 5.2
mmol) and benzylideneacetoneiron tricarbonyl (1.5 g, 5.2 mmol) were
heated at 60 °C in degassed benzene for 50 h. The solution was fil-
tered, concentrated in vacuo, and the yellow-orange oil dissolved in
pentane. The free benzylideneacetone was crystallized from the
pentane solution at 0 °C, and the residue was chromatographed on
silica gel. Elution with benzene afforded a trailing yellow band which
proved to be the desired bicyclo[4.2.0]octa-2,4-dien-7-oneiron tri-
carbonyl complex (IX). Recrystallization from ether-pentane af-
forded 0.743 g (55% of the complex as pale-yellow crystals: mp 67-68
°C: ir (C¢Hs) 1980, 2055, and 1782 cm™!. For 'H NMR and !3C
NMR, see Tables I and I1.

Anal, (C| ]HSFCO4) C, H.

B. Using 3-Penten-2-oneiron Tricarbonyl. The above procedure was
repeated using 3-penten-2-oneiron tricarbonyl (1.0 g, 4 mmol) as the
transfer reagent with cyclooctatrienone (0.42 g, 3.5 mmol). After the
reaction was complete, the free penten-2-one was removed in vacuo
(0.2 mmHg), and the remaining bicyclic ketone complex was crys-
tallized from pentane-ether to give 0.545 g (60%) of the pale-yellow
solid.

6,8,8'-Trideuterio Bicyclo[4.2.0]octa-2,4-diene-7-one (IX-d3). The
above procedure was repeated using 2,7,7'-trideuteriocycloocta-
2,4,6-trienone (50 mg) and an excess of the 3-penten-2-oneiron tri-
carbonyl. Workup as above yielded 30 mg of the trideuterated ketone
complex.

Bicyclo[4.2.0]octa-2,4-dien-7-oliren Tricarbonyl (XV). Sodium
borohydride (0.60 g, 16 mmol) was added in small portions to a so-
lution of bicyclo[4.2.0]octa-2,4-dien-7-oneiron tricarbonyl (1.0 g, 3.8
mmol) in methanol, followed by stirring for | h. Water (100 ml) was
added, and the solution was extracted with ether. The ether layer was
dried (K>COs3) and concentrated. Recrystallization of the residue
(ether-pentane) afforded 0.71 g (719%) of the light-yellow crystalline
alcohol: mp 112-116 °C; ir (C4He) 1970, 1980, 2050 cm™!; '"H NMR
(CDCl3) 6 1.03 (m, 1 H), 1.56 (bs, 1 H), 2.30 (m, 2 H), 3.01 (m, 1 H),
317 (t,1 H),3.49 (t, 1 H), 3.95(bs, | H), 5.44 (t, 1 H), 5.62 (¢, |
H).

Anal. (Cy1H,¢FeOy) C, H, Fe.

7-Methylbicyclo[4.2.0]octa-2,4-dien-7-oliron Tricarbonyl (XVI).
To an ether solution (30 ml) of bicyclo[4.2.0]octa-2,4-diene-7-oneiron
tricarbonyl (0.53 g, 2 mmol) at =77 °C was added 17 ml (3 mmol)
of a 2.1 M solution of methyllithium, followed by stirring for | h. The
reaction mixture was allowed to warm to room temperature and the
excess methyllithium quenched with water. The ether layer was dried
(K2COs), concentrated, and recrystallized (ether-pentane) to give
0.5 g (93%) of the light-yellow crystalline alcohol; mp 68 ¢C with
decomposition; ir (C¢He) 2050, 1970 cm™!; '"H NMR (CDCl3) 6 1.05
(m, 1 H), 1.15(s, 3 H), 1.57 (bs, 1 H), 1.98 (qd, | H), 2.09 (m, | H),
2.47 (m, 1 H), 3.10 (t, 1 H), 3.37 (t, 1 H), 5.34 (t, 1 H), 5.59 (t, |
H).

Anal. (C;3H,,FeQ,) C, H, Fe.

Reaction of 7-Methyl-7-hydroxybicyclo[4.2.0]octa-2,4-dieneiron
Tricarbonyl (XVI) with Sodium Methoxide-Methanel. The alcohol
(0.15 g, 0.4 mmol) was stirred with sodium methoxide (0.054 g, |
mmol) in refluxing methanol for 12 h. The solution was cooled and
ether added, followed by extraction with saturated ammonium chlo-
ride and water. The ether layer was dried and concentrated to give
0.104 g (94%) of (5-(2-oxopropyl)cyclohexa-2,4-diene)iron tricar-
bonyl as a pale-yellow oil: ir (CsHg) 2050, 1970, and 1720 cm™!. The
"H NMR (see Table I11) of the compound was identical with that of
the same compound prepared by the method of Birch.2!

Reaction of IX with Sodium Methoxide-Methanol. Bicyclic ketone
complex 1X (0.20 g, 0.8 mmol) was stirred in 0.02 M sodium meth-
oxide in methanol (10 ml), for 6 h at 25 °C. After addition of ether
(50 ml), the solution was treated with saturated ammonium chloride,
followed by extraction with water. After drying (K2CQ3), the ether
solution was concentrated and recrystallized (pentane) to give 0.15
g (70%) of the (5-(carbomethoxymethyl)cyclohexa-2,4-diene)iron
tricarbonyl ester (XIV) as pale-yellow crystals: mp 42 °C; ir (C¢Cs)
1970-80, 2050, 1740.

Anal. (C3H;FeOs) C, H, Fe.
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XIV-ds. By repeating the above procedure using methanol-d, (10
ml), 0.14 g (65%) of the ester-d3 complex (XIV-d3) was isolated.

XIV-d,. The ester complex XIV (30 mg) wasstirred in S ml of 0.02
M sodium methoxide in methanol-d,. Workup as above gave 20 mg
of the dideuterated complex (X1V-d>).

Bicyclo[4.2.0]octa-2,4-diene-7-one. Complex 1X (0.150 g, 0.58
mmol) was stirred over cerric ammonium nitrate (3.5 g, 6.4 mmol)
adsorbed on alumina (10 g) in a solution of ether-pentane at =30 °C
for 3 h. The mixture was filtered, and solvent was removed in vacuo
at =30 °C. The remaining organic residue was flash distilled at =25
°C (10~* mm) to give 20 mg (29%) of the title compound as a clear
oil: 'HNMR (CDCl;, =30 °C) 6 3.00-3.81 (m, H, Hg,, Hgp), 4.23
(m, Hg), 5.56 (m, I H, vinyl), 591 (m, 2 H, vinyl), 6.05 (I H,
vinyl).
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