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CYCLOPENTADIENYL-AROMATIC SANDWICH
COMPLEXES OF MANGANESE AND IRON

Sir:

The isolation of ferrocenel? initiated extensive
research effort on the chemistry of cyclopenta-
dienyl-metal complexes. More recently, a second
series of remarkable complexes has been reported
in which aromatic molecules, such as benzene, are
codrdinated with transition metals via the w-elec-
trons of the ring. This chemistry came to light
with the elucidation of the structure of Hein’s®
enigmatic polyphenylchromium compounds by
Zeiss,* and the elegant synthesis and characteriza-
tion of dibenzene chromium by Fischer.5

We now wish to report the first synthesis of sand-
wich complexes of transition metals in which both
a cyclopentadiene and an aromatic ring are co-
ordinated to the central metal atom. We also
wish to report the first synthesis of an aromatic
complex of a Group VIIB metal, specifically,
manganese.

Methyleyclopentadienyl manganese benzene has
been prepared by allowing phenylmagnesium bro-
mide to react with methylcyclopentadienyl man-
ganese chloride or bis-methylcyclopentadienyl man-
ganese in tetrahydrofuran and under an inert
atmosphere. The latter compounds were obtained
by allowing one or two equivalents, respectively,
of sodium methylcyclopentadienide to react with
manganous chloride. Following hydrolysis and
evaporation of the Grignard reaction mixture, the
product was isolated as ruby-red crystals, m.p.
116-118°, from the residues which were chromato-
graphed and sublimed several times. (Anal.
caled. for C;HzMn: C, 67.9; H, 6.2; Mn, 25.9.
Found: C, 67.9; H, 6.2; Mn, 25.9.) The pure
crystalline material was relatively stable to air
and showed no signs of thermal decomposition up
to the melting point. However, thermal degrada-
tion at higher temperatures gave benzene and
methyleyclopentadiene in good yield.

Treatment of cyclopentadienyl iron dicarbonyl
chloride, prepared by the method of Piper,® with
aluminum chloride in refluxing mesitylene resulted
in the smooth evolution of two equivalents of car-
bon monoxide. Hydrolysis, followed by satura-
tion of the water layer with potassium iodide gave
ionic cyclopentadienyl iron mesitylene iodide as
stable ivory needles 1n 409, yield (4nal. caled. for
CuHplFe: C, 45.7; H, 4.7; I, 34.5; Fe, 15.2.
Found: C, 453; H. 4.84; I, 34.6; Fe, 14.0).
The infrared spectrum supports the assigned struc-
ture.

The mesitylene manganese tricarbonyl cation
resulted from the reaction of bromomanganese
pentacarbonyl” with refluxing mesitylene in the
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presence of aluminum chloride. After hydrolysis,
the cation was isolated as the iodide from the water
layer in 909, yield as cream-colored crystals
(Anal. caled. for CpHp0IMn: C, 37.3; H, 3.1;
I, 32.9: Mn, 14.2. Found: C, 37.1; H, 3.0; I,
33.3; Mn, 14.3.) The infrared spectrum showed
carbon-hydrogen stretching bands at 3.35, 4.05
and 4.10 p and bands at 4.80 and 5.00 ¢ in the
metallo-carbonyl region. The toluene and benzene
analogs also were prepared.

All of the products described above are diamag-
netic® and thus exhibit the inert gas configuration.
A complete discussion of the above work will be
the subject of a forthcoming publication.

(8) We are indebted to Dr. Stanley Kirschner of Wayne State Uni-
versity for carrying out these measurements.
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Cs-Cy CLEAVAGE OF A 4-HYDROXY ACID BY
ELECTROLYTIC OXIDATION!
Str:

We recently reported the conversion of salts of
I and II to tetracyclic triterpenes of the onocerane
series by electrolytic oxidation.? The present
communication concerns a novel elimination proc-
ess which occurs concurrently with the previously
described coupling during the electrolysis of I and
leads to thie unsaturated ketone IV (CisHosO).
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The ketone (b.p. 95-96° (0.4 mm), »n*'p 1.4857,
[a]®p —10.4° (CHCL); found: C, 80.88; H,
10.80) was obtained in 34-3879 yield from I and
usually was contaminated with a small amount (ca.
39%,) of a closely similar ketonic impurity (probably
isomeric) as determined by vapor chromatography.
The presence of a ketone function was sliown by
conversion to a semicarbazone (m.p. 175.5—
178.5°; found: C, 68.71; H, 10.33) and unsatura-
tion was demonstrated by the formation of a di-
hydroketone (semicarbazone, m.p. 136.5-158.5°%;
found: C, 68.56; H, 10.91) by hydrogenation with
palladium-charcoal in methanol. The infrared
spectrum of the unsaturated ketone (in CCl)
lacked hydroxyl absorption and manifested bands
at 1722 cm.~! (C==0), 1637 cm.™! (C=C), 1008
and 917 cm.—! (-=CH==CH,), the last three bands
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being absent in the spectrum of the dihydro deriv-
ative. The proton magnetic resonance spectrum
(in CDCl; and relative to external CH,Cl; as refer-
ence)? indicated the presence of three olefinic hy-
drogens (— 20 to +30 cycles), one methyl attached
to carbonyl (4131 cycles; ¢f. acetone in CDCJ; at
4133 cycles) and three other methyl groups (+174
and +179 cycles). In accord with physical evi-
dence for the structural feature R-CO-CHj, re-
action of the unsaturated ketone with sodium hypo-
bromite afforded a nor acid (liquid) which was
characterized as the crystalline benzyl isothiouron-
tum salt, m.p. 143-145°; found: C, 67.46; H,
8.80. These facts are uniquely accommodated by
formula IV for the cleavage product.

Electrolytic oxidation of the acetate of I (III)
affords the onocerane coupling product in good
yield, but none of the ketone IV, consistent with
the view that formation of IV requires hydrogen
atom discharge from V.

Electrolytic oxidation of the Cq epimer of I (II)
also produces the cleavage product IV, but in ad-
dition considerable amounts of two similar ketonic
substances (determined by vapor chromatography),
possibly formed from V by migration of hydrogen
and methyl and subsequent elimination.

We are currently investigating the scope of this
reaction.

(3) The spectrum was obtained at 40 mc, with a Varian Model V-
4300B high-resolution spectrometer fitted with a field-sensing stabilizer.
A concentric tube cell was used.

DEPARTMENT OF CHEMISTRY AND
CHEMICAL ENGINEERING
UNIVERSITY OF ILLINOIS
URBANA, ILLINOIS

E. J. CoreY
RONALD R. SAUERS
SHERLOCK SWANN, JR.

RECEIVED SEPTEMBER 3, 1957

THE BEHAVIOR OF [Fe(bipy)] *? TYPE
COMPOUNDS IN STRONG HCIO,

Sir:

It has been pointed out!%? that the mechanisms
proposed for the acid hydrolysis* of [Fe(bipy)s]*?
do mnot completely describe the experimental
kinetic behavior. As a portion of a study to evalu-
ate the effects of changes in the chelating agent on
the rate of acid dissociation of iron(II)-methine
type compounds, we have obtained evidence for
the existence of protonated species in concentrated
acid solutions of [Fe(PPI);|+? (I), [Fe(bipy);]*?
(II), and [Fe(phen)s]*? (III). The formation of
these species is accompanied by changes in spectra
and magnetic susceptibility and is reversible upon
dilution. The ability to form relatively stable
protonated species may clarify the mechanism of
the acid dissociation.

The visible spectrum of (I) perchlorate in water
shows the maximum at 563 mu, ¢ = 8,790. Itis
diamagnetic both in solution (Xnm = 530 X 10~%)
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(slightly positive due to dissociation) and in the
solid state (Xn = —21.5 X 107%). (I) perchlorate
dissolved in 8-12 M HCIO,; slowly changes to
(émax at 540 mp = 40.5), with an effective moment
of 5.0 B.M. Dilution with 1 M acid results in the
rapid regeneration of (I) in yields as high as 95%.
Since the ligand hydrolyzes in strong acid, Fe(II)
does not react rapidly with the ligand when H+ >
0.2 M, and the original complex can be regenerated,
it is improbable that compound B is [Fe(PPI),]+?
or [Fe(PPI)]*2 Neither can a change in oxida-
tion state be considered, for the reaction will take
place in the presence of As(OH);~ and Sn*2. We
interpret these observations on the basis of the for-
mation of a protonated species in which the ligands
are bound by 4s4p®4d? hybridization.

The action of concentrated HCIO; on (II) re-
sults in a slow reaction. Initial (emax at 522 mu =
8,700; uer = 0), final (emax at 620 mu = 15; ues
= 5.2). Although considerable dissociation to
Fe(II) takes place, the solution will partially revert
to (II) on dilution with 1 M acid. In the light of
the evidence for the existence of protonated species
in the 2,2’,2"-terpyridine-iron(II) system® and
since rapid disproportionation of [Fe(bipy)]*? to
Fe(II) and (II) is highly unlikely in 1 M acid, it
appears that these complexes associate with strong
acids.

(III) chloride on addition to strong acid changes
from red (emax at 510 mup = 11,500) to blue (emax
at 605 mu = 175). A change in peg from 0 to 4.9
accompanies the color change. Regeneration by
dilution with 1 3 acid results in 459 of the original
(ITII). Treatment of d-[Fe(phen);]*? with concd.
H.SOq does not result in complete racemization for
after regeneration a portion of the optical activity
remains.

In the Fe(III)-methine systems, definite absorp-
tion shifts are observed but no changes in mag-
netic susceptibility occur. Lowering the acid con-
centration regenerates the starting material. The
stability toward dissociation of the +2 and +3
complexes is enhanced in concentrated acids.

In both the +2 and —+3 states, concentrated
solutions of NaClQ4 do not cause these changes,
whereas association with HT or acids also takes
place in H;SO4 and to a lesser extent in HCIO~
HAc and coned. HCI-CH;3;0H mixtures. The spec-
tra of the protonated species in HCIO, and H,SO,
are identical in the visible region.

Strong association of the highly charged pro-
tonated complex with negative ions is indicated
from kinetic measurements. Isolation has not
been accomplished. Thus the constitution is not
known but the kinetics of formation of the pro-
tonated complexes indicate that at least two H*
are added and the major changes in spectra and
magnetic moment take place in the final step.

The knowledge that the complexes have an
affinity for concentrated acids supports the theory
of the existence of lower protonated species in dilute
acid and allows a quantitative explanation of the
H+* dependence of their dissociation without the
introduction of “half-bonded’” structures.®
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