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Tlhie reaction of acetylene with manganese carbonyl has been showu to give [1,2-(propenylene)-cyclopentadienyl]-manga-

nese tricarbonyl, (r-dihydropentalenylmanganese tricarbonyl). :
The reaction of cyclodctatetraene with nianganese carbonyl gives a tetrahydro-

pound conclusively proves its structure.
pentalenvlinanganese tricarbonyl complex.

The reactions of acetylenes with metallocar-
bonyls to form w-bonded complexes have been the
subject of a number of papers. Reppe! was the
first to describe these reactions, but he did not elu-
cidate the structures of the products. Complexes
have been described in which the acetylene be-
comes part of a cyclopentadienone ring,%® a duro-
quinone moiety,* or one in which the acetylene is
complexed without the formation of any new car-
bon-carbon bonds.54

A recent paper describes a number of compounds
formed by the reaction of substituted acetylenes
with iron, cobalt, manganese and tungsten car-
bonyls.® These are described as being of the vari-
ous types mentioned above and, in addition, cyclo-
butadiene and aromatic moieties are postulated.

We now wish to report the first case of formation
of a w-bonded cyclopentadienyl organometallic by
treatment of a metallocarbonyl compound with
acetylene.

Treatment of a THF solution of manganese car-
bonyl with acetylene in an autoclave gave a vola-
tile yellow oil which was subsequently shown to be
[1,2 - (propenylene) - cyclopentadienyl] - manganese
tricarbonyl (I). A smaller yield of I was obtained
by treating methylmanganese pentacarbonyl with
acetylene under similar conditions.

Analysis indicated formula CyH,MnQO;for Tand a
molecular weight determination showed it to be mon-
omeric. Itwasfound to be diamagnetic® and the nu-
clear magnetic resonance spectrum showed three
types of protons, the shifts being at 191, 277 and
382 c.p.s. from the tetramethylsilane reference.
with the relative areas being 2:3:2. The 277 peak
is in the region where hydrogens on a cyclopenta-
diene ring complexed to a manganese tricarbonyl
moiety absorb.®!® Permanganate oxidation of I
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An independent syuthesis of a derivative of this com-

gave a diacid (II) and hydrogenation over Raney
nickel gave a C;HyMnO; compound (I11).

On the basis of the above results the structures of
I, IT and III were postulated to be those shown be-
low.!* Isolation and identification of the organic
portion of the complex by removing it from the
manganese tricarbonyl moiety was considered.
A method regarded as ideal for doing this was the use
of a lithium-triethylamine system which gave ex-
cellent results with ferrocene.!” However, when
this method was applied to cyclopentadienylman-
ganese tricarbonyl only decomposition resulted.
Thus, it could not be applied to 1. Therefore final
structure proof of I and III demanded an independ-
ent synthesis. Since a hydrocarbon having the
necessary ring system is not available, it was de-
cided to build up the second ring on a cyclopenta-
diene ring already complexed to a manganese tri-
carbonyl moiety.

Accordingly  [(chloroformyl)-cyclopentadienyl] -
manganese tricarbonyl'® (IV) was reduced to the al-
dehyde V with lithium tri-+-butoxyalumino hy-
dride'* and V was condensed with malonic acid to
give  [(2-carboxyvinyl)-cyclopentadienyl]-manga-
nese tricarbonyl (VI). This was reduced over
Raney nickel to [(2-carboxyethyl)-cyclopentadi-
enyl]-manganese tricarbonyl (VII). The acid was

Mnz(CO),y + HC=CH— C@_—Mn(o@s
I
/Mno, \\Hi

HOOC_\O/-?--—-Mn(CO)s U@----Mn@%

1I III

R T

HOOCCH,

--Mn(CO)3 ——— | 0d----Mn(cO),
it
(6]
IV, R = COClI VIII
V, R = CHO

VI, R = CH=CH-—COOH
\/'II, R = CHzCHzCOOH
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cyclized with polyphosphoric aecid to yield [1,2-
(1-oxo-trimethylene)-cyclopentadienyl] - manganese
tricarbonyl (VIII). This ketone was reduced by a
typical Clemmensen reaction to [1,2-(trimethyl-
ene)-cyclopentadienyl}-manganese tricarbonyl
(III). Compatison of this product with that ob-
tained vég reduction of I, by mixed melting point,
infrared, vapor phase chromatography and X-ray
diffraction showed the matetials to be identical in
every respect.

It is of interest that cyclooctatetraene reacted
with manganese carbonyl to give small yields of
III. Cyclobctatetraene is known to behave as bi-
cyclo[4.2.0]octa-2,4,5-triene in certain reactions,!s
but this is the first report of its forming a bicyclo-
[3.3.0]octane derivative.

Experimental

Reaction of Acetylene and Manganese Carbonyl.—
A solution of 20 g. (0.05 mole) of manganese carbonyl in
600 g. of THF was placed in a 2-liter autoclave and 60 g.
(2.3 moles) of acetylene was introduced. The pressure was
brought up to 800 p.s.i. with nitrogen. The autoclave was
heated to 150° over 2 hours and this temperature maintained
for 5 hours. The autoclave was discharged and the mixture
filtered, leaving a red-brown residue. The solvent was
removed fromn the filtrate in vacno and the residual oil
distilled through an 18-inch spinning band column. A
vellow, somewhat viscous oil (I), b.p. 144° (18 mm.),
weighing 9.9 g. (409, vield) was obtained. The infrared
showed C-H absorption at 3.45 and 3.55 u and strong metal-
locarbonyl absorption at 5.05 and 5.25 4. The compound
was found to be diamagnetic.

Anal. Caled. for C, H;MnQ;: C, 55.5; H, 2.88; Mn,
22.7; mol. wt., 242. Found: C, 55.4; H, 3.2; Mn,
22.2; mol. wt., 231.

Reduction of I to 1,2-(Trimethylene)-cyclopentadienyl-
manganese Tricarbonyl (III).—A 0.242-g. sample of I
dissolved in ethanol was hydrogenated over Raney nickel
at atmospheric pressure. Hydrogenation started with
stirring and proceeded rapidly until 22.3 ml. of hydrogen
had been absorbed. The tlieoretical uptake is 25.0 ml.
The solvent was removed 4z vacuo and the remaining oil
cooled to induce crystallizationn. It then was sublimed to
give yellow rhombs, m.p. 34.5-35.5°.

Anal. Caled. for CyyHMuQO;: C, 54.2; H, 3.7; Mn,
22.5. Found: C, 54.3; H,3.9; Mn,224.

Oxidation of I to II.—To a solution of 8 g. (0.056 niole)
of potassium permanganate dissolved in 2 liters of acetone
was added 2.4 g. (0.01 mole) of I. Reaction started at
once. The mixture was warimned slightly on a steam-bath.
After 30 minutes the purple color had faded considerably
and the mixture was filtered. The residue was slurried
with aqueous potassium hydroxide, filtered, the filtrate
acidified and extracted with ether. Removal of the ether
left an oily solid. Recrystallization from ethyl acetate—
isodctane gave a yellow solid, m.p. 233-235°. The neutra-
lization equivalent was determnined to be 160. The in-
frared spectrum showed two metallocarbonyl bands at 5.0
and 5.2u. A partially resolved doublet at 5.9 and 5.95u
indicated two carboxy! groups were present.

Although the yield was only about 7%, milder conditions
led to incomplete oxidation and mixtures of products.

The neutralization equivalent, infrared and general
behavior indicated the compound to be a cyclopentadiene
ring, with two different types of carboxyl groups as substit-
uents, complexed to a manganese tricarbonyl moiety.
Structure II or its position isomer were the most likely
possibilities for this compound and this also indicated a
bicyclic structure for I.

Reaction of Cyclofctatetraene and Manganese Carbonyl
to Give III.—A solution of 12 g. (0.03 mole) of manganese

(15) J. W. Reppe, ‘‘Acetylene Chemistry,’”” Charles A. Meyer and
Co., Inc., New York, N. Y., 1949, p. 135,
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carbonyl, 26 g. (0.25 mole) of cyclopetatetraene and 750
ml. of THF was placed in an autoclave and pressured to
500 p.s.i. with nitrogen. It was heated to 150° and 790
p:s.i. and these conditions maintained for 7 hours. The
reaction mixture was discharged from the autoclave and the
solvent tetroved in vaéuo. The vistous residue was distilled
to give 10 g. of cyclodctatetraetie and a mixture of yellow
solid and oil. The mixture was chromatographed on
alumina. The first fraction was manganese carbonyl.
The second was an oil whose infrared spectrum was identical
to that of ITI.

Reaction of Methylmanganese Pentacarbonyl and Acety-
lene to Give I.—A solution of 20 g. (0.1 mole) of methyl-
manganese pentacarbonyl and 700 ml. of THF was placed
in an autoclave and saturated with acetylene at 17° and 70
p.s.i. The solution was heated to 150° and this tetnpera-
ture maintained for 7 hours. The reaction mixtire was
filtered, the solvent removed in vacuo and the remaining
oil distilled to give 6.5 g. (27% vield) of a vellow oil.
The infrared spectrum was identical to that of 1 and redue-
tion to III over Raney nickel confirmed its identity

Synthesis of III. [(Formyl)-cyclopentadienyl-manga-
nese Tricarbonyl (V).—A solution of 21.4 g. (0.084 mole)
of LiAIH(OBu-¢); in 49 ml. of DMC (diethylene glycol
dintethyl ether) was added to a stirred solution of 16.5 g.
(0.062 mole) of [(chloroformyl)-cyclopentadienyl]-nianga-
nese tricarbonyl in 215 ml. of DMC at —78° over a 1.5
hour period. After addition was coniplete the reaction
mass was allowed to warm to room temperature. It was
poured on ice and acidified to congo red witli hydrochloric
acid. The mixture was extracted witli ether, the ether
dried and the solvent removed to vield an oil. This was
distilled to give 11.6 g. (819 vield) of V, a low melting
solid.

The [(2-Carboxyvinyl)-cyclopentadienyl -manganese
Tricarbonyl (VI).—A mixture of 11.6 g. (0.05 mole) of V,
5.3 g. (0.05 mole) of malonic acid and 4.66 g. (0.05 mole)
of a-picoline was heated on a steam-bath for 2 hours. Evolu-
tion of 800 ml., out of a theoretical 1100 mil., of gas was
observed. The reaction mixture was poured into water,
this extracted with ether and tlie ether extracts extracted
with carbonate solution. Acidification of the carbonate
extracts gave 8.3 g. (619, vield) of a yellow solid, m.p.
156-157° after recrystallization from chloroform—ben-
zene.

The [(2-Carboxyethyl)-cyclopentadienyl |-manganese
Tricarbonyl (VII).—A solution of 0.5 g. of VI in 20 ml. of
ethanol was liydrogenated over Raney nickel at atmospheric
pressure. After 1 hour the hydrogen uptake ceased, the
mixture was filtered and the solvent removed. Recrystal-
lization of the remaining oil froin chloroform—petroleum
ether gave 0.3 g. (609 vield) of a yellow solid, m.p. 136-
138°.

The [1,2-(1-Oxo-trimethyl)-cyclopentadienyl -manganese
Tricarbonyl (VIII).—To 40 g. of polyphosphoric acid was
added 4.67 g. (0.017 mole) of V'II. The mixture was stirred
and heated at 70-90° for 3 hours. After pouring on ice the
mixture was extracted witll ether. The ether extracts
were extracted with carbonate solution, then dried and the
solvent removed to yield 2.8 g. (659 vield) of the ketone.

The [1,2-(Trimethylene)-cyclopentadienyl -manganese
Tricarbonyl (III).—To a mixture of 5 g. of amalgamated
zine, 30 ml. of water, 30 ml. of hydrochloric acid, 10 ml. of
toluene and 3 ml. of dioxane was added 1 g. (0.004 mole) of
VIII. The mixture was stirred and refluxed for 24 hours.
At the 3-hour mark 30 ml. of hydrochloric acid and 5 g.
of amalgamated zinc were added and at the 18-liour mnark
10 ml. of hydrochloric acid was added. After the reaction
mixture was cooled the liquid was decanted and extracted
with ether. The ether extracts were extracted several
times with 109, hydrochloric acid, then dried and the sol-
vent removed. The residual oil was chromatographed
on alumina with benzene. The first fraction was takeu
and distilled, after removal of the solveut, to give 0.3 g.
(32%, yield) of a yellow solid, m.p. 34.5-35.5°. This was
shown to be identical to III by infrared, mixed melting
point, vapor phase chromatography and X-ray diffraction
patterns.
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