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Molybdenum and tungsten hexacarbonyls react with 8,9-dihydroindene to give red solids of composition CsH;o-M(CO);

[M = Mo, W].
carbonyl,

Hydrogenation studies suggest that the molybdenum compound is cyclononatetraene-molybdenwn tri-
An iron compound, an unstable yellow oil CsH,-Fe(CO});, has also been prepared from 8,9-dihydroindene, but

in this complex the organic moiety appears not to have changed to its monocyclic form. Reactions between chromium

carbonyl and anthracene, phenanthrene and pyrene have been investigated.

Treatment of thianaphthene with chromium

carbonyl or triiron dodecacarbonyl, under the appropriate conditions, affords yellow CsHeS-Cr(CO); and red-orange (CO),-

Fe-CgHeS-Fe(CO);, respectively.

pounds are discussed.

Recently a variety of metal complexes have been
described in which a seven- or eight-membered
carbocyclic system is bonded to the metal. Thus
direct reactions between molybdenum hexacarbonyl
or iron pentacarbonyl and cycloheptatriene yield
the cycloheptatriene complexes C;Hg Mo(CO);s* and
C/Hg-Fe(CO),,* respectively, while C;HgW(CO)s
has been obtained by a displacement reaction be-
tween cycloheptatriene and 1,5-cyclodctadiene-
tungsten tetracarbonyl.® These complexes are
formed from cycloheptatriene without loss of hy-
drogen. A study of the reaction between cyclo-
heptatriene and the cyclopentadienyl carbonyl
CsH;V(CO)4 produced the first neutral C;H; sand-
wich compound C;H;VC/H;" Prior to this work
an ionic complex of the tropylium group, [C;H:Mo-
(CO)3]*[BF:|~, had been prepared by abstraction
of hydride ion from the neutral compound C;Hs
Mo(CO)s®# with trityl fluoborate. In all these
seven-membered ring complexes it is likely that
metal-ring bonding is of the sandwich type.

Much more varied in nature are several known
metal complexes in which the metal is associated
with the eight-membered rings of 1,5-cyclooctadi-
ene, 1,3,5- and 1,3,6-cyclodctatrienes, and cyclo-
octatetraene. Thus in CsH;RhCsHo® and in CgHys-
W(CO)4, " cyclodetadiene functions as a chelating
group, and the metal is bonded to the eight-mem-
bered ring by two essentially independent coérdin-
ate bonds of the ¢,7-type!! with only four of the
eight carbon atoms of the ring associated with the
metal. Indeed, CsH;, W(CO),® was prepared for
the purpose of enlarging the region in the Periodic
Table containing transition metals which form olefin
complexes. In contrast to 1,5-cyclodetadiene,
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Similarly, acenaphthylene reacts with chromium lexacarbonyl to give purple-black
C2Hs-Cr(CO);, and with triiron dodecacarbonyl to give (CO)sFe-Ci:Hs Fe(CO)s.

The probable structures of the new com-

1,3,5-cyclodetatriene forms the compounds CsHyg
M(CO); [M = Cr, Mo]* in which six of the eight
carbon atoms of the ring are involved in bonding to
the metal, and the metal-ring bonding may be
somewhat like that proposed* for the bonding in cy-
cloheptatriene-molybdenum tricarbonyl, although
less electron delocalization must be involved.
1,3,6-Cyclooctatriene, on the other hand, forms
metal complexes, which are very probably of the
diolefin chelate type, e.g., (CsHi0)eW(CO):.12 Cy-
clodctatetraene can also serve as a chelating group
as in the compounds CsH;Ptly!* and [CsHs
RhCl]..** In these compounds four of the eight:
carbon atoms of cyclodctatetraene are involved in
bonding to the metal; two double bonds remain un-
affected, as shown by hydrogenation studies in the
case of CiHg Ptl,.’* However, in the cyclodcta-
tetraene complex CsHs Fe(CO);,!* and possibly also
in the binuclear complex (CO);Fe -CeHgFe(CO)s,
evidence has been presented® that cyclodctatetra-
ene has acquired a planar configuration.!® It thus
appears that cyclodctatetraene can play a dual role,
forming olefin complexes, as does 1,5-cyclodctadi-
ene in, for example, CsHy o W(CO),, and forming
sandwich compounds, as does benzene in, for exam-
ple, CeHe'CI‘(CO)s.

In view of the interesting chemistry associated
with metal complexes in which one of the ligandsis a
seven- or eight-membered cyclic hydrocarbon, it
seemed pertinent to consider the possibility of
making metal complexes involving a nine-membered
ring hydrocarbon. In this connection cyclonona-
tetraene would appear to be the most interesting
system. With this hydrocarbon and a suitable
metal there is the possibility of forming complexes
involving bonding of the metal to two, four, six
or eight carbon atoms of the ring; alternatively,
there is the possibility of forming cyclononatetra-
enyl w-complexes derived from the C¢Hg group,
formed by loss of hydrogen from the parent hydro-
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carbon. The latter eventuality would be analogous
to formation of the C;Hg group in the preparation
of many cyclopentadienyl metal complexes, and to
the formation of C:H,VCsH;. Formation of metal
complexes from CyH,-, however, is rather unlikely
when the number of electrons involved is considered
in conjunction with the effective atomic number
rule, the latter not being entirely valueless in this
field. It is improbable, therefore, that cyclonona-
tetraene would lose hydrogen in reaction with a
metal carbonyl. More likely is the formation of
compounds analogous to cycloheptatriene-molyb-
denum tricarbonyl,® and 1,3,5-cyclodetatriene-
molybdenum tricarbonyl.!? Considerations such
as these, however, would seem at first sight sonie-
what hypothetical, since cyclononatetraene (I) has
never been reported in the chemical literature.
However, the bicyclic compound, 8,9-dihydroindene
(bicyclo[4.3.0]nonatriene) has been prepared by
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Alder and Flock! by pyrolysis of 1-dicyclopentadi-
enone. Formally, 8,9-dihydroindene (II) is the bi-
cyclic tautomer of cyclononatetraene (I), although
Alder and Flock did not detect its presence in II.
Nevertheless, it seemed possible that the reaction
between 8,9-dihydroindene and an appropriately
chosen metal carbonyl at elevated temperatures
might produce a metal derivative of cyclononatet-
raene. This idea seemed worthwhile since there
is already an example in the literature of a reaction
between a metal carbonyl and a tautomeric mixture
of hydrocarbons in which one tautomer forms a
metal complex in preference to the other. Itiswell
known®® that 1,3,3-cyclodctatriene(11I) is in dy-
namic equilibrium with bicyclo[4.2.0]octa-2,4-di-
ene (IV). When these tautomers, together with
isomeric 1,3,6-cyclodctatriene, are heated with iron
pentacarbonyl at elevated temperatures, one reac-
tion product is a compound CsHyy-Fe(CQO);.1215
Although Fischer, Palm and Fritz!* consider this
complex to be 1,3,6-cyclodctatriene-iron tricar-
bonyl, evidence presented elsewhere!s strongly sug-
gests that this is incorrect, and that the bicyclo-
[4.2.0]octa-2,4-diene group (IV) is present in this
particular CyHio-Fe(CO); compound, made inde-
pendently by Fischer, et al.,'* and in this Labora-
tory.1?

Molybdenum hexacarbonyl and 8,9-dihydroin-
dene react at about 170° to give brick-red crystals
of molecular composition CoHy Mo(CQ);. From
the analytical and molecular weight data two struc-
tures (V and VI) are possible.
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(17) K. Alder and F. H. Flock, Ber. 87, 1816 (1954),
(18) A. C. Cope, A. C. Haven, F. L. Ramp and E. R. Trumbull,
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If the compound has structure V, it would be a
derivative of the bicyclic 8,9-dihydroindene and all
three double bonds would be involved in bonding to
the metal. If the compound is cyclononatetraene-
molybdenum tricarbonyl (VI), however, one double
bond is not involved in bonding to the metal
Therefore, the compound should absorb up to one
mole of hydrogen. Hydrogenation studies were
carried out and it was found that the complex did
indeed absorb close to one mole of hydrogen per
mole of complex. This result suggests that CoHje
Mo(CO);!® is very probably a cyclononatetraene
derivative, but in order to confirm the structure
further evidence is required. A nuclear magnetic
resonance study was made, but as is frequently the
case when a non-aromatic moiety is bonded to a
metal, the proton spectrum was exceedingly com-
plicated.

The compound CeH,;¢-Mo(CO);s is soluble in a
variety of organic solvents to give slightly air-sensi-
tive solutions. In the solid state when kept in a
sealed container the molybdenum complex par-
tially decomposes after storage for several weeks.
The infrared spectrum of CoHy-Mo(CO)s, taken in
carbon disulfide, shows carbonyl stretching bands
at 1960, 1890 and 1861 cm, L.

From the reaction between 8,9-dihydroindene
and tungsten carbonyl the compound CgH - W (CO);
may be obtained. This complex, like its molyb-
denum analog, is a red solid sublimable at 150° (0.05
mm.) with carbonyl bands in its infrared spectrum
(CS, solution) at 1950, 1894 and 1861 ecm.™!. Un-
fortunately, although CeH;p-W(CO); absorbed some
hydrogen the compound proved to be too unstable
for accurate hydrogenation studies. However, the
nuclear magnetic resonance spectrum of CoHy. W-
(CO); was very similar to that of CyHo-Mo(CO); so
that the two compounds appear to have the same
structure. Under conditions similar to those used
to make CgH;o-M(CO)s (M = Mo, W), chromium
carbonyl and 8,9-dihydroindene react rapidly with
formation of a yellow-black solution. The reac-
tion mixture had an infrared spectrum which
showed carbonyl bands at 1958, 1893, 1870 and
1989 cm.—!. The band at 1989 cm.~! is due to un-
reacted chromium carbonyl, but the other three
bands could well be due to the presence of
the chromium complex C¢H;Cr(CO);. How-
ever, attempts to isolate a pure chromium com-
pound from this mixture by sublimation at tempera-
tures up to 140° (0.1 mm.) yielded only the merest
trace of a green oil which decomposed instantane-
ously on exposure to air to a red gum. Appar-
ently the chromium complex is much less stable
than even the tungsten compound. It is interest-
ing that chromium carbonyl reacts more rapidly
with 8,9-dihydroindene than does molybdenum or
tungsten hexacarbonyls. This is in contrast to the
relative rates of reaction of carbonyls of the Group
VI metals with aromatic hydrocarbons, sodium cy-
clopentadienide and cyclodctatriene. With these
substances chromium carbonyl is the least reactive
of the three carbonyls.

In view of the reactions which occurred between
8,9-dihydroindene and carbonyls of the Group VI

(19) For a preliminary mention of the compound CeHio Mo(CO);
see R, B. King and F, G. A. Stone, Chemistry & Industry, 232 (1960).
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metals it was considered worthwhile to determine if
triiron dodecacarbonyl would react with 8,9-dihydro-
indene to afford an iron carbonyl complex.?
Treatment of Fey(CO)1; with 8,9-dihydroindene at
80° in benzene gave a very unstable compound C,-
Hip-Fe(CO)s, as a yellow volatile oil erystallizing to
a light yellow solid slightly below room tempera-
ture. The iron compound decomposed even when
kept below 0° under nitrogen. The infrared spec-
trum (CS; solution) showed strong bands at 2053
and 1989 cm. ™! characteristic of an iron tricarbonyl
group. Unfortunately, the low stability of the iron
compound prevented its detailed investigation. In
general, complexes of iron tricarbonyl with conju-
gated dienes are much more stable than those of
non-conjugated dienes.?* This suggests that in
CoH,o-Fe(CO); a dihydroindene group is bonded to
iron by two dative bonds involving two double
bonds which are non-conjugated.

It is interesting to compare the behavior of §,9-
dihydroindene toward metal carbonyls with that of
indene itself. Hallam and Pauson??*® have shown
that in an autoclave at elevated temperatures iron
pentacarbonyl and indene form [CH;Fe(CO):ls,
analogous to the cyclopentadienyl derivative [CsH;-
Fe(CO);]2.22 In this Laboratory reactions be-
tween indene and the iron carbonyls Fe(CO)s and
Fe3(CO)y2 in both polar and non-polar solvents un-
der mild thermal conditions yielded only Hallam
and Pauson’s indenyl derivative. No indene com-
plexes such as CoHgFe(CO); or CHg[Fe(CO)sls
were isolated.

In an attempt to determine whether an arene
derivative of indene of the type CeHgMo(CO)s,
analogous to CgHe Mo(CO)s, or an indenyl deriva-
tive of the type [CoH;Mo(CO);];, analogous to
[CsH;Mo(CQO);],, would be formed, the reaction be-
tween indene and molybdenum hexacarbonyl was
investigated. The reaction product was a brown
solid sublimable i# vacuo which proved to be the
indenyl derivative [CoH;Mo(CO);]; with the mo-
lybdenum atom bonded to the five-membered ring
of the indene system. As in the corresponding cy-
clopentadienyl derivative, this new indenyl deriva-
tive shows no bridging carbonyl bands in its infra-
red spectrum and, therefore, the two halves of the
molecule must be held together by a molybdenum-
molybdenum bond.

In addition to the work described above, involv-
ing 8,9-dihydroindene and indene, a number of re-
actions of aromatic hydrocarbons with chromium
carbonyl and the iron carbonyls have been investi-
gated in this Laboratory.

The compound benzene-chromium tricarbonyl is
the parent compound of a series of arene-chromium
tricarbonyl compounds which have been prepared
by the direct reaction between chromium hexacar-
bonyl and aromatic hydrocarbons.?® Besides us-

(20) Iron pentacarboby! was not used since it has previously been
shown that triiron dodecacarbonyl is a more effective starting material
for forming iron complexes; see W. Hiibel, E, H. Braye, A. Clauss, E.
Weiss, U. Kriierke, D. A. Brown, G. S. D. Kingand C. Hoogzand, /.
Inorg. Nucl. Chem., 9, 204 (1959).

(21) R B. King, T. A. Manuel and F, G. A. Stone, J. Inorg. Nucl.
Chem., in press.

(22) (a) B. F. Hallam and P. 1.. Pauson, J. Chem. Soc., 646 (1958);
(b) 3030 (1958).

(23) (a) B. Nicholls and M. C. Whiting, #bid., 551 (1959); (b) E. O.
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ing a great variety of substituted benzene deriva-
tives Fischer, et al.,?® have extended this reaction to
the preparation of naphthalene chromium tricar-
bonyl, with brief mention of the fact that higher
condensed hydrocarbons such as anthracene and
phenanthrene give highly colored solutions when
heated with chromium hexacarbonyl. Because no
chromium carbonyl derivatives of polycyclic ben-
zenoid hydrocarbons other than the naphthalene
compound have been isolated, and because it
seemed possible that certain polycyclic aromatic
compounds might yield either isomeric or polynu-
clear chromium derivatives, reactions between
chromium carbonyl and benzpyrene, chrysene,
phenanthrene, anthracene and pyrene were studied.
With benzpyrene and chrysene isolation of a pure
product was impossible due to the low solubility
of the products in organic solvents as well as the low
volatility of both the products and the reactant
hydrocarbon.?*

At about 170° phenanthrene and chromium
hexacarbonyl form orange crystalline CiH;p-Cr-
(CO)s in about 279 yield. Phenanthrene-chro-
mium tricarbonyl was too insoluble to permit study
of its proton nuclear magnetic resonance spectrum
so that it proved impossible by this technique to
determine whether the Cr(CO); group is bonded to
the center ring or one of the outer rings of the
phenanthrene molecule. The stability of the
phenanthrene derivative is approximately the same
as the naphthalene derivative,?® fusion of an extra
ring to the naphthalene system in an angular posi-
tion apparently not greatly affecting the stability
of the chromium-tricarbonyl derivative. Even
the hydrocarbon chrysene, produced by fusion of a
fourth ring to the phenanthrene system in an angu-
lar manner, still gives a chromium derivative of
comparable stability; although, because of the dif-
ficulties mentioned above, freeing the compound
entirely from chrysene proved impossible. In an
attempt to prepare anthracene-chromium tricar-
bonyl from anthracene and chromium hexacar-
bonyl, using conditions similar to those which led
to the isolation of phenanthrene-chromium tri-
carbonyl, only chromium metal was obtained. If,
however, the reaction is carried out at 135° a pur-
ple solution is obtained, but the amount of desired
chromium compound in this solution, although de-
tectable by its infrared spectrum, is very small.24
Attempts to isolate a compound in a manner similar
to that used successfully for the preparation of the
phenanthrene compound or by chromatography
yielded negative results. Thus it appears that
anthracene-chromium tricarbonyl, unlike the phe-
nanthrene compound, is much less stable than
naphthalene-chromium tricarbonyl. Apparently
Fischer, K. Ofele, H. Essler, W. Frolich, J. P. Mortensen and W. Semm-
linger, Ber., 91, 2763 (1958); G. Natta, R. Ercoli and F. Calderazzo,
Chem. ¢ Ind. Milano, 40, 287 (1958).

(24) After this paper was submitted, a paper by E. O. Fischer, N.
Kriebitzsch and R. D. Fischer, Ber., 92, 3214 (1959), appeared, which
independently described the preparation and properties of phenan-
threne-chromium tricarbonyl. However, their yield (4.5%) of this
compound was substantially lower than that obtained (279%) in our
work, Fischer, ¢t al,, also report chrysene-chromium tricarbonyl,
and a purple compound (0.1% yield) from the reaction between
chromium carbony! and anthracene which they suggest is anthracene-

chromium tricarbony! on the basis of spectral properties, although they
obtained insufficient material for avalysis.



4560

fusion of an extra ring to the naphthalene system in
a linear position leads to a marked reduction in the
stability of the chromium derivative. As might be
expected, therefore, naphthacene gave no evidence
of forming a chromium tricarbonyl derivative.

Pyrene, which has still a different type of arrange-
ment of fused benzene rings, reacts with chro-
mium hexcarbonyl at 135° to give brick-red crystal-
line CyHy-Cr(CO); in 129, yield, which is only
sparingly soluble in the usual organic solvents. On
standing for several months this compound, unlike
the naphthalene and phenanthrene derivatives, de-
composed completely.

All the polycyclic aromatic chromium deriva-
tives have similar spectra in the carbonyl region of
the infrared, showing just two bands near 1960 and
1890 cm. ! like the simpler arene-chromium tricar-
bonyl derivatives.2® It is also interesting to note
that the stability of chromium derivatives of those
aromatic hydrocarbons which can be regarded as
derived by fusion of benzene rings decreases with
deepening of their color.

Reactions between the polycyclic compounds
acenaphthylene or thianaphthene and chromium
hexacarbonyl or iron carbonyls were also studied.
Acenaphthylene is of interest as a ligand because
it is the simplest stable tricyclic system having
twelve m-electrons available for bonding to a transi-
tion metal. Thianaphthene is the simplest exam-
ple of a condensed ring system containing a thio-
phene nucleus. In the case of thianaphthene it was
of interest to determine whether the thiophene ring
or the benzene ring would bond preferentially to
the transition metal.

Thianaphthene and chromium carbonyl react in
an inert solvent at 170° to give vellow crystalline
thianaphthene-chromium tricarbonyl, volatile at
100° (0.1 mm.), in yields of about 29,. Since ben-
zene-chromium tricarbonyl is yellow?? and thio-
phene-chromium tricarbonyl® is red-orange, the
vellow color of CsHeS-Cr(CO); suggests that the
chromiuim atom is bonded to the benzene ring.
Treatment of thianaphthene with triiron dodeca-
carbonyl at 80° affords red-orange air stable crystal-
line CsHgSFey(CO);s in about 69, yield. This inter-
esting binuclear iron complex is similar to the pre-
viously reported® azulene compound CyHsFes-
(CO)s;, and the two complexes both show three car-
bonyl bands in their infrared spectra. Thia-
naphthene, like azulene, has ten w-electrons avail-
able for bonding to transition metal atoms. In
terms of the effective atomic number rule six -
electrons may be regarded as being associated with
the iron atom of the Fe(CO), group and the re-
maining four w-electrons can be regarded as being
associated with the iron atom of the Fe(CO); group.
The nuclear magnetic resonance spectrum of CgHe-
SFe»(CO)s, besides showing the compound to be
diamagnetic, has a single peak at 981 c.p.s. referred
to that of hexamethyldisiloxane at 1258 c.p.s. The
existence of a single proton resonance is not surpris-
ing since all six hydrogen atoms of the thianaph-
thene moiety are bonded to carbon atoms sandwich
bonded to iron atoms.

The aromatic compound acenaphthylene was

(25) E. O. Fischer and K. Ofele, Ber., 91, 2395 (1958).
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also found to give complexes with both chromium
and iron. The purple-black compound CpHs
Cr(CO);, volatile at 100-110° (0.1 mm.), is formed
in about 5% vield. This compound is evidently an
arene-chromium tricarbonyl complex with a Cr-
(CO);s group bonded to one of the six-membered
rings of the acenaphthylene system. It is the most
intensely colored arene chromium-tricarbonyl deriv-
ative isolated in the pure state,

From the reaction between acenaphthylene and
triiron dodecarbonyl the compound Ci.Hs[Fe-
(CO)s]. was obtained in about 159 yield. This
binuclear iron complex melts at 158°, and its dia-
magnetism was shown both by a Gouy balance
measurement and a nuclear magnetic resonance
study. Since the effective atomic number rule
predicts that the two iron atoms of the two Fe(CO);
groups require a total of eight m-electrons to acquire
an inert gas configuration, and since acenaphthylene
has twelve w-electrons, this would seem to imply
that two double bonds of the acenaphthylene moi-
ety in CisHs[Fe(CO);]; are not involved in bonding
to the iron atoms. Acenaphthylene-diiron hexa-
carbonyl, however, could not be hydrogenated.
This situation is entirely analogous to that existing
in cyclodctatetraene-iron tricarbonyl?® where a
¥e(CO); group is associated with an eight m-elec-
tron system, four more electrons than are necessary
for the iron atom to acquire the krypton configura-
tion, vet all eight carbon atoms of cyclodctatetra-
ene are bonded to iron,!s

Experimental?

Infrared spectra were recorded using a model 21 Perkin-
Elmer double-beam spectrophotometer with sodium chloride
optics. Unless otherwise indicated, carbon disulfide
solutions were used for the infrared spectra measurements.
Proton magnetic resonance spectra were obtained at 40
megacycles by a Varian model 4300B high resolution spec-
trometer fitted witha super stabilizer. For n.m.r. work
saturated solutions of the compounds to be studied were pre-
pared in carbon disulfide. A Cary model 11M recording
spectrophotometer was used to take ultraviolet spectra.

8,9-Dihydroindene!” was obtained in 239, yield by py-
rolysis of l-dicyclopentadienone.'”.28 The pyrolvzate was
collected at —78° and fractionally distilled at 359-62°
(25 mm.).

Anal. Caled.
C,91.2; H,8.5.

The proton n.m.r. spectrum of 8,9-dihydroindene has
three peaks of approximate area 3:1:1 at 1038, 1142 and
1172 c.p.s. (hexamethyldisiloxane internal standard at
1258 c.p.s.). The peak of largest area may be ascribed
to the vinylic protons, and the two smaller peaks of ap-
proximately equal area ascribed to the methylene protons
and to the allylic protons at the 8,9-positions of the dihy-
droindene. Alder and Flock" did not report the ultraviolet
spectrum of 8,9-dihydroindene. The compound, in cyclo-
hexane, has maxima at 262 mu (e 3500) and 271 mu (e 3200).

Reaction between 8,9-Dihydroindene and Molybdenum
and Tungsten Hexacarbonyls.—A mixture of 1.32 g. (5
mmoles) of molybdenum hexacarbonyl, 0.65 ml. (0.62 g.,

for CyHy,: C, 91.5; H, 8.5. Found:

(26) Cyclodctatetraenesiron tricarbony! was apparently prepared
independently by several groups of workers. See ref. 15, and M. D.
Rausch and G. N. Schrauzer, Chemistry & Industry, 937 (1959);
also A. Nakamura and N. Hagihara, Bull. Chem. Soc. Japan, 82, 880
(1959).

(27) Microanalyses were performed by Dr. Carol Fitz, Needham
Heights, Mass., and by W. Manser, Eidg. T. H., Zurich, Switzerland.
We are indebted to our colleague Mr. L. Nichols for making the molecu-
tar weight determinations by measuring vapor pressures of dichloro.
methane solutions of the various compounds.

(28) (a) M. Rosenblum, Ta1s JOURNAL, 79, 3179 (1957);
Xatz, Ph.D. Thesis, Harvard University, June, 1959.

(b T. J.
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5.26 mmoles) of 8,9-dihydroindene and 30 ml. of Phillips
solvent Soltrol 130 (b.p.~170°) was refluxed at the boiling
poiut for 1.5 hr. under nitrogen. The reaction mixture
soon became dark red. The reaction flask was cooled
to room temperature and then for 2 hr. at —78°. The
resultant dark red precipitate was filtered and sucked dry.
Sublimation (140° (0.1 mm.)) for 12 hr. afforded 260 mg.
(17.59%, vietd based on Mo(CO)) of CeHy-Mo(CO);.
This material, as well as that from another preparation,
was analyzed.

Anal. Caled. for CpH;nO;Mo:
32.2; mol. wt., 298. Found: C, 48.6, 48.8; H,
3.2; Mo, 32.4, 33.3; mol. wt., 285, 319.

A 25.9-mg. sample of CiHyp-Mo(CO); (m.p., apparently
with decomp., 128°) was subjected to a microhydrogena-
tion?? study using glacial acetic acid as solvent. The cata-
lyst was PtO, reduced with hydrogen before the determi-
nation. Hydrogen (1.55 cc. at 23° (730 mm.)) was ab-
sorbed equivalent to 709, of that expected for the presence
of one free double bond in CyHjy-Mo(CO);. In repeat
hydrogenation studies, using samples of CyH;o-Mo(CO);
obtained from different preparations, hydrogen absorption
as a percentage expected for one double bond was 999,
(acetic acid as solvent) and 679, (ethanol as solvent).

The compound CH,y-W(CO); was prepared (119, yield)
in a manner similar to the molybdenum compound. The
reaction mixture turned black rather than red, and subli-
mation was carried out at 150-165° (0.1 mm.).

Anal. Caled. for CiuH;iOsW: C, 37.3; H, 2.6.
C,37.0; H,2.9.

Reaction between 8,9-Dihydroindene and Triiron Do-
decacarbonyl.—A mixture of 1.8 g. (3.6 mmoles) of Fe;-
(CO)y2,% 0.65 ml. (0.62 g., 5.26 mmoles) of 8,9-dihydro-
indene and 40 ml. of thiophene-free benzene was refluxed
under nitrogen for 6 hr. Filtiation under nitrogen gave a
red-orange air-sensitive filtrate. Benzene was removed
at 30 mm. to give a reddish oil. The latter was shaken with
5 ml. of isohexane, and filtered under nitrogen pressure.
On cooling the filtrate to —78° for 6 hr. pale orange crystals
were obtained. Supernatant liquid was decanted and the
crystals warmed to room temperature, melting in the proc-
ess. The red liquid thus obtained was transferred to a
sublimer, dried at 25° (0.1 mm.) for 0.5 hr., and then
sublimed (70°(0.1 mm.)) with the probe of the sublimer at
—78°. This gave pale yellow crystals which were resub-
limed giving 260 mg. (199, yield) of CsH,o-Fe(CO);. The
yellow crystals melted near room temperature to an air-
sensitive yellow oil.

Anal. Caled. for CoH,,0OsFe: C, 55.8; H, 3.9.
C, 55.9; H,4.0.

Phenanthrene-Chromium Tricarbonyl.—Chromium hexa-
carbonyl (1.1 g., 5 mmoles), phenanthrene (1.8 g., 10 m-
moles) and 40 ml. of Soltrol 130 were boiled (~170°)
under nitrogen for 2.25 hr., the reaction mixture developing
an orange color. After cooling to room temperature, white
and orange crystals were removed by filtration and trans-
ferred to a sublimer. Excess of phenanthrene was removed
by sublimation (70-90°(0.1 mm.)) for 4 hr., leaving 430
mg. (27% yield) of crude phenanthrene-chromium tricar-
bonyl. Further purification was accomplished by dis-
solving the product in 15 ml. of dichloromethane and adding
isohexane until the compound just began to precipitate.
Filtration was followed by concentration of the filtrate to
about half its volume. This gave orange crvstals which
were separated and recrystallized a second time in the same
manner to give 220 mg. of bright orange C;sH;,o Cr(CO);,
which in a melting point tube darkens at 140° and melts
at 158-160° to a red-orange liquid. In chloroform solution
phenanthrene-chromium tricarbonyl showed carbonyl bands
at 1980 and 1900 cm.™!. Its ultraviolet spectrum in cyclo-
hexane showed a maximum at 219 mu (e 37,500) and a
minimum at 317 mu (e 3200).

Anal. Caled. for C:H,,OsCr: C, 65.0; H, 3.2.
C,64.8; H, 3.0.

(28) We are indebted to Professor R. B. Woodward for making this
equipment, described by N. Clauson-Kaas and F. Limborg, Acta Chem,
Scand., 1, 884 (1947), available for our use.

(30) W. Hieber, Z. anorg. Chem., 204, 165 (1932); W, Hieber and G.
Brendel, ibid., 289, 324 (1957).
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rene-Chromium Tricarbonyl.—Chromium hexacar-
bonyl (1.2 g., 5.45 mmoles), pyrene (0.5 g., 2.5 mmoles)
and ethylcyclohexane (40 ml.) were refluxed under nitrogen
for 24 hr. The bright red reaction mixture was cooled to
0° and the resulting reddish precipitate filtered and washed
with three 10-ml. portions of 30-60° petroleum ether. The
crude product was then partially dissolved in 15 ml. of di-
chloromethane and filtered. The filtrate was treated with
30 ml. of petroleum ether and cooled to —78°. Red crys-
tals of CiHyo-Cr(CO); (100 mg., 129, yield based on pyrene
taken for reaction) thus obtained were dried at 35°
(0.1 mm) for 60 hr. to remove traces of chromium carbonyl.
Pyrene-chromium tricarbonyl in chloroform solution showed
carbonyl bands at 1960 and 1830 cm.™!. On exposure to
air over a period of weeks the pyrene-chromium complex
turned brown.

Anal. Caled. for CgH;00;Cr: C, 67.4; H, 2.95; Cr,
15.4. Found: C, 66.3; H, 3.0; Cr, 14.7.

Indenyl-Molybdenum Tricarbonyl Dimer.—Molybdenum
hexacarbonyl (1.3 g., 5 mmoles), indene (2 ml.,~17.25
mmoles) and Seltrol 130 (40 ml.) were refluxed for 2 hr.
under nitrogen. The mixture was cooled to room tempera-
ture and filtered. Sublimation (165-170°(0.1 mm.)) of
the residue for 14 hr. afforded 150 mg. (109 yield) of brown
crystalline [CsH/Mo(CO);l;, m.p. 195-197° dec. Indenyl-
molybdenum tricarbonyl dimer has in its infrared spectrum
carbonyl bands at 2045 (rel. weak), 1965 and 1910 cm.™!.
For the sake of comparison [CsH;Mo(CO);), has carbonyl
bands at 2045 (rel. weak), 1970 and 1920 cm. 1.

Anal. Caled. for CyH;sOsMo,: C, 48.8; H, 2.4; Mo,
32.5; mol. wt., 590. Found: C, 49.0; H, 2.7; Mo,
32.3; mol. wt., 628.

Thianaphthene-Chromium Tricarbonyl.—Chromium hexa-
carbonyl (1.15 g., 5.2 mmoles), thianaphthene (0.67 g.,
5 mmoles) and 30 ml. of Soltrol 130 were refluxed for 3 hr.
under nitrogen. After cooling to room temperature the
yellow mixture was filtered, and the filtrate cooled to —78°,
giving a bulky yellow precipitate. The latter was filtered,
and excess of thianaphthene removed by 2-hr. sublimation
(50-60°(0.1 mm.)). After cleaning the probe of the sub-
limer, sublimation was continued at 90-100°(0.1 mm.) to
give 25 mg. (29, yield) of yellow crvstals of CgHeS-Cr(CO);.
The compound turns black at 115°, and has carbonyl bands
at 1980 and 1909 cm. ! in its infrared spectrum.

Anal. Caled. for C;HO;SCr: C, 48.9; H, 2.2; Cr,
19.2. Found: C, 49.1; H, 2.3; Cr, 19.0.

Thianaphthene-Diiron Pentacarbonyl.—Triiron dodeca-
carbonyl (1.8 g., 3.6 mmoles), thianaphthene (0.67 g., 5
mmoles) and 40 ml. of thiophene-free benzene were re-
fluxed for 9 hr. under nitrogen. The reaction mixture was
cooled, filtered under nitrogen, and the filtrate evaporated
at 30 mm. to give a red-orange oil. The latter was treated
with 20 ml. of isohexane and the solution cooled to —78°.
An orange crystalline solid separated which was filtered after
one hour. Excess of thianaphthene was removed by subli-
mation at 50-60°(0.1 mm.). After removal of thianaph-
thene from the probe of the sublimer, sublimation was
continued at 80-90°(0.1 mm.) to give 120 mg. (69, yield)
of thianaphthene-diiron pentacarbonyl, a red-orange air-
stable solid, m.p. 100-101°.

Anal. Caled. for C;3H¢O5SFes: C, 40.4; H, 1.5; S, 8.3;
Fe, 29.0; mol. wt., 386. Found: C, 40.6; H, 1.5; S,
8.3; Fe, 28.7; mol. wt., 366.

Thianaphthene-diiron pentacarbonyl has maxima in its
ultraviolet spectrum (cyclohexane solution) at 210 mg
(¢ 45,300) and 309 mu (e 7900). The infrared spectrum of
the compound shows carbonyl stretching bands at 2087,
2052 and 2010 cm.™!. The azulene compound C;HsFe,
(CO);, first reported by Wilkinson, et al.,5 has also been made
in this Laboratory and has carbonyl bands at 2045, 2000 and
1973 cm. L.

Acenaphthylene-Chromium Tricarbonyl.—Chromium hex-
acarbonyl (1.2 g., 5.5 mmoles), acenaphthylene (0.38 g.,
2.5 mmoles) and 37 ml. of ethylcyclohexane were refluxed
under nitrogen for 15 hr. The yellow reaction mixture
soon became a deep violet. After the reaction period the
mixture was cooled to room temperature, filtered, and the
purple filtrate evaporated to dryness at 25° (0.1 mm.).
The purple solid residue was sublimed (105° (0.1 mm.)),
after 15 minutes an oily material was removed from the
probe, and the sublimation continued for 12 hr. This af-
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forded 40 mg. (5.59%, yield based on acenaphthylene) of
acenaphthylene-chromium tricarbonyl, a purple-black solid,
decomposing near 175°, which gives intense violet solutions
in orgauic solvents which are completely decolorized when
exposed to air for several days. The acenaphthylene-
chromium complex has carbonyl bands at 1970 and 1892
cm. ™! in its infrared spectrum, and maxima in its ultra-
violet spectrum (taken in cyclohexane) at 215 mu (e 38,500)
and 349 myu (e 7420), with a minimum at 308 mu (e 3220).

Anal. Caled. for C3H;s0:Cr: C, 62.5; H, 2.8. Fouund:
C,63.0; H,3.1.

Acenaphthylene-Diiron Hexacarbonyl.—A mixture of
triiron dodecacarbonyl (18.0 g., 35.6 mmoles), acenaph-
thylene (7.6 g., 50 mmoles) and 250 ml. of thiophene-
free benzene was refluxed for 10 hr. under nitrogen. After
cooling to room temperature, filtration gave a maroon fil-
trate which was evaporated to dryness. Sublimation at
60-70° (0.1 mm.) for 4 Iir. led to the recovery of 4.2 g.
(559%,) of the acenaphthylene. The red-purple residue, 3.09
g. (329, yield based on acenaphthylene used), was fairly
pure CpHsFe,(CO)s. Part of this material (1.0 g.) was
treated with a mixture of 25 ml. of petroleum ether and 20
ml. of diethyl ether and the resulting dark red solution
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filtered. Tle filtrate was evaporated to 10 ml. and cooled
to —78° The resulting purple crystals were filtered,
recrystallized, and dried for 10 hr. at 25° (0.2 mm.). The
acenaphthylene-diiron hexacarbonyl thus obtained melted
sharply at 158°, and is a red-violet crystalline solid. The
compound is stable in air for several mionths, but its solu-
tions in organic solveits decompose in a few hours.

Anal. Caled. for C;3HgOeFe,: C, 50.0; H, 1.85; mol.
wt., 432. Found: C, 50.1, 50.4; H, 2.2, 2.2; mol. wt.,
433.

The infrared spectrum of acenaphthylene-diiron hexa-
carbonyl shows carbonyl bands at 2047 and 1985 cin.™,
and its ultraviolet spectrum (cycloliexane solution) has
maxima at 227 mu (e 35,500) and 330 mu (e 10,500) with a
minimum at 308 mu.
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Reactions of Silyl- and Germyllithium Compounds with Azoxybenzene
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RECEIVED FEBRUARY 29, 1960

Reaction of triphenylsilyllithium with azoxybenzene gives N,N’-diphenyl-N-triphenylsilylhydrazine, a compound previ-

ously prepared by the direct addition of triphenylsilyllithium to azobenzene.

Similarly, diphenylmethylsilyllithium and

triphenylgermyllithium give N,N’-diphenyl-N-diphenylmethylsilylhydrazine and N,N’-diphenyl-N-triphenylgermylhvdra-

zine, respectively.

In these reactions it has been observed that azoxybenzene is first reduced to azobenzene which tlien reacts

with the silyl- or germyllithium compound to give the corresponding addition products.

A number of studies concerned with the prepara-
tion and some of the reactions of silyl- and germyl-
metallic compounds have been reported in recent
years.!? The object of the present investigation
was to study the reactions of silyl- and germyllith-
ium compounds with azoxybenzene.

Kursanov, Kursanova and Blokhina® have re-
ported the reaction of a number of azoxy compounds
with Grignard reagents and have observed that
these compounds were reduced to the corresponding
azo compounds. Azoxybenzene, for example, on
treatment with phenylmagnesium bromide, gave a
05.89, yield of azobenzene and also a 64.49% yield of
biphenyl. A similar type of reduction of azoxy

o-
CGH5N=:‘\_CGI‘I5 + 2C6H51\IgBl‘ —_—
+ CGH5N=XstI“I5 + CGH5C6H5 + O(l\IgBr\z

compounds was observed on treatment of these
compounds with a mixture of magnesium and mag-
nesium iodide.*?

It seemed of interest to study the reaction of
silyl- and germyllithium compounds with azoxyben-

(1) For a recent review on silylmetallic compounds, see, D. Witten-
berg and H. Gilman, Quarf. Revs., 18, 116 (1939).

(2) For an account of the preparation and some studies of germyl.
metallic compounds, see H. Gilman and C. W. Gerow, THIS JOURNAL,
7, 4675, 5740 (1955); 78, 5435 (1936); 79, 342 (19537); J. Org. Chem.,
23, 1382 (1938).

(3) D. N. Kursanov, A. S. Kursanova and A. N. Blokhina, J. Gen.
Chem. (U.S.S.R.), 8, 1786 (1938).

(4) H. Gilman and L. L. Heck, Rec. trav. chim., 60, 522 (1931).

(3) W. A, Bachmann, TH1s JourNaL, §3, 1524 (1931).

zene under conditions analogous to those of the re-
action of Grignard reagents.

The reaction of a 2:1 mole ratio of triphenylsil-
vllithium with azoxybenzene gave a 52.99, yield of
N,N’-diphenyl-N-triphenylsilylhydrazine.® In ad-
dition, an 11.09, vield of azobenzene and a 90.99,
yield of triphenylsilanol were obtained. The first
step in this reaction appears to be the reduction of
azoxybenzene to azobenzene, which is immediately
followed by the addition of triphenylsilyllithium
across the nitrogen-nitrogen double bond in azoben-
zene giving N,N'-diphenyl-N-triphenylsilyl-N'-lith-
iohydrazine. The formation of a nearly quantita-
tive yield of triphenylsilanol and the absence of
any hexaphenyldisilane may be attributed to the
great ease with which compounds containing
silicon-oxygen bond are fornted under these condi-
tions.

O‘-—
!
CeH, N—NGCeH; + (CeH;);SiLi —>
s CsHa.\v::\vC@I{a + (CsH5),}SiOLi
Li

\
CeHsNNCeH;

(CeHj5):51

When azoxybenzene and triphenylsilyllithium
were allowed to react in a 1:1 mole ratio, the prod-
ucts isolated were N,N’-diphenyl-N-triphenylsilyl-
hydrazine (26.89%,), triphenylsilanol (14.59%) and

(6) D. Wittenberg, M. V. George, T. C. Wu, D. H. Miles and H. Gil.
man, ibid., 80, 4532 (1938).

Cs}‘I(p\':.\'CeHa + (CeH,—,)leLl —



