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of the blue color was noted. For the introduction of iron,
aliquots of a stock solution of 0.1 g. of anhydrous ferric
chloride in 100 ml. of tetrahydrofuran were added. Thus for
example, in one experiment using ~butyl aleohol, 1 ml. of
this solution was added; assuming that the liquid volumes
are additive, this is equivalent to 0.001 mg. of iron per ml.
of reaction mixture which we regard, for convenience, as
equivalent to 1 p.p.m. Corresponding aliquots were taken for
other iron concentrations and experiments using the other
aleohols. In cases where the reaction times were very short
(<10 min.), the alecohol and/or ferric chloride were added
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last to the other reagents so as to avoid the time normally
required for the metal to “melt’’ in the reaction mixture.
The effect of iron on the Birch reduction of estradiol 3-
methyl ether was studied using 6.5 g. of the steroid and the
quantities of other reagents ({-butyl alcohol as proton donor)
given directlyv above. Likewise the addition of definite
amounts of iron was done in a fashion similar to that
deseribed. The products were isolated and analyzed for
unreduced starting material as described earlier.

Crrcaco 80, TLL.
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1,2-Diaroyleyelopentadienes readily form substituted eyvelopentadienide ions with bases, but these anions do not react
with ferrous chloride to vield substituted ferrocenes. However, prior reduction of the carbonyl groups with lithium aluminum
hydride followed by treatment with ferrous chloride vields 1,17,2,2'-tetrabenzylferrocenes. Unsubstituted tetrabenzyl-
ferrocene and a series of substituted tetrabenzylferrocenes were prepared. The substituents, on all four benzyl groups in
each case, included p-methyl, p-fluoro, o-chloro p-chloro, ni-hromo, and p-hromo.

Fulvenes have proved to be useful starting ma-
terials for preparation of unusual heteroannular
disubstituted ferrocenes? =8 by addition of reagents
such ax phenyllithium, lithium aluminum hydride,
and sodium to the exo double bonds of alkyl and
arvl fulvenes to generate substituted evelopenta-
dienide jons that will “sandwich’” with ferrous
chloride. Knox” has added phenyllithium to the
fulvenoid  compound,  diazocyclopentadiene, and
has prepared phenylazoferrocenes similarly.

Acylevelopentadienes may be considered as ful-
venoid compounds in that enolization of these sys-
tems produces e-hvdroxyfulvenes: in fact, some
acyleyelopentadienes have been demonstrated to
exist principally as enols.® This consideration has
suggested a likely approach to the preparation of
additional ferrocenes of novel structure.

Linn and Sharkev* reported that aroyl halides
react with cyelopentadiene to yield exclusively 1,2-
diaroylevelopentadienes, These  substances  were
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demonstrated to exist to an extent greater than 9097
in the hvdrogen bouded enol form, II.

Diaroyleyelopentadienes readily form salts with
strong bases; this suggested a possible route to
tetraaroylferrocenes, ITI, by reaction with ferrous
ionx. No difficulty was encountered in preparing
salts of dibenzoyleyelopentadiene; however, the
resulting anion failed in all attempts to “sandwich”
with iron. The attempts employed as bases phenyl-
lithium in ether, sodium ethoxide in ethanol, and
diethylamine as both base and. solvent. Only re-
covery of dibenzoyleyelopentadiene resulted with
the phenyllithium and with sodium ethoxide, while
diethylamine produced only tars. Apparently the
pi cleetrons in the dibenzoyleyclopentadienide ion
are too delocalized for effective sandwiching.

The failures of the above reactions were ascribed
to excessive delocalization of the pi electrons
for the sandwiching reaction with ferrous chloride.
Accordingly, in order to cireumvent this diffieulty
and to inerease the availability of the ring electrons,
the curbonyl groups of dibenzovieyelopentadiene
were reduced with lithium aluminum hydride prior
to sandwiching. The reduction mixture in ether was
directly introduced to anhydrous ferrous chloride in
tetrahydrofuran, and from the resulting reaction
was isolated 1,17,2,2'-tetrabenzylferrocene, IVa,
in 139, yield.

The generality of this procedure us o method for
preparing tetrabenzylferrocenes of known substi-
tution patterns was established by preparing simi-
lar derivatives starting with substituted benzoyl
chlorides, Starting with p-methyl-, p-fluoro-, o-
chloro-, p-chloro-, m-bromo-, and p-bromobenzoyl
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TABLE I

DIAROYLCYCLOPENTADIENES

Yield,s

Compound % M.P.

Found
Formula C H C H

1,2-Di( p-fluorobenzoyl)- 75 174-175
cyclopentadiene
1,2-Di(m-bromobenzoyl)- 74
cyelopentadiene
1,2-Di(p-bromobenzoyl)- 15
cyclopentadiene
1,2-Di(p-iodobenzoyl)- 65
cyclopentadiene

139.5-140.5
172-174

192-193

CroH 20, F, 3.90 73.84 4.18

C1eH120,Br2 2.80 53.44 2.66

ClgHmOzBI‘z 5281 280 5235 281

C1eH;20.1, 2 30 43.40 2.67

o Based on acid chloride.

Fe |

Fe

(|,=O

" X = m-Br Ar
X=p-Br 111

chloride, the corresponding diaroyleyclopentadienes
were prepared, and from these the corresponding
substituted tetrabenzylferrocenes were obtained in
vields usually ranging from 25-309%. All of the
tetrabenzylferrocenes were yellow, easily crystal-
lized solids. Only 1,2-di(p-iodobenzoyl)cyclopenta-
diene failed to yield sufficient amounts of the tetra-
benzylferrocene to be characterized.

Table I lists the diaroyleyclopentadienes pre-
pared that were not reported by Linn and Sharkey;
Table IT lists the tetrabenzylferrocenes.

EXPERIMENTAL

All melting points are uncorrected.
Analyscs were performed by Microtech Laboratories,

Skokie, Ill., and by Kenneth L. Shepard in this Depart-
ment.

1,2,~-Diaroylcyclopentadienes. The dibenzoyleyclopenta-
dienes were prepared essentially by the method of Linn and
Sharkey.® To a solution of phenyllithium (0.02 mole) was
added an equimolar quantity of cyclopentadiene in dry ether
solution. To this reaction mixture was then added dropwise
an equivalent amount of the aromatic acid chloride at room
temperature After stirring for 15 min., the mixture was
treated with dilute acetic acid and the layers separated.
The ether layer was extracted several times with dilute
acetic acid, and the volume reduced to about half. Addition
of about an equal volume of 909, ethanol, followed by further
reduction of the volume at 55°, yielded, on cooling, yellow
crystals of the diaroylcyclopentadiene. Most of the diaroyl-
cyclopentadienes were recrystallized from petroleum ether
(b.p. 60-110°).

Attempted preparations of telrabenzylferrocene. FKquimolar
quantities of phenyllithium and dibenzoyleyclopentadiene in
cther solutions were mixed and stirred for | hr. The mixture
was added to an equivalent quantity of ferrous chloride
(anhydrous) in tetrahydrofuran. After stirring for { hr., the
mixture was filtered and treated with dilute hydrochloric
acid. Evaporation of the solvent yielded only the starting
dibenzoyleyelopentadienc.

A similar procedure was used with sodium ethoxide? in
cthanol as the base. The reaction with ferrous chloride was
allowed to reflux for 3 hr., but again only starting material
was obtained.

The reaction between dibenzoyleyelopentadiene and fer-
rous chloride in diethylamine was allowed to stir overnight.
Evaporation of the solvent after filtration yielded a black tar
which was taken up in methylene chloride and was treated
with sodium hydrosulfite. Evaporation of the solvent yielded
a solid that appeared to be polymeric and contained no iron.

1,1',2,2'-Tetrabenzylferrocene. To a solution of 1.32 g.
(0.035 mole) of lithium aluminum hydride in 100 ml. of dry
other was added 7.0 g. (0.0255 mole) of solid dibenzoyleyclo-
pentadiene. The reaction that ensued brought the system to
reflux. After 2 hr. at reflux, the mixture, ccntaining a yellow
precipitate, was transferred under nitrogen to a mixture of
anhydrous ferrous chloride (0.0127 mole) in tetrahydrofuran.
The reaction mixture turned brown and was allowed to re-
flux for 2 hr. Water and dilute hydrochloric acid were added
to hydrolyze the inorganic salts, and the ether layer was
separated. The ether layer was washed three times with
water and was dried over magnesium sulfate before the ether
was evaporated. The residue was chromatographed on alu-
mina with benzene-109} ethanol. The vellow crystals ob-
tained were recrystallized from acetone. The yield was 0.92
2., 13%, m.p. 154.5-155.5°.

(0 W. I, Little, R. (. Koestler, and R. Llisenthal, J.
Org. Chem., 25, 1435 (1960).
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TABLE II
TETRASUBSTITUTED FERROCENES PREPARED IFROM 1JJAROYLCYCLOPENTADIENES
Yield, Caled. _ Found
Compound % MP. Formula C H C H
1,1/,2,2'-Tetrabenzylferrocene 13 154.5-155.5 CisHyFe 83.51 6.27 83.20 6.22
: 83.44 6.33
1,1/,2,2’-Tetrakis(p-methylbenzyl)- 25.5 101-102a CiHFe 83.71 7.03 83.32 7.12
ferrocene 117-118
1,17,2,2'-Tetrakis(o-chlorobenzyl)- 10.7 163.5-164.5 CyH3ClFe 66.69 4.42 66.52 4.40
ferrocene
1,1/,2,2'-Tetrakis(p-chlorobenzyl)- 25.7 169-171 C;ssH3CLiFe 66.69 4.42 66.75 4.33
ferrocene 67.08 4.58
1,1/,2,2'-Tetrakis(p-fluorobenzyl)- 30.5 142-143 CasHyoF Fe 73.79 4.89 73.66 5.03
ferrocene
1,1/,2,2'-Tetrakis(m-bromobenzyl)- 24 .4 117.5-118 CyHyoBrFe  52.94 3.51 53.26 3.53
ferrocene
1,1/,2,2’-Tetrakis(p-bromobenzyl)- 9.5 207-208 CssHyoBr,Fe 52.94 3.51 53.11 3.65
ferrocene

e Compound melts at 101°, resolidifies at 102°, and melts finally at 117-118°,

The other tetrabenzylferrocenes were prepared by almost
identical procedures from diaroyleyclopentadienes prepared
from the appropriately substituted benzoyl chlorides. The
recrystallization solvents used with the substituted com-
pounds were as follows: p-methyl, ethanol; o-chloro, ethyl
acetate; p-chloro; acetone; p-fluoro, acetone-water; m-bromo,
acetone; p-bromo, benzene.
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Lithium aluminum hydride was added to the exo double bonds of dimethylfulvene and diphenylfulvene, followed by treat-
ment with ferrous chloride to produce heteroannular diisopropylferrocene and dibenzhydrylferrocene, respectively. Addition
of phenyllithium to dimethylfulvene, followed by treatment with ferrous chloride similarly gave heteroannular bis(«,a-
dimethylbenzyl)ferrocene. Phenyllithium addition to diphenylifulvene, however, did not give the expected bis-triphenyl-
methylferrocene upon treatment with ferrous chloride. The structure of the product obtained was not deterinined. Bistri-
phenylmethylferrocene was, however, obtained from triphenylmethyleyclopentadienc and ferrous chloride.

The aromatic nature of a cyclopentadienide ion
endows the ring with a stability that enables ful-
venes to react with several reagents as pseudo
ketones, the five-membered ring with its ability to
accommodate a negative charge performing as the
carbonyl oxygen. Iigure 1 summarizes four reac-
tions of fulvenes that are analogous to ketone reac-
tions. Lithium aluminum hydride adds to the ezo
double bond of alkyl- and arylfulvenes to yield sub-
stituted cyclopentadienide ions!; phenyllithium
likewise adds to fulvenes? in an analogous manner to
carbonyl addition. With strong bases such as tri-
phenylmethide or sodium amide, alkylfulvenes lose
protons? in a manner analogous to enolization; and
with sodium metal,* reductive coupling occurs, as in
pinacol formation from ketones, to form dianions.

(1) K. Ziegler, H. G. Gellet, H. Martin, and J. Schnider,
Aun., 589,91 (1954).

(2) K. Ziegler and W, Schafer, Ann., 511, 101 (1934).

(3) W. Schlenk and Ii. Bergmann, Ann., 479, 58 (1930).

All of these reactions offer routes to substituted
ferrocenes, simply by treating the products with an-
hydrous ferrous chloride. The purpose of the present
communication is to present the details of the use of
the first two of these reactions for the production of
ferrocenes. Concurrently, the authors® and Pauson®
reported results of preparations of disubstituted
ferrocenes by these routes in preliminary communi-
cation form. Pauson also reported the use of po-
tassium amide on dimethylfulvene for preparation
of dialkenylfulvenes, and Pruett” has found that the
fourth reaction produced bridged ferrocenes whose
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