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ARBSTRACT

Reactions of cyclopentadienylsodium with ethyl formate,
methyl or ethyl acetate, or dimethyl carbonate in THF solution
have produced high yields of the functionally substituted
organosodium compounds [C5HAC(U)R]' Nat, uwhere R = H, EH3 ar DCHB.

These organosodium reagents have proved to be valuable intermediates
in the formation of functionally substituted cobaltocene, nickel-
ocene, etct., sandwich complexes as well as for gther 7°-cyclopenta-

dienyl-metal systems such as (n5-ESHhEHD)M(CU)? (M = Co, Rh) and
(n5—C5HuCHD)w(ED)3CH3. The latter aldehydes can be readily convert-

ed into corresponding acrylate and vinyl derivatives. The polymer-
ization chemistry of these new organometallic monomers has been
initiated.

INTRODUCT 10N

Soon after the discovery of bis—(ns-:yclopentadienyl)irnn
(ferrocene) in 1951, it was demonstrated that this unique organo-
metallic compound could undergo typical aromatic-type ring-
substitution reactions [1,2]. The ability to introduce functional
graups onto the ps-cyclopentadienyl rings of ferrocene made

pussible the synthesis of vinylferroceme (1) in 1955, and its
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polymerization reactions were studied by Arimoto and Haven [3].
A limited number of other ﬂs—v1ny1cyclopentadienyl-metal comp-
ounds have been synthesized and their polymerization chemistry
investigated, including vinylruthenocene (23{4j, vinylcymantrene

(3)05), and vinylcynichradene (4)(6,7]. Monomers Z-4 can be
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prepared by virtue of the fact that the parent ns-cyclopentadienyl—
metal compounds, like ferrocene (1), can be acetylated under
Friedel-Crafts conditions and canverted into vinyl analogs by
standard organic procedures, The topic of vinylic organotransition
metal monomers and polymers has recently been reviewed by Pittman [8].
It would seem worthwhile ta investigate the faormetion and
polymerization chemistry of still ather ns—vinylcyclupentadienyl—
metal compounds, since the products might possess unusual and
potentially useful properties. Unfortunately, however, the ability
to functionalize n5-cyclupentadienyl-metal compaunds by means of
electrophilic aromatic substitution reactions is ssverely limited,
including the iren, ruthenium, manganese and chromium systems
mentioned above plus only & few other analogs [9,11]. The failure
of most nS—cyclupentadienyl-metal compounds to undergo ring sutbsti-
tution may be ascribed either to their imherent lack of aromatic
character or to more facile reaction pathways under the reaction
canditions involved. In any event, the inability of most ﬂ5-cyc10-
pentadienyl-metal compounds to form functionally substituted deriv-
atives by ring-substitution routes has greatly impeded the
development of nS-cyclnpentadienyl—metal chemistry of the type
shown by ferrocene. This result in turn has also greatly hampered
the growth aof vinylic organotransition metal monomers and polymers.
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RESULTS AND DISCUSSION

We have recently developed 2 new and apparently general
route for the formation of a wide variety of functionally subst-
ituted ns-cyclnpentadienyl—metal compounds [11]. The method
provides a convenient means of introducing functional substituents
onto ns-cyclupentadienyl rings in systems which are incapable of
undergoing electrophilic aromatic substitution. 1In the present
paper, we shall discuss the general procedures by which new
functionally substituted ﬂ5—cyclupentadienyl-metal compounds can
be synthesized, and especially the application of this method for
the formation of new organametallic monomers,

Reactions of cyclopentadienylsodium with either ethyl formate,
methyl acetate or dimethyl carbonate in refluxing THF solution for
2 h produce 70-95% yields of the respective compounds formyl-(5),
acetyl-(6) or methoxycarbonylcyclopentadienylsodium (7)[12].

These reactions likely proceed via the intermediate formation of
the respective 1-substituted cyclopentadienes, which react readily
with the sodium alkaoxide concurrently produced to afford the

functionally substituted cyclopentadienylsodium derivatives 5-7.

0 0
i [}
Na OR !
+ R—D—DR + —— 4 + RDH
h, 4 Na*

Na® 2
] = H
6 = CH3
7 = OCH

These organosodium reagents are moisture sensitive, but are
generaglly stable in air for short periods of time, in contrast
to cyclopentadienylsodium itself. Their proton nmr spectre
recorded in 020 solutian consist of two pairs of unresolved
multiplets representing the ring protons as well as singlet
resognances for the substituent pratons [11].

Reactions of 5-7 with various transition metal halides have
proved useful in the synthesis of functionally substituted sand-
wich compounds which are generally unattaimable by other means.
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Thus, reactions of 6 or 7 with either CnCl2 or NiBrZ-EDME in
THF solution afforded 1,1'-diacetylcobaltocene (8), 1,1'-dicarba-
methoxycobaltocene (9), 1,1'-diacetylnickelocene (10), and 1,1'-
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dicarbomethnxynickelocene (11), respectively, in yields of 3C-

S0% [13]. The ester derivatives 9 anmd 17 are currently being
evaluated as potential mongmers for the production of orgenc-
cobalt- and organonickel-containing condensation polymers [14].
Similar routes to organometallic condensation polymers which
contain the ferrocene unit have been examined previcusly, although
only relatively low Mn molecular weight products could be

ohtained [15,16].

Drganosodium reagents 5-7 are also convenient precursors
to functionmally substituted nS—cyclapentadienvldicarbonylmetal
derivatives, products which have likewise been unavailable
through electrophilic substitution reactiuns of the parent
compounds. Thus, reactions of 5-7 with [Rh(CD)zEl]? in THF
readily produce the carresponding formyl (12), acetyl (13) and

Rh Cu
7 Ne c/ Ne
ok 0 g 0
12 R=H 15 R =H
13 R = CHy 16 R = CHy
14 - OCH 17 R = OCH

§
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methoxycarbonyl (14) analogs, whereas the respective cabalt
counterparts (15-17) are available via reactions of 5-7 with

an equimolar mixture of Caz(CU)B and I2 in THF solution., These
products are obtained in yields of 50-98% as dark red liguids
which are distillable under reduced pressure.

The availability of the functionally substituted organo-
rhodium and -cobalt derivatives 12-17 provides valuable new routes
to organometallic monomers of these metals. For example, 15 and
16 react with methylenetriphenylphosphorane in ethyl ether solution
to afford (ﬂs—vinylcyclupentadienyl)dicarbnnylcubalt (17) and
(ﬂ5-isoprnpenylcyclopentadienyl)dicarbnnylcubalt (18> in moderate

0] R
" )
@ca C=CH,
7 EtZD |
Ph.P=CH, < 3
Co * h3 2 Co
E/’ \\E C// \\E
u} 0 0 D
15 R = H 17 R =H
16 R = CH, 18 R = Ciy

yvields, respectivsely. Reduction of 15 or 16 followed by
reactian of the resulting alcohols with acryloyl chloride and
pyridine have likewise produced the corresponding acrylate

derivatives (19, 20) in goad yield.

R D
E i1 .
. @LHDCEH-EHZ
NaBHQ; CH2=EHC(D)E£- '
C Co
7 D\\ pyT. C/’ \\E
UC DD 0 0
15 R=H 13 = H
16 R = CH, 20 = CHy

Polymerization studies on these organocobalt vinyl monomers
under free radical and cationic conditions are currently in
progress, and will hopefully lead to new types of organometallic
palymers with peotential catalytic properties (8,14,16].
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Previous studies in this laboratory bave shown that the
novel monomer vinylcynichrodene (4) could underge both homo- and
copolymerization. Monomer 4 was prepared from acetylcynichrodene
(21) by treatment with sodium borohydride followed by dehydration
of the resulting aleohol (22). The value of the Alfrey-Price

; N,
CCH CHCH CH=CH
3
@ NaBH, @ > Tao ¢
] _— ] ——E—Fqn-
Cr Cr Cr
E/I\N E/'\N oo c” I
D C o 0 C 'O 0 C o
0 0 0
21 22 L3

parameter g for 4 wes evalusted by reactivity ratio studies

to be -1.98, indicating that 4 is an exceptionally electron

rich vinyl monomer, resembling vinylferrocene (1) and vinyl-
cymantrene (3) [6,7].

In order to further investigate the formation and react-
ivity of vinyl monomers of the Group IVB metals, formyl deriv-
ative 5 was allowed to react with tungsten hexacerbonyl in
refluxing DMF. Treatment of the resulting organcometallic arnion
with icdomethane in THF produced (ﬂs—Fnrmylcyclopentadienyl)-
tricarbonylmethyltungsten (23) in 82% yield. Reaction of aldehyde
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DMF CHSI
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23 in benzene solution with triphenylmethylphosphonium iodide
in the presence of 5N sodium hydroxide under phase transfer
conditions afforded (n5-viny1cyclapentadienyl)tricarbnnylmethyl—
tungsten (24) in 80% yield. Attempted formation of 24 under normal
Wittig conditions (e.g., Ph3P=CH2 generated in ethyl ether
solution from triphenylmethylphosphonium iodide and n-butyl-
lithium) alsoc produced 24, although in appreciably lower yield.
Reduction of aldehyde 23 by sodium borohydride in ethanaol
proceeded smoothly to produce the corresponding alcohol in nearly
guantitative yield. Subseguent reaction of this alcohol with
sodium hydride followed by acryloyl chloride afforded the acrylate
derivative (25) in 65% yield. Homo- and copolymerization
reactions of 24 and 25, the first organotungsten vinyl monomers
to be synthesized and studied, are under present investigation [17].
It is therefore evident that the development of functionally
substituted cyclopentadienyl-metal compounds can lead to many neuw
organgmetallic monomers which would be unattainabhle by other means.
The polymerization chemistry of these new monomers and evaluation
of the properties of the resulting orpanometallic polymers should

be of interest to chemists for many years to come.
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