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Preliminary Note

Chemistry of the metal carbonyls

XX1l. Fentafiuorophenyl derivatives of transition metals”

The recent prepzration of pentafiuorophenvimagnesium iodide and bromide?, as
well a5 pentzflucrophenviiithiums? suggests the use of these rezgents in the sinthesis
of pentzfluoropheny-transition metal complexes. Besides representing a new class of
organometzliic compound, these latter substances would increase the range of known
compounds possessing transition metal-carbon ¢-bonds?, and would add to our
knowledge of sromztic fuorine chenmistryd, hoth subjects of current interest.

M:ngonese peatacartoryl bromide (2.1 g, 7.6 mmoles) and dry diethyl ether
{500 cc} were ploced in a 1-1 three-neiked flask fitted with stirrer, condenser, dropping
funnel znd nitrcgen inlet. After cooling the flask to 02, a solution of pent: fluoro-
phenyvilitiium [prepcred at —78° from 2.0 g (8.1 mmoles) of pentafivorophenyl
bronude : nd 3.15 g of a 159, solution of n-butvilithium (7.4 mmoles) in hex: ne’ was
added. The mixture was stirred for 6 h at 07, then fu: % h at room temperature.

After filtration of precipitated lithium bromide, the filtrate was evcporated
to dryiess on & wi tor pump, cnd the residue was subjected to fractionai ~ublimation.
\WFite crystalline pentafluoropherylmanganese pentacarbonyl (m.p. 115-1207) was
obtzined (0.8g. 29°,, vield}; this was further purified by recrvstallisation from benzene.

[Found: C, 36.4; H, o.0; F, 2, ); mol. wt. {(vapour pressure osmometer}, 373.
C;F:MnO; czled.: C, 36.5; H, 0.0; F, 26.29;; mol. wt., 362."

The tigh resolution infrared spzctrum of pentafluorophenylmangarese penta-
caerbonyvl {cyclokextne selution) skows carbonyl stretching frequencies at 2135 (m),
2068 (w), 2010 {vs), 2012 (s} end 1gHS () cm-L These bands are rather similar in
position =nd relative intensity to those observed with perflnoroalkyvlmangenese
pentacarbonyl compounds®. Other bends in the infrared spectrum of pentzfinoro-
pheavlm: ng: nese pentacarbonyl (carbon disulphide solution, sodium: chloride ap-
tics! ppor it 106X {m) 1045 (w}, 1¢I2 (W}, 6€7 (s), 7€0 (s} 2nd 746 (w} cm-L.

Treatrnent of iron tetracerbonyl diiodide with pentzfluorophenyllithium affords
ntzfluorophenyiiron tetracarbonyl iodide (295 vield}, as a derk red air-stable solid
m.p. 74—76°) which sublimes at 30° (102 mm). The infrared spectrum (carbon disul-
phide solution) shows bands characteristic of the pentafluorophenyl group at 10o {w},
2008 (w}, g65 (m), 838 (mj. 775 (w) cm-! and carbonyl stretching frequencies at
2141 (W), 207G (vs), 2049 (w) crn—i

Trom reactions between bis{cyciopentadienyljtitanium dichloride and penta-
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® For Part XXII of this szriss, see ref. 1.
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fluorophenyllithium, it has been possible to isolate the first fluorocarbon derivatives
of titanium: {-C;H;).Ti(CeFs). (orange needles, m.p. 228-230°, 44 % yield) and
(7-CsH;) .Ti(CgF;)ICl (pale orange, m.p. 201-203°, 299%, vield).

The new pentafluorophenyl-transition metal complexes are chemically extraordi-
narily robust for compounds containing organic groups bound io the metal by
carbon-metal ¢-bonds.

A sample (316 mg. 0.87.4 mmoles: of p=ntafluorophenylmanganese pentacarbonyl
was unde<omposed after heating i1 vacizs at 136° for 72 h. Subsequent pyrolysis at
162" for 72 h, caused some darkening in colour, but on opening the Pytex reaction
vessel the quantity {0.58 mmoles) of carbon monoxide rcmoved was only 13°; of
that expected for complete decomposition. Moreover, although some pentafluorophenyl-
manganese pentacarbonyl was lost in working up the product, 161 mg (51 % of that
taken for pyrolvsis) of pure CcFMn{CO); was recovered. Pentafluorocphenyimanganese
pentacarbonyl is, therefore, not only thermallv more stable than phenyvimanganese
pentacarbonyl, which decomposes at 100°, but is also more stable than pentaflucro-
ethvlmanganese pentacarbonyl which is largely decomposed on heating at 150°.60

Bis(cyclopentadicnyvl)bis(pentafluorophenyl)iitanium is thermally stable =z
vacuo at 110°, but pyroivsis at 150° vields small quantities of the new compound
(z1-C5H3) s TH{CF5)F, 2 vellow solid which sublimes #22 2acno, and decomposes without
m-lting at 210°.

Treatment of perfiuorsalkyvl-manganese and -iron compounds with aqueous
base at room temperature, or with hydrogen ~hloride gas in Pyrex bulbs at 100°
vields, respectively, fluoride ion or silicon tetrafluoride®. The behaviour of the
new pentafluorophenvi-transition metal compounds towards these reagents is
different. Aqueous base at room temperature hes no apparent effect, and althcugh
hyvdrogen chloride gas dees react with the pentafinorophenyl compounds, penta-
fluorobenzene is produced rather than silicon tetrafluoride, and temperatures re-
quired for detectable reaction appear to be higher. Thus a sample (joz mg, 0.785
mmmoles) of {-C H;).Ti{C,F;). on treatment with hydrogen chloride (5.0 mmoles) in a
Pvrex bulb at 110° for 2 dayvs was unzfiected. However, further heating at 150° for
24 h vielded 1.2 mmoles of pentafluorobenzene (identitied by its infrared spectrumy).
After the bulb had been resealed with the remaining HCl (3.5 mmoles) and heated
at 150° {x day) there was a further uptake of 0.6 mmoles of HCl angé formation of an
additional o.15 mmoles of C.F;H. The total amount of pentafiuorobenzene recovered
was thus S6°; of the aveilable CsF;5 groups. Recrystallisation of the solid residue in
the bulb from toluene gave 45 mg of bis{cyclopentadicnyl)titaniuin dichloride.

From the reaction between boron trichloride and bis(cyvclopentadienyl)bis
(pentafluorophenvl}titanium at 160° it is possible to isolate pentafluorophenylboron
dichloride, a liquid stable 71 vacno. This suggest that the new pentafluorophenyl-
transition metal compounds will be useful intermediates in the synthesis of penta-
fluorophenyl derivatives of other elements.

Exzminztion of the *F NMR spectra of pentafluorophenvlmanganese pentacar-
bonyl shows bands centred at 104.3, 157.5 and 161.2 p.p.m. relative to CClL,F (0.0
p-p-m.} increasing to high field. These bznds .ire assignable to the ortiio-, para-, and
micta-finorine atoms of the C;F,—2In group respectivelyv®.
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Book Review

Industrial Applicaiions of ike Organomectaiiic Compounds. 4 Literaiure Snn'ey, by

G. J. H. Harwoep. Chapman and Hall, London, 1563, xi + 451 pages, £ 3/—/—
This book 15 primarily for the industrial chemist, who can, according to the author’s
preface, nse it to assess rapidlv whether any organometallic compounds are likely to
provide a solution of a particular problem.

The term “organometzallic compounds™ in this book covers organic derivatives
of all the eiements with the exception of the permanernt gases, boron, carbon, silicon,
phosphorus, and the healogens; it includes net only compounds with carbon-met
bonds, but also those with alkoxv—and arvioxy-metal bonds, and chelate compounds
in which organic groups are coordinated te metals through oxyvgen or nitrogen. The
book is essentially a compilation of refereirces tc proposed industrial applications of
such compounds, and very little critical evaluation hus been attempted. There are
references in the main survey to patents and papers up to 1660, and an appendix,
listing some later references, includes some 1961 papers. There is a very good index,
and an appendix giving addresses of chemical manufacturers referred to in the text.

This book will serve adequately the limited purpose for which it was produced,
namely, to provide the industrial chemist with references to the technical and patent
literature. More general readers wil' find it interesting if somewhat frustrating to
glance at the many and varied claims made for applications of organometallic cem-
pounds; this reviewer is left curious to know, for example, whether tetraethylgermane
really is used to activate aluminium to be emploved in preparation of alkylaluminiums,
what quantities of cyclopentadienyiniobium chlorides are used as polymerization
catalysts for dryving oils, alkyd resins and curanle silicones. and how many of the very
large number of suggested anti-knock additives find their way into comnmercial motor
fuels. C. EaBorx
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