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INTRODUCTION

Within the Iast few vears hexafluorobenzene and other highly fluorinated aromatic
hvdrocarbons have become more readily: avuilable and their chemistry has been
investigated in considerable detail®*. One of the characteristic reactions of highly
fluorinated aromatic hidrecarbons is the facile nucleophilic substitution of fluorine
with other groups. For example, hexafluorobenzene reacts readily with sodium
methoxide to form pentafivorophenyl methyl ethers.

Recentlv we have been investigating the chemistry of various metal carbonyl
anions!3. It seemed likelv that these rather nucleophilic anions might react with
various highly fluorinated aromatic hydrocarbons to form new perfluoroaryl deriva-
tives of transition metals.

Wkhen we began this work (July, 1663), no perfluoroaryi derivatives of transition
metais had been reperted. Shortly after our initial positive results we learned from
two independent research greoups®8 of the sintheses of several perfluoroaryl deriva-
tives of transition metals such as (CoHLTIHCEF). (refs. 53 and 6), CI;Mn(CO),
{refs. 5and 6} and C4F;Fe{CO),C H; {ref. 6). Both groups of workers used the reactions
bLt\\LCn various complex transition metal halides and pentafiuorophenyl derivatives
of magnesinm or lithium. Neither research group reported the preparation of transi-
tion metal derivatives of perfluorecaryl groups other than the pentafluorophenyl
groupr.
This paper describes in detail the nucleophilic substitution of fluorine in several

highly- fluorinated aromatic hydrocarbons by the anion [Fe(CO).CsHj

EXPERIMEXNTAL

Microanalyszes and molecular weight determinations (Mechrolab vapor pressure osmo-
meter in benzene solution) (Table 1) were performed by Pascher Mikroanalytisches
Laboratoriam, Bonn, Germanyv, and Schwarzkopf Microanalytical Laboratory,
Woodside, New York. In general infrared spectra were taken in potassium bromide
pellets and recorded on a Perkin-Elmer Model 21 spectrometer. In addition, the

" For Part IV of this series see ref. 1.
. A g . - - -
For a2 summary of the chemistry of aromatic fivorine compounds see ref. 2.
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TABLE 1
COMPOUNDS DESCRIBED IX THIS PAPER

Anaivses

C H F Fe

Compound Color M.p. Preparation Yield

1) C;FyFe(CO).C;H;™ vellow- 142-143°" NaFe(CO).C;H; + 499 Caled. 45.4 1.4 27.6 16.3
orange «F¢ Found 46.1 1.4 27.9 16.2

2) C,FHFe(CO),.C;H;  vellow- 128-130°> NaFe(CO).C;H; + 399, Calcd. 47.9 1.8 =23.3 17.2
orange C,F;H Found 38.3 1.7 23.2 16.4

3) CgFyH.FeiCO).C.H; vellow- 73-75° NaFe{CO},C;H; + 299, Caled. 50.7 2.3 18.5
orange 1,2,3.4-CF Ha Found 50.8 2.2 18.6

1) CF G FFe(CO).C;H; vellow- t19-120° XNaFe(CO),C;H; + 489, Caled. 42.6 1.3 33.7 142
orange CF,C,F5 i Found 32.4 1.4 33.8 13.7

carbonyl regions of the infrared spectra were investigated in greater detail in Halo-
carbon oil mulls on a Beckman 1R-g spectrometer with grating optics. Ultraviolet
spectra were taken in cyclohexane solution and recorded on a Cary model 14 spectro-
meter. The proton NMR spectra were taken in chloroform, carbon disulfide, or acetone
solutions with hexamethyvldisiloxane {g.05 7) as an internal standard and recorded
on a Varian A-60 spectrometer. The ' NMR spectra were taken in chloroform
solutions with 1,2-difluoro-1,1,2,2-tetrachlorocthane (Freon 112) (67.8 &) as an internal
standard and recorded at 56.4 Mc. on a Varian DP-60o spectrometer.

Reagerts

Tetrahvdrofuran was always freshlyv redistilled over lithium aluminum hydride. The
fluorinated aromatic hydrocarbons were purchased fro-1 Pierce Chemical Co., Rock-
ford, Illineis. The sodium salt NaFe(CO).C H; was prepared under nitrogen from
CH Fe(CO , and an ~ 30°; excess of ~ 19, sodium amalgam in tetrahyvdrofuran
solution as described in previous paperst-.

General procedure for the reactions between NaFe{COVC H and aronatic fluerocarbons
A mixture of 10 mmoles of NaFe(CO),C,H; and 10 mmoles of the aromatic fluoro-
carbon in 60 ml of tetrahydrofuran was refiuxed 12-38 h under nitrogen with stirring.
After cooling 1o roeim temperature, solvent was removed at ~ 30 mm. Nitrogen was
admitted and the residue extracted with three 50 ml portions of dichloromethane.
After gravity filtration, solvent was removed from the filtrate at ~ 30 mm.

The resulting brownish residue was dissolved in 50-100 ml of benzene and the
filtered benzene solution chrematographed on a 2~ 50 cm alumina column. The
chromatogram was developed with benzene. A vellow band of the perfluoroarvl-
Fe{CO),C,H; derivative appeared followed by a red-brown band of [C;H;Fe(CO).i..
In most cases the red-brown band of [C;H;Fe(CO), , was not further investigated.
The vellow band of the perfiuoroarvl-Fe(CO).C,H, derivative was cluted with ben-
zene. The vellow-orange eluate was filtered by gravity collecting the filtrate under
nitrogen. Removal of benzene at ~ 30 mm from this filtrate left vellow-orange
crystals. These were purified by extracting with a minimum of pentane at room
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40 R. B. KIXG, M. B. BISNETTE

temperature and cooling the £ltered solution to —78° to reprecipitate the product.
The analvtical samples were finally purified by sublimation at ~ So°/o.x mm.

The perfleoroaryl-Fe(CO),CsHy compounds melting above 100° (Table 1) were
rather sparingly soluble in pentane. Therefore, significant additional amounts of these
matenals were obtained by sublimation of the insoluble material remaining after the
pentane exiraction.

In the case of the preparation of CiF;Fe(CO).C;H. from NaFe(CO),C;H; and
hexafiuorobenzene, the original dichloromethane extract appeared to contain no
{CsH Fe(CO}. .. Therefore, in thiz preparation chromatography was cmitted, the
product being i1solated from the residue remaining from the dichloromethane extract
by pentane cryvsiallization and vacuum sublimatiorn.

Tables 1, 2, and 3 give the analvtical data, infrared spectra, and NMR spectra,
respectively, of the new compounds.

TABLE 2

INFRARED SPECTRA OF THE COMPOUNDS DESCRIBED IN THIS PAPER (cm—‘)

C-H
Bands>

Cosmpound Oiiier Bandsh

3100 (W) 1620 (W), 15935 (W}, 1490 (s), 1450 {5}, 1435 (sh).
1360 {m}, 1352 (sh), 1262 (w), 1246 (vw), 11T {w},
1062 (sh}, 1055 (3). 1050 {sh}, 1635 (sh}. 1019 {sh},
rorg {w}, 1co3 (w), 962 (s), 035 (s). 353 (5},
332 {shj. 768 {s}). 735 (w), 73 (vw)

1) C,F;Fe{CO},C,H,

21 CF HF=iCO:.CH, 20633 (s} 3100 {(w} 626 (m}, 1590 (m), 1550 (m}, 1450 {vs}. 1143 (vs),
1986 fvsi 30735 {wi 13235 (my, s415 {m), 1300 {m), 1355 (wi. 1334 (W),
1973 (Vi) 1272 (vw), r2gz (w), 1223 (w), 1178 (3), 160 {s),
1940 (W} 1035 {m). 1013 (W), 1003 {m}, 933 (W}, 935 (w},
838 (vs), 835 (m). 842 (s}, 823 {3}, 300 s}, 703 (s).
593 {s)
31 CeFyt.Fe{CO.C.H, 2051 {57 3020 {w} 3543 (W}, £330 (s). 1400 {m), 1373 (m), 12535 (m},
1992 (s} 1255 1. 8335 (m).
1957 {m) 523 ¢ F10 {w?

1033 {w)

13 CFLCF,Fe{CO}.CiH, =054 (s} 3100 {xv) 1630 (m), 1615 {shi, 1570 (m), 1565 {m). 1450 (vs),
2003 {5} 1435 {vs). 13235 {vs), 1300 {m), 1318 {vs). 13035 {vs),
1665 (W) 1188 (s}, 1150 {s}. 11135 {vs}, 1062 {w}, 1013 {Ww),

reoz {w}. g0 (vs), 930 (sh), gor (m} 352 (s).
T6H06 (s}, 74z {(m}. 710 {3)

2 Halocarbona Oil mull, Beckman IR-9 spectrometer.
o KBr pelict, Perkin-Elmer 21 spectrometer.

The visible spectrumr: of CgF;Fe(CO},CsH; exhibited no maxima, the absorption
decreasing gradually frozz 100 to ~ 380 mpu.

Uliraviolst spectra
AL CgF Fe(CO).CoH . Maximum at 356 mp (¢ = g42).
B. CF G F (Fe(CO}CH 5. Maximum at 3536 mp (£ = 926).
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TABLE 3
NMR SPECTRA® OF PERFLUOROARYL IRON COMPLEXES?

13F Chemical Shifts, o YH Chemical Shifts, ©
Conpound
orlko melta para CF, C.H, Other
CgF Fe(CO).C;H; 107.3 (2)¢  163.6 (2)¢ 160.3 (1)¢ — 53.02 —_
CeF Mn(CO) ;2 104.3 {2) 161.2 {2) 157.5 {I1) —_— — —_
CeF HFe(CO),CsH; 108.9 (2) 131.5(=2)9 — _— 5.03 3.34
1.8oh 3.128.8
C¢F3H.Fe(CO).C;H; 85.5 (x¥  ra4.4 (1)F — — 3.07 ~ 3.4
102.6 (1)/ 4.85" —~ 3.3%7
CF;CeF Fe(CO),C;H, 106.5 (2}f  144.5 (2} — 56.9 (3)* 3-99 —
2 Relative intensities given in parentheses. 9 Double doublet, J, = 10 c.p.s., J. = 15 c.ps
® Chloroform solution unless otherwise & Acetone solution.
indicated. ¢ Triple triplet, J;, = 7 ¢.p.s., J. = 10 c.p.s.
¢ Doublet, | = 21 c.p.s. 7 Complex multiplet.
2 Triplet, J = 21 c.p.s. & Fine structure not clear.
¢ Data from ref. ;. ! Triplet, J = 20 c.p.s.
f

Double doublet, J;, = 7c.p.s., J» = 15¢.p.s.

PISCUSSION

The =uccessful svnthesis of CgF;Fe(CO),C;H; from hexafluorobenzene and
NaFe(CO).C H; led us to investigate the reactions between other metal carbonyl
anions and hexafluorobenzene in order to prepare pentafluorophenyl derivatives of
other transition metals. However, pentafluorophenvi-transition metal derivatives
were not isolated in the reactions of hexafluarobenzene with the sodium salts
NaMn{CO);. NaCo(CO),, Na,Fe{CO),;, or NaMo(CO};C;H; in refluxing tetrahvdro-
furan. Thus present indications are that the nucieophilic substitution of hexafluoro-
benzene with metal carbonyl anions is limited to the preparation of CgF Fe(CO),C H;.
It is possible, of course, that sufficient modification of the reaction conditions might
eventuallv- lead to successful nucleophilic substitution of hexafluorobenzene with
some of these other anions.

Despite this severe limitation, nucleophitic substitution of highiv fluorinated
aromatic hvdrocarbons with NaFe(CO}.C,;H; does appear to be a preferred synthetic
method in some cases. For example, CF Fe(CO),C H,, obtained in only ~ 7 ¢; vield
from pentatluorophenvimagnesium bromide and C;H;Fe(CQ),I with much {formation
of TC;H, Fe(CO). ., (ref 6), was obtained in ~ 49 %, vield from hexafluorobenzene and
NaFe(CO),C;Hy with little formation of [C;H;Fe(CO).l, as a by-product. Nucleo-
philic substitution of aromatic fluorocarbons other than hexafiuorobenzene with
NaFe(CO).C;H; provided a route for the preparation of other perfluoroarvliron
derivatives for which the bromo- or iodo-derivatives required for the preparation of
the appropriate magnesium or lithium derivative mayv not be readily available.
Besides hexafluorobenzene, the reactions of the aromatic fluorocarbons pentafiuoro-
benzene, I1,2,3,4-tetrafluorobenzene, and octafluorotoluene with NaFe(CO),C;H; were
investigated and the corresponding perfleoroarvliron compounds prepared. Un-
doubtedly, many other highly fluorinated aromatic derivatives would also form
similar perfluoroarvliron derivatives on treatment with NaFe(CO),C;Hj: but the
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42 R. B. KING, M. B. BISNETTE
relatively high cost of most highly fluorinated aromatic compounds discouraged the
preparation of an extended series of such perfluoroaryliron derivatives.

In reactions between NaFe(CO).,C;H; and aromatic finorocarbons other than
hexafluorcbenzene, several products are possible in each case depending which one
of two or more possible fluorine atoms is replaced with the Fe(CO),C;H; group.
Fortunately, I°F NMR spectroscopy permitted an unequivocal structure assignment
to each perfluoroarvliron compound prepared in this work.

Thus the iron compound CgF HFe(CO),C;H; obtained from pentafiuorobenzene
and NaF2{CO).,C;H; was found to exhibit only fwo resonances of equal intensity in its
13F NMR spectrum {Table 3). This clearly indicates structure (I) for this complex in
which the hydrogen atom and the Fe(CO).C H; group are located in mutually para-
positions. On the basis of similarity in pesitions to the corresprnding resonances in
CeFsFe(CO).C H; and C,F Mn{COj;, the double doublet at 108.9 ¢ may be assigned
to the two fluorine atoms in orfko-positions relative to the iron atom and the
double doublet at 141.5 ¢ to the two fluorine atoms in sma-positions relative to
the iron atom. The double doublets arise from unequal coupling to the other type
of fluorine atom and to the single proton. The single benzenoid aromatic proton in
CF . HFe(CO}.C;H; appears as a triple triplet at 3.34 7 in the proton N)MR spectrum
due to uncequal coupling with the two different pairs of fluorine atoms.

The compound C,F,H.Fe{CO).C;H; obrtained from 1.2,3,4-tetrafluorobenzene
and NaFe{CO1,C ;H; was found to exhibit three resonances of equal Intensity in its
BF NMR spectrum (Table 3}. This fact alone does not distinguish between the two
possible structures (I} and (IIT}). However, fluorine atoms in both siefa- and para-
positions relative to transition metal atoms appear in the range 141-164 & (Table 3).
Only one of the three fluorine resonances in CgF ;HL.Fe(CO).C;H; appears in this range
indicating the presence of only one sefa- or para-fluorine atom relative to the iron
atom. The other two resonances which appear at 83.5 dand 102.6 &, chemical shifts
charecterisiic of fluorine atoms In orf-positions relative to transition metals, mayv
be assigned to two different tvpes of o7tio-tiuorine atoms Thus the chemical =hifts of
the 19T NMR re<onances in CoF,HLFC{COLC H clearl -adicate structure {II} rather
han structure (IIT} for this compound. The relatively low symmetry of the sub-
stituted b -nzene ring in CF HLFe(CO; . H; has prevented interpretation of the fine
structures of both the PF and proton NMR resonances.

The reaction between the ruther expenzive octatluorotoluene and Nal'e{CO}.C H

~t

was carried sut in order to ascertain whether the benzyvlic fluorine atoms of the CFy
cup or the aromatic fluorine atomns of the Gy group would be substituted pre-
rentiaic with Fe(COWLC;H; groups. The F NMR spectrum of the resulung
_F_Fe{CO;.C;H; clearlyv indicated structure (IV), substitution of the aromatic
uorine atoms in 2 para-position relative to the CF; group having occurred in pre-
ference to substitution of either the ortho- or ieia-fluorine atoms of the aromatic ring
or the benzvlic tluorine atoms of the CF; groups. Only three resonances were obzerved
in this F N)MR spectrum of relative intensities 3:2:2. The tripiet of relative intensity
3 at 56.9 % may clearly be assigned to the three fluorine atoms of the CF, group being
split by the two equivalent aromatic fluorine atoms in an orfiio-position relative o
the CF, group. The remaining two resonances of equal intensity at 100.5 ¢ and
144.5 & may be assigned to the two fluorine atoms in ortio-positions relative to the
iron atom and the two fluorine atoms in suefz-positions relative to the iron atom,

g

= R
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respectively. The chemical shifts of these fluorine atoms are very similar to the
chemical shifts of the corresponding fluorine atoms in CgF ;HFe(CO),C;H; confirming
this assignment.

F ¥ CO F F CO
N 2 H N/ 1
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From the reactions of aromatic fluorocarbons with NaFe(CO),C;H; discussed 1n
this paper, the following general conclusions may be drawn regarding the position of
nucleophilic substitution of fluorine atoms with Fe(CO)},C;H; groups:

(1) Substitution occurs in a para-position relative to a substituent other than
fluorine.

(=) Substitution in an aromatic nucleus occurs in preference to substitution in a
side chain.
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SUMMARY

The sodium salt NaFe{CO1.C.H; reacts with hexafluorobenzene, pentafluorobenzene,
and 1,2,3,4-tetrafluorobenzene in tetrahydrofuran to form the yvellow-orange deriva-
tives CF Fe(CO).C;H;, (p-CeF ;H)Fe(CO),.C:H;, and (2,3,6-CeF;H,)Fe(CO).CH;,
respectivelv. Octafluorotoluene reacts with. NaFe(CO),C H; in tetrahvdrofuran to
form vellow-orange (-CF,CoF ) Fe(CO).C H; rather than a heptafluorobenzyl deriv-
ative.
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