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- SHORT COMMUNICATIONS

Bonding in fluorinated organometallic compounds

Within the past year, several workers have discussed the bonding of per-
fluoroalkyl groups to transition metals, in order to explain the great thermal and
aerobic stability of perfluoroalkyl-metallic compounds. The crystal structures of
7-CsHsRB(CO)(C,Fs)I' and K,[Col{CN);CF,CF,H}? are reported to provide
persuasive evidence of the shortening and hence strengthening of the M--C bond
of the perfluoroalkyl group. Some vnusual features of the infrared spectra of per-
fluoroalkyl derivatives have likewise been examined by Wilford and Stone?, and
Cotton and McCleverty*. Theoretical descriptions have been given in the following
terms: (@) a stabilization of the metal-perfluoroalky! bond because of metal-orbital
contraction due to the high electronegativity of the perfluoroalkyl group(i.e. anelectro-
static model); (b) a valence bond approach?® based on the contribution of canonical
structures such as

] i
+
M—-?~F and M‘:? F~
F F

(c) the m-acceptor capacity of the perfluoroalkyl group®, requiring a drift of dn
clectrons from the metal into C-F anti-bonding orbitals. Models (b) and (c) are very
approximately equivalent in that both should increase the bond order and reduce
the length of the M—C bond, and conversely decrease the bond order and increase
the length of the C-F bonds. The compound cis-CFH=CFMn(CO); provides the
first evidence of the latter effect, and the structure, infrared and *°F NMR spectra
can be related, at least qualitatively.

" Considering infrared data first, Cotton and McCleverty* have pointed out
the lowering by about 100 cm ™! of the C—F stretching frequencies of CF,Mn{CO);
“from those of CF,X (X = Cl, Br, or I}. Such a frequency change indicates a drop of
about 10%, in the C-F force constant, and this was attributed to the use of the C-F

TABLE 1

INFRARED DATA FOR TRIFLUOROMETHYL COMPOUNDS

Compound C~F frequencies (cm™1) Ref.

(CH,);GeCF 1194, 1098 5

(CH,);SnCF, 1158, 1071 6

(CHa):PbCF, ~1140, ~ 1070 7

(CH,);PCF, - 1175,1125,1118 8

CF,X (X=CL Br, or I} 1177-1247, 1058-1104 quoted in ref. 4 -
. CF,Mn{CO), 1053,1018 quoted in ref. 4
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anti-bonding orbitals according to model (c) above. This comparison can be extended
to trifluoromethyl derivatives of main group metals as shown in Table 1. Applying
Cotton and McCleverty’s argument, we can conclude that in general the degree of
M-CF; n-interaction in (CH,),MCF; (M = Ge, Sn, Pb, or P; n=3 or 2) is comparable
to that in CF;X (X = Cl, Br, or I) and certainly less than in CF3Mn (CO)s. It must how-
ever, be pointed out that participation of the canonical form [(CH;);Sn*=CF,]F~
might be invoked as a possible explanation of the ready pyrolysis of (CH,);SnCF;
to (CH;);SnF and difluorocarbene®.

The best illustration to date of the unusual bonding features of a fluoro-
organometallic compound is provided by cis-CFH=CFMn(CO);, for which both
spectroscopic® and structural'® data are now available. The C—F stretching frequen-
cies are 1045 and 968 cm™! (nujol mull). A comparison with the corresponding
frequencies {liquid film) for (CH;);SnCF=CFH [1086, 1058 and 1038 (doublet}
cm™ ]! and with the spectra of perfluorovinyl-metal compounds!? shows that in
cis-CFH=C¥Mn (CO); the C—F stretching frequencies are appreciably lowered. If
this is due to involvement of the C—F anti-bonding orbitals, one might hope to see
both a shortened Mn—~C(F) distance, and an clongation of the C-F bonds. The
crystal data'® show the latter to occur, the C—F distances being Ca—F = 1.46+0.03 A,
and CB-F=1.50+0.03 A, compared with the expected 1.33 A. It is particularly
interesting both C~F bonds are long, suggesting that the n-interaction from Mn to the
—CF=CFH group extends through the >C=CZ{ bond system to affect the two
fluorine atoms equally. Moreover, the unusually small FF coupling constant (2.4
cps) observed in the '°F NMR spectrum® provides further evidence that the bonding
of the fluorine atoms is unusual. This decrease in the cis-FF-coupling constant may
be associated with the lengthening of the F—~C=C-F linkage (overall length 424 A)
which is comparable to the F—C—C-T length of 4.2 A in fluoroalkanes.

The Mn—C(F) distance is 1.95 A and may be slightly smaller than the sum of
the covalent radii (ca. 2.1 A)'3. Unfortunately, structural data for any related alkyl-
or vinyl-manganese compounds are not available for comparison. Alternatively, to
avoid the problems inherent in the use of atomic radius values, the method of Churchill
can be applied, and the distances M—C (hydrocarton or fluorocarbon group) com-
pared with the M—CO distances for known compounds (Table 2). The difference is
intermediate in value between those of the fluoroalkyl compound and that of the
ethyl compound. Hence the data do not disagree with a proposed shortening of the

TABLE 2
A COMPARISON OF METAL—CARBON BOND LENGTHS
Compound Bond Distance (4) Difference (A)
7-CsHsRh(CO)(C,F)I* Rh—CF, 2.08 ol
Rh—CO 1.97 )
K5 [Co{CN),CF,CF,H]? Co—CF, 1.990} 0063
Co—CN 1.927 .
cis-CFH=CFMn(CO); Mn—-CO (axial) - 173 } 022
Mn—CF 1.95 0' 16
Mn—CO (equat.) 1.79 .
2-CsHsMo(CO);C,Hs™ ~ Mo—CH, 238 } 041
' Mo-CO 1.97 - :
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Mn—-CF bond in cis-CFH=CFMn(CO);, but certainly do not provide conclusive
evidence*. A final point worth mentioning is the value of 130° observed!® for the
Mn—C=C angle of cis-CFH=CFMn(CO),, this also being consistent with the Mn—CF
bond having a bond order greater than one!.

The lengthening of the C—F distances, the low frequencies of the C—F stretching
vibrations, the anomalous features of the '"F NMR spectrum, and the unique
molecular dimensions of cis~-CFH=CFMn(CO); provide the best evidence to date
of the n-bonding properties of fluorinated organic groups. The most elegant explana-
tion is that requiring a flow of manganese dr electrons into the antibonding C-F
orbitals, an effect which is probably enhanced in this particular compound through
participation of the vinylic [} C=CZ{ n-system.

Department of Chemistry H. C. CLARK
University of Western Ontario
London, Ontario, Canada

Exploratory Research Laboratory J. H. Tsarl
Dow Chemical of Canada Lid.
Sarnia, Ontario, Canada

1 M. R. CHURCHILL, Inorg. Chem., 4 (1965) 1734.

2 R. Masox anD D. R. RUSSELL, Chem Commun., (1965) 182.

3 J. B. WiLrorp anD F. G. A. StonE, Inorg. Chem., 4 {1965) 389.

4 F. A. CotToN AND J. A. MCCLEVERTY, J. Organometal. Chem., 4 (1965) 490.

5 N. Hota anp C. J. WiLLis, private communication.

6 H. C. CrLark AND C. J. WiLLss, J. Am. Chem. Soc., 82 (1960) 1888.

7 H. D. Kaesz, J. R. Panuips axp F. G. A. STONE, J. Am. Chem. Soc., 82 (1960) 6228.
8 M. A. A. BeG anp H. C. CLarx, Can. J. Chem., 40 (1962) 393,

9 H. C. CLaRK AND J. H. Tsal, Inorg. Chem., 5 (1966) 1407.
10 F. W. B. EnstEIN, H. LUTH AND J. TROTTER, J. Chem. Soc., submitted for publication.
11 A. D. BEveriDGE, H. C. CLARK aND J. T. KwoN, Can. J. Chem., 44 (1966) 179.
12 S. L. STAFFORD AND F. G. A. STONE, Spectrochim. Acta, 17 (1961) 412,
13 L. PAULING, Nature of the Chemical Bond, Cornell University Press, Ithaca, New York, 3rd edition,

1960, p. 254.

14 M. J. BENNETT AND R. Mason, Proc. Chem. Soc., (1963) 273.

Received June 28th, 1966

* Note added in proof: A value of 1.39 A has recently been proposed (F. A. Corton aND D. C. RICHARD-
SON, Inorg. Chem., 5 (1966) 1851) for Mn in derivatives of Mn(CO};. Th Mn—C distance, assuming the
radius of C (sp® hydrization) to be 0.68 A, should then be 2.07 A. It is therefore very clear that the Mn—CF
distance is shortened considerably in cis-CFH=CFMn(CO);.
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