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of pentacarbonyl(dialkylaminofluorocarbene)chromium compounds.
Confirmation of structure by single crystal X-ray diffraction *
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Abstract

A new method for the preparation of monofluorocarbene complexes with sulfur tetrafluoride, such as pentacarbonyl(dialkyl-
aminofluorocarbene)chromium compounds, facilitated establishment of the carbene character of these materials by single crystal

X-ray diffraction studies.

Pentacarbonyl(dialkylaminofluorocarbene)chromi-
um compounds are potentially valuable building blocks
[1] for the construction of selectively fluorinated mate-
rials that possess interesting biological activity or
unique physical properties. Very few transition metal
carbonyl monofluorinated carbene complexes are
known [2]. We have prepared a variety of pentacar-
bonyl(dialkylaminofluorocarbene)chromium com-
pounds by a novel strategy. Although these fluorinated
Fischer type carbenes demonstrate remarkable stability
in sharp contrast to other pentacarbonyl(dialkylami-
nohalocarbene)chromium species, single crystal X-ray
diffraction studies have confirmed the carbene charac-
ter of these materials.

The stability of N,N-disubstituted-aminofluorocar-
bene complexes has so far frustrated our use of these
compounds as building blocks for the synthesis of se-
lectively fluorinated organic substances. Not only do
the pentacarbonyl(dialkylaminofluorocarbene)chromi-
um complexes have remarkable stability in comparison
with pentacarbonyl(diethylaminchalocarbene)chromi-
um complexes [2a,3] but also relative to aryl- or
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alkylfluorocarbene complexes [2a—c]. We were there-
fore interested to confirm the structure of this type of
compound, since an early report of the existence of
pentacarbonyl(diethylaminofluorocarbene)chromium
relied solely upon spectroscopic evidence [2a]. To facil-
itate our investigation, a general synthesis of pentacar-
bonyl (N, N-disubstituted-aminofluorocarbene)chromi-
um complexes of the Fischer type was developed.
Chromium hexacarbonyl was allowed to react with
lithium dialkylamides to form the lithium acylates 1a-e
according to known procedures. These salts la—e can
be easily fluorinated with sulfur tetrafluoride in the
presence of a stoichiometric amount of tetrabutylam-
monium fluoride to form the fluorocarbene complexes
2a—e [4%,5%].

OLi
NR!R?
(1a-e)
OLi SF, F
NRIR? o COSCr=<{pip:

(2a-e)
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(CO)sCr=<

* Reference number with asterisk indicates a note in the list of
references.
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TABLE 1. Pentacarbonyl(dialkylaminofluorocarbene)chromium
complexes

F
(CO)Cr=
5= \RIR?
2a-2e

Entry -NR!R? Yield (%)
2a _NEL, 62.0

2b —NBn, 35.8

2¢ -NBnEt 31.5

_ .
2d —N N 323

In the absence of either tetrabutylammonium fluo-
ride or sulfur tetrafluoride, the fluorination reaction
fails to proceed. The pale yellow crystalline carbene
complexes 2a-e can be heated at 110°C or irradiated
by a medium pressure mercury vapor lamp for several
hours without noticeable changes, although the solid
materials slowly decompose on exposure to air.

Reaction with oxidizing agents such as dimethylsul-
foxide or simply prolonged exposure to air results in
the formation of N, N-disubstituted carbamyl fluorides.

F [ox] F
C0O),Cr=xX< — 0=
(o), NR!R? NR!R?
These compounds were typically identified by their
IR and F NMR spectra, and in the case of diethyl

Fig. 1. Molecular structure of 2e. Selected bond lengths (A) and
angles (°): Cr-C(1) 1.864(5), Cr-C(2) 1.888(4), Cr-C(3) 1.896(4),
Cr-C(4) 1.886(4), Cr—C(5) 1.878(4), Cr-C(6) 2.05%(4), N-C(6)
1.309(5), F-C(6) 1.353(4); Cr—-C(6)-F 115.1(2), Cr-C(6)-N 136.1(3),
N-C(6)-F 108.8(3), C(1)-Cr-C(2) 88.3(2), C(1)-Cr-C(3) 91.2(2),
C(1)-Cr-Q(4) 89.5(2), C(1)-Cr-C(5) 90.2(2), C(2)-Cr-C(3) 89.5(2),
C(2)-Cr-((4) 95.3(2), C(2)-Cr-C(5) 176.9%(2), C(3)-Cr-C(4) 175.1(2),
C(3)-Cr-C(5) 87.8(2), C(3)-Cr-C(6) 87.7(2), C()-Cr-C(5) 87.4(2),
C(4)-Cr-C(6) 91.5(2), C(5)-Cr-C(6) 89.0(2).

carbamyl fluoride, by comparison with an authentic
sample [6]. The spectroscopic characteristics of 2a pre-
pared by this method were in agreement with pub-
lished data [1a). Although crystals of 2a suitable for
X-ray studies could be grown from pentane by slow
cooling to —50°C, it was not possible to solve the
structure as a result of symmetry constraints in the
crystal. On the other hand, 2e yielded crystals whose
structure was successfully solved (Fig. 1).

The chromium-carbonyl carbon bond lengths are
approximately the same and the carbonyl carbon-chro-
mium—carbonyl carbon bond angles are close to 90°, as
would be expected from an octahedral coordination
environment around the chromium. The bond angles
around the carbene carbon atom are those of a dis-
torted sp? hybridized carbon atom. The distance be-
tween the carbegle carbon atom and the chromium
atom (2.059(4) A) is significantly shorter than that
found in the case of other chromium complexes; e.g. in
pentacarbonyl(dimethylaminoeth(gxycarbene)chromium
[7], the bond length is 2.132(4) A. However, the car-
bon-fluorine bond length (1.352(4) A) is quite compa-
rable to that known for fluorine bound to an sp?
hybridized carbon atom [8]. The limited ability of fluo-
rine to stabilize the carbene is reflecied in the con-
comitant oshortening of the carbon-nitrogen bond to
1.309(5) A. A similar effect on the carbon-nitrogen
bond has primarily been seen in the structures of
pentacarbonyl(diethylaminomethylcarbene)chromium
[9] (1.310(1) A) and pentacarbonyl(giethylaminochlo-
rocarbene)chromium [10] (1.299(8) A) where neither
the methyl group nor the chlorine contribute signifi-
cantly to stabilizing the complex.
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