PERFLUORO-1-METHYLPROPENYL DERIVATIVES

that of the five-coordinate cobalt(I) Zert-butyl isocy-
anide complex [(-BuNC);Co][PFs] discussed above.
Unchanged [((-BuNC)¢Mn][PFs] was the only man-
ganese(I) complex recovered from its reactions with
several of the trivalent phosphorus and arsenic ligands
in boiling ethanol. Even in boiling diglyme the [(z-
BuNC)¢Mn][PFs] was recovered unchanged from its
attempted reactions with all of the trivalent phos-
phorus ligands tried except for triphenylphosphine.
This lower reactivity of [(.-BuNC)¢Mn][PFs] relative
to [(-BuNC);Co][PFs] is the expected trend for an
octahedral complex relative to a trigonal-bipyramidal
complex and is similar to the lower reactivity of Cr-
(CO)s relative to Fe(CO);.1°

The reaction between [((-BuNC)sMn][PF;] and tri-
phenylphosphine in boiling diglyme gave a low yield of
the yellow crystalline monosubstituted derivative
[(¢-BuNC)sMnP(C¢H;);][PFs] (IX) which had to be
separated from unchanged [(¢-BuNC)¢Mn][PFs] by
hand picking the crystals. The infrared spectrum of

(19) R. B. King, ‘“Transition Metal Organometallic Chemistry: An
Introduction,”’ Academic Press, New York, N. V., 1969.
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[(¢-BuNC)sMnP(CsH;)3][PFs] (IX) exhibited three
»(CN) frequencies in accord with the C,, symmetry of
the complex cation. The weak »(CN) band at 2166
cm™! may be assigned to the A; mode of the C,, system.
The remaining »(CN) bands at 2093 and 2059 cm—! are
strong and may be assigned to the other A; mode and
the E mode. The proton nmr spectrum of [((-BuNC);-
MnP(Ce¢H;); ] [PFs] exhibited two methyl resonances
with a 1:4 relative intensity ratio. The less intense
resonance can be assigned to the nine methyl protons
of the single axial tert-butyl isocyanide ligand and the
more intense resonance can be assigned to the 36 methyl
protons of the four equivalent equatorial fert-butyl iso-
cyanide ligands.
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Reactions of various transition metal halide derivatives with perfluoro-1-methylpropenylsilver, C,F;Ag, in dichloromethane
solution at room temperature give the corresponding perfluoro-l-methylpropenyl transition metal derivatives. Thus re-
actions of the metal pentacarbonyl bromides M(CO);Br (M = Mn and Re) with C,F;Ag give the volatile white crystalline
CFM(CO) (M = Mn and Re). Similarly, treatment of CsHsFe(CO).I with C,FrAg gives the volatile yellow crystalline
CF;Fe(CO)CsHs. Reaction of C;HCr(NO),Cl with C.F:Ag gives the volatile green crystalline C;F:Cr(NO):CsH;. Re-
actions of the fluorocarbon transition metal halides R{Fe(CO)I (Rt = CyFs, CF3;CF,CF;, and (CF;),CF) and C;H;Co(CO)-
(Rg)I (Rf = CﬂFﬁ and CF;CFzCFn) with C4F1Ag give volatile pale yellow RfFe(CO)4C4F-/ (Rf = C2F5, CF3CF2CF2, and (CFa)g-
CF) and volatile yellow CsHsCo(CO)(R¢)(CiF7) (Rt = ‘CiF;s and CF;CF.CFa), respectively. The infrared, fluorine nmr,
and mass spectra of these new compounds are discussed.

Introduction

Within the last decade fluorocarbon transition metal
derivatives have received considerable attention largely
because of their stability relative to their hydrocarbon
analogs.®! Such compounds are prepared by the fol-
lowing general methods: (1) reactions of metal car-
bonyl anions with perfluoroacyl derivatives followed by
decarbonylation; (2) nucleophilic substitution of flu-
oride with metal carbonyl groups by reactions of flu-
orinated olefins or aromatic compounds with metal
carbonyl anions;* (3) addition of fluoroolefins, fluorin-

(1) For part IV of this series see R, B. King, R. N. Kapoor, and XK. H,
Pannell, J, Organometal, Chem., 20, 187 (1989),

(2) Portions of this work were presented to the Division of Fluorine Chem-
istry at the 162nd National Meeting of the American Chemical Society,
Washington, D. C., Sept 1971; see Abstract FLUO-7.

(3) For a review article discussing fluorocarbon transition metal deriva-
tives, see P, M, Treichel and F, G, A, Stone, Advan. Organometal. Chem., 1,
143 (1964).

(4) For a review of nucleophilic reactions of metal carbonyl anions with

fluorocarbons, see M. I. Bruce and F, G, A. Stone, Angew. Chem., Int. Ed.
Engl., 7, 747 (1968).

ated alkynes, or perfluoroalkyl iodides to appropriate
transition metal systems, particularly those in lower
oxidation states; (4) reactions of metal halide deriva-
tives with fluoroalkyl or fluoroaryl derivatives of elec-
tropositive metals such as lithium or magnesium.
This repertoire of preparative methods in fluorocarbon
transition metal chemistry has the following limita-
tions: (1) the need of a sufficiently nucleophilic metal
carbonyl anion for the reactions with perfluoroacyl de-
rivatives, fluoroolefins, and fluorinated aromatic com-
pounds (methods 1 and 2 above) or the need of an ap-
propriately reactive low-oxidation-state derivative for
the reactions with fluoroolefins, fluorinated alkynes, or
perfluoroalkyl iodides (method 3 above); (2) the in-
stability of many fluorocarbon derivatives of electro-
positive metals such as lithium or magnesium coupled
with the high reactivity of organometallic derivatives of
such electropositive metals which makes them able to
effect undesirable side reactions (method 4). For these
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TABLE I
REACTIONS OF PERFLUORO-1-METEYLPROPENVLSILVER WITH VARIOUS TRANSITION METAL HALIDE DERIVATIVES

Quantity of Time,

Halide (g, mmol) CsFrAg, g (mmol) Solvent (ml) hr Product Yield, g (%)
Mn(CO)Br (1.0, 3.9) 1.42 (4.9) CH,Cls (50) 4 CyFMn(CO)s 0.67 (46)
Re(CO)Br (1.1, 2.8) 1.0(3.5) CH-Cl; (50) 5 CiF7Re(CO)s 1.02 (73)
CsH:Fe(CO).I (0.84, 2.8) 1.0 (3.5) CH.Cl, (50) 5 CiF7Fe(CO).CsH; 0.7 (71)
C:H:Fe(CO)I (0.84, 2.8) 1.0 (3.5) THF (50) 1 CiF7Fe(CO)CsHs 0.11 (11)
CsH;Cr(NO):C1 (0.58, 2.8) 1.0 (3.5) CH.Cl; (50) 3 CiF:Cr(NO).C:H; 0.68 (68)
CoF;Fe(CO)I (4.60, 9.9) 4.0 (13.8) CH.Cl. (100) 3 (CeF35)(CyFq)Fe(CO) 1.23 (27)
(n-CsF7)Fe(CO)I (1.81, 4.9) 1.42 (4.9) CH.Cl, (50) 10 (n-C3F7)(C4F7)Fe(CO) 0.89 (44)
(4~C3F1)Fe(CO)I (1.29, 2.8) 1.0 (3.5) CH.Cl. (50) 6 (3-CsF1)(CyF7)Fe(CO )4 0.44 (29)
CsH;Co(CO)(CoF5)I (0.9, 2.3) 0.82 (2.8) CH.Cl; (40) 6 CsH:;Co(CO)(CoF5)(CiFr) 0.25 (20)
CsH;Co(CO)(n-CsFr)I (0.4, 0.9) 0.34(1.2) CH,Cl; (50) 6 CsH;Co(CO)(n-C3F7)(CsF7) 0.07 (16)
(CsH; ). TiCl, (0.69, 2.8) 2.0(6.9) CH.Cl, (50) 23 (CsH;).TiF, 0.06 (8)
(CsH;)ZrCl; (0.8, 2.8) 2.0(6.9) CH,Cl: (50) 14 (CsH;),ZrFe 0.09 (12)

reasons the development of new and distinctly different
methods for the synthesis of fluorocarbon transition
metal derivatives would allow a considerable extension
of the range of fluorocarbon transition metal derivatives
that can be prepared.

A significant recent development in fluorocarbon
chemistry has been the discovery of stable fluorocarbon
derivatives of the coinage metals. Stable compounds
of this type include pentafluorophenylcopper (C¢F;Cu),?
perfluoro-tert-butylcopper [(CF3);CCul,® perfluoro-1-
methylpropenylsilver (C.F:Ag),® and pentafluoro-
phenylsilver (C¢Fs;Ag).” Reactions of such fluorocar-
bon derivatives of coinage metals with transition metal
halide derivatives appeared to provide a method for the
preparation of fluorocarbon transition metal derivatives
not obtainable by previous methods. Fluorocarbon
derivatives of coinage metals would have a high ten-
dency to react with transition metal halide derivatives
because of the insolubility of the coinage metal halide
but would have a much lower tendency to effect un-
desirable side reactions than similar fluorocarbon de-
rivatives of relatively electropositive metals such as
lithium or magnesium.

These considerations led us to investigate reactions
of coinage metal fluorocarbon derivatives with transi-
tion metal halide derivatives as possible routes to new
fluorocarbon transition metal derivatives. We selected
perfluoro-1-methylpropenylsilver (I) as the coinage
metal fluorocarbon derivative for our studies for the
following reasons: (1) its relatively facile prepara-
tion® from silver(I) fluoride and the commercially avail-
able hexafluorobutyne-2; (2) its stability which allows
purification by vacuum sublimation. This paper re-
ports the details of our work in this area. Of particular
interest is the preparation of the first known derivatives
with two different fluorocarbon groups bonded to the
same transition metal atom.

F ~CFy
A=
CF, Ag
I

Experimental Section

A nitrogen atmosphere was always provided for the following
three operations: (a) carrying out reactions, (b) handling all
filtered solutions of organometallic compounds, and (c) admitting
to evacuated vessels containing organometallic compounds.

Materials.—Perfluoro-1-methylpropenylsilver (I) was prepared

(8) A. Cairncross and W. A. Sheppard, J. Amer. Chem. Soc., 90, 2188
(1968).

(6) W.T. Miller, R. H. Snider, and R. J. Hummel, b7d., 91, 6532 (1969).

(7) K. K. Sun and W. T. Miller, 7bid., 92, 6985 (1970).

by the published procedure! which employs the reaction of
silver(I) fluoride with hexafluorobutyne-2 in acetonitrile at room
temperature. We purified the acetonitrile used in this prep-
aration by distillation over phosphorus pentoxide. The per-
fluoro-1-methylpropenylsilver (I) was always vacuum sublimed
(~100° (0.1 mm)) before use.

The following transition metal derivatives were purchased
from the indicated commercial sources: Fe(CO)s (GAF Corp.,
New York, N. Y.), Co:(CO); (Strem Chemical Co., Danvers,
Mass.), CH;C:HMn(CO); (Ethyl Corp., New York, N. Y.),
Mo(CO); and Rey(CO)yo (Pressure Chemical Corp., Pittsburgh,
Pa.), and (CsH;);MCl; (M = Ti and Zr) (Arapahoe Chemical
Corp., Boulder, Colo.). The compounds Mna(CO)y,2 Mn-
(CO);sBr,% C;H;Fe(CO).1L,% C;HsCr(NO).Cl,% R;Fe(CO)I (Rt =
C2F5,10 CFaCFzCFz,Gd and (CFa)QCFn), CsI‘IsCO(CO)QQe CaHsCO-
(CO)RI (Rt = C.Fs and CF;CF,CF;),1? [C:H:Mo(NO)I,),!2
and Fe(CO)l;! were prepared by the cited published procedures.

Reactions of Transition Metal Halide Derivatives with Per-
fluoro-1-methylpropenylsilver (Table 1).—The indicated quan-
tities of the transition metal halide derivative and perfluoro-1-
methylpropenylsilver were stirred in the indicated quantity of
dichloromethane (redistilled over phosphorus pentoxide) for the
indicated period of time (see Table I). After the reaction period
was over, the precipitated silver(I) halide was removed by filtra-
tion. Solvent was removed from the dichloromethane filtrate
at 25° (25 mm). The product was isolated from the residue in
the indicated yield (Table I) by vacuum sublimation (or distilla-
tion in the case of (CyF;5)(CyiF7)Fe(CO)).

Analytical data and other properties of the new perfluoro-1-
methylpropenyl transition metal derivatives are given in Table
II.

The product (C;H;),TiF: from the reaction of (CsH;)»TiCl, and
C,FrAg was identified by comparison of its infrared and mass
spectra with those reported for an authentic sample.’® The white
crystalline (Cs;H;).ZrF, was identified by its mass spectrum
(see below) and by elemental analyses. Anal. Caled for
CyHyFyZr: C, 46.4; H, 3.9; F, 14.7; Zr, 35.1. Found: C,
46.4; H, 3.7; F, 14.6; Zr, 34.9. The fluorine nmr spectrum of
(CsHs)sZrFy exhibited a single resonance at ¢ —177.4.

Infrared Spectra (Table III).—The infrared spectra of the
solid compounds listed in Table III were taken in potassium
bromide pellets and recorded on a Perkin-Elmer Model 621
spectrometer. The infrared spectrum of the liquid (C:Fs)-
(CiF7)Fe(CO); was measured as a liquid film. The »(CO)
regions of the metal carbonyl derivatives and the »(NO) region of
C.F.Cr(NO)CsHs (Table III) were also measured in cyclo-

(8) R. B. King, J. C. Stokes, and T. F, Korenowski, J. Organometal.
Chem., 11, 641 (1968).

(9) R. B. King, ‘“Organometallic Syntheses,”’ Vol. 1, Academic Press,
New York, N. V., 1965: (a) p 174; (b) p 175; (c) p 161; (d) p 177;
(e) p 118, but using no ultraviolet irradiation and using boiling dichloro-
methane as the reaction solvent.

(10) R. B. King, S. L. Stafford, P. M. Treichel, and F. G, A. Stone, J.
Amer. Chem. Soc., 83, 3604 (1961).

(11) R. B. King, R. N. Kapoor, and L. W. Houk, J. Inorg. Nucl. Chem., 81,
2179 (1969).

(12) R. B. King, P. M, Treichel, and F. G. A. Stone, J. Amer. Chem. Soc.,
88, 3593 (1961).

(13) R. B. King, Inorg. Chem., 6, 30 (1967).

(14) W, Hieber and G. Bader, Ber,, 61, 1717 (1928).

(15) R. B. King and N. Welcman, Inorg. Chem., 8, 2540 (1969).
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Compound®

CiFiMn(CO)s
CiF1Re(CO)s
CeiF1Fe(CO)2CsHs
C4F1Cr(NO)2CsHs

(CoF5) (C4F7)Fe(CO)s
(7-CsF7) (CiF1)Fe(CO)4
(#-CsF1) (C4F7) Fe (CO)4
CsHsCo (CO) (CoFr) (C4F7)

Color
White
White
Yellow
Green
Pale yellow
Pale yellow
Pale yellow
Yellow
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8) (Fe)
6) (Cn)
0) (Fe)
8) (Fe)
8) (Fe)
1) (Co)

12.7 (12.4) (O)
12.4 (12.4) (O)

~“TABLE 11
PROPERTIES OF THE TRANSITION METAL PERFLUORO-1-METHYLPROPENYL DERIVATIVES
Sublimation
Mp,b  conditions, Analyses, %°
°C °C (mm) oy ——H—~—  ———F————
38 25 (0.1) 28.8 (28.8) 35.3 (35.4) 14
63 25 (0.05) 21.3 (21.4) 0.2 (0.0) 26.0 (26.2) 36
75 40 (0.05)  36.6 (36.9) 1.4 (1.4) 37.0 (87.2) 15
80 50 (10) 30.1 (30.2) 1.5 (1.4) 37.2 (37.2) 14
Liquid 40 (0.1) 24.9 (25.1) 0.2 (0.0) 48.6 (48.8) 11
51-53 44 0.1) 23.8 (25.4) 0.4 (0.0) 50.2 (51.4) 11
55 25 (0.1) 25.4 (25.4) 0.1 (0.0) 51.3 (51.4) 10
75 35(0.05) 31.7 (31.9) 1.1(l.1) 50.6 (50.7) 13
04 25 (0.05)  31.2 (31.1) 1.1 (1.0) 52.7 (53.0) 11

CsHsCo (CO) (#-CsF1) (CsF7)

o The following abbreviations were used: C,F;
b Melting points were taken in capillaries and are uncorrected.
Calculated values in parentheses.

Ambherst, Mass.

Compound
CdF1Mn(CO)s

CiF1Re(CO)s
C4F7Fe(CO):CsHs

CiF:Cr(NO):CsHs

(C:2Fs) (C4F7)Fe(CO) (4
(n-CsF7) (C4F7)Fe(CO)4

(£-CsF1) (C4F1)Fe(CO)

CsHsCo{CO) (CsFs) (CaF7)

CsHsCo (CO) (#-CsF7) (C4F7)

Yellow

perfluoro-1-methylpropenyl;

TABLE III
INFRARED SPECTRA OF THE TRANSITION METAL PERFLUORO~1-METHYLPROPENYL DERIVATIVES -

y(CH)®

3150 (vw)

3135 (w)

3131 (w)

3146 (w)

»(COY?
2142 (w, A1), 2056 (vs, E),
2025 (s, A)
2155 (w, A1), 2048 (vs, E),
2015 (s, Ay)

2054 (s), 2012 (s)

1820 (s),° 1720 ()¢

2167 (vw), 2131 (w), 2103
(s), 2071 (w)

2166 (vw), 2129 (vw, sh),
2102 (s), 2072 (w)

2135 (vw), 2107 (s), 2077
(vw), 2087 (vw)

2108 (m), 2100 (m)

2105 (s)

#(C=C)?
1818 (m)
1620 (m)

1630 (w)

1636 (w)

1621 (m)
1620 (w)

1615 (w)
1614 (w)

1624 (w)

@ These frequencies were determined in potassium bromide pellets.

Assignments of the »(CO) frequencies for the C,F;M(CO)s (M = Mn or Re) derivatives are given in parentheses.

Infrared spectrum, cm -1

n-CaF7 = CFaCFgCFz,
¢ Analyses were performed by Meade Microanalytical Laboratory,

.7 (11.8) (Co)

-C;F; = (CF;),CF.

»(CF)®
1311 (s), 1224 (vs), 1190 (vs),
1153 (vs), 1126 (vs), 1052 (m)
1320 (s), 1227 (vs), 1205 (vs),
1137 (vvs), 1055 (m)

1320 (m), 1228 (s), 1194 (s),
1148 (m), 1134 (s), 1113
(m, sh), 1054 (w)

1323 (s), 1235 (s), 1192 (s), 1138
(s), 1112 (m), 1054 (w)

1324 (s), 1310 (s), 1227 (vs),
1200 (vs), 1163 (vs), 1052 (s),
919 (s)

1320 (s), 1226 (s), 1204 (s),
1162 (s), 1098 (s), 1066 (w),
1028 (s)

1328 (s), 1292 (m), 1266 (s),
1220-1194 (vs, br), 1167 (vs),
1130 (m), 1079 (w), 1023 (s),
943 (s)

1314 (s), 1285 (s), 1229 (s), 1203
(s, sh), 1101 (s), 1153 (s, sh),
1140 (s), 1059 (m), 1045 (m),
1037 (m), 882 (s)

1321 (s), 1252 (m, sh), 1231 (s),
1201 (s), 1181 (m), 1158 (s),
1129 (m), 1093 (m), 1077 (w),
1060 (w), 1044 (w), 1030 (m),
1011 (w)

Other bands®

880 (s), 846 (s), 740 (s), 608 (s),
659 (vs), 641 (vs), 619 (s)

961 (m), 900 (s), 847 (s), 741
(s), 698 (w), 667 (s), 610 (s),
590 (s)

1432 (w), 1401 (w), 1020 (w),
1010 (vw), 897 (m), 854 (w),
844 (w), 734 (w), 654 (w)

1439 (w), 1434 (w), 1400 (w), 1024
(w), 1015 (vw) 936 (vw), 905
(m), 848 (m), 842 (m), 748 (w),
664 (m), 645 (w), 613 (w)

902 (s), 849 (s), 742 (s), 733 (s),
670 (s), 638 (s)

897 (m), 858 (m), 813 (s), 738
(m), 728 (m), 667 (m), 636 (s)

900 (m), 878 (s), 849 (m), 742 (s),
710 (s), 668 (s)

1437 (w), 1422 (w), 962 (w), 908 (m),
862 (s), 848 (m), 837 (w), 741
(m), 732 (s), 663 (s)

1448 (w), 1431 (w), 964 (vw), 907
(m), 867 (s), 850 (m), 841 (w),
807 (m), 743 (w), 725 (s), 668
(m), 663 (m)

b These frequencies were determined in cyclohexane solution.

¢ A liquid film rather than a KBr pellet was used for the infrared spectrum of this liquid compound.

Compound
CiFrAg
CiF:Mn(CO)ye
C4F-,Re ( CO )5
CiF:Fe(CO)CsH;
C4F7Cl' ( NO )2C5H5
(CeF5)(CyF7)Fe(CO)e
(n-CaF'l ) (C4F7)Fe( cO )4‘
(3-CsF1)(C4F1)Fe(CO)
CsHsCO (CO ) (Cst) ( C4F7)

TABLE IV
FLUORINE NMR SPECTRA OF THE TRANSITION METAL PERFLUORO-1-METHYLPROPENYL DERIVATIVES®

CsHCo(CO ) (#-CoF7)(CsFry 50.0

@ These spectra were obtained at 56.456 MHz on a Perkin-Elmer Model R-20 spectrometer unless otherwise indicated.
ing abbreviations are used: d = doublet, t = triplet, g = quartet, br
spectrum was obtained at 94.1 MHz on a Varian HA-100 spectrometer.

¢ »(NO) frequency.

Fluorine nmr spectrum, ¢

Other fluorines?:

————

— Perfluoro-1-methylpropenyl fluorines: B(CF:
B8-CF3 v-CF3 B8-CF 3J(FF) 4J(FF)sJ(FF) Group a(CF or CF3) or CF3) v(CFs)
50.7 70.0 95.1 12.5 15.1 1.7
48.8 65.0 71.9 7 20.7
48.4 63.3 80.5 ~8 19.0
47.8 63.3 71.8 ~6 27.3
50.8 65.3 79.7 ~6 23.0
47.1 64.2 68.9 C.F; ~64? 83.6
49.0 65.4 69.2 7 22.3 1.7 n-CsFy 61.3 q (10.5) 115.5 80.2t(10.5)
46.6 63.7 66? 25.9 1-CsFy 68.6 d (~4)
50.1 62.6 68.3 d (108)e CoFs ? 80.9
63.8 69.8 d (186)¢ 25.0 n-C3F7 53.4 br 115 80.9t (8.5)
b The follow-

nances apparently because of the presence of paramagnetic impurities.
rather than spin-spin coupling since in the fluorine nmr spectrum of C;H;Co(CO)(n-CsF7)(CiF7) the separation was ~120 Hz at 56.456

MHz and ~185 Hz at 94.

1 MHz.

broad. Separations in Hz are given in parentheses.
4 The nmr spectrum of this compound exhibited broad reso-

¢ This

¢ This ‘“doublet” appears to arise from a chemical shift difference

This must arise from the presence of some type of isomerism.
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hexane solution. All spectra were calibrated against the 1601 .4-
cm ~1 band of polystyrene film.

Fluorine Nmr Spectra (Table IV).—The fluorine nmr spectra
listed in Table IV were taken in dichloromethane solution with
either fluorotrichloromethane (¢ 0.0) or 1,2-difluoro-1,1,2,2-
tetrachloroethane (¢ 67.8) as an internal standard and recorded
either at 56.456 MHz on a Perkin-Elmer Hitachi Model R-20
spectrometer or at 94.1 MHz on a Varian HA-100 spectrometer.
All fluorine nmr chemical shift data are given in the ¢ scale of
Filipovich and Tiers.!

Mass Spectra.—The mass spectra listed below were taken at
the indicated temperatures at 70 eV on a Perkin-Elmer Hitachi
RMU-6 mass spectrometer. Relative intensities are given in
parentheses.

A, CJFRe(CO); (Chamber Temperature 100°; Sample
Temperature ~70°).—CF-Re(CO)s* (87), CF7Re(CO)t (14),
C.F/Re(CO)s* (11), CiF:Re(CO),* (13), CiF7ReCO™ (35), CiFe-
ReCO* (4), CFsRe* (69), CiF¢Re™ (6), Re(CO)s™ (44), Re-
(CO)F* (58), Re(CO)™ (60), Re(CO)F*+ (100), CsF3Ret (13),
CFRe* (2), Re(CO)* (12), CyFsRet (10), Re(CO)F+ (17),
CsFyRe™ (8), CF;Re™ (4), C;F:Re™ (11), ReF,;t (14), Re(CO)pt
(4), CF:Ret* (3), ReCOF* (8), ReC,F* (7), ReF,* (7), CFRe*
(8), CiFeRe(CO)2™ (1), ReCO* (2), ReCy* (3), ReFt+ (5),
ReC* (3), CiFsReCO?* (1), Re* (6), C,FrH™T (89), C,FeRe2*
(8), CJFeH™T (190), Re(CO)t (2), CiFst (190), CF:H?T (19),
CiFt (42), CF.HT (440), CiFst (8), CoFy*t (3), CsFe™ (360),
C2F3H+ (20), CSF2H+ (43), C3F2+ (48), and CF3+ (270)

B. C.F;Fe(CO);C;H; (Chamber Temperature 100°; Sample
Temperature 100°).—CF,Fe(CO).C:H;* (53), C.F:FeCOCsH;s
(88), C.F;FeC;H;* (100), CiF:FeCsH,T (4), m/e 207 (7), C,FH™
(7), CsH:Fe(CO),*™ (79), m/e 169 (10), C:H;FeCOF* (7), C,FH*
(13), C4Fs+ (12), C5H5F6C0+ (24), C4F5+ (125), C5H5F6F+
(>1000), C.F.* (26), CsHiFet (44), C;FH,™ ? (22), C;F,HT (28),
CyF;t (145), FeF+ (180), CsHy* (123), Fe+ (62), and C;H;™ (130).
Metastable ions at m/e 304 s [CF:Fe(CO)CsHst — C,F;Fe-
COC5H5+ + CO] 5 m/e 276 s [C4F7F6COC5H5+ - C4F7F6C5H5+ +
COl, m/e 102.9 m [C;H;FeF+ — C;HFet + HF], m/e 65.0
[C4F7F€C5H5+ - C5H5F6F+ + Cqu] N m/e 60.5 w [C4F5+ - C3F3+
+CF2] N and m/e 23.5w [C5H5+—> C3H3+ + Csz] .

C. CJFCr(NO)C:H; (Chamber Temperature 220°; Sample
Temperature 80°).—C.F:Cr(NO),C:H;" (8), C.FCrNOC:Hst (45),
C4F7CI‘C5H5+ (4), C4F7H+ (33), CaHaCr(NO)z+ (27), C5H5Cr-
NOF+ (14), CFeH™* (72), CFs™ (~400), C;H:CrFo* (4), CsFe™
(3), C:HsCrNO™ (5), C.Fs* (170), C:H;CrF+ (100), C.F.* (29),
CsFH* (48), CoF,+ (124), CoF3HT (12), CoFHT (33), CiFe™ (46),
CrF+ (53), CF3+ (NSO), CHe™ (66), C5H5 (25), Cr+ (23), and
CsH;*™ (29), Metastableions at m/e 300.5 w [CyF;Cr(NO)CsH™
- C4F7C1‘NOC5H5+ + NO] 5 m/e 60.5w [C4F5 - C3F3+ + CFz] N
and m/e 53.0w [C4F5+'—> C3F3+ + CFa} .

D. C;H;Co(CO)(C.F;)(CiFy) (Chamber Temperature 80°).—
CsH;Co(CO)(CyF5)(CyFr)T (3.2), CsHiCo(CoF3)(CiFr)™ (3.5),
C5H5C0C5F11+ (1.9), C5H5COC6Fm+ (9), C5H5COC5F9+ (1.6),
CsHCoCeFo™ (1.9), C:H;Co(CO)(CF)*T (81), C:H:CoF(CFy)*
(1.4), CquCOF(C4F7)+ (05), C5H5COC4F7+ (100), CGHGCO-
(CO)(C2F5)+ (20), CﬁHﬁCOF(C2F5)+ (19), C5H5COC2F5+ (9),
C:sH:Co(CO)CF,* (1.1), CFH* (2.2), CFet (2.2), m/e 207 (15),
CFst (2.2), C:H:CoCFst+ (3.2), C.F/HT 4), CH;CoCF,* (3.2),
CsF:t (3.2), CiFH™ (7), CiFst (8.5), CsHsCoCF+ (4), C:H:CoCO™
(14), C:HsCoF*and/or C,F;* (320), m /e 127 (9), CsHs;Co*and /or
CFt (110), C:HiCo™ (95), C;FH* (16), CoFit (7), CHiCo™
(14), CsHsCo™ (17), CHCo™ (7), CiF3* (46), CoF T (15), CsF.H™*
(8), CiF,™ (8), CFyt (23), C:Hst (72), CsHi™ (14), Co™ (65),
CH,* (5), CH.* (2.7), and C;H,* (N54). Metastable ions at
m/e 347 w [C5H5COC6F10+ —_ C5H4COC5F9+ + HF], m/e 279 s
[CsH:Co(CO)CyFyt — CiH:CoCiFrt + COJ, m/e 217.5 w
[C5H5C0(CO)C2F5+ - C5H5COC2F5+ + CO], m/e 105.9 vs
[CsHsCoFt — CsHyCot + HF], m/e 67.0 vw [CsH;CoCyFrt —
C5H5COF+ + C4F5] N and m/e 23.5w [C5H5+ el C3H3+ + Csz] .

E. C;H:;Co(CO)(CF.CF,CF;)(C,F;) (Chamber Temperature
80°).—C:H;Co(CO)(CsFy)(CyF7)™  (1.8), C;Hs;Co(C3Fy)(CeFy)*
(4‘4), C5H5COC7F13+ (21), C5H5COC7F12+ (7), C5H5COC7F11+
(0.6), C5H4C0C7F11+ (03), CaHsCO(CO)C5F9+ (12), CsHaCO-
CsFe™ (1.8), CsHs;Co(CO)(CiF)t (42), CsHsCo(CO)(CsFy)t
(15), C5H5COC4F7+ (100), C5H5COC3F7+ (12), C5H5C0C2F5+
(2.9), CFsHT (1.2), CFet (1.2), m/e 207 (14), m/e 195 (5.3),
CiFit (4.4), CH;CoCE,t (4.4), CsH;Co(CO)FT (1.2), CiFr™
(35): C4F6H+ (7), C4Fs+ (47), CsHsCOCF+ (3.8), C5H5COC0+

(18) G. Filipovich and G. V. D. Tiers, J. Phys. Chem,, 88, 761 (1959).
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(17), CsH;;CoF* and/or CyFs+ (~1050), C;Fs* (9), m/e 127 (15),
C5H5C0+ and/or C4F4+ (105), C4H4C0+ (91), C3F4H+ (17), C2F4+
(6), CsHsCot (14), CH,Cot (18), C;HCot (7), CsFyt (89),
CoFt (12), C3F.H* (4.7), CsFyt (5.83), CF3* (38), C:Hs+ (~38),
C5H3+ (13), Co™* (N38), C4Ha+ (6), C4H2+ (26), and C3H3+
(~88). Metastable ions at m/e 279 s [C;H;Co(CO)(CFy)t —
C5H5C0C4F7+ + CO], m/e 267.5 m [CsH5C0(CO)(C3F7)+ bl
C5H5C0C3F7+ + CO}, m/e 105.9 s [C5H5C0F+ - C5H4C0+ +
HF], 67.0 w [C:H;CoCFrt — C:H:;CoFt + CFg], and m/e
23.5 w [CsHst— CsHst + CoHol.

F. (CsH;):ZrF, (Chamber Temperature 220°; Sample
Temperature ~140°).—(C;H;)ZrFot (24), (C:;H;)ZrF+ (5),
CsHsZI‘Fz"' (100), CaHaZI‘Ff‘ (16), CsHsZrF"' (2), C10H10+ (38),
CioHet (42), CioHs™ (28), CoHy™ (27), C:He™ (145), CsHst (98),
C5H3+ (24), and C3H3+ (54).

Discussion

The syntheses of perfluoro-1-methylpropenyl transi-
tion metal derivatives from corresponding metal halide
derivatives and perfluoro-1-methylpropenylsilver by
metathetical reactions resemble previously reported
metathetical syntheses of perfluorocarboxylate and
trifluoromethylthiol® transition metal derivatives using
the silver perfluorocarboxylates and trifluoromethyl-
thiosilver, respectively. However, the metathetical
reactions of perfluoro-1-methylpropenylsilver with tran-
sition metal halide derivatives reported in this paper
are the first reported examples of the formation of a
metal-carbon bond from a metathetical reaction in-
volving a silver derivative. The only previous ex-
amples of the use of an organosilver compound to form
a metal-carbon bond are the very recently reported’®
preparations of the perfluoro-1-methylpropenylmetal
pentacarbony! anions [C,F:M(CO);]— (M = Cr, Mo,
and W) by oxidation of the corresponding decacarbonyl-
dimetalates [Mz(CO)1p]2~ (M = Cr, Mo, and W) with
perfluoro-1-methylpropenylsilver.

The reactions of perfluoro-1-methylpropenylsilver
with transition metal halide derivatives to form the
corresponding perfluoro-1-methylpropenyl transition
metal derivatives appear to be limited to transition
metal halide derivatives with only one replaceable
halogen atom. Thus attempts to prepare derivatives
with two perfluoro-1-methylpropenyl groups attached
to a single transition metal atom by reactions of per-
fluoro-1-methylpropenylsilver with the transition metal
dihalide derivatives Fe(CO)y,;, C;H;Co(CO)I;, and
[C:H:Mo(NO)I;]. gave no identifiable fluorocarbon
transition metal derivatives. Reactions of the bis-
(cyclopentadienyl)metal dichlorides of titanium and
zirconium, (C;H;):MCl; (M = Ti and Zr), with per-
fluoro-1-methylpropenylsilver gave only the corre-
sponding bis(cyclopentadienyl)metal difluorides (CsHs)a-
MF, (M = Tior Zr). Apparently, the high tendency
for fluorine to bond to the relatively electropositive
44 titanium and zirconium results in a fluoride shift
from carbon to the titanium or zirconium possibly with
elimination of hexafluorobutyne-2 in a reaction of a
reverse type to the formation of perfluoro-1-methyl-
propenylsilver from silver fluoride and hexafluoro-
butyne-2. A similar fluoride shift has previously'
been observed in the reaction of (Cs;H;).TiCls with tri-
fluoromethylthiosilver to give (C:Hs),TiFs.

The perfluoro-1-methylpropenyl group in all of the
new transition metal derivatives prepared in this work

(17 R. B. King and R. N. Kapoor, J. Organometal. Chem., 18, 457

(1968).
(18) W. J. Schlientz and J. K. Ruff, ibid., 88, C64 (1971).
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exhibits a characteristic infrared »(C==C) frequency in
the range 1615-1630 cm~! and characteristic »(CF)
frequencies of medium to very strong intensities in the
five ranges 1310-1328, 1224-1235, 1190-1205, 1137-
1163, and 1052-1055 cm ™ (see Table III). The range
of »(C=C) frequencies for the transition metal per-
fluoro-1-methylpropenyl derivatives falls considerably
below the 1675-cm™! »(C==C) frequency in perfluoro-
1-methylpropenylsilver and the 1739-cm~! »(C=C)
frequency in the fluoroolefin trans-CF;CF==CHCF,.%
The lower »(C=C) frequencies in the transition metal
perfluoro-1-methylpropenyl derivatives can be taken
as an indication of the reduction of the carbon—carbon
bond order in the perfluoro-1-methylpropenyl group by
back-donation of electrons from the filled transition
metal d orbitals into the antibonding orbitals of the
carbon-carbon double bond of the perfluoro-1-methyl-
propenyl group. A similar lowering of the »(C=C)
frequency of a polyfluoroalkenyl group upon bonding
to a transition metal has been observed in other organo-
metallic derivatives.!®
The fluorine nmr spectra of the transition metal per-
fluoro-1-methylpropenyl derivatives (Table IV) ex-
hibit the expected two trifluoromethyl doublets in the
ranges ¢ 46.6-50.8 and 62.3-65.4 and a broad resonance
(not always readily and unequivocally observed) in
the range ¢ 66-80.5 arising from the single olefinic
fluorine atom. By analogy with the nmr spectrum of
petfluoro-1-methylpropenylsilver® the lower field tri-
fluoromethyl doublet is assigned to the trifluoromethyl
group bonded to the carbon atom which is also bonded
to the transition metal (designated as §-CF; in Table
IV because the fluorines are bonded to a 8 carbon atom
relative to the transition metal) and the higher field
‘trifluoromethyl doublet is assigned to the trifluoro-
methyl group bonded to the carbon atom which is also
bonded to the single olefinic fluorine atom (designated
as ¥-CF; in Table IV because the fluorines are bonded
to a v carbon atom relative to the transition metal).
The couplings of the single olefinic fluorine atom to
the two different trifluoromethyl gtoups (3J(FF) and
¢J(FF)) were observed in the fluorine nmr spectra of
most of the perfluoro-1-methylpropenyl transition
metal derivatives (Table IV). However; the coupling
between the fluorine atoms in the two different triflu-
oromethyl groups (3J(FF)) was only 1.7 Hz and was
thus observed only in a few of the better spectra. Com-
parison with the published!®—% 5J(FF) coupling con-
stants between the fluorine atoms in the two trifluoro-
methyl groups in the various 1-trifluoromethyl-3,3,3-
trifluoropropenyl derivatives obtained by the addition
of metal hydrides to hexafluorobutyne-2 indicates that
the two trifluoromethyl groups in the perfluoro-1-
methylpropenyl transition metal derivatives prepared
in this work are in trans positions around the carbon~
carbon double bond. Thus in the previous work1®—2
with 1-trifluoromethyl-3,3,3-trifluoropropenyl deriva-
tives, the compounds with a trans configuration of the
trifluoromethyl groups around the carbon-carbon dou-
ble bond exhibited a 5>J(FF) coupling constant between
the fluorine atoms of the two trifluoromethyl groups of

(19) H. C. Clark and W. S. Tsang, J. Amer. Chem. Soc., 89, 533 (1967).

(20) W. R, Cullen, D. 8. Dawson, and G, E, Styan, Can. J. Chem,, 48,
3392 (1965).

(21) H. C. Clark and R, J. Puddephatt, Inorg. Chem., 9, 2670 (1970).
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1 to 3 Hz, whereas the compounds with a cis configura-
tion of the trifluoromethyl groups around the carbon—
carbon double bond exhibited a much larger °J(FF)
coupling constant between the fluorine atoms of the
two trifluoromethyl groups of 12 to 15 Hz. These
nmr observations on the small magnitude of the 5J(FF)
coupling constant in the perfluoro-1-methylpropenyl
transition tmetal derivatives thus indicate that the
trans configuration of the trifluoromethyl groups around
the carbon-carbon bond in perfluoro-1-methylpro-
penylsilver(I) is retained upon reactions with transition
metal halides. A similar retention of the trans con-
figuration of the trifluoromethyl groups around the
carbon-carbon double bond has been observed in pre-
viously. reported® reactions of perfluoro-1-methylpro-
penylsilver with other halogen derivatives such as
methyl iodide.

A further feature of interest in the fluorine nmr spec-
tra (Table IV) of the perfluoro-1-methylpropenyl tran-
sition metal derivatives is the observation that the
$J(FF) coupling constant (~7 Hz) is much less than
the more remote (in terms of number of bonds) *J(FF)
coupling constant (18 to 28 Hz). A similar effect was
observed several years ago?? in the fluorine nmr spectra
of transitionn metal n-heptaflioropropyl derivatives
where the *J(FF) coupling constants (<2 Hz) were
found to be much less than the more remote *J(FF)
coupling constants (11 to 13 Hz).

The work described in this paper resulted in the prep-
aration and chatacterization of nine new perfluoro-1-
methylpropenyl transition metal derivatives. Of these
nine derivatives the three compounds C.F.:M(CO);
(II M = Mn and Re) and C4F7Fe<CO)2C5H5 (III
M = Fe; L = CO) resemble numerous previously re-
ported compounds of the types RiM(CO)s (M = Mn
and Re)?? and R:Fe(CO).CsHj;, %2 respectively, in such
respects as color, volatility, and infrared spectra of the
metal carbonyl group in the »(CO) region. The com-
pound C,F«Cr(NO),CsH; (III, M = Cr; L = NO) is
apparently the first known neutral fluorocarbon chro-

CF;

~
M CF,
oc” I\li\co Fs /1 p=c(
C L / F
o CF;
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mium derivative and also apparently the first fluoro-
carbon derivative of a metal nitrosyl system. How-
ever, analogous RCr(NO),C;H; derivatives, but only
with hydrocarbon groups bonded to the chromium
atom (e.g., R = methyl, ethyl, chloromethyl, and o-
cyclopentadienyl), have been known for some time?
being preparable by reactions of the halides C;H;Cr-
(NO);X (X = CI and I) with organomagnesium halides
or sodium cyclopentadienide. The compound CFrCr-
(NO);CsH; (III, M = Cr; L = NO), like the previ-
ously reported RCr(NO),C;H; derivatives,® is a very

(22) E. Pitcher, A. D. Buckingham, and F. G. A. Stone, J. Chem. Phys.,
86, 124 (1962).

(23) J. B. Wilford and F. G, A. Stone, Inorg. Chem., 4, 389 (1965), and
references cited therein,

(24) R. B. King and M. B. Bisnette, J. Organometal. Chem., 2, 15 (1984).

(25) T. S. Piper and G. Wilkinson, J. Inorg. Nucl. Chem., 8, 104 (19586).
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volatile green solid which exhibits two strong »(NO)
frequencies in its infrared spectrum.

The remaining five compounds prepared in this work
are of the types R:Fe(CO).CiF; (IV, R: = CH;,
CF;CF,CF;, and (CF;),CF) and C;H;Co(CO)(Rs)-
(CiFq) (V, Ry = CHj; or CF;CF,CF;,) and represent the
first examples of fluorocarbon transition metal deriva-
tives with two different fluorocarbon groups bonded to
a single transition metal atom. The fluorine nmr spec-
trum (Table IV) of each of these five compounds ex-
hibited resonances with chemical shifts and fine struc-
tures corresponding to those expected both for the
perfluoro-1-methylpropenyl and the other perfluoro-
alkyl groups. This provides evidence supporting the
proposed structures IV and V and excludes otherwise
unlikely possibilities of coupling and/or rearrangement
of the two fluorocarbon groups bonded to the transition
metal to form a more complex system.

R,
oc\FIe _C0 @
oc” | >Sco @

Co
C TN
~ CF; | cF
CF, \C/ /CO\ _ /CFe CF, | 2
oc” | Se=0T_ |
F f CF F CF ~CF:
3 2
v Vv VI

The iron compounds of the type C,F:Fe(CO)R;:
(IV, Rf = C2F5, CFaCFzCFz, and (CFa)zCF) exhibit
a single strong »(CO) frequency around 2100 cm~—! in
their infrared spectra in addition to several much
weaker »(CO) frequencies (see Table III). This pat-
tern is tentatively interpreted as suggestive of the indi-
cated isomers IV where the two different fluorocarbon
groups occupy trans positions of the iron octahedron.
If the two fluorocarbon groups in the iron derivatives
IV were equivalent and axially symmetric, these com-
pounds would have Dy, symmetry which would give
rise to only one infrared-active »(CO) frequency, a
strong Ey mode. Nonequivalence of the fluorocarbon
groups in IV reduces the symmetry to Cs, which would
add a weaker infrared-active A; mode to the already
very strongly infrared-active E mode. Lack of axial
symmetry of the fluorocarbon groups in IV (a possible
consequence of restricted rotation around the metal-
carbon (C,F;) bond in the perfluoro-1-methylpropenyl
derivatives arising from retrodative bonding) would
further reduce the symmetry of the system which would
lead to slight infrared activity of the normally only
Raman-active B; mode?? and to splitting of the doubly
degenerate E mode. The weak »(CO) frequencies ac-
companying the single strong »(CO) frequency in the
RFe(CO),C.F derivatives most likely arise from these
effects associated with deviation of the system from
strict Dy, symmetry. The alternative explanation of
the extra weak »(CO) frequencies as indicative of the
cis isomers of the RiFe(CO).C.F; derivatives is less
probable because observations on humerous authentic
c15-L,M (CO), isomers (e.g., (diphos)M (CO),)? indicate
similar relative intensities of at least three of the four
»(CO) modes in contrast to the actual observations on
the R;Fe(CO),CsF; derivatives.

(26) For an example of data of this type, see the first three entries of
Table I in R. B. King, P. N. Kapoor, and R, N. Kapoor, Inorg. Chem., 10,
1841 (1971).
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The cobalt compounds C;H;Co(CO)(R;)(C.F:) (V,
R; = C,Fs5 or CF;CFsCFs) are of interest since few com-
pounds of the type C:H;Co(CO)R, are known, even
when both alkyl or perfluoroalkyl groups are the same.
Previous examples of compounds of the type C;H;Co-
(CO)(Ry)2 in the literature include only the perfluoro-
tetramethylene derivative C;H;Co(CO)(CFy); (VI)¥
obtained from C;H;Co(CO), and tetrafluoroethylene;
compounds such as C;H;Co(CO)(CsFr); were briefly
mentioned at a meeting several years ago?® but have
not been studied in detail because their preparation was
inefficient and inconvenient. Like C;H;Co(CO)(CFy),
(VI) the compounds CsH;Co(CO)(Rs)(CyF7) (V, Rt =
CyF; or CF3CF,CF,) are volatile yellow solids which ex-
hibit the expected single »(CO) frequency around
2100 cm~t However, in the #-heptafluoropropyl
derivative C5H5CO(CO)(C2F5) (C4F7) (V, Rf = C2F5)
this »(CO) frequency is split by 8 cm~! possibly be-
cause of the presence of conformational isomers arising
from restricted rotation around one of the metal-
fluorocarbon bonds similar to the splitting of the »(CO)
frequencies in cyclopentadienyliron dicarbonyl com-
pounds such as CH;SiClL,Fe(CO).C;H; arising from re-
stricted rotation around the iron-silicon bond.?® This
type of isomerism could also be responsible for the ob-
servation of two 3-CF resonances separated by ~2 ppm
in the fluorine nmr spectra of both C;H;Co(CO)(Rs)-
(C.Fy) derivatives (Table IV and ref 3).

The mass spectra of the perfluoro-1-methylpropenyl
transition metal derivatives were investigated. The
compounds C.FMn(CO); and R:Fe(CO),C,Fy failed to
exhibit any metal-containing ions because of decom-
position even when the chamber temperature was held
to about 100°. Instead, only fluorocarbon ions were
observed in these mass spectra.

The mass spectrum of the rhenium compound C,F;-
Re(CO); (I, M = Re) exhibited the series of ions
C/F/Re(CO),* (n = 5, 4, 3, 2, 1, and 0), C,F¢Re-
(CO),* (n = 1 and 0), Re(CO),F* (n = 4, 3,2, 1, and
0), and Re(CO),* (n = 5, 4, 3, 2, 1, and 0) and the di-
positive ion series C;FsRe(CO),2* (n = 3, 1, and 0).
The dipositive ions C.FeRe(CO),*T can arise by loss of
fluoride (F—) from the relatively abundant monoposi-
tive ions C.F7Re(CO), . In addition, fragments of the
types C;:F,Re™ (n = 3 and 2), C;F,Ret (n = 3, 2, 1,
and 0), and CF,Ret (n = 4, 3, 2, 1, and 0) are observed
where the rhenium-carbon bond to the perfluoro-1-
methylpropenyl group has been maintained but some
carbon—carbon bonds of the perfluoro-1-methylpro-
penyl group have broken.

The mass spectrum of C.F7:Fe(CO),C:H; (I1II, M =
Fe; L = CO) exhibited features typical of cyclopenta-
dienyliron dicarbonyl derivatives® particularly those
with fluorocarbon groups bonded to the iron atom,®
The observed metastable ions indicate that the mo-
lecular ion C.F7Fe(CO).C;H;* can fragment to the
Cs;H,Fet ion by the successive losses of its two car-
bonyl groups followed by elimination of a neutral

(27) T. D. Coyle, R. B. King, E. Pitcher, S. L. Stafford, P. M. Treichel,
and F. G. A, Stone, J, I'norg. Nucl. Chem., 20, 172 (1961).

(28) P. M. Treichel and G. Werber, Abstracts, 150th National Meeting of
the American Chemical Society, Atlantic City, N. J., Sept 1965, No. INOR
51.

(29) W, Jetz and W. A. G, Graham, J. Amer, Chem. Soc., 89, 2773 (1967).

(30) R. B. King, ¢bid., 90, 1417 (1968).

(31) R. B. King, Appl. Spectvosc., 23, 137 (1969).
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C,Fq fragment (presumably hexafluorobutyne-2) from
C.F.FeC;H;* to give C;H;FeF T which can then undergo
loss of a neutral hydrogen fluoride fragment to give
CsH,Fet. The mass spectrum of the chromium de-
rivative C,F/Cr(NO),CsHs (III, M = Cr;L = NO), as
expected, exhibited many features similar to the mass
spectrum of the isostructural and isoelectronic C4F-Fe-
(CO)2C5H5 (III, M = Fe,;L = CO)

The mass spectra of the cobalt derivatives C;Hs;Co-
(CO)(Rg) (CsF7) (V) provide qualitative comparisons of
the relative elimination tendencies of perfluoro-1-
methylpropenyl and saturated perfluoroalkyl groups.
In both cases (V, R: = CFsand CF;CF.CF;) the ion
C:H;Co(CO)(C,Fr) t is over twice as abundant as the
ion CsH;Co(CO)R:+ (Ry = CF; or CF;CF,CFy) sug-
gesting that elimination of a saturated perfluoroalkyl
group from the molecular jon C;H;Co(CO)(R¢)(CsFr)*
occurs significantly more readily than elimination of
the unsaturated perfluoro-1-methylpropenyl group.
This suggests that the bond of the cobalt atom to a sat-
urated perfluoroalkyl group is weaker than the bond of
the cobalt atom to the unsaturated perfluoro-1-methyl-
propenyl group. This effect can be rationalized by the
availability of empty antibonding orbitals in the
carbon-carbon double bond of the perfluoro-1-methyl-
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propenyl group which can overlap with filled d orbitals
of the cobalt atom to provide additional means to
strengthen the metal-perfluoro-1-methylpropenyl bond
by retrodative bonding. However, arguments of this
type based on mass spectra are necessarily imprecise
since they rely on the assumption of similar further
fragmentation tendencies of the ion. C;H;Co(CO)-
(CiF7)*+ and the saturated perfluoroalkyl ion C;H;Co-
(CO)Rs™.

The mass spectra of the cobalt derivatives C;H;Co-
(CO) (Rf)(C4F7) (V, Rf = Cst and CF3CF2CF2) also
exhibited some features similar to those found in the
mass spectra of the iron derivative C.F:Fe(CO).CsH;
(IIT, M = Fe; L = CO) discussed above. Thus
metastable ions were observed in the mass spectra of
both cobalt compounds which correspond to the elim-
ination of a neutral C,Fs fragment from C;H;CoC,Fr*
to give C;H;CoF * and the elimination of a neutral HF
fragment from CsH;CoF * to give CsH,Co™.
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Fluorocarbon-bridged di(tertiary arsines and phosphines) react with Ma(CO)w (M = Mn, Re) under a variety of conditions
to give complexes of formula (L-L)M,(CO); which are ligand bridged. The bridged complexes readily react with iodine with

|
cleavage of the M-M bond and yield (L-L)[M(CO)I];. Inthecase where (L-L)is (CH,):AsC=CAs(CHj;).CF,CF; isomers
of the bridged complexes can also be prepared. These have the structure (CO)4£I(CH3)2ASM(CO)4(CH3)zASCL=—ICCF2JCF2

and are the result of a ligand rearrangement reaction.

Introduction

Reactions of dirhenium and dimanganese decacar-
bonyls with various monodentate ligands have re-
sulted in the replacement of one to four carbonyl
groups with the formation of dinuclear compounds such
as Mz(CO)gL,1_4 [M(CO)4L]2,2_11 Mz(CO)7L3,3_5 and
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[M(CO)sL;}2 in which the metal-metal bond of the
parent carbonyl is preserved. Bidentate ligands are
reported to yield some chelated products of the types
M(CO)s(L-L),1.12 M(CO)(L~L)y, "2 Mp(CO)s(L~
L),4% and [M(CO)s(L-L)],*!* in which the ligand re-
places two or four carbonyl groups on a single metal
atom.

In the course of a systematic study of the reactions of
the versatile fluorocarbon-bridged ligands fifars and
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f4fOS YC=CYCF2CF2 (Y = (CHa)zAAS or (CeHs)zP) with
metal carbonyls,’®18 we have found that these ligands
react with dimanganese and dirhenium decacarbonyls to
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