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SUMMARY

Ultraviolet irradiation of the periluoroalkyliron derivatives R(Fe(CO),CsH 5
[R;=C,Fsand (CF,),CF] with the saturated chelating ditertiary phosphine (C¢H 5),-
PCH,CH,P(CsH 5),(Pf-Pf) results in stepwise substitution of the carbonyl groups
giving first the monodentate monometallic derivatives RFe(CO)(Pf-Pf)(CsHs) and
then the carbonyl-free bidentate monometallic derivatives R;Fe(Pf—Pf)(CsHs). By
contrast, UV irradiation of the same perfluoroalkyliron derivatives with the un-
saturated chelating ditertiary phosphine cis-(CgHs), PCH=CHP(C¢H;), (cPf=Pf)
proceeds directly to the carbonyl-free bidentate monometallic derivatives R Fe-
(cPf=Pf)(CsH;) without formation of an isolable monodentate monometallic
derivative. UV irradiation of the R Fe(CO),C sH s derivatives with triphenylphosphine
gives the substitution products R;Fe(CO)[P(C¢Hs);](CsHs) (Ri=CF;, CF;CO,
C,F;, and (CF;),CF); IR and NMR spectral data on the compound of this type with
the relatively bulky (CF ;),CF group suggest the presence of conformational isomers
arising from hindered rotation about the iron—perfluoroalkyl bond. Similar UV
irradiation of the molybdenum derivative CF;Mo(CO)3;CsH s with the appropriate
tertiary phosphines gives the substitution products CF;Mo(CO),[P(C¢H;)s]-
(CsHs) and CF3;Mo(CO)(Pf-Pf)(CsHs). An improved preparation of the RFe-
(CO),CsHs [R¢=C,F5 and (CF;),CF] derivatives from the corresponding per-
fluoroalkyliron tetracarbonyl iodides R;Fe(CO),I and thallium(I) cyclopentadienide
is described.

INTRODUCTION

The reactions of the alkyls CH;Fe(CO),CsHs and CH3Mo(CO);CsH ;s with
tertiary phosphines have been shown to give acyl derivatives of the type CH;COFe-
(CO)(PR3)(CsHs)*? and CH3;COMOo(CO),(PR ;)(CsH )%, respectively. This paper
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describes analogous reactions between perfluoroalkyls of the types R{Fe(CO),CsH
and R;Mo(CO),;CsH;° and tertiary phosphines. The chelating ditertiary phosphines
(Ce¢Hs),PCH,CH,P(C4Hs), and cis-(CgHs),PCH=CHP(C-H;), were also in-
cluded in this study in view of the interesting differences in the behavior of these two
ligands upon reaction with the molybdenum alkyls RMo(CO);CsH s (R=methyl
or benzyl)’. The general preparative techniques in this study resembled those utilized
in the recent study of the reaction between the silicon—iron and tin—iron derivatives
of the type (CH;);EFe(CO),CsHs (E=Si or Sn) and tertiary phosphine ligands®.

EXPERIMENTAL

The starting materials [CsHFe(CO),],°%, CF;Mo(CO);CsHs®, 1,2-bis-
(diphenylphosphino)ethane (Pf~Pf)1° and cis-1,2-bis(diphenylphosphino)ethylene
(cPf=Pf)'' were prepared by the previously published procedures. The modified
procedures described below were used to prepare the perfluoroalkyl derivatives of
cyclopentadienyliron dicarbonyl.

Preparation of CF;COFe(CO),CsH 5

A solution of 100 mmoles of NaFe(CO),CsH s in 300 ml of tetrahydrofuran
(redistilled over LiAlH,) was treated at —78° with 21 g (100 mmoles) of redistilled
trifluoroacetic anhydride. The reaction mixture was allowed to warm slowly to room
temperature and then stirred for 16 h at room temperature. Solvent was then removed
from the reaction mixture at ~25°/40 mm. The product was distilled out of the
residue at 110°/0.02 mm. The crude product was purified by crystallization from
pentane followed by sublimation at 60°/0.1 mm to give 6.3 g (239 yield) of CF;-
COFe(CO),CsHs. The reported procedure® for the preparation of CF;COFe-
{C0O),CsH; utilized the same reaction but was less convenient to carry out and gave
a yield of only 9%..

The photochemlcal decarbonylation of CF ;COFe(CO),CsH;s to give CF sFe-
(C0O),CsH 5 was carried out as described previously®. As the scale was increased the
yield of product dropped drastically. For this reason only relatively small quantities
of CF3Fe(CO),CsHs were available for this study.

Preparation of (CF;),CFFe(C0O),CsH 5

A mixture of 26 g (56 mmoles) of (CF;),CFFe(CO),1%, 17 g (61 mmoles) of
thallium cyclopentadienide!?, and 250 m! of redistilled tetrahydrofuran was stirred
for 6 h at room temperature. The original red color of the perfluoroalkyliron tetra-
carbonyl iodide changed almost immediately to orange-brown and a yellow precipi-
tate of thallium(l) iodide separated. After the reaction period was over, the reaction
mixture was filtered and solvent was removed from the filtrate at ~25°/40 mm. The
residue was sublimed at 70-75°/0.1 mm to give 13.4 g (70%; yield) of yellow-orange
(CF;),CFFe(CO),CsHs, m.p. 75-76°.

A similar procedure was used to prepare the pentafluoroethyl derivative
C,FFe(CO),CsH; from C,F Fe(CO),I!? and thallium cyclopentadienide. This
approach was not used for the preparation of the trifluoromethyl derivative CF ;Fe-
(CO),CsH; owing to difficulties in preparing sufficient quantities of the starting
material CF;Fe(CO),1%%.
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Reactions of R;Fe(CO),CsH s and CF;Mo(CO);CsH s with tertiary phosphines:

The following general procedures were used. Further details are given in
Table 1.

Method A. Hexane solution. A hexane solution containing stoichiometric
quantities of the RFe(CO),CsHs or RiMo(CO);CsH s derivative and the tertiary
phosphine in the 0.4 to 1.0 gram range was exposed to UV irradiation from an
Englehard-Hanovia watercooled 450 watt lamp inserted into one neck of the reaction
vessel. After the reaction period was over, the reaction mixture was filtered. The pre-
cipitate contained any R Fe(CO)(Diphos)(CsHs) derivative formed in the reaction.
It was purified by recrystallization from a mixture of dichloromethane and hexane.

Solvent was removed from the filtrate at ~25°/40 mm. The solid remaining
was the R;Fe(CO)[P(CqH;s);](CsHs) or ReFe(Diphos)(CsHs) derivative. It was
purified by recrystallization from a mixture of dichloromethane and hexane.

Method B. Benzene solution. A benzene solution containing stoichiometric
quantities of the R;Fe(CO),CsH; or RiMo(CO);CsH s derivative and the tertiary
phosphine in the 0.4 to 1.0 gram range was exposed to UV irradiation as described
above for Method A. When using iron derivatives, the course of the reaction was
followed by observing the disappearance of the v(CO) frequencies from the IR spec-
trum of the reaction mixture. After the reaction period was over, solvent was removed
from the reaction mixture at ~25°/40 mm. The residue was recrystallized from mix-
tures of dichloromethane and hexane to give the desired product.

DISCUSSION

The reactions of triphenylphosphine with the perfluoroalkyls R(Fe(CO),CsH 5
and CF3;Mo(CO);CsH;s do not lead to insertion of a carbonyl group into the metal-
perfluoroalkyl bond to give a perfluoroacyl derivative. Instead, one carbonyl group
is lost to give the monosubstituted triphenylphosphine derivative of the perfluoroalkyl.
This behavior differs from that previously observed for the methyl derivatives CH ;Fe-
(CO),CsH523 and CH;Mo(CO);C;Hs** which react with triphenylphosphine to
give the acetyl derivatives CH;COFe(CO)[P(CgH;);]{CsHs) and CH,COMo-
(CO),[P(CH5)3](CsHs), respectively. The inability for a carbonyl group to be
inserted into a perfluoroalkyl-metal bond is a further consequence of the strengthen-
ing of a metal-alkyl bond by substitution of hydrogen atoms with fluorine atoms**.
The stability of perfluoroacyl derivatives containing triphenylphosphine ligands is
demonstrated by the preparation of the triflucroacetyl derivative CF;COFe(CO)-
[P(CsH5);51(CsHs) by UV irradiation of CF;COFe(CO),CsHs with triphenyl-
phosphine ; some CF;Fe(CO)[P(C¢H;);](CsHs) is also produced in this reaction
owing to photochemical decarbonylation® of CF,;COFe(CO),CsHs to the tri-
fluoromethyl derivative CF;3;Fe(CO),CsH; followed by reaction of this trifluoro-
methyl derivative with triphenylphosphine.

The photochemical reactions of the iron derivatives RiFe(C0O),CsH s with the
saturated chelating ditertiary phosphine 1,2-bis(diphenylphosphino)ethane, (CsHs),-
PCH,CH ,P(C¢H 5),(Pf—Pf) proceed according to the following two step sequence:

R(Fe(CO),CsHs+ P~Pf — R Fe(CO)(P[—Pf)(CsHs) +CO
RFe(CO)(Pf-Pf)(CsHs) — RFe(P—Pf)(CsH,)+CO
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The intermediate monodentate monometallic'® derivatives R Fe(CO)(Pf-Pf)-
(CsHs) (I) can be most readily isolated if the photochemical reactions are carried out
in hexane solution. Under these conditions the monodentate monometallic products
precipitate from the reaction mixture as they are formed thereby protecting them
somewhat from further photochemical decarbonylation to give the bidentate mono-
metallic derivatives R;Fe(Pf-Pf)(CsHs) (II). The pure bidentate monometallic

P9

Fe Fe
R / I \P P / *\p
LI ~— R¢ RS
e
(I (In

derivatives (II) are most readily obtained in the pure state by carrying out the photo-
chemical reactions in benzene solution until the infrared spectrum of an aliquot of the _
solution indicates the disappearance of all v(CO) frequencies.

Recent work*'® has shown the unsaturated chelating ditertiary phosphine
cis-1,2-bis(diphenylphosphino)ethylene, (C¢H ), PCH=CHP(C:H5), (cPf=Pf) to form
chelate (bidentate monometallic)derivatives more readily than the saturated ditertiary
phosphine (C¢Hs),PCH,CH,P(C¢H ), discussed above. Photochemical reactions
of the R;Fe(CO),CsH;s (R=C,F; or (CF;),CF) derivatives with the unsaturated
ditertiary phosphine proceed directly to the bidentate monometallic derivatives
R:Fe(cP=Pf)(CsH;) (II). No intermediate monodentate monometallic derivatives
RFe(CO)(cPf=Pf)(CsH;) (I) are isolated even when the photochemical reactions are
carried out in hexane solution. A comparison of the behaviors of the saturated ditert-
iary phosphine (C¢Hs), PCH,CH,P(C¢H ), and the unsaturated ditertiary phosphine
cis-(C¢H 5),PCH=CHP(C4Hs), upon treatment with the iron derivatives R;Fe-
(CO),CsH; [R,=C,F; or (CF;),CF] provides a further indication of the greater
chelating ability of the unsaturated ditertiary phosphine.

The IR spectra of the new carbonyl derivatives prepared in this work exhibit
the expected number of v(CO) frequencies except for (CF3),CFFe(CO)[P(C¢Hs),1-
(CsH ) which exhibits two v(CO) frequencies in cyclohexane solution possibly arising
from conformational isomers similar to those observed by Jetz and Graham'® for
certain silyliron derivatives of the tvpe R,R’'SiFe(CO),CsHs. As usual, increasing
substitution of carbonyl groups with tertiary phosphines lowers the v(CO) frequencies
owing to increased population of the antibonding orbitals from increased metal-
carbon retrodative bonding. The proton NMR spectra of the new compounds exhibit
the expected resonances from the n-cyclopentadienyl rings as well as resonances from
the ligand protons. Substitution of one carbonyl group in an R;Fe(CO),CsHj
derivative with a tertiary phosphine raises the chemical shift of the z-CsH 5 resonance
by about 0.5 ppm. However, substitution of the second carbonyl group with a tertiary
phosphine has only a small additional effect on the chemical shift of the n-CsH
resonance. A similar “saturation” effect has been noted in the tertiary phosphine
substitution products of the (CH;);EFe(CO),CsHs(E=Si or Sn) derivatives®. In
some of the better spectra- the phosphorus atoms of the (C¢H )3 P ligand were ob-
served to split the n-CsH or the CF; resonances by about 1.5 Hz. However, such
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TABLE 2

NMR SPECTRA OF SOME NEW CGMPOUNDS PREPARED IN THIS WORK

Compound? 1SF NMR*“ (¢) 'H NMR*“ (1)
Solvent  ¢(CF) #(CF;)  ¢(CFs) Solvent  t(CsHs)

A. CF, derivatives

CF3;COFe(CO){PPh,){CsHs) CH.Cl, 793s CDCl,  5.50d(L.5)

CF,Fe(CO){PPh,)(CsH;) CH,CI, —13.7d(1.6) CDCl, 549

CF;Fe(CO),CsH;* CH.CI, —116s CHCl, 506

CF;Mo(CO).(PPh,)(C;H;) CH.,CI, —113d(L5)

CF,Mo(CO),CsH; CH.CI, —119s

B. C,Fs derivatives

C,F;Fe(CO)(PPh,)(C,H.) CH,Cl, 65.0 81.7

C.F;Fe(CO)(P{-Pf)(C5H,) CH,Cl, 658 81.5 (CD1),CO 5.60s

C,F sFe(Pf—Pf)(CsHs) CH,Cl, 63.5 79.7 CDCl, 567s

C,F,Fe(cP{=Pf)(CsH;) CH.CI, 66.4 80.3

C,FsFe(CO),CsH; CH,Cl, 62.8 82.1

C. (CF;),CF derivatives

(CF,),C FFe(CO)(PPh,)(CsHs) CH,Cl, 1629? 669sp(6) CDCl, 547s

(CF,).CFFe(CO)(Pi-Pf)(CsHs) CH.Cl, 7 65.0

(CF,),CFFe(P{~Pf)(CsHs) CH.Cl, 7 651d(12) CDCl, 567s

(CF,),CFFe(cPf=Pf)(CsHs) CH.Cl, 640b

(CF,),CFFe(C0),CsH, CH.Cl. 164.7qn (12) 685d(12) (CH,).CO 4.80s

? Ph=phenyl; Pf—Pf=1,2-bis(diphenylphosphino)ethane ; cPf=P{=cis-1,2-bis(diphenylphosphino)ethylene. ® These '°F
NMR spectra were taken in the indicated solvents and recorded on a Perkin—Elmer Hitachi R-20 spectrometer. Chemical
shifts were determined using CFCl; (¢ 0.0) or CFCI,CFCl, (¢ 67.8) as an internal standard. The scale used here was in-
troduced by G. Filipovichand G. V. D. Tiers'”. ¢ The observed fine structure was indicated by the following abbreviations:
s=singlet, d=doublet, qn =apparent quintet, sp=apparent septet, b =broad. Coupling constants in Hz are given in
parentheses. ¢ These 'H NMR spectra were taken in the indicated solvents and recorded on a Varian HA-100 spectro-
meter using tetramethylsilane as an internal standard. € Data from R. B. King and M. B. Bisnette!8. / Not observed.

splitting of the CF; resonances by phosphorus atoms was only observed in com-
pounds where the CF; group is bonded directly to the metal atom. Thus a doublet
CF; resonance was observed in the trifluoromethyl derivative CF;Fe(CO)[P-
(CeHs)11(CsH;s )but not in the trifluoroacetyl derivative CF;COFe(CO)[P(C¢H )5 1-
(C5H).
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