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The bis(acy1) complexes ci~-(R$0)~Fe(C0), (RF = CF3, n-C3F7) have been prepared in good yield from the reaction 
of (CF3C0)20 and n-C3F7COCl with NaZFe(CO)4-l .S(dioxane). These complexes readily undergo thermal decarbonylation 
to give the corresponding bis(alky1) derivatives ~ i s - (R~)~Fe(cO)~ .  Evidence for the intermediacy of cis- and frons- 
(R$O)(RF)Fe(C0), was obtained from a I9F NMR study of the decarbonylation of cis-(CF,CO),Fe(CO),. Prolonged 
heating of ci~-(n-C,F,)~Fe(C0), affords tr~ns-(n-C~F~)~Fe(CO)~. Under the same conditions, c~~-(CF,)~F~(CO), is stable 
with respect to isomerization. The infrared spectrum of cis-(n-C3F7),Fe(C0), indicates the presence of two (or more) 
rotamers which differ in the relative conformations adopted by the n-C3F7 ligands. 

Introduction 
The formation of iron-carbon u bonds via the reaction of 

organic halides with Na2Fe(CO), is an area of much current 
interest.'-s In particular, Collman and co-worker~l-~ have 
carried out extensive studies involving the preparative and 
reaction chemistry of five-coordinate anionic [RFe(C0)4]- and 
[RCOFe(C0)4]- complexes. The further reactions of these 
species with alkyl and acyl halides to produce ketones are 
thought to proceed via six-coordinate neutral complexes of the 
type (RCO)(R)Fe(C0)4 and (RCO),Fe(CO),, although direct 
evidence for these acylalkyl and bis(acy1) intermediates is 
apparently la~king.l-~ Additional support for this contention 
comes from the much earlier synthesis6 of the fluoroalkyl 
complexes (R~)&(c0)4  (RF = C2F5, n-C3F7) from Na2Fe- 
(CO), and the appropriate acid chloride (eq 1). By analogy 
Na2Fe(CO), + 2 R ~ c o C l -  

(R~)2Fe(C0)4 + 2 C 0  + 2NaCl (1) 

with closely related ~ y s t e m s , ~ - ~  e.g., R&OMn(CO)5 and 
R&OCo(CO),, these (fluoroalky1)iron products were pre- 
sumed to be formed by the decarbonylation of intermediate 

However, no attempt was made to isolate or identify such 
intermediates. 

To date, isoluble examples of bis(acy1)- and acylalkyl- 
tetracarbonyliron complexes are limited to chelated derivatives 
of types 1"15 and II.16 The lack of nonchelated 

(R&O)&( c 0 ) 4  and (RFCO) ( RF) Fe(C0)4 complexes. 
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(RC0)2Fe(C0)4 complexes is particularly surprising since 
electronically equivalent [(RCO)2M(C0)4]- anions have been 
prepared for and r h e n i ~ m . ' ~ . ~ ~ . ~ ~  Rhenium 
analogues of (RCO) (R) Fe( C0)4, e.g ., [ (RCO) (R)Re( CO),]-, 
have also been characterized.22 

0 
I 

I1 

In an attempt to obtain direct experimental evidence for 
nonchelated (RC0)2Fe(C0)4 and (RCO)(R)Fe(C0)4 com- 
plexes, we have examined reaction 1 in more detail. This 
system was chosen for our initial studies since metal-fluor& 
carbon complexes are in general more kinetically robust than 
their metal-hydrocarbon We report here the 
synthesis and characterization of c i ~ - ( R & o ) ~ F e ( C 0 ) ~  (RF 
= CF,, n-C3F7), the first examples of nonchelated bis(acy1)- 
tetracarbonyliron complexes. In addition, we report spectral 
evidence for the intermediacy of the acylalkyl complexes 
(R&O)(RF)Fe(CO>, in the conversion of the bis(acy1) com- 
plexes to (R~),Fe(c0)4. 

Experimental Section 
General Procedures. All operations, including the purification of 

solvents, were carried out under an atmosphere of dry nitrogen. 
Schlenk-type apparatus was used for all reactions. Microanalyses 
were performed by Galbraith Laboratories, Knoxville, TN. Melting 
points were taken in capillaries sealed under nitrogen and are un- 
corrected. 

Materials. The solvents (reagent grade) used in this work were 
dried by distillation from sodium/benzophenone (dioxane, ether), 
sodium (hexane, heptane), or P4010 (dichloromethane). The com- 
pounds (CF3C0)20 (Aldrich) and n-C3F7COCI (PCR) were pur- 
chased from the indicated commercial source and were distilled under 
nitrogen immediately prior to use. Iron pentacarbonyl was purchased 
from Pressure Chemical Co. and was used without further purification. 

The Na2Fe(CO), used in this work was prepared as the sesqui- 
dioxanate by the method of Finke and SorrelLZ3 The precipitated 

(17) Lukehart, C. M.; Torrence, G. P.; Zeiie, J. V. J. Am. Chem. Sot. 1975, 
97, 6903. 
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Table I. Infrared and I9F NMR Data 

Hensley, Wurster, and Stewart 

complex v(CO), cm-' a LYCF, W F ,  CF3 4JFLYF7*h 

cis- (CF,CO),Fe(CO), 
cis-(n-C,F,CO),Fe(CO), 2139 m, 2088 s, 2077 vs, 2068 s 111.3 q 126.8 s 81.5 t 9.5 

2139 m, 2087 s, 2075 vs, 2067 s 

2157 m, 2100 sh, 2098 vs, 2082 m 

79.9 s 

-2.9 s cis- (CF,),Fe(CO), 
cis-(n-C,F,),Fe(CO), 2154 m, 2102 s, 2097 vs, 2084 m, 2079 md 68.1 m 116.0q 79.3 t 11.9 
frans-(n-C,F,),Fe(CO), 2155 vw, 2124 w, 2096 vs 65.0 q 116.0 t 79.2 t 11.5 

Heptane solution. CDCl, solution; chemical shifts in ppm from CFC4. Abbreviations: s, singlet; t, triplet; q, quartet; m, complex 
multiplet. 
(THF solution). 

Reference 34 gives 2150, 2100, 2095, 2081, 2078 cm-' (C,Cl, solution). e Reference 30 gives 69.1, 115.3, 78.6 ppm; 11.1 Hz 

product was washed with several portions of hexane, and the su- 
pernatant solvent was removed via syringe. The remaining solvent 
was removed in vacuo to afford white, pyrophoric Na,Fe(CO),.l -5- 
(dioxane). 

Spectra. Infrared spectra (Table I) were obtained on a Perkin- 
Elmer 180 spectrophotometer, which was calibrated with carbon 
monoxide and polystyrene. Solution spectra were run in NaCl cells 
with heptane as solvent. 

The 19F NMR spectra (Table I) were recorded at 84.6 MHz on 
a Bruker WH90-DS spectrometer operating in the FT mode. 
Chloroform-dl was used as the solvent. Hexafluorobenzene served 
as an internal reference, and chemical shifts are presented relative 
to CFC13 with use of the conversionN BcFcI, = 6~ + 162.9 ppm. 
Positive 19F chemical shifts are upfield from CF 13. 

The 13C NMR spectra were obtained at 22.6 MHz on the same 
instrument. The spectra were referenced internally to the solvent 
(dichloromethane-d2), and 13C chemical shifts were converted to the 
Me4Si scale by taking the chemical shift of CD2C12 as +53.8 ppm. 
Positive 13C chemical shifts are downfield from Me4Si. The shiftless 
relaxation reagent25 C r ( a ~ a c ) ~  (5-10 mg) was employed for all I3C 
NMR measurements. 

Preparation of C~S-(CF~CO)~F~(CO),. A slurry of Na2Fe- 
(CO),-l.S(dioxane), prepared from Fe(CO)5 (4.00 mL, 29.8 m o l )  
and Na (1.65 g, 7 1.7 mmol), in 150 mL of ether was cooled at -78 
OC. An 11.1-mL (78.6 mmol) sample of cold (0 "C) (CF3C0)20 
was added dropwise via syringe, and the mixture was stirred at -78 
OC for 12 h. Solvent was removed in vacuo at -10 "C, and the light 
tan solid residue was extracted with three 100-mL portions of cold 
(0 OC) CH2C12 The combined extracts were filtered, and the resulting 
yellow filtrate was concentrated in vacuo at 0 OC. Addition of hexane 
followed by further concentration in vacuo afforded a pale yellow 
microcrystalline product (yield 8.05 g, 74%), mp 43-44 OC. Anal. 

13C NMR spectrum (CD2C12): 114.2 (CF3, q, Jm = 300 Hz), 196.6 
(equatorial26 CO, s), 197.5 CO, s), 228.5 (acyl CO, q, JFc 
= 36.5 Hz). 

Preparation of cis-( a-C3F7C0),Fe(CO),. This pale yellow mi- 
crocrystalline complex was prepared in 53% yield by a similar method 
usiFg Na2Fe(CO)4-l .5(dioxane) and n-C3F7COCl; mp 58-59 "C. 
Anal. Calcd for C12Fl&Fe: C, 25.65; F, 47.33. Found: c ,  25.19; 
F, 47.64. 

Preparation of C ~ ~ - ( C F ~ ) ~ F ~ ( C O ) ~ .  A slurry of C ~ S - ( C F ~ C O ) ~ F ~ -  
(CO), (2.03 g, 5.60 mmol) in 40 mL of heptane was heated under 
reflux for 2 h during which time the solid gradually dissolved. 
Off-white needles were deposited upon cooling the solution to 0 "C. 
The crude product (1.01 g) was separated by filtration. Recrystal- 
lization from CH2C12/hexane gave 939 mg (55%) of the very pale 
yellow crystalline product, mp 79-80 OC. Anal. Calcd for C6F6O4Fe: 
C, 23.56; F, 37.26; Fe, 18.26. Found: C, 23.38; F, 37.10; Fe, 18.48. 
I3C NMR spectrum (CD,Cl& 143.6 (CF3, q, JFc = 365 Hz), 195.9 
(equatorial CO, complex m), 197.8 (axial CO, septet, JFc = 4.4 Hz). 

Preparation of c i s - ( ~ - C ~ F ~ ) ~ F e ( C 0 ) ~ .  Method a. A solution of 
c ~ ~ - ( ~ - C , F ~ C O ) ~ F ~ ( C O ) ~  (1.68 g, 2.99 mmol) in 40 mL of benzene 

Calcd for C8F606Fe: C, 26.55; F, 31.50. Found: C, 26.34; F, 31.34. 

(24) Bruce, M. I. J.  Chem. Soc. A 1968, 1459. 
(25) Gansow, 0. A.; Burke, A. R.; LaMar, G. N. J .  Chem. Soc., Chem. 

Commun. 1972, 456. 
(26) In accord with the usual convention for cis-M(CO)&, derivatives, the 

equatorial CO groups are defined as those which are trans to the X 
ligands. 

was heated at 50-60 "C for 8 h. Solvent was removed on a rotary 
evaporator, and the oily residue was crystaked from CH2C12/heptane 
at -15 OC to give a very pale yellow crystalline product (904 mg, 60%). 

Method b. A flask containing solid US-(~-C,F,CO)~F~(CO)~ (9.02 
g, 16.0 m o l )  was heated under nitrogen at 40-45 OC for -70 h. 
The solid residue was sublimed (40-45 OC, 0.01 torr) to afford very 
pale yellow crystals of the product (6.49 g, 80%). mp 91-92 OC (lit.6 
88-90 OC). Anal. Calcd for C,,,Fl4O4Fe: C, 23.74; F, 52.58. Found: 
C, 23.52; F, 52.13. 

Preparation of ~ ~ ~ ~ - ( I I - C ~ F , ) ~ F ~ ( C O ) , .  Method a. A solution 
of cis-(n-C3F,C0),Fe(CO), (1.02 g, 1.8 1 mmol) in 20 mL of hexane 
was placed in a l W m L  Carius tube equipped with a threaded Teflon 
valve. The solution was degassed by several freeze-pumpthaw cycles, 
and the Carius tube was placed in an oil bath at 110 OC for 4 h. The 
cooled (25 "C) solution was transferred to a Schlenk tube via syringe, 
and solvent was removed in vacuo at -30 OC (bromobenzene slush 
bath). The solid residue was sublimed (40-50 "C, 0.01 torr) to afford 
very pale yellow crystals of the product (763 mg, 83%). 

Method b. A Carius tube containing solid ~is-(n-C~F,)~Fe(C0), 
(1.54 g, 3.05 mmol) was evacuated to 0.01 torr (-196 "C) and placed 
in an oil bath at 110 OC for 5 h. The tube was cooled to rmrn 
temperature, and the solid residue was extracted with hexane. The 
combined hexane extracts were filtered, and solvent was removed from 
the filtrate in vacuo at -30 OC to give the very pale yellow crystalline 
product (1.41 g, 91%), mp 92-93 OC. Anal. Calcd for Cl,,FI4O4Fe: 
C, 23.74; F, 52.58. Found: C, 23.69; F, 52.23. 

Decarbonylation of c&-(CF~CO)~F~(CO),-~% NMR Study. A 
solution of cis-(CF3C0),Fe(CO), (55 mg) and C6Fs (-1 drop, in- 
ternal reference) in to1~ene-d~ (0.5 mL) was placed in a 5-mm NMR 
tube. The solution was degassed on a vacuum line by several 
freezepumpthaw cycles, and the tube was d e d  under vacuum and 
placed in a constant-temperature bath at 60.0 f 0.1 OC. The tube 
was periodically withdrawn from the temperature bath and quenched 
(0 OC) for 19F NMR analysis. A series of representative 19F NMR 
spectra is shown in Figure 3. 

Results and Discussion 
The reaction of 

NazFe(CO),.l .5(dioxane) with (CF3C0)20 or n-C3F7COCl 
in ether at -78 OC afforded the corresponding bis(acy1)- 
tetracarbonyliron complexes ~ ~ S - ( C F ~ C O ) ~ F ~ ( C O ) ~  and 
C~S-(~-C~F$O),F~(CO)~,  respectively, in good yield (50-75%). 
The acid anhydride was used for the synthesis of the tri- 
fluoroacetyl complex as a matter of convenience since CF3C- 
OC1 is a gas under ambient conditions. It is w e l l - k n ~ w n * * ~ ~ ~  
that acid anhydrides and acid chlorides can be used inter- 
changeably in reactions with metal carbonyl anions. The pale 
yellow crystalline ~ i s - ( R & o ) , F e ( C 0 ) ~  complexes can be 
handled in air for reasonable periods at room temperature, but 
noticeable decomposition occurs (even under a nitrogen at- 
mosphere) within 1 day. The complexes are stable indefinitely 
at -10 OC. 

The infrared spectra of the bis(acy1) complexes (Figure 1)  
exhibit four bands in the terminal v(C0) region, consistent 
with a cis geometry. A single broad (Avl/z = 50 cm-') acyl 

Synthesis of Bis(acy1) Complexes. 

(27) King, R. B.; Bisnette, M. B. J .  Orgonomet. Chcm. 1964, 2, IS. 
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Figure 1. Infrared spectra in heptane solution of (A) cis- 
(CF3CO)JWCO)4, (B) WCF3)2Fe(CO)4, (C) cis-(n-C3Fd2Fe(C0),, 
and (D) tr~rn-(n-C~F~)~Fe(CO),. 

v ( C 0 )  band was observed at 1695 cm-’. Although two acyl 
v ( C 0 )  bands are predicted from group theory, they are ap- 
parently not resolvable.28 The 19F NMR spectra of the 
~ is - (R&0)~Fe(C0) ,  complexes (Table I) are quite similar 
to the spectra of other trifluoroacetyl- and perfluoro- 
butyryl-metal carbonyl c o m p l e x e ~ . ~ . ~ ~ . ~  The ”C NMR 
spectrum of C ~ ~ - ( C F ~ C O ) ~ F ~ ( C O ) ~  exhibited the expected two 
resonances of equal intensity in the metal-carbonyl region. 
Assignment of these signals to the axialz6 (197.5 ppm) and 
equatorial26 (196.6 ppm) CO groups is made on the basis of 
Graham’s empirical o b s e r v a t i o ~ ~ ~ ~ J ~  for related cis-M(CO)&, 
systems (M = Fe, Ru, Os). Coupling of fluorine to the 
m e t a l 4 0  carbons was not observed. Quartets at 228.5 ppm 
(JFc = 36.5 Hz) and 114.2 ppm (JFc = 300 Hz) are readily 
assigned to the fluorine-coupled acyl CO and CF3 resonances, 
respectively. Satisfactory 13C NMR spectra of cis-(n- 
C3F7C0)2Fe(C0)4 could not be obtained due to the lower 
solubility of this complex. 

These cis-(R&O),Fe(CO), complexes are the first isolable 
nonchelated bis(acy1)tetracarbonyliron derivatives. Although 
bis(acy1) complexes of other metals have been rep0rted,~”22293~~ 
their Occurrence is relatively limited. Known examples include 
~ i s - (E tC0)~0s (CO) , ,~~  [(MeC0)20s(C0)zBr2]2-,33 and var- 

(28) Similar observations have been noted for related bis(acy1)tetra- 
carbonylmetal complexes; see ref 17 and 29. 

(29) L‘Eplattcnier, F.; PBlichet, C. Helu. Chim. Acru 1970, 53, 1091. 
(30) Pitcher, E.; Buckingham, A. D.; Stone, F. G. A. J .  Chem. Phys. 1%2, 

36. 124. - - >  ~- 
(31) Vancea, L.; Pomeroy, R. K.; Graham, W. A. G. J .  Am. Chem. Soc. 

1976. 98. 1407. - . - - . -  - 
(32) Pomeroy, R. K.; Vancea, L.; Calhoun, H. P.; Graham, W. A. G. Inorg. 

Chem. 1977, 16, 1508. 
(33) L‘Eplattcnier, F. Inorg. Chem. 1969, 8, 965. 
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ious cis-[ (RCO),M(CO),]- anions of manganese”-20 and 
r h e n i ~ m . ’ ~ ~ ~ ~ . ~ ~  

Decarboaylation of Bis(acy1) Complexes. Synthesis of 
Bis(aky1) Complexes. The ~ i s - ( R & 0 ) ~ F e ( C 0 ) ~  complexes 
undergo facile decarbonylation to give the corresponding 
bis(alky1) (RF)2Fe(C0)4 complexes when heated at 30-100 
OC in hydrocarbon solvents such as hexane, heptane, or 
benzene. Reaction progress is conveniently monitored by 
infrared spectroscopy. Decarbonylation of cis-(n- 
C3F7C0)zFe(C0)4 initially afforded ~ is - (n-C~F~)~Fe(C0) , ,  
which on further heating underwent isomerization to the trans 
isomer. Both complexes are isolable in isomerically pure form. 
In contrast, decarbonylation of C ~ S - ( C F ~ C O ) ~ F ~ ( C O ) ~  under 
identical conditions afforded only C ~ ~ - ( C F ~ ) ~ F ~ ( C O ) ~ .  No 
evidence for the corresponding trans isomer was obtained. This 
difference must be steric in origin since the electronic properties 
of CF3 and n-C3F7 ligands would be expected to be nearly 
identical. 

Although appreciable decarbonylation was observed to occur 
within 1 h at room temperature, the reactions are more con- 
veniently carried out at higher temperatures. For example, 
complete decarbonylation of cis-(R&O),Fe(CO), is achieved 
in 2-4 h at 98 OC in heptane solution. In view of these o b  
servations and the rather vigorous conditions (refluxing THF) 
employed in the original6 study of reaction 1, it is under- 
standable why the intermediate bis(acy1) complexes were not 
previously observed. 

Yields (55-9096) of the very pale yellow (almost white) 
air-stable bis(alky1) complexes appear to be limited primarily 
by mechanical losses involved in separating these very volatile 
solids from the solvents used. Alternatively, decarbonylation 
was accomplished by heating the solid ~is-(R&0)~Fe(C0),  
complexes in vacuo or under a nitrogen atmosphere. Vacuum 
sublimation of the residue afforded the bis(alky1) complexes 
in excellent yield. For example, careful heating of cis-(n- 
C3F7C0)zFe(C0)4 at 40-45 OC for -70 h gave cis+ 
C3F7)2Fe(C0)4 in 8096 yield. 

The infrared spectrum of C ~ ~ - ( C F ~ ) ~ F ~ ( C O ) ~  (Figure 1) 
shows three well-resolved bands in the v ( C 0 )  region. A fourth 
band (2100 cm-’) is observed only on expanded scale as a 
high-frequency shoulder of the 2098-cm-* band. In fact, the 
v (C0)  infrared spectrum is virtually superimposable with the 
infrared spectrum3, of C ~ ~ - C F ~ ( C F ~ ) ~ C F ~ F ~ ( C O ) ~ .  The 19F 
NMR spectrum (Table I) exhibited a singlet 82.8 ppm 
downfield of the resonance in C~S-(CF~CO)~F~(CO), .  This 
large downfield shift relative to the corresponding trifluoro- 
acetyl-metal complex is characteristic of a variety of tri- 
fluoromethyl-metal c o m p l e ~ e s . * * ~ ~ . ~ ~  

The 13C NMR spectrum of ~ is - (cF~)~Fe(C0) ,  showed two 
metal carbonyl reson’ances at 195.9 and 197.8 ppm which can 
be assigned on the basis of observable I9F-l3C coupling. Since 
the two CF3 groups are equivalent with respect to an axial CO 
ligand, axial carbon and the six fluorine atoms constitute an 
AX6 spin system. Thus, the pattern for the axial carbon 
resonance is expected to be a septet. An equatorial CO is trans 
to one CF3 group and cis to the other CF3 group, resulting in 
an AX3X’3 spin system for equatorial carbon and the six 
fluorine atoms. The pattern for the equatorial carbon reso- 
nance is thus expected to be quite complicated. Accordingly, 
the septet (.IFc = 4.4 Hz) at 197.8 ppm and the complex 
multiplet at 195.9 ppm are assigned respectively to the axial 
and equatorial CO ligands. These assignments are consistent 
with the general observa t i~n~’?~~ that for cis-M(CO)& com- 
plexes (M = Fe, Ru, Os) the 13C resonance of the equatorial 
CO is at higher field. 

In view of the virtually identical v(C0) infrared spectra of 

, . 

~ ~ ~~ 

(34) Pitcher, E.; Stone, F. G. A. Specrrochirn. Acru 1962, 18, 585. 
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The results obtained for c i ~ - ( R ~ ) ~ F e ( c O ) ,  complexes are 
in complete accord with these observations. Thus, the expected 
number of v(C0) bands is seen only when the fluoroalkyl 
ligands are either axially symmetric, as in ~is-(cF~)~Fe(C0), ,  
or constrained to one conformation by a chelate ring, as in 
c ~ ~ - C F ~ ( C F ~ ) ~ C F ~ F ~ ( C O ) , .  Extra v(C0) bands appear 
when the lack of axial symmetry of the fluoroalkyl group leads 
to the Occurrence of rotamers. This situation is apparently 
not restricted to the n-C3F7 ligand since the published34 in- 
frared spectrum of C ~ ~ - ( C ~ F ~ ) ~ F ~ ( C O ) ,  is virtually identical 
with the infrared spectrum of ~ i s - ( n - C ~ F ~ ) ~ F e ( C o ) ~  

The presence of a single rotamer in the case of the less bulky, 
axially symmetric CF3 ligand can be attributed to essentially 
unhindered rotation about the iron-carbon bonds. Presumably, 
the main factor restricting the rotation about the iron-carbon 
bonds in these ~ i s - ( R ~ ) ~ F e ( C 0 ) ,  systems is the steric inter- 
action between the mutually cis fluoroalkyl ligands. If steric 
interactions between a fluoroalkyl ligand and its cis-oriented 
CO group were predominant, rotamers would be expected for 
trans- ( r ~ - c ~ F ~ ) ~ F e (  CO) ,, contrary to experimental observation 
(see below). 

The v(C0) infrared spectrum of rr~ns-(n-C~F~)~Fe(CO), 
(Figure 1) exhibits a single strong band at 2096 cm-'. This 
band is readily assigned to the infrared-active E,, mode under 
D4h symmetry. As in the case of a variety of related M- 
(CO),X2 c o m p l e ~ e s , ~ ' . ~ ~ ~  the E,, mode of the trans isomer 
is essentially coincident with one of the v(C0) bands of the 
cis isomer. 'An extremely weak band at 2155 cm-' and a weak 
band at 2124 cm-' are assigned to the normally only Ra- 
man-active A', and B1, modes, respectively. These modes have 
gained a slight infrared intensity in the reduction of symmetry 
from strict Das due to the lack of axial symmetry of the n-C3F7 
gr0up.4~ The E-mode splitting42 which often accompanies the 
appearance of formally Raman-active v(C0) modes for 
mono(perfluoro-n-propy1)metal carbonyl complexes-e.g., 
trans- ( n-C3F7) (C6F5) Fe( CO)4,43 trans- ( n-C3F7) Fe( C0)41,44 
n-C3F7Mn(C0)s44-is not observed for t r ~ n s - ( n - C ~ F ~ ) ~ F e -  
(CO),. 

The 19F NMR spectra of cis- and tr~ns-(n-C~F~)~Fe(CO), 
(Table I) are quite similar to the of other (per- 
fluoro-n-propy1)metal complexes. In particular, the large 
downfield shift (-45 ppm) of the a-CF2 resonance in either 
isomer of (n-C3F7)2Fe(C0)4 relative to ~ i s - ( n - C ~ F ~ C 0 ) ~ F e -  
(CO), is typical of a variety of related mono(perfluoro-n- 
propj1)metal  system^.**^^.^^ The most noteworthy feature of 
the F NMR spectra is that the a-CF2 resonances of cis- and 
tr~ns-(n-C~F~)~Fe(CO)., differ by 3.1 ppm, an observation 
which allows the identification of one isomer in the presence 
of the other.45 

It is not known at this time whether the complex multiplet 
patterns observed for the a-CF2 and 0-CF2 resonances of 
cis-(n-C3F7),Fe(CO), are due to the presence of rotamers. In 
principle, each rotamer would be expected to have slightly 
different 19F chemical shifts and coupling constants. However, 
if the interconversion of the rotamers is rapid on the NMR 
time scale at room temperature, an averaged spectrum will 
result. Detailed variable-temperature 19F NMR studies of 
~ i s - ( n - C ~ F ~ ) ~ F e ( C o ) ,  and the closely related perfluoroethyl 
analogue6J4 are currently being carried out in order to pursue 
these ideas further. 
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Figure 2. Some possible rotamers of cis-(CFzX)zFe(CO),. The CO 
groups on iron have been omitted for clarity. 

cis-(CF,),Fe(CO), and C ~ ~ - C F ~ ( C F ~ ) ~ C F ~ F ~ ( C O ) ~ ,  the in- 
frared spectrum of ~ is - (n-C~F~)~Fe(Co) ,  would be expected 
to show two medium-intensity bands at -2155 and -2080 
cm-' and a strong band at -2098 cm-l, having, perhaps, a 
barely discernible high-frequency shoulder. However, as or- 
iginally reported by Pitcher and Stone,u the observed infrared 
spectrum of ~ is - (n-C~F~)~Fe(Co) ,  (Figure 1) consists officre 
well-resolved v(C0) bands. Two of these correspond to the 
bands expected at -2155 and -2098 cm-'. In addition, a 
band at 2102 cm-' and two bands (2084, 2079 cm-') in the 
vicinity of 2080 cm-' are observed. Thus, the observed infrared 
spectrum of ~is-(n-C,F~)~Fe(C0), has either one or two extra 
v(C0) bands depending upon whether or not the well-resolved 
band at 2102 cm-' is correlated with the poorly resolved 
shoulder at 2100 cm-' in the spectrum of C~S-(CF~)~F~(CO),. 

There are at least three potential origins of the anomalous 
infrared spectrum of ~ i s - ( n - C ~ F ~ ) ~ F e ( C o ) , .  The first 
possibility-the presence of an impurity-xn be ruled out on 
the basis that repeated purification of the complex by re- 
crystallization and/or vacuum sublimation left the infrared 
spectral pattern unaltered. The possibility that the complex 
is in fact a cis-trans mixture must also be rejected. Assign- 
ment of the 2097-cm-' band to the trans isomer (see below) 
would still leave two bands at -2080 cm-' in the spectrum 
of the cis isomer, contrary to what is observed for cis- 
(CF3)2Fe(C0)4 and C ~ ~ - C F ~ ( C F ~ ) ~ C F ~ F ~ ( C O ) , .  In addition, 
the 19F NMR spectrum of ~is-(n-C~F,)~Fe(C0),  (Table I) 
shows a single a-CF2 resonance, thus precluding the simul- 
taneous presence of the trans isomer. 

The most likely explanation is that the anomalous infrared 
spectrum of ~ i s - ( n - C ~ F ~ ) ~ F e ( C o ) ,  arises from the presence 
of two (or more) rotamers. These rotamers would differ only 
in the relative conformations adopted by the mutually cis 
n-C3F7 group. Several conformations are shown schematically 
in Figure 2; clearly many other conformations are also pos- 
~ i b l e . ~ ~  The Occurrence of rotamersand its resulting effect 
on terminal v(C0) vibrations-is not unprecedented in met- 
al-carbonyl  hemi is try.^',^^^^ Of particular relevance to the 
system at hand are the results obtained by Graham and co- 
w o r k e r ~ ~ ~  for a series of ~ is -M(co) , (S iR~)~ complexes (M = 
Fe, Ru, Os). In the case of an axially symmetric SiR3 group 
(i.e., SiMe3, SiCl,), the infrared spectrum contains the ex- 
pected number of v ( C 0 )  bands. However, for SiR3 groups 
which lack axial symmetry (Le., SiMe2C1, SiMeC12), extra 
v(C0) bands result due to the various possible conformations 
of the unsymmetrical silyl ligands. 
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Figure 3. Selected time-dependent I9F NMR spectra of the decar- 
bonylation of cis-(CF,CO),Fe(CO), (60 "C, toluene-d8 solution). 
Arrow denotes the partially obscured resonance at 78.6 ppm (see text). 

Evidence for Acylalkyl Complexes as Intermediates. The 
decarbonylation of C~S-(CF,CO),F~(CO)~ in toluene-d8 solu- 
tion at 60 OC was monitored as a function of time by 19F NMR 
spectroscopy. A series of representative 19F NMR spectra is 
reproduced in Figure 3. Spectrum A is that of the initial 
solution of the bis(acy1) complex (78.8 ppm) prior to heating. 
Within 10 min of heating (spectrum B), a pair of resonances 
attributable to alkyl-CF, groups are observed at -7.9 and -4.9 
ppm. Two additional resonances are seen in the acyl-CF3 
region at 78.6 and 8 1.8 ppm, the former occurring as a low- 
field shoulder on the resonance due to the bis(acy1) complex. 
These sets of resonances are more pronounced after 50 min 
in spectrum D. Here-and throughout the remainder of the 
reaction-it is apparent that each alkyl-CF3 resonance can be 
associated with an acyl-CF3 resonance of equal intensity. 
Thus, the four resonances can be grouped as follows into 
intensity-related pairs: (1) -7.9 and 81.8 ppm; (2) -4.9 and 
78.6 ppm. We interpret these data as indicating the presence 
of both the cis and trans isomers of the acylalkyl complex 
(CF,CO)(CF,)Fe(CO),. The third alkyl-CF, resonance (-4.1 
ppm) can be unambiguously assigned to cis-(CF,),Fe(CO), 
by comparison with an authentic sample. 

Subsequent spectra (E-H) illustrate the further conversion 
of cis-(CF,CO),Fe(CO), into the isomeric acylalkyl complexes 
and the much more gradual conversion of these species into 
cis-(CF,),Fe(CO),. The former process is complete within 
-3 h, and by -6 h (spectrum F) cis-(CF3),Fe(CO), is the 
predominant complex in solution. Very weak resonances due 
to cis- and trans-(CF,CO)(CF,)Fe(CO), are still detectable 
after 72 h, but by - 120 h complete decarbonylation has been 
achieved (spectrum H). 

Although the presence of both cis- and trans-(CF,CO)- 
(CF,)Fe(CO), is clearly indicated by the 19F NMR data, 
unambiguous assignment of the resonances is not possible. We 
tentatively assign the pair of resonances at -4.9 and 78.6 ppm 
to cis-(CF,CO)(CF,)Fe(CO), in view of their similarity to 
the chemical shifts of cis-(CF,),Fe(CO), (-4.1 ppm) and 
cis-(CF,CO),Fe(CO), (78.8 pprn), respectively. Regardless, 
there are a number of important conclusions which can be 
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drawn from this 19F NMR study. 
First, there is no evidence for the formation of either 

t r ~ n s - ( C F ~ C 0 ) ~ F e ( C 0 ) ~  or tr~ns-(CF,)~Fe(C0), in spite of 
the intermediacy of trans-(CF3C0)(CF3)Fe(C0),. In addi- 
tion, decarbonylation of the isomeric mixture of acylalkyl 
complexes is a stereospecific process. It is interesting to note 
that the decarbonylations of cis-trans mixtures of numerous 
RCOMn(C0)A complexes likewise proceed stereospecifically 
to afford exclusively cis-RMn(CO),L products.4w8 

Second, the conversion of cis-(CF,CO),Fe(CO), into cis- 
and ~~u~~-(CF~CO)(CF,)F~(CO)~ is a significantly faster 
process than the subsequent conversion of these acylalkyl 
complexes into cis-(CF,),Fe(CO),. Note that under the 
conditions used the former process requires only - 3 h of the 
total >72-h reaction time. 

Third, the relative amounts of cis- and trans-(CF,CO)- 
(CF3)Fe(C0), change only during the first -50 min of the 
reaction. This is most easily seen in the alkyl-CF, region of 
the spectra shown in Figure 3. Although cis-(CF,CO)- 
(CF,)Fe(CO), is the major isomer after 10 min (spectrum B), 
both isomers are present in approximately equal amounts after 
20 min (spectrum C). After 50 min (spectrum D) trans- 
(CF,CO)(CF,)Fe(CO), has become the major isomer and the 
tramcis isomer ratio has attained a value ( -3:2) which re- 
mains essentially constant throughout the rest of the reaction. 
Spectrum B indicates that the rate of formation of trans- 
(CF,CO)(CF,)Fe(CO), is slower than the rate of formation 
of c~~-(CF~CO)(CF,)F~(CO)~. Thus, the subsequent spectral 
changes clearly cannot be explained if decarbonylation of 
C~S-(CF,CO),F~(CO)~ is the exclusiue route by which 
~~u~s - (CF~CO)(CF , )F~(CO)~  is formed. It must therefore 
be concluded that trans-(CF,CO)(CF,)Fe(CO), arises from 
the isomerization of cis-(CF,CO)(CF,)Fe(CO), in addition 
to-or instead of-the decarbonylation of cis-(CF3CO),Fe- 
(CO),. The initial increase and eventual invariance of the 
trans:cis isomer ratio requires that the rate of cis - trans 
isomerization be comparable to the rate of formation of 
cis- ( CF,CO) (CF,) Fe(C0)4.49 

Finally, it is significant to note that, in contrast to analogous 
hydrocarbon ketone formation does not appear to 
be an important side reaction9 during the decarbonylation of 
c~~-(CF,CO),F~(CO)~.  This difference is in accord with the 
generally accepted that metal-fluorocarbon 
bonds are stronger than their hydrocarbon analogues. 
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