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Abstract 

The reaction of pbosphines PXYH (X = Y = Ph, i-Pr: X = i~, Y = H) or ethanethiol with the perflcoroviayl c o ~  
[(Fe(CO)3}a{/z-C(SMeXCFa)CCF2}] (1) proceeds with cleavage of one C-F bond and gives rise to unusual ligand t n m s ' f ~  Tile 
multicenter processes involved lead to new diiren complexes [[Fe(CO)3}2(P.-C(SMeXCF3)C(PX'Y)CF}] (X ~ Y = Ph, 2a; X = Y--/-P¢, 
2b; X = Ph, Y = H, 2e) and [{Fe(CO)s}2{ p,-C(SMeXCF3)C(SEOCF}I (3). Mechanisms for these reactions axe [x~pof, ed. The 
behavior of 2a and 3 has been investiga~l by vmlable-temperatore 13C NMR spectroscopy. The molecu~ gn~eae of 2a has 
established by a single-crystal X-ray diffraction study. The Fe2(CO) 6 ~ contains an F'e-Fe boml of 2.633(1)A bnid~d by 
six-electron donor C(SMeXCF3)C(PPh2)CF ligand. 2a crystallizes in the triclinic SlmCe group P1 with a=9.019(2), b=9.55~2). 
c = 18.583(3)A, ot = 101.06(2), ,8 = 92.53(2), "y~ 116.48(2) °, R =0.0419 for 3984 reflections. 

Keyword¢: C-F activation; Iron cluster, Sulphur, Fluorine; C ~ ;  C ~ y l  

1. ]ntr~iuction 

The large dissociation energies of  C - F  bends in 
fluorocarbons [1] are frequently used to explain the low 
reactivity of  these compounds. However, when a fluoro- 
carbon interacts with transition metal centers activation 
and, ultimately, cleavage of  the robust C - F  bonds may 
occur [2]. Although the activation o f  the C - F  bonds of  
coordinated ligands is now well-established [3], most 
reports are concerned with the oxidative addition of  
aromatic C - F  bonds to transition metals [4]" similar 
processes involving peffluo~ocarbon chains have been 
less explored. We have recently shown [5] that the 
reaction o f  RR 'NH with the imn(D complex 
[[Fe(CO)3}2[~-CfSMeXCF~)CCF2}] 1 depends on the 
amine: reactions of  primary amines proceed with cleav- 
age of  two C - F  bonds in 1 to give a (Scheme 1), 

• Corresponding authors. 

whereas with secor.da,,'y amines fluorine migration ;rod 
C - F  bond rul~ure afford, via monosnb~imted species ¢, 
diiron complexes b stabilic~d by novel 
six--elecn'on donor ligands. The 1,2 migTation of 
aloDg the carbon chain of the ligaml which a ~  
these C - F  bond cleavages is particularly notewoxthy. 

To illusuate f u n ~  the ability o f  p e r f i m a o v ~ l  
metallic complexes to undergo c~u'bon-~ bead 
cleavage ,  we  describe here  the reactions o f  
[{Fe(CO)3}2{/a.-C(SMeXC~3)CCF2}] 1 with [gtosphilk-~ 
and thiois. 

2. R e . d i s  mini d b m s ~ m  

2.1. Synthetic studies and spectroscopic characteriza- 
tion 

"file reaction of  [{Fe(CO)3}2{p.-C~SMeXCF3)CCF2}] 
1 [6] with diaryl or  dialkypbesphines PXYH (X ffi Y = 

0(]22-328X/97/$17.00 Copyright © 1997 Elsevier Scleace S.A. All rights reseaved. 
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Ph, i-Pr) under argo~t in dichloromethane at room tem- 
perature for 3 h afforded the diiron complexes 2 (Scheme 
2). gfteqr recrystall iTalion f rom hexarle-C~r]2CI2 COre- 
p|exes 2 were isolated in 97% yield as onmge-red 
crystals, The con-esponding reaction with phenylphos- 
phme (X = Ph, Y = H) in CDCI 3 was complete in ca. 
45rain at 55°C and gave a 3:2 mixture of the di- 
estere~some~ 2c I and ~2. Under similar conditions I 
and ~thiol produced in good yield (95%) the crys- 

complex 3 in wMch SEt takes the place of the 
phosphino subsfituent in 2. 

The new complexes 2 and 3 have been characterized 

by varioes specuoscopic medt~ls (tH, 3Sp, 19 F and L3C 
NMR, and IR), elemental amRyms, u d  mass measme- 
merits. The spectroscopic dim. aml ass/Lmments (Table 
1) will not be further d/seamed, except where their 
~ is aot  s tm i l~ fm 'wa~  The s l~ ' tures  for 
the new compmmds are shown in Sctmne 2. The NMR 
specWa of  21a, ~ and 3 are almost ~ to those of 
2a ,  ~ w i t h  a ~imilar bas ic  stnlclure.  A l l  the  

complexes exhibit low-field SaC NMR resonances at 
about 8 220 (d, JC-F ~- 3501"Iz) which are typical of 
species containing a carbon atom with a single fluoro 
substituent. The C(F) resonance is significantly shifted 

I (T3 I / 
S-~ .  "" ~*SEI S - - ( '  

o • ( " ~  (" o , , ~  : °~C__ ' : J  -,°~,~,s. o~.. / /~ ..~ O('--F~--( '~( '~I 
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Scheme 2. 

+ 1 equiv. PXYII 
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o~'~ x,i ' 
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( s : X  =Y ~ P h ; b : X  ~ Y = i P r  ~ 
¢ : X = P h : Y = I | )  

N~es to Table 1: 
* Chenfi~ shifts (B) measured in CDCI 3 at 293K unless otherwise stated by fooatote c. 
b Hydrogen-! decoepled. 
c In CD2Ci 2. 

Fao~oms-3! decoupled. 
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Table I 
NMR data for complexes (B) ' 
Corn- IH 31p :9 F 
plex 
2a 

2b 

~ t  

2% 

7.9-7.4(m, 10H, 2CoHs),l.62 -8.40 (dq, 4yp_e =51Hz, -53,36 (d, 4Jv_p=SiHz, 
(s, 3H, SCH 3) 3Jp_F = 12Hz) CF3) , - ~ . 8 8  (d, 3yF_p~ 

12Hz, CF) 

2.66{m, IH, PCH), 2.38 (m, 18.40 (dq, 4jp_~ =48Hz,  -53.86 (d, ~Jv-p = 48Hz, 
IH, PCH),I.94(s, 3H, SMe), 3Jp_r=llI'iz) CF~), --40f~l (d, 3Jv_p~ 
1.33 (m, ] 21-I, CH 3) ] 1Hz, CF) 

7.78(m, 2H, CeHs), 7.35 (m, -71.1 (dq, 3Jp_F=M~z, -53_97 (d~, 4./F_p=39Hz, 
3H, C~H5), 5.67 (dq, IH, 4Jp_F=391"Iz) s./F~p=4Hz, CF3), -44.64 
Jtt-e = 230Hz, sJtt_e = 4Hz, (d, JF-P = 34Hz, CF) 
PH), 1.33 (s, 3H, SCH~) 

7.7(m, 2H, CeH~), 7.35 (m, -65.7 (/kh 3J~._F=42['IZ, --55.02 (4~, 4JF_p=81"lz, 
3H, Cells), 5.08 (ddq, IH, "~Jp_,~8Hz) 5Je tt=2Hz, CF3), -45-57 
JH_p=228Hz, 5JII_F=2Hz, (d~Jv_p=42[ ' lz ,  JF_tl = 
4yn, e = 9.5Hz, P-H), 1.52 (s, 9.SHz, CF) 
3~, sc n~) 

3.09, 2.91 (ABX~, 2H, J.~-e -58.63 (s, CF3), -53.91 (s, 
= 12 Hz, J^-x  = 7.5 Hz, CF) 
CH~), 1.94 (s, 3H, $CHs), 
1.44 (t, 3H, Yu,u=7.SHz, 
CHiChi) 

225.2 (dq, Jc_e~351~Hz,  
~Jc-e = I_SHz, C'V), 2 ~  (ta, 
F%)(CO)j). 20e.85 (¢  ~Tc-F 
= 8 ~  CO), 207.7 (d, 3Jc_ ~ 
= H Hz. CO), 2O6.5 (eL 3Jc_~ 
=4Hz, CO). 136-128.5 (2 
C6H~). 126.9 (q, 7 c ~ = 
275 I.~ CF~), 94.4 (dd, ~'.lc-s 
= ISH~ Sc_p~ 6otfz, c-P), 
53.7 (ddq, ~c-F = 13 Hz. 
2Jc_ P - 25Hz, ZJc_ v = 35Hz, 
C-CF~). 33.0 fs, $CH~) ¢ 

224.8 (d, 7c-F-  349Hz, C- 
F). 2~Js fd. 31c_r=stlz, 
c o ) .  2o8 (~r, 3CO). 2o7.6 fJ. 
'Jc-F = |2 Hz, CO), 206.25 (d, 
"Jc_F= 31-1z, co), 1 ~  (~ 
/c -~ = 274Hz, CF3), 93.3 ( ~  
2JC_F= ISHz., Jc_~.~67Hz.. 
C-P). 53.5 (ddq, *£r--e" 
34I¢~ 3]c_ F = 13H~ -2jc_~ 
=23Hz. C-CF~), 33.2 O, 
SCH~). 25.5 (dd. lc_L,= 
16.5 Hz, *Jc-v : 3.5 llZ, 
PCH), 24.9 (d¢l, Jc-r = 17Hz, 
.'Ic_eSH~ Pcm, 22.2 (~ 
2Jc_e = 25Hz, CH~), 22.0 (d, 
:~.,'c_l:=20.SHz, C'H 3) 20.2 
(d. ~Jc_p-14.SHz, Cl'I3), 
19.7 (d. 2]c_e~ 10.SHz.. 
CH3) 

219.7 (d, Jc_r=349Hz, C-  
F), 209.1-2~.4 (CO), 135.3- 
I.?.8.7 (C6H~), 126.3 (q. JC-F 
= 274Hz- CF3), 90~ (d, Jc-F 
- l s .7u~.  c p ) L  ~z9 (,~. 
~lc-~ ~ !1.7 Hz, "Ic_ e = 
35.5 IL~ C--CF 3) ~, 33.4 (.~ 
5CH~) 

224.9(¢ ]c_~ = 34~I-Iz. O3. 
209.1-205.4 (COg t35.3- 
128.7 (C~Hs), 126.4 (q, Jc-v 
=273Hz, CF~k 91.95 (a, 
Jc_F~I3.THz, CP) ~t, 51.0 
(dq, "~Jc_F=35H~ ~JC_~ = 
I I . 5 [ ~  C-¢..T~) ~. 33.81 (s, 
SCH~) 

220.65 (dq, Jc_~ffi35~.stlz, 
.*Jc-e" L81-I~ CF), 2/I.4 (d, 
~lc_~=8tlz. CO). 2O¢2 (s. 
b~, Fef2XCO)~). 207.55(d. 
~Jc-v = 10Hz, CO), 205.8 (d, 
~sc_~=sik. co),  12,.i (q. 
:c_~ = 274P.z. C~) ,  94.8 (d, 
zJc_~zs t Iz ,  cs~) ,  53A 
(do,, ZJc_~-35Hz, ~'c_e = 
8 Hz, C-CF~), 34.0 (5, SCH~), 
31.5 (s, CHz-CH~), 14.9 (s. 
CI~_-CH~) 
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to low field from that ef tbe  amino-compound b (Scheme 
1; 8 120ppm). This indicates that the carbon bearing 

fluorine atom bridges the two iron atoms, a conclu- 
sion confirmed by X-ray analysis of the diethyi ether 
solvate of  2a. The ~9F NMR specffa of  the complexes 2 
and 3 contain two fluorine signals in a 3:1 area ratio, 
consistent with the presence of a CF 3 group at highest 
field and a single fluorine atom, which confirms that 
one of  the C - F  bonds in 1 has been cleaved. 

As shown by NMR spectroscopy, the phenylphos- 
phino complex 2e exists in solution as interconverting 
d i a s ~ i s o m e r s  (Scheme 3). The 2e1:2c 2 ratio depends 
on the solvent: less polar solvents favor the 2c I isomer 
(e.g. 2e1:2¢ z = 1.5:! in CDCI 3 but 1.25:1 in a mixture 
of  CDC13 and CH3CN). The two isal'aers can be distin- 
guished by the magnitudes of the P - F  and H - F  cou- 
pling constants observed in their 31p, 1H and 19F NMR 
specffa (Table l). 

Variable-temperature ~aC[~H} NMR spectra of com- 
plexes 2a  and 3 were recorded, it appears that the line 
shapes in the carbonyl region of these spectra are 
temperature-dependent and clearly indicate averaging of 
the low-temperature resonances with increasing temper- 
ature, implying that fluxional processes are operative in 
solution. The~aC[~H} NMR spectrum of 3 in the CO 
region between 200 and 373 K is presented in Fig. 1 as 
an example. At 200K the spectra of 2a  and 3 are 
similar and both show three doublets and three broad 
singlets of equal intensity. On the basis of X-ray struc- 
tural data for 2a  (see below, Fig. 2) and by assun~Jng 
that the Fe-C(7)F distances in solution are comparable 
with those in the solid st,~e [e.~. Fe( I ) -C(7)F= 
L91S(S) A., " ~ Fe(2)-C(7)F = 2.073(3)A], we tentatively 
assign the resonances which have the largest coupling 
constants m the three CO groups which are coordinated 
to the Fe(l) atom. The three singlets are then attributed 
to the carbonyls which are attached ¢o Fe(2). As the 
temperature increases, a broadening of the three signals 
assigned to file carbonyls bound to Fe(2) is observed 
and these collapse at 272 K and 245 K for 2a and 3 
respectively. At higher temperatures a broadening of the 
three doublets [Fe(IXCO)3] occurs before they collapse 
at about 350K to a broad resonance. Above 350K, 
sharpening of the resonances occurs, leading to the 

Me Ires 
I cF. ~ I cF~ ...... 

• ~ - Z J  o ~ - , . ~  , 

oc ~ \Co  °c  ~ ' c  o 

2ct 2¢'2 

Scheme 3. 

high-temperature spectra at 373 K, which consists of a 
singlet at about 208.5 and a broad singlet at about 207.3 
in an integral ratio of 1:1. All the line-shape changes 
throughout the temperature range were found to be 
completely reversible. Experiments using a wide range 
of concentrations of the complexes were conducted to 
confirm that the fluxionai processes are intramolecular. 
The above observations imply that all the carbonyl 
ligands take part in local CO exchange processes on the 
two iron atoms. 

The activation barriers of the observed dynamic pro- 
cesses are estimated from the chemical shift difference 
A v and the coalescence temperature [7] (see Table 2). 
The values of the energy barriers associated with site 
exchange are low. They are of the order expected for 
localized scrambling of the carbonyls on metal atoms 
[8]. The observed exchange behavior can be understood 
in terms of two-stage ligand motion processes. That of 
lower-energy consists of movements at Fe~2) involving 
local CO exchange. The higher-energy process concerns 
CO movements at Fe(1). 

2.2. Solid state structure of [{Fe(CO)~}z[I~- 
C(SMe)(CFj )C(P Ph 2 )CF]] 2a 

X-ray analysis of 2a  (Fig. 2, Table 3) reveals that its 
slructure consists of a diuuclear Fe2(CO) 6 unit stabi- 
fized by an iron-iron bond [Fe(l)-Fe(2) 2.633(1)A] 
and by a bridging organic group derived formally from 
the vinylic ligand in 1 by loss of a fluorine atom from 
C(7) and addition of a diphanylphosphino group to 
C(8). The Fe(1)-C(8) linkage in I is replaced by a bond 
between Fe(1) and C(7)~ the Fe(I)-C(7) distance 
[I.918(3)A] being ca 0.06A shorter than values typical 
of Fe-C (carbene) bonds [9]. Fe(l) and the three carbon 
atoms C(7), C(8) and C(9) are all attached to Fe(2) and 
are nearly coplanar [Fe(I)-C(7)-C(8)-C(9) 10.0(4)°]. 
There is extensive electron delnealization along the 
Fe(1)-C(7)-C(8)-C(9) chain, as shown by the ~ -  
quence of distances 1.918(3), 1.408(4) and 1.456(4)A. 
Fe(2) is sfightly closer to C(9) than it is to C(7) and 
C(8), these Fe(2)-C bond lengths [2.073(3), 2.079(3) 
and 2.019(3)AJ being comparable to the accepted mean 
v',dnes [2.068 A and 2.082 A] for terminal and central 
C(~3-allyl)-Fe distances [10]. The bridging figand do- 
nates a total of six electrons and each iron atom can 
therefore be assigned the 18-electron count implied by 
the structural diagram in Scheme 2: Fe(l) receives two 
electrons from S(1) and one from C(7) and Fe(2) one 
each from C(7), C(8) and C(9). This view impfies that 
Fe(2) is ~r-bonded to a butadiene-like Fe(I)C 3 unit. 
Such a system would be expected to deform easily and 
relative rotation of the ferrabntadiene and Fe(2)(CO) 3 
groups may then explain the lower energy ligand mo- 
tion process obsecved in the NMR spectra (see above). 
The Fe(I)-C(CO) bonds (mean length !.809~,) are, if 



R, Rumin et al. / Journal of Organomemllic Chemistry 533 (1997) 177-185 181 

anything,  s l ight ly weaker than the F e ( 2 ) - C ( C O )  bonds  
(mean 1.795 A) and therefore do not  help to expla in  
why local C O  exchange occurs more readily at Fe(2). 

The intramolecular  F e ( 2 ) , . . S ( i )  separatism in  
[2.992(1).A.], though short, is  clearly n o ~ b o e d ~  [cf. 
Fe(I)-S(1) 2.266(l),~]. 

B) 

- -~  + ++ -~ + . .+~++ + .+ - +~+ - _ . ~  

3Z3 K 

'~ " + t ) "  " " + t + "  " + h "  " + i . "  " " , m  " ~ " , ~ 7  " ~ +  " ~ • ~ " " 

,, N 1 
+ , 

~45 I 

~3K 

'm. " + i a  " +++ " + h "  • a t e '  ~ ,  " ~ " + , +  " ++m " " m  " " ~ +  + + 

Fig. I. V'~aiable-tempemtme J+C{ i H) NMR spectra in the carbonyl region of 3: (A) in CD., CI +; (B) in toleene-d s. 
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C(ISI (14) 

C(13J 

C(16} C{12) 

C(171 C{19) C(20) 
(21 F;. P[I) 

C~I~ J C[IO} [ 

FI3) 18) C(TI C121) 

0151 

I 161 

Fig. 2. sriew of a molecule of complex 7a. Hydrogen atoms are 
omitted and 50% ptobabli,~y ellip~ds are displayed. 

Table 2 
Dynamic 13C NMR data 

Compounds Resonance T c A ~ b AG * c 
( K )  a ( H z )  (kJ  m o l -  i) 

2a Fe(2)-(CO) 3 272 422.5 50.6 
Fe( I )-(CO)~ 355 296 68.1 

3 Fe(2)-(CO)~ 245 573 45.1 
Fe(l)-(CO) 3 350 2O4 68.1 

a Coalescence temperature. 
b Frequency difference between resonances of exchanging groups in 
low temperature limit. 
c Highest error limit: -I-0.SkJmol -I.  

strong nuc]eophiles such as NaNH 2, a surprising result 
given the presence of sodium ion and the known stabil- 
ity of NaF. The involvement of the iron atoms in the 
activation of the C(CF3)C=CF 2 fluorovinyi ligand of 1 
is also supported by the failure of PPh2H to cleave the 

2.3.  P o s s i b l e  m e c h a n i s m s  o f  f o r m a t i o n  o f  p r o d u c t s  

Attempts to investigate the mechanism of  these reac- 
tions were made by NMR spectroscopy at low tempera- 
ture. In contrast to the reaction of 1 with Me2NH, 
where the intermediate fluoro-amino-vinylic compound 
[{Fe(CO)3}2{/z-C(SMc)(CF3)CCF(NMe2)}] could be 
characterised at - 5 0 ° ( 2  [5], I when 1 reacted with 
pimsphine no intermediates were observed; presumably 
they are short-lived species, not present in large enough 
quantities to be detected by N M R  techniques. However,  
by analogy with the mechanism proposed for the reac- 
tion o f  I with dimethylamine [5], we suggest  here a 
similar zwitterionic fluoro-Fe(2) intermediate, A, in the 
fommtion of  2. This mechanism, which is outlined in 
Scheme 4, is based on the availability of  a vacant 
coordination site on Fe(2) in 1. This  center could act as 
an internal Lewis acid in the a-elimination of  fluoride 
to generate A. Internal rearrangement affords the zwitte- 
rion/c acetylanic intermediate B which is then activated 
towards attack at the ~carbon  atom by the phoshine 
PXYH [I |], giving successively C and D. Subsequent 
elimination of HF affords complex 2. 

p,~sibility that the CF 2 group in 1 undergoes 
direct nocleopinlic attack by the phospl'dne has been 
considere~ and rejected because 1 does not react with 

I T  he fluoro-amino vinylic interrnedial© [{Fe(CO)312{p.- 
C(SMeXCF~)C~e2)H has been characterized- by NMR te 
_ o . 19 4 3 i H 5OC. FtTHF-dm) 8-19.OS(s, CF),-63.3 (s, CF 3) C{ } 
(THF-d s) 8 215.4 (s, 3 CO), 212.0, 209.9, 207.7 (s, CO), 182.1 (d, 
JC_F=287.SHz, CF), 125.9 (q, Jc-v =275.7Hz, CF~), 73.1 (d, 
Jc-~ = 19Hz, C=CF), 48.6 (q, C-CF3), 42.5, 39.7 (s, N-CH3), 

33.3 (s, SCH~). 

Table 3 
Selected bond lenglhs (A) and angles (de 8) in 2a 

aeed ~ngths 
Fe(1)-Fe(2) 2.633(I) Fe(2)-C~4) 1.788{4) 
Fe(1)-C(1) 1.835(4) Fe(2)-C(5) 1.797(4) 
Fe( I )-C(21 1.792(5) Fe(2)-C(6) 1.800(4) 
Fe{ I)-C(3) 1.801(4) Fe(2)-C(7) 2.073(3) 
Fe( I )-C(71 1.918(3) Fe(2)-C(8) 2.079(3) 
Fe(I)-S(l) 2.266(11 Fe(2)-C(9) 2.019(3) 
C(7)-C(8) 1.408(4) C(8)-C(9) 1.456(4) 
C(7)-F(I) 1.367(4) C(8)-P(I) 1.859(3) 
C(91-C(I0) 1.504(5) C(9)-S(I) 1.786(3) 
C(IO)-F(2) 1.335(41 F(I)-C(12) 1.827(4) 

a o ~  a n ~  
C(2)-Fe(I 1-C(31 93.0(21 C(4)-Fe(2)-C(51 96.0(2) 
C(2)-Fe(I)-C(I) 99 .3(2)  C(4)-Fe(2)-C(6) 100.2(2) 
C(3)-Fe(I)-C(I) 91 .9(2)  C(5)-Fe(2)-C(6) 90.4(2) 
C(2)-Fe(I)-C(7) 1003(21 C(4)-Fe(21-C(91 99.8(2) 
C(3)-Fe(I)-C(7) 90 .0(2)  C(5)-Fe(2)-C(91 97.7(2) 
C(I )-F'e(I)-C~7) 160.0(2) C(6)-Fe(2)-C(9) 157.4(2) 
S( I )-Fe(1)-Fe(2) 74.9(I) C(7)-Fe(2)-C(9) 69.0(I) 
C(4)-F¢(2)-C(7) 128.1(2) C(4)-Fe(2)-C(81 138.9(2) 
C(5)-Fe(2)-C(7) 134.8(21 C(5)-Fe(2)-C(8) 101.9(2) 
C(6)-Fe(2)-C(7) 90 .4(2)  C(6)-Fe(2)-C(8) 116.1(2) 
C(91-Fe(2)-C(8) 41 .6(1)  C(12)-P(11-C(18) 105.1(2) 
C(7)-Fe(2)-C(8) 39.6(11 C(12)-P(11-C(8) 96.0(2) 
C(4)-Fe(2)-Fe(I 1 82.1(11 C(I 8)-P( I 1-C(8) 104.9(2) 
C(5)-Fe(2)-Fe(1) 173.9(I) F( I )-C(7)-C(8) 115.1(3) 
C(6)-Fe(2)-Fe(I ) 95.7( I ) F(I)-C(7)-Fe(I) 121.2(21 
C(7)-Fe(2)-Fe( I ) 46.2(I) C(8)-C(7)-Fe(I ) 123.5(2) 
C(81-Fe(2)- ~e(I) 76.2(I) F(I)-C(7)-Fe(2) 124.4(2) 
C(9)-Fe(2)-Fe( I ) 77.0(I) C(8)-C(71-Fe(2) 70.4(2) 
C(9)-S(I)-C(I 1) 104.3(2) Fe(I)-C(7)-Fe(2) 823(I) 
C(91-S(I )-Fe(I) 92.0(I) C(7)-C(81-C(9) 108.0(3) 
C(I I )-S(I)-Fe(I) 110.2(2) C(7)-C(8)-Fe(2) 69.9(2) 
S( I )-C(9)-Fe(2) 103.5(2) C(9)-C(8)-Fe(2) 67.0(2) 
C(7)-C(8)-F(11 129.9(2) C(8)--CC°I-C(IO) 124.0(3) 
C(9)-C'(8)-P( D 121.5(2) C(8)-C(9)-S(I) 114.8(2) 
P(I)-C(8)-Fe(2) 135.6(2) C(8)-C(9)-Fe(2) 71.4(2) 

C(IO)-C(9)-Fe(2) 123.4(2) 
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3.1. General procedures 

C - F  bonds in dichlomdifluorouthylene which also con- 
tains the C = C F  z group. 

An alternative mechanism involving dissociation of  
fluoride from Co which could be stabilized by carbene 
formation has been examined. Indeed, carbene interme- 
diates do show electrophific reactivity at the carbene 
center and react with nucleophflic reagents as shown 
previously by Shriver and coworkers [12] and Roper 
and coworkers [13]. Transient carbenes might be formed 
in the reaction of perflanroalkyl carbonyl compounds 
with ,* >"~is acidic halides. In older to verify the possi- 
bility of carbene formation as intermediate dining the 
course of the reaction of 1 with phosphines, we have 
added Me3SiC! to 1. No reaction was observed, render- 
ing any pathway involving a carbene intermediate less 
likely. 

Allexpmmemswe~ecarriedeetunderanieert 
m'gon ammsl~e~ using Sc~:t,nk ~ .  S~en~ 
were freCay crm~nd f n ~  s o a e r ~ ~  ~ 
to use. The bimetallic complex [{Fe(CO)3h(~ 
C(SMeXCF3)CCF2}] 1 was p ~ p a ~ d  as d e s ¢ ~ i ~  
ousty [6~ An other ~eagems were v,,m~e~-i~ ~ d e  ,rod 
were used as-obtained. 

lnfr~ed specua were obtaiend with a ~ E h n e r  
1430 ~ .  Tbe mass specWa were mea- 
sored on a GC/M-S ltewteU Packmd 5595 C. 
spectra (IH, 31p, 19F, ~3C) in CDCI 3 or CDzCI l sole- 
lien wore recorded on a Jeol FX I00, a ~ AC 300 
or a Braker DRX 400 and were referemed to Me, SL 
H3{PO4), CFU~ 3 and ]Vle4Si r e sp ~Ne~ .  CheBic~ 
analyses were ~fformed by tbe "Ceum de M i u c m a y -  
ses du CNRS de Lyon'.  

3.2. Synthesis of  [[Fe(CO)3)zlI~-C(SMe)- 
(CF~'(PPhz)CFI] 2a and [[FdCO),)z[It-C(SMe)- 
( CF3 )CC P-i-Prz )CFI1 2b 

[{Fe(CO)3)z{/t-C(SMeXC'F3)CC'F2}] I (235 rag, 
0.Smmol) and PXYH [X = Y = Ph (93rag). /-Pr 
(59mg), 0.5 retool] were stirred ax teem ~ ia 
dichlommedmne (lOmi) for 3h.  The solvent was them 
removed and the reskhie d ~ , m a t o ~ x l  cQ deoxy- 
runaled s'dica gel. Elmioa with haxane-dichlem- 
methane (5.6:1) afforded a ye l low-ora te  bead which 
gave complexes 2a  ~r 2b as orange-red solids (97% 
yield). 

2a. Angl. Found: C, 43.3; Fe, 17.8; P, 4.9. 
C23Ht3F4FezO6PS. Calc.: C, 43.4; Fe, 17.5; P~ 4.9~. 
Mass spacmun, m/z 636 (M+), other peaks, M ÷ -  
x(CO) ( x =  1-6). IR (haxane), p(CO) 2060. 2041. 
2020, 2002, 1990(sh) cm -I  . 

2b. Anal. Found: C, 36.1; H. 2.9. CtvHiTF4Fe2OePS. 
Calc.: C, 35.9; H, 3.0%. Mass specmtm, m / z  568. IR 
(hexane~, /,(CO) 2084, 2044, 2021, 2004, 1925(sh) 
Clll -I . 

3.3. Synthesis of [/Fe(CO)~IzII~-C(SMe)- 
( CFj )C( PHPh)CFI / 2-¢ 

A s i ~ r  procedure was used to s y m b e s ~  2e. ex- 
cept that the w ~ d o n  was canied out in CDCI~ at 55 ~C. 
After removal of the solvem the mlxtere was chmmam- 
graphed on deoxygenated silica geL a~d the two di- 
aste~eoisomers 2et,  and 2e 2 were eluted with hexane- 
CH2CI " , (5.6:1) (2e: 1(~0% yield). 

2c. Anal. Found: C, 36.4; Fe, 20.1: P. 5.5. 
CITHgF4Fe206PS. Cal¢;.: C, 36.5; Fe, 19.~ P, 5.5. IR 
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(hexaa¢), v(CO) 2084, 2045, 2023, 2008, 1998(sh) 
cm - !. 

3.4. Synthesis  o f  [ [ F e ( C O ) j } 2 [ p - C ( S M e ) -  
(CFj)C(SEt)CF]] 3 Fe(l) 766(I) 1995(1) 8557(1) 37(I) 

Fe(2) -2352(1) 296(1) 8756(I) 34(I) 

Diiron complex 1 (141 rag, 0.3 retool) and 5 equiv, of  sO) - 109(i) 3835(I) 90c3(~) 41(I) 
P(I) -4275(1) 1101(1) 7224(i) 40(1) 

ethanehhio| (93rag)  were stirred in CH2CI 2 (IOn'd) at F(1) -1402(3) -1(3) 7194(I) 45(I) 
55°C for 14h. Compound 3 was isolated (95% yield) F(2) -3381(3) 4230(3) 8728(2) 72(1) 
by column chromatography on deoxygenated silica gel F(3) -3092(3) 3505(3) 9723(I) 63(1) 
using a 5.6:1 l:~xane-dichioromethane solvent mixture. F(4) -5033(3) 1879(3) 8835(I) 60(1) 

& Anal, Found: C, 31.1; Fe, 21.9, S, 12.3. 0(i) 3008(4) 2928(4) 9969(2) 65(1) 
0(2) 3165(5) 3968(5) 7707(2)  101(I) 

C13HsF4Fe206S2. Calc.: C, 30.5; Fe, 21.8; S, 12.5. 0(3) 1351(4) -768(4) 8008(2) 72(1) 
Mass spectrum, m / z  512 (M+), other peaks, M + -  0(4) -855(4) 1166(4) 10309(I) 62(1) 
x(CO) ( x =  1-6).  1R (hexane), v(CO) 2084, 2043, '0(5) -5779(4) -1323(4) 9075(2) 85(I) 
2020, 2004, 1998(sh) em -~. o(6) -2491(5) -2867(4) 8240(2) 82(I) 

C(I) 2145(5) 2584(5) 9435(2) 450) 
C(2) 2252(5) 3203(6) 8039(3) 60(I) 

3.5. X-ray analysis o f  [[Fe(CO)3]2/It-C(SMe)- C(3) 1123(5) 286(5) 8227(2) 49(I) 
(CI:,)C(PPh2)CF]] 28 c(4) - 1388(4) 834(4) 9697(2) 43(I) 

C(5) - 4474(5) - 662(5) 8940(2) 52( 1 ) 
Measurements were made at room temperature on an C(6) -2415(5) - 1638(5) 8447(2) 51(I) 

C(7) - 1239(4) 1024(4) 7851(2) 35(1) 
Enraf-Nonius diffractometer with graphite-monochro- c(8) -2563(4) 1417(4) 7931(2) 34(1) 
metized M o K a  radiation, h = 0.71073A, using an or- C(9) -2253(4) 2414(4) 8675(2) 33(1) 
ange-m¢l crystal of  dimensions 0.3 X 0.16 × 0.05 mm. C(10) -3446(5) 2999(4) 8988(2) 44(1) 

C(II) 371(6) 5272(5) 8429(3) 63(I) 
3.5.1. Crystal data C(12) -2953(5) 2632(5) 6756(2) 47(I) 

C23Ht3ff4Fe20_~PS- 0.SEt20, M = 673.15, triclinic, C(13) -3196(6) 3993(5) 6818(2) 59(I) 
C(14) -2164(8) 5264(6) 6529(3) 82(2) 

space group P I ,  a = 9 . 0 1 9 ( 2 ) ,  b=9 .550(2 ) ,  c =  C(15)  -912(8) 5179(7) 6169(3) 89(2) 
18.583(3) A, a = 101.06(2), fl = 92.53(2), 7 ~ C(16)  -63o~1) 3850(7) 6092(3) 82(2) 
116.48(2)*, V =  1390.6(5)A 3, Z = 2, F(000) = 678, C(17) -1661(6) 2583(6) 6380(2) 60(I) 
D c ~  = 1.608 g c m  -3, / . t ( M a K a ) ~  1 .24mm - t .  ¢(18) -4804(4) -832(4) 6.586(2) 44(1) 

c(19) -4860(7) - 1020(6) 5836(2) 68(1) 
C(20) -5461(8) -2530(6) 5362(3) 87(2) 

3.5.2. Structure analysis C(21) -6017(7) -3862(6) 5634(3) 75(1) 
The cell constants were determined by a least squares C(22) -5979(7) - 3712(6) 6376(3) 79(2) 

u~..atment of  the setting angles of  20 reflections with c(23) -5403(6) -2220(5) 6847(2) 67(1) 
20.0 < 0 < 20.5 °. The intensities were measured from 0(IE) 0 0 5000 201(4) 

C(IE) b -300(33) 710(30) 4427(14) 179(9) 
continuous t o /20  scans. Scan speeds were adjusted to C(IE') b -1465(34) -772(33) 4461(16) 186(9) 
give o,(1) / I  < 0.03, subject to a maximum count time C(2E') b ~ 1426(22) 242(22) 3999(9)  109(4) 
of  60s.  The mean of  the intensities of  three standard C(3E) b 1938(26) -862(27) 3907(12) 142(6) 
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Table 4 
Atomic coordinates (× 104) and equivalent isotropic displacement 
parameters (~2 × 105) for 28 

x y z Ueq a 

reflections, remeasured every 2b. ,a i led by < !% dur- 
ing the experimem. The structure is based on the inten- 
sities of  6379 unique reflections with h - 11 to 11, k 
- 12 to 12, I 0 to 24 and 0 (MaKer )  < 27.5°; of  these 
3084 have 1 > 2 o ' ( 1 )  and 426 were measured twice 
(Rin t =0.055) .  The intensities were corrected for Lp 
effects but allowance for absorption, extinction or crys- 
tal decay was judged unnecessary. 

The structure was solved by direct methods [14] and 
was refined on F 2 by full-matrix least squares using 
SHELXL-93 with w = I / [ o ' 2 ( F 2  s) + (0.0693P) 2 ] where 
P = ( F ~  + 2 F2,c)/3 [151. 

Adjustment of  35 ! parameters (Table 4) converged at 
RI[ 1 > 2 o ' ( l ) ]  = 0.042, wR 2 = 0.128. Anisotropic dis- 
placement parameters were refined for all non-H atoms 
except the atoms of  a disordered diethyl ether solvale 
molecule which lies with its ceoU-al oxygen atom on an 

a ue q is defined as one-third of the trace of the orthogonalized Uij 
tensor. 
b These atoms have site occupancy factors of 0.5. 

inversion center. Solvate H-atoms were not included but 
other H-atoms rode on their parent C atoms with U = 
0.080 ~2. Neutral atom scattering factors and anomalous 
dispersion corrections were taken from Re(. [16]. 

4.  S u p p o r t i n g  i n f o r m a t i o n  a v a i l a b l e  

Tables of  atomic coordinates and anisottopie dis- 
placement parameters, a complete geometry listing, and 
structure factor tables (21 pp.). Ordering information is 
available on any current masthead page. 
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