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Abstract

The reaction of phosphines PXYH (X=Y =Ph, i-Pr X=Fh, Y=H) or cthanethiol with the perflucrovinyl compound
[{Fe(CO),}{ 12-C(SMeXCF,; )CCR,)] (1) proceeds with cleavage of one C~F bond and gives rise to unusual llgmd tramsformations. The

multicenter processes involved lead to new diiron complexes [{Fe(CO) {1~ C(SMeXCF)CPXYICFH] (X = Y = Fh, 2a; X = Y—l-l"r
2b; X =Ph, Y=H, 2c) and [(Fe(CO),)z( u-C(SMe)(CF,)C(SEL)CF]] (3) M isms for these ions are propused. The fHuxi
behavior of 2a and 3 has been i igated by vari: BC NMR py. The molecul of 2a bas been

established by a single-crystal X-ray diffrection study. The Fe,(CO), core contains an Fe—Fe bond of 2631 A bridged by the
six-electron donor C(SMeXCF,)C(PPh,)CF ligand. 2a crystallizes in the miclinic space group P with a=9.01%2), b=9.550(2),

c=18583()A, a=

101.06(2), B=92.53(2), y= 116.48(2), R = 0.0419 for 3984 reflections.

Keywords: C-F activation; Iron cluster; Sulphur; Fluerine; Carbene; Carbonyl

1. Introduction

The large dissociation energies of C—F bonds 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 of the C-F bonds of
coordinated ligands is now well-established [3], most
reports are concermned with the oxidative addition of
aromatic C~F bonds to transition metals [4); similar
processes involving perfluorocarbon chains have been
less explored. We have recently shown [5] that the
reaction of RR'NH with the iron(I) complex
[{Fe(CO),},{ 1£-C(SMeXCF,)CCF,}] 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),

* Cormresponding authors.

whereas with secondary amines fluorine migration and
C-F bond rupture afford, via monosubstituted species ¢,
diiron complexes b stabilised by novel electroneutral
six-electron donor ligands. The 1,2 migration of fluorine
along the carhon chain of the ligand which accompanies
these C—F bond cleavages is particularly noteworthy.

To illuswrate further the ability of perfimorovinyl
metallic complexes to undergo carbon--flucrine boad
cleavage, we describe here the reactions of
[{Fe(CO),},{ 11-C(SMeXCF,;XCCF,}] 1 with phosphines
and thiols.

2. Results and discussion

2.1. Synthetic studies and spectroscopic characteriza-
tion

The reaction of [{Fe(CO),},{ p2-C(SMeXCF;}CCF,}}
1[6] with diary! or dialkyphosphines PXYH (X =Y =
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by various spectroscopic methods ("H, *'P, '°F and °C
NMR, and IR), elemental analysis, and mass measure-

Ph, i-Pr) under argon in dichloromethane at room tem-
perature for 3 b afforded the diiron complexes 2 (Scheme

2). Afeer recrystallization from hexane-CH,Cl, com-
plexes 2 were isolated in 97% yield as orange-red
crystals. The corresponding reaction with phenylphos-
phine (X =Ph, Y=H) in CDCl, was complete in ca.
45min at 55°C and gave a 3:2 mixture of the di-
asterepisomers 2¢; and 2c,. Under similar conditions 1
and ethanethiol produced in good yield (95%) the crys-
talline complex 3 in which SEt takes the placc of the
phosphino substituent in 2.

The new complexes 2 and 3 have been characterized

ments. The spectroscopic data and assignments (Table
1) will not be further discussed, except where their
interpretation is not straightforward. The structures for
the new compounds are shown in Scheme 2. The NMR
spectra of Zb, 2c and 3 are almost identical to those of
2a, consistent with a similar basic structure. All the
complexes exhibit low-field »C NMR resonances at
about 8220 (d, J._p = 350Hz) which are typical of
species containing a carbon atom with a single fluoro
substituent. The C(F) resonance is significantly shifted

Me Me : Me .
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s s — ;
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Scheme 2.

Notes o Table I:

® Chemical shifis (8) measured in CDCI; at 293K unless otherwise siated by foonote c.

v Hydrogen-} decoupled.
¢ In CD,Cl,.
¢ Phosphorus-31 decoupled.
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Table I
NMR data for complexes (8) *

Com- 'H
plex

JIP

l9F

IZC b

32 79-74(m, 10H, 2C, H,), 1.62

(s, 3H, SCHy)

y. 2.66 (m, 1H, PCH), 2.38 (m,
tH, PCH), 1.94 (s, 3H, SMe),

1.33 (m, 12H, CHy)

2, 778 (m, 2H, C4H;), 7.35 (m,
3, C,H). 567 (g, IH,
Jy_p=230Hz, *Jy_¢=4Hz,
PH), 133 (s, 3H, SCH,)

2%, 7.7 (m, 2H, CgHy), 135 (m,
34, CyHy). 508 (ddq, IH,
Ju_p=228Hz, *Jy_p = 2Hz,
g =9.5Hz, P-H), 1.52 (s,
3H, SCH,)

3 3.09, 291 (ABX,, 2H, J, 4
=12Hz, J,_y = 15Hz,
CH,), 184 (s, 3H, SCH,),
144 (L 3H, Jy_u=T75Hz,
CH,CH,)

—840 (dq,
12Hz)

"PF

1840 (o,
=11Hz)

'IPF

~71.1 (dg,
*Jp_e = 39Hz)

—65.7 (dq.

Je_e

=8Hz)

.

F=51Hz,

*Jo.p = 48 Hz,

Lo

3
"P—F

£ = MHz,

= 42Ha,

-5336 O, “Je_ P—SIHL
CF), -3688 (, *Jpp=
12Hz, CF)

—5386 (4, ‘J_, = d8Hz,
CFy). ~4060 (d. *Jr_p=
11Hz, CF)

S9397 (44, *Je_p=39Hz,
%I p=4Hz, CF). —d464
(d, *Jp_p=34Hz, CF)

—5502 @d, Jpp=8Hz,

J_u,=2Hz, CF;), —4557
@4ty = 42Hz, gy =
95Hz, CF)

~5863 (s, CF;), —5381 (s,
CF)

2252 (g, Jo_g=3515Hz,
£ = I.SHz, CF), 209 (br,
.-em(co),) 208.85 (4, .Ic i
=8Hz, CO), 207.7 (&, *Je 5
=11Hz, €O), 2065 (4, *Jc ¢
=4Hz, CO). 1361285
CHy), 1269 (g Jop=
2I5Hz, CF,), 94.4 (dd, S g
=15Hz, Jo_ ,=6on Cc-PL,
537 (di, Jc ¢ = 13Hz,
Je_p=25Hz, "J._p =35Hz,
C-CF,), 13.0 (s, SCH,) ©

248 @ Jo_p 7 49Kz, C-
F). 2086 @ *J._p=8Hz,
£0), 208 (bx, 3CO), 207.6 (4,
.Ic ¢ = 12Hz, CO), 206.25(d,
Jo_p=3Hz, CO), 1263 (g,
Jc £ =274 Hz, CFy), 93.3 (34,
e=18Hz, J_ .=o7nz.
cp). 535 (dadg, °
bz, Yop= 1302, U,
=23Hz. C-CF;}, 332 G
SCH,), 285 (dd Jop=
16.5 Hz, “Jo_; = 3.5 Ha,
PCH)L.249(8d, Jc_p= 17Hz,
J,; (8Hz, PCH), 222 @,
Jc »=25Hz, CH,), 20,
E=zo_~mz. CH,;) 262
= 145Hz, CH,}
= 105 Hz,

Je_e
197 (@
CH,)

219.7 (4. Jo_p=WOHz, C-
F), 209.1-205.4 (CO), 135.3-
128.7 (GH,), 1263 (g, Je_r
=274Hz, CF,), 905 4d, Jc_¢
=187Hz. CP)¢, 529 (dq.
g = 1WTHz, ‘Jog
355Hz, CCF;}¢, 334 (s.
SCH,)

2249 (d, Jo_p = 348Hz, CF),
209.1-2054 (CO), 1353-
128.7 (CH,), 1264 (g, Jc_¢
=273Hz, CF), 9195 @,
Jo_p=157Ha cr)‘ 510
(dq, *Je.p=35Hz, -’
11.5Hz, CCFy) ¢, 3331 (s.
SCH,)

22065 (dg, Jo_p=3515Hz,
*e_g = 1.8 Hz, CF), 2084 (d,
*Je_p=8Hz, CO), 2082 (s,
b, Fe2UCO)), 207552,
Jc_g = 10Hz, CO}, 2058 (4,
*Jo ¢ =5Hz, CO), 1261 (g,
Jc s =278Hz, CF)), 948 (4,
e =15Hz, CSE), 534
(dg, z-’(: 7 =35Hz, -’c Fo
8Hz, C-CF,), 34.0 (s, SCH,),
315 (s, CH,-CH,). 149 (s,
CH,-CH,)

Je.p
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to low field from that of the amino-compound b (Scheme
1; & 120ppm). This indicates that the carbon bearing
the fluorine atom bridges the two iron atoms, a conclu-
sion confirmed by X-ray analysis of the diethyl ether
solvate of 2a. The '*F NMR spectra of the complexes 2
and 3 contain two fluorine signals in a 3:1 area ratio,
consistent with the presence of a CF, 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-
phiro complex 2c¢ exists in solution as interconverting
diastereoisomers (Scheme 3). The 2¢,:2¢, ratio depends
on the solvent: less polar solvents favor the 2¢, isomer
(e.g. 2¢,:2¢, = 1.5:1 in CDCl; but 1.25:1 in a mixture
of CDCl, and CH,CN). The two isomers can be distin-
guished by the magnitudes of the P-F and H-F cou-
pling constants observed in their >'P, 'H and °F NMR
spectra (Table 1).

Variable-temperature "*C{*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 “C{'H} NMR spectrum of 3 in the CO
region between 200 and 373K 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 assuming
that the Fe—C(7)F distances in solution are comparable
with those in the solid state leg. Fe(1)-C(7)F=
1.918(3) A, Fe(2)-C(7)F =2.073(3)A], we tentatively
assign the resonances which have the largest coupling
constants to the three CO groups which are coordinated
1o the Fe(1) atom. The three singlets are then attributed
to the carbonyls which are attached to Fe(2). As the
temperature increases, 2 broadening of the three signals
assigned to the carbonyls bound to Fe(2) is observed
and these collapse at 272K and 245K for 2a and 3
respectively. At higher temperatures a broadening of the
three doublets [Fe(1)(CO),] occurs before they collapse
at about 350K to a broad resonmance. Above 350K,
sharpening of the resonances occurs, leading to the
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Scheme 3.

high-temperature spectra at 373K, 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
Av 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)} M p-
C(SMe)(CF,)C(P Phy)CF}] 2a

X-ray analysis of 2a (Fig. 2, Table 3) reveals that its
structure consists of a dinuclear Fe,(CQO) unit stabi-
lized by an iron-iron bond [Fe(1)-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 diphenylphosphino group to
C(8). The Fe(1)-C(8) linkage in 1 is replaced by a bond
between Fe(1) and ((7), the Fe(1)-C(7) distance
[1.918(3) A] being ca 0.06 A shorter than values typical
of Fe-C (carbene) bonds [9}. Fe(1) and the three carbon
atoms C(7), C(8) and ((9) are all attached to Fe(2) and
are nearly coplanar [Fe(D)-C(7)-C(8)-C(9) 10.0(4)°].
There is extensive electron delocalization along the
Fe(1)-C(7)-C(8)-C(9) chain, as shown by the se-
quence of distances 1.918(3), 1.408(4) and 1.456(4) A.
Fe(2) is slightly closer to C(9) than it is to C(7) and
C(8), these Fe(2)-C bond lengths [2.073(3), 2.07%(3)
and 2.019(3) A] being comparable to the accepted mean
values [2.068 A and 2.082 A] for terminal and central
C(n-allyl)-Fe distances [10]. The bridging ligand 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(1) 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 implies that
Fe(2) is w-bonded to a butadiene-like Fe(1)C, unit
Such a system would be expected to deform easily and
relative rotation of the ferrabutadiene and Fe(2X(CO),
groups may then explain the lower energy ligand mo-
tion process obseived in the NMR spectra (see above).
The Fe(1)-C(CO) bonds (mean length 1.809 A) are, if
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anything, slightly weaker than the Fe(2)-C(CO) bonds The intramolecular Fe(2)--- S(I) separation in 2a
{mean 1.795A) and therefore do not help to explain [2.992(1) Al, though shont, is clearly non-bonding {cf.
why local CO exchange occurs more readily at Fe(2). Fe(1)-5(1) 2.266(1) A].
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Fig. 1. Variable-temperature '’C{'H} NMR spectra in the carbonyl region of 3: (A) in CD,Cl,; (B) in toluene-d.
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Fig. 2. View of a molecule of complex 2a. Hydrogen atoms are
omitted and 50% probabiiny ellipsoids are displayed.

2.3. Possible mechanisms of formation of products

Attempts to investigate the mechanism of these reac-
tions were made by NMR spectroscopy at low iempera-
ture. In contrast to ihe reaction of 1 with Me,NH,
where the intermediate fluoro-amino-vinylic compound
[{Fe(C0),) { p-C(SMeXCF,)CCF(NMe,)}] could be
characterised at —50°C [5],' when 1 reacted with
phosphine no intermediates were observed; presumably
they are short-lived species, not present in large enough
quantities to be detected by NMR techniques. However,
by analogy with the mechanism proposed for the reac-
tion of 1 with dimethylamine [S], we suggest here a
similar zwitterionic fluoro-Fe(2) intermediate, A, in the
formation 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-
rionic acetylenic intermediate B which is then activated
towards attack at the B-carbon atom by the phoshine
PXYH [11], giving successively C and D. Subsequent
elimination of HF affords complex 2.

The possibility that the CF, group in 1 undergoes
direct nucleophilic attack by the phosphine has been
considered and rejected because 1 does not react with

' The fluoro-amino vinylic intermediate [{Fe(CO),},( p-
C(SMeXCF;)JCCRNMe;,)}] has been charecterized by NMR at
—50°C: "°F (THF-d,) & —19.05(s, CF), ~63.34 (s, CF,). "C{'H}
(THF-d,) 52154 (s, 3 CO), 212.0, 2099, 207.7 (s, CO), 182.1 (d,
Jo_g=2615Hz, CP), 1259 (g, J._p=275.7Hz, CFy), 73.1 4,
*Je_¢ =19Hz, C=CP), 48.6 (g, C—CF,), 42.5, 39.7 (s, N-CH,),
333 (s, SCH,).

Table 2

Dynamic C NMR data

Compounds  Resonance Te Ap?® AGs ©

K)* (H2) (KJmol~")

2a Fe(2)-(CO), 2 4225 50.6
Fe()-(CO), 355 296 68.1

3 F()(CO), 245 573 451
Fe()~(CO), 350 204 68.]

® Coalescence temperature.

® Freq difference b of groups in

low temperature limit.
© Highest error limit: +0.8kJmol~'.

strong nucleophiles such as NaNH,, 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(CF;)C=CF, fluorovinyl ligand of 1
is also supported by the failure of PPh,H to cleave the

Table 3 R

Selected bond lengths (A) and angles (deg) in 2a

Bond lengths

Fe(1)-Fel2) 263%1) Fe(2)-Ci4) 1.788(4)
Fe(1)-C(1) 1.835(4) Fe(2)-C(5) 1.7974)
Fe(1)-C(2) 1.792(5) Fe(2)-C(6) 1.800(4)
Fe(1)-C(3) 1.801(4) Fe(2)-C() 2.073(3)
Fe(1)-C(7) 1.918(3) Fe(2)-C(8) 2.079(3)
Fe(1)--5(1) 2.266(1) Fe(2)-C(9) 2.019(3)
C(7)-C(8) 1.408(4) C(8)-C(9) 1.456(4)
C(-F(1) 1.367(4) C(8)-K(1) 1.859(3)
C(9)-C(10) 1.504(5) C(9)-5(1) 1.786(3)
C(10>-K2) 1.335(4) P(1)-C(12) 1.827(4)
Bond angles

CQ)-Fe(1)-C(3)  93.0(2) C(4)-Fe(2)-C(5)  96.0(2)
CQ)-Fe()-C(1)  99.3(2) C(4)-Fe(2)-C(6) 100.2(2)
C(3)-Fe(1)-C(1)  91.9(2) C(5)-Fe(2)-C(6)  90.4(2)
C()-Fe(D-C(7)  100.5(2) C(4)-Fe(2)-C(9)  99.8(2)
CO)-Fe(1)-C(7)  90.0{2) C(5)-Fe(2)-C(9)  97.7(2)
C(1)-Fe()-C(7)  160.0(2) C(6)-Fe(2)-C(9)  157.4Q2)
S(1)-Fe(1)-Fe(2)  74.9(1) C(N-Fe(2)-C9)  69.0(1)
C(4)-Fe(2)-C(7)  128.1(2) C(4)-Fe(2)-C(8) 138.9(2)
C(5)>-Fe(2)-C(7)  134.8(2) C(5)-Fe(2)-C(8)  101.9(2)
C6)-Fe(2)-C(7)  90.4(2) C(6)-Fe(2)-C(8) 116.1(2)
C(9)-Fe(2)-C(8)  41.6(1) C(12)-P(1)-C(18) 105.12)
C(N-Fe(2)-C(8) 39.6(1) C(12)-P(1)-C(8)  96.0(2)
C(4)-Fe(2)-Fe(1)  82.1(1) C(18)-P(1)-C(8) 104.9(2)

C(5)-Fe(2)-Fe(1) 173.9(1) F(D-O(7-C(8  1151(3)
C(6)-Fe(2)-Fe(1)  95.7(1) F(1)-C(7)-Fe(1)  121.2(2)
C(7)-Fe(2)-Fe(1) 462(1)  C(8)-C(7)-Fe(l) 123.5(2)
C(8)-Fe(2)-7e(1)  76.2(1) F1)-C(7)-Fe(2) 12442
C(9)-Fe(2)-Fe(1)  77.0(1)  C(8)-C(N-Fe(2)  7042)
C9)-8(1)-C(11)  104.3(2) Fe(1)-C(7)-Fe(2)  82.5(1)
C9)-8(1)-Fe(1)  920(1)  C(N-CB)-C() 108.0(3)
C(11)-S(1)-Fe(1)  110.2(2) C(7)-C(8)-Fe(2)  69.92)
S()-CO)-Fe(2) 10352)  C(9)-C(8)-Fe2)  67.0(2)
C(N-CE)-P(1)  1299%2) C(8)--C(9)-C(10)  124.0(3)
C(9)-C8)-P(1)  121.5Q) C(8)-C®-5(1)  114.8(2)
K1)-C(8)-Fe(2)  135.6(2) C(8)-C(9)-Fe(2)  71.4(2)

C(10)-C(9)-Fe(2) 123.4(2)
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C-F bonds in dichlorodifluorocthylene which also con-
tains the C=CF, group.

An alternative mechanism involving dissociation of
fluoride from C,_, which could be stabilized by carbene
formation has been examined. Indeed, carbene interme-
diates do show electrophilic reactivity at the carbene
center and react with nucleophilic reagents as shown
previously by Shriver and coworkers [12] and Roper
and coworkers [13). Transient carbenes might be formed
in the reaction of perfluoroalkyl carbonyl compounds
with I ~wis acidic halides. In order to verify the possi-
bility of carbene formation as intermediate during the
course of the reaction of 1 with phosphines, we have
added Me,SiCl to 1. No reaction was observed, render-
ing any pathway involving a carbene intermediate less
likely.

3. Experimental section
3.1. Genera! procedures

All cxperiments were caried omt wnder an imert
arpon atmosphere using Sclilenk techmigues. Soivcm
were freshly distilled from sodium-benzophenone prior
to use. The bimetallic complex [(Fe(co),)z(n-
C(SMe)(CF,)CCF,}1 1 was prepared as described previ-
ously [6] All other reagents were commercial grade and
were used as-obtained.

Infrared spectra were obtained with a Perkin—Elmer
1430 spectrophotometier. The mass spectra were mea-
sured on a GC/MS Hewlctt Packard 5595 C. NMR
spectra (*H, *'P, °F, **C) in CDCl, or CD,C1, sola-
tion were recorded on a Jeol FX 100, a Bmker AC 300
or 2 Bruker DRX 400 and were referenced to Me,Si,

H4PO,), CFCl, and Me,Si ively, Chemical
analyses were performed by the Cemachncmmﬂy
ses du CNRS de Lyon’.

3.2. Synthesis of [{Fe(CO);),{u-C(SMe)-
(CF,JC(PPh,)CF}] 2a and [{FelCO),){ pu-CISMe})-
(CF,)Q(P-i-Pr, JCF}1 26

[{Fe(CO),},{ #-C(SMeXCF;)CCF,}] 1 (235 mg,
05mmol) and PXYH [X=Y=Ph (93mg), iPr
(59mg), 0.5 mmol] were stirred at room temperatsre in
dichloromethane (10ml) for 3h. The solvent was thea
removed and the residue chromatographed on deoxy-
genated silica gel. Elwtion with hexane-dichloro-
methane (5.6:1) afforded a yellow-orange band which
gave complexes 2a or 2b as orange-red solids (97%
yield).

2a Amal. Found: C, 43.3; Fe, 17.8; P, 45.
C,H,,F,Fe,0,PS. Calc.: C, 43.4; Fe, 17.5; P. 49%.
Mass spectrum, m/z 636 (M*), other peaks, M*—
x(CO) (x=1-6). IR (hexane), »{CO) 2080, 2041,
2020, 2002, 1990(sh) cm ™',

2b. Anal. Found: C, 36.1; H, 2.9. C,;H,,F,Fe,O,PS.
Calc.: C, 35.9; H, 3.0%. Mass spectrum, m/z 568. IR
(hexalme}', ¥(CO) 2084, 2044, 2021, 2004, 1925(sh)
cm™'.

3.3, Synthesis of
(CF; JO(PHPHICF}i 2¢

HFelCO) 1l u-C(SMe)-

A similsr procedure was used to synthesize 2¢, ex-
cepnhanhemacuonwascamedouthDCl,ass"C
Aftter removal of the sol the mi was
graphed on deoxygenated silica gel, and the two di-
astercoisomers 2¢,, and 2¢, were eluted with hexane—
CH,C1, (5.6:1) (2c: 100% yield).

2c. Anal. Found: C, 364; Fe, 20.1; P, 55.
C,H,F,Fe,0,PS. Calc.: C, 36.5; Fe, 199; P, 55. IR
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(hexane), »(CO) 2084, 2045, 2023, 2008, 1998(sh)
cm”'.

3.4. Synthesis
(CF JASEYCFII 3

of [[Fe(CO);},{p-C(SMe)-

Diiron complex 1 (141 mg, 0.3 mmol) and 5 equiv. of
ethanethiol (93mg) were stirred in CH,Cl, (10mi) at
55°C for 14h. Compound 3 was isolated (95% yield)
by column chromatography on deoxygenated silica gel
using a 5.6:1 hexane—dichloromethane solvent mixture.

3. Anal. Found: C, 31.1; Fe, 219; S, 123.
CysH,FFe,0,S,. Calc.: C, 30.5; Fe, 21.8; S, 12.5.
Mass spectrum, m/z 512 (M"*), other peaks, M*—
CO) (x=1-6). IR (hexane), »{CO) 2084, 2043,
2020, 2004, 1998(sh) cm ™.

3.5. X-ray analysis of [[FelCO),},{u-CiSMe)-
(CF,)CIPPh,)CF)] 2a

Measurements were made at room temperature on an
Enraf—Nonius diffractometer with graphite-monochro-
matized Mo Ka radiation, A = 0.71073 A, using an or-
ange-red crystal of dimensions 0.3 X 0.16 X 0.05 mm.

3.5.1. Crystal data

C, B, F,Fe,0,PS - 0.5E1,0, M = 673.15, triclinic,
space group Pl, a=901%2), 5=9550(2), c=
18.583(3) A, o = 101.06Q2), B =9253(2), y=
116.480Q2F, V=13906(5) A%, Z=2, F(000)= 678,
Deye = 1.608gem™, p(MoKa)=1.24mm™".

3.5.2. Structure analysis

The cell constants were determined by a least squares
treatment of the setting angles of 20 reflections with
20.0 < 6 < 20.5°. The intensities were measured from
continuous @/28@ scans. Scan speeds were adjusted to
give o(1)/F < 0.03, subject to a maximum count time
of 60s. The mean of the intensities of three standard
reflections, remeasured every 2h. »aried by < 1% dur-
ing the experiment. The structure is based on the inten-
sities of 6379 unique reflections with 7 —11 to 11, &
—12¢0 12, 0 to 24 and 8(MoK ) < 27.5% of these
3984 have I1>20(f) and 426 were measured twice
(R, = 0.055). The intensitics 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 F2? by full-matrix least squares using
SHELXL-93 with w = 1/[02(F3,) + (0.0693P)] where
P=(F% +2F%.)/3[15]

Adj of 351 p {Table 4) converged at
R[1>2a(1)]=0.042, wR,=0.128. Anisotropic dis-
placement parameters were refined for all non-H atoms
except the atoms of a disordered diethyl ether solvate
molecule which lies with its central oxygen atom on an

Table 4

Atomic coordinates (X 10°) and equivalent isotropic displacement

parameters (A2 X 10°) for 2a

x ¥ 2z U,
Fe(1) 766(1) 1995(1) 8557(1) 37(1)
Fe(2) —2352(1) 296(1) 8756(1) 34D
s(1) —109(1) 3835(1) 9003(1) 4D
P(1) ~4275(1) 110K(1) 7224(1) 40(1)
A1) —1402(3) -1 7194(1) 45(1)
F(2) —3381(3) 423003) 8728(2) 72(1)
F(3) ~-309203) 3505(3) 9723(1) 63(1)
F4) —503%3) 1879(3) 8835(1) 61)
o) 3008(4) 2928(4) 9969(2) 65(1)
o) 3165(5) 3968(5) 7707(2) 101(1)
o3) 1351(4) —768(4) 8008(2) 72D
04) ~855(4) 1166(4)  10309(1) 62(1)
(5) —577%4)  —1323(4) 3075(2) 85(1)
o(6) —2491(5)  -2862(9 8240(2) 82(1)
() 2145(5) 2584(5) 9435(2) 45(1}
c(2) 225%(5) 320%6) 8039(3) 60(1)
c(3) 1123(5) 286(5) 8227(2) 49(1)
Cc4) —1388(4) 834(4) 969%(2) 41
C(5) —4474(5) ~662(5) 3940(2) sA1)
(6) —2415(5)  —1638(5) 8447(2) S
on — 123%(4) 1024(4) 7851(2) 35(1)
(8) —2563(4) 1417(4) 7951(2) 34(1)
o9 —2253(4) 2414(4) 8675(2) 33D
c(10) —3440(5) 2999(4) S9RR(2) 4401
oty 37U6) 5272(5) 8429(3) 63(1)
«12) —2953(5) 2632(5) 6756(2) 4701)
c(13) -3196(6) 3993(5) 6818(2) 51
c(14) —2164(8) 5264(6) 6529(3) 82(2)
c(15) -912(8) 5179(7) 616%(3) 89(2)
«16) —6x) 3850(7) 6092(3) 82(2)
can —1661(6) 2583(6) 6380(2) 60(1)
c(18) —4804(4) —832(4) 6586(2) 44D
c(19) —4860(7) - 1020(6) 5836(2) 68(1)
c20) —-5461(8)  —2530(6) 5362(3) 87(2)
21 —6017%(7) - 3862(6) 5634(3) 81
(22) —597%7)  -371A6) 6376(3) 7%2)
(23) —5403(6) —2220(5) 6847(2) 6%
O(IE) 0 0 5000  201(4)
CUE)®  —300(33) 710(30)  427(14)  17%(9)
CUE)® —1465(34) —77233)  446K(16)  18K9)
CRE)® -1426(22) 242(22) 3999(9) 1094}
CBE)"® 1938(26) —86227) 390712  142(6)

? U, is defined as one-third of the trace of the orthogonalized U

tensor.

® These atoms heve 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 A%, Neutral atom scattering factors and anomalous
dispersion corrections were taken from Ref. [16}.

4. Supporting information available

Tables of atomic coordinates and amisotropic 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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