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The diiron aminocarbyne complexes [Fe,{u-CN(Me)(R)}(u-
CO)(CO),(Cp)2][SO3CF;] (R = Xyl, 1a; R = 4-C¢H,OMe, 1b;
R =Me, 1¢; Xyl = 2,6-Me,CgHj3) react with allenes of the type
CH,=C=CR'R"’, in the presence of Me;NO/Et;N, to give the
novel butadienylidene complexes [Fe,{u-n':n3-C,N(R)(Me)-
Ch(H)C,C5(R')(R")}(1-CO)(CO)(Cp)s] (R = Xyl, R’ =R’ = Me,
3a; R=Xyl, R" =Me, R"” = H, 3b; R = Xyl, R" = CO,Et, R"’ =
H, 3c; R = 4-C4H,OMe, R’ = CO,Et, R =H, 3d; R=R'=R"
= Me, 3e; R = Me, R = CO,Et, R"" = H, 3f) in high yields.
Analogously, the diiron thiocarbyne complex [Fe,(n-CSMe)-
(n-CO)(CO)42(Cp)2][SO3CF3] (2) reacts with CH,=C=CR'R"’,
in the presence of Me3;NO/Et;N, to afford the compounds
[Fe{u-n'm>3-C,S(Me)Cy(H)C,C5(R')(R"")} (1-CO)(CO)(Cp)-]
(R"=R" =Me, 4a; R' = CO,Et, R = H, 4b; R’ = SiMe3, R =
Me, 4c). Complexes 3-4 exist in solution as mixtures of cis
and trans isomers. Compounds 3a and 3e, upon treatment

with HSO3;CFj, are transformed into the corresponding vinyl-
iminium complexes [Fe,{u-n'n3-C,(CsHMe,)CgHC,N(R)-
(Me)}(p-CO)(CO)(Cp)2][SO3CF3] (R = Xyl, 5a; R = Me, 5b), in
nearly quantitative yields. Conversely, compounds 4a,b un-
dergo methylation (by CH3SO3CFj) at the sulfur to give the
cationic complexes [Fe,{u-n'n3-C,(SMe,)Cy(H)C,Cs(R)-
(R")}(n-CO)(CO)(Cp)][SOsCF;] (R" = R = Me, 7a; R' =
CO,Et, R" = H, 7b). Protonation of 3a is not reversible: treat-
ing 5a with sodium hydride results in the formation of the 1-
metalla-2-amino-cyclopenta-1,3-dien-5-one species [Fe(Cp)-
(CO){CN(Me)(Xyl) CHC(CHMe,)C(O)}] (6). The molecular
structures of cis-3a, cis-4b, 5a[CF3;SO3]-CH,Cl, and
7a|CF3S0;]-0.5CH,Cl, have been determined by X-ray dif-
fraction studies.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

The assembly of simple molecular units for the construc-
tion of highly complex molecules remains a major goal for
synthetic chemistry.['l Strategies based on metal-assisted
combination of molecular units include the assembly of
small molecules with organic fragments coordinated to two
or more metal centres. These reactions take advantage of
specific organic substrate activation due to multisite coordi-
nation and of reactivity patterns which are distinct from
those of corresponding species in mononuclear com-
plexes.”l Within this field, the coupling of bridging alk-
ylidyne (pu-CR) and alkylidene (p-CR,) ligands with al-
kynesl®l and, to a lesser extent with alkenes, is well known
to provide excellent routes to the synthesis of bridging Cs
hydrocarbyl ligands.

A possible extension of this approach to the synthesis of
bridging C4 hydrocarbyl species should combine p-C; li-
gands with allenes. However, examples of the incorporation
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of allenes into bridging hydrocarbyl ligands are relatively
limited,P! in spite of the fact that cumulenes are generally
more reactive than alkenes. In particular, there are few ex-
amples of coupling reactions between allenes and bridging
alkylidynes and alkylidenes. These include the reactions of
allenes with the p-methylidene complexes [NiW(u-CH,)(u-
CO)(CO)(Cp)(Cp*)L [Ruy(p-CH,)(u-CO)(CO)(MeCN)-
(Cp2)L.”' [RAM(CO)1(n-CH,)(dppm),]* (M = Ru, Os)*) and
[Fe,(u-CH,)(CO)g],¢! which lead to the formation of tri-
methylenemethane species (Scheme 1, I), and the reactions
of the bridging methylidyne complexes [L,W(u-CSiMe3)],
(L = Me5SiCH,, iPrO)P! with allenes, which afford a related
C, allylalkylidene fragment (Scheme 1, II).

Our interest in the transformation of bridging ligands
has been concerned so far with the assembly of amino- and
thiocarbyne ligands in the diiron complexes 1 and 2 with
alkynest'® and alkenes!!'l (Scheme 2). The reaction of 1
with alkynes, which affords bridging vinyliminium com-
plexes (a, Scheme 2), simply consists of the alkyne insertion
in the metal-carbyne bond. On the other hand, the incorpo-
ration of olefins in the bridging carbyne ligands (b,c,
Scheme 2) follows a more complex sequence and requires
olefin deprotonation. All of the reactions are regio- and ste-
reocontrolled. The peculiar character of the bridging Cs li-
gands formed in these assembly reactions is due to the pres-
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ence of heteroatoms (N or S) derived from the amino- and
thiocarbyne precursors, which exert a relevant influence on
the properties and reactivity of the complexes.['?!
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Herein we report on the reactions of the diiron p-carbyne
complexes 1 and 2 with allenes. More specifically, the pur-
pose of our research was to determine whether or not Cy4
hydrocarbyl-bridged complexes could be generated by the
coupling of allenes with bridging methylidyne ligands in 1
and 2.

Results and Discussion

The diiron aminocarbyne complexes la—c react in THF
solution with allenes, in the presence of Me;NO and Et;N,
to afford the complexes 3a—f in 70-80% yields (Scheme 3).

Compounds 3a—f have been purified by chromatography
on alumina and characterized by IR and NMR spec-
troscopy, as well as by elemental analysis. Moreover, the X-
ray structure of cis-3a has been determined (Figure 1 and
Table 1). The molecule is composed of a cis-[Fe,(u-CO)-
(CO)(Cp),] core, to which is coordinated an allenylidene [pi-
2438
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n'm*-C,N(Xy)(Me)Cy(H)C,Cs(Me),] ligand. The latter
can be described by using three different resonance forms
(Scheme 4). The fact that all three C(13), C(14) and C(15)
carbon atoms (corresponding to C,, Cg and C,, respec-
tively) are coordinated to Fe(1) [Fe(1)-C(13) 2.0648(17) A,
Fe(1)-C(14) 2.0452(17) A, Fe(1)-C(15) 1.9647(17) A] with
relatively similar bond lengths and both C(13)-C(14)
[1.431(2) A] and C(14)-C(15) [1.407(2) A] bonds display
some 7-character is in agreement with the allyl-like coordi-
nation displayed in (A). At the same time, the Fe(1)-C(15)
bond length [1.9647(17) A] is sensibly shorter than those of
Fe(1)-C(13) [2.0648(17) A] and Fe(1)-C(14) [2.0452(17) A],
which are almost equal; this suggests some contribution
from the 1-amino-1,3-butadienylidene form (C). Finally, the
fact that the C(14)-C(15) bond length [1.407(2) A] is
shorter than that of C(13)-C(14) [1.431(2) A] indicates that
even the aminoallenyl alkylidene form (B) must be consid-
ered. In agreement with all of the three structures A—C, the
C(15)-C(16) interaction [1.317(3) A] is almost a pure
double bond, whereas the C(13)-N(1) bond [1.395(2) A] is
quite elongated, which suggests a limited m-interaction. All
these considerations point to the fact that the coordination
of such an unsaturated ligand to a bimetallic frame results
in a highly delocalized and complex electronic structure
which cannot be described in an unequivocal way. On the
other hand, this complex system of o- and m-interactions is
probably the origin of the stabilization of the highly unsatu-
rated organic fragments by bridging coordination.

The spectroscopic data reveal that, in solution, 3a—d con-
sist of a mixture of cis and trans isomers (cis and trans refer
to the mutual positions of the Cp ligands with respect to
the Fe-Fe bond). Similar cis-trans isomeric mixtures were
previously observed in the complexes obtained by alkene—
aminocarbyne coupling (b, Scheme 2).[''® These complexes
were found to undergo rearrangements of the configuration
of the ancillary Cp and CO ligands (cis-trans isomerization)
to better respond to changes in the steric demand of the
bridging organic frame.

The IR spectra of 3a—d in CH,Cl, solution display two
absorptions for the terminal CO ligand, in agreement with
the presence of the two isomers (1946 and 1921 cm™! for
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Figure 1. ORTEP drawing of [Fe,{p-n'm3-C,N(Xyl)(Me)Cp(H)-
C,Cs5(Me),} (n-CO)(CO)(Cp)s,] (cis-3a) [all H atoms, except H(14),
have been omitted for clarity]. Thermal ellipsoids are shown at the
30% probability level.

Table 1. Selected bond lengths [A] and angles [°] for [Fe,{p-n'm?3-
CoNXyh(Me)Cp(H)C,Cs(Me), } (1-CO)CO)(Cp)y], cis-3a.

Fe(1)-Fe(2) 2.5595(4)  C(11)-O(11) 1.153(2)
Fe(1)-C(12) 1.8702(18)  C(12)-O(12) 1.182(2)
Fe(2)-C(12) 1.9537(19)  C(13)-C(14) 1.431(2)
Fe(2)-C(11) 1.7452)  C(14)-C(15) 1.407(2)
Fe(1)-C(13) 2.0648(17)  C(15)-C(16) 1.317(3)
Fe(2)-C(13) 2.0032(17)  C(13)-N(1) 1.3952)
Fe(1)-C(14) 2.0452(17)  N(1)-C(19) 1.449(2)
Fe(1)-C(15) 1.9647(17)  N(1)-C(20) 1.440(2)
Fe(2)-C(13)-Fe(1) 77.96(6)  C(15-C(16)-C(18) 123.21(19)
C(14)-C(13)-Fe(2) 117.16(12) C(15-C(16)-C(17) 120.96(19)
C(15)-C(14)-C(13) 120.66(16) C(18)-C(16)-C(17) 115.78(19)
C(14)-C(15)Fe(1) 72.57(10)  C(13)-N(1)-C(20)  120.82(14)
C(16)-C(15)-C(14) 141.06(18) C(13)-N(1)-C(19)  123.88(15)
C(16)-C(15)Fe(1) 145.96(15) C(20)-N(1)-C(19)  115.04(15)

cis-3a and trans-3a, respectively), while one absorption (at
ca. 1770 cm ') accounts for the bridging carbonyl of both
isomers.

The NMR spectra show two sets of resonances. NOE
investigations allow the assignment of the resonances to
each isomer: indeed a significant NOE effect is detected be-
tween the Cp resonances in the case of the cis configura-
tion, but not for the trans isomer. In spite of the fact that
3a exhibits a cis configuration in the solid state, the trans
isomers generally prevail in solution, and 3e—f have been
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observed exclusively as trans isomers. Moreover, the compo-
sition of the isomeric mixture changes upon heating at re-
flux temperature in toluene, with conversion of cis into
trans.

Besides cis and trans isomers, no other isomeric forms
were observed. Indeed, the reactions with CH,=C=C(H)-
CO,Me should, in theory, produce two regioisomers de-
pendent on which of the two terminal allene carbon atoms
forms the C—C bond with the p-aminocarbyne. Conversely,
the observed carbyne-allene coupling reactions are regiose-
lective, and C-C bond formation exclusively involves the
CH, end of the allene unit.

Notably, complexes 3a and 3e, obtained from dimethylal-
lene, show distinct resonances in both the 'H and '*C NMR
spectra for the two methyl groups bound to the terminal Cy
carbon of the bridging frame. This indicates that, at room
temperature, there is no exchange between these groups and
the bridging C,; chain is tightly connected to the metal
centres. By contrast, the N-methyl groups of 3e-f give rise
to a single resonance in both the 'H and '3C NMR spectra,
and their equivalence is attributable to the loss of double
bond character in the C,—~N interaction.

Finally, '3C NMR spectra evidence the resonances due
to C, and C;s (0 = 158.9 and 118.6 ppm, respectively, for
trans-3a), in the range typical of olefin carbons, as well as
the C, resonance (0 = 203.5 ppm for trans-3a), which sug-
gests a partial aminocarbene character.

Some aspects concerning the reactions of complexes of
type 1 with allenes should be pointed out. First, the reac-
tion outcome is different from the insertion through the sec-
ondary carbon of the allene, reported in Scheme 1. By con-
trast, the assembly of 1 with allenes is the result of an al-
lenyl addition at the p-alkylidyne. Therefore it implies a de-
protonation step, and the C—C bond formation involves the
terminal carbon of the cumulene. It should be remarked
that no reaction takes place between la-c, allenes and
Mes;NO in the absence of NEt; (or a different base like
NaH). Thus, the coupling of 1 with allenes rather resembles
the corresponding reaction with alkenes (b, Scheme 2),
which occurs under very similar conditions.

A second observation is that, besides the deprotonation,
a further requirement is the removal of a CO ligand in order
to create a vacant coordination site. Most of the coupling
reactions involving bridging ligands and olefins or alkynes
that were mentioned in the introduction proceed only in the
presence of labile ligands (acetonitrile) or under photolytic
conditions. The reason for this is that preliminary coordina-
tion of the unsaturated molecules to one metal centre is
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necessary to promote an intramolecular coupling between
ligands. This might also be the case for the reaction of 1
with allenes. The removal of a CO ligand from 1, ac-
complished upon treatment with Mes;NO, is presumably
crucial in allowing coordination of the cumulene at one Fe
atom in the very initial step of the reaction sequence. Thus,
the observed assembling should be the result of an intramo-
lecular coupling rather than of a direct nucleophilic allenyl
attack at the bridging alkylidyne ligand. Theoretical studies
indicate that the p-alkylidyne-allene coupling involving the
complex [L,W(u-CSiMe;)],!”! (Scheme 1) proceeds through
the formation of an allene adduct.'3 Likewise, the reac-
tions of the diiridium complexes [Ir,(CH;3)(CO)(p-
CO)(dppm)][SO;CF3] with allenes have been shown to oc-
cur by initial n?-allene coordination followed by intramo-
lecular rearrangements.'#! In spite of these considerations,
our attempts to detect and isolate possible n?-allene inter-
mediates have been unsuccessful. Our efforts included: 1)
low temperature reaction conditions (40 °C), ii) the reac-
tion of 1a with Me,C=C=CMe,, which does not contain
removable hydrogen atoms and iii) the creation of coordina-
tive unsaturation by chloride abstraction from [Fe,{p-
CN(Me)(XyD)}(u-CO)(CO)(CI)(Cp),] upon treatment with
AgSO;CFs.

Then, investigations were extended to the thiocarbyne
complex  [Fe, {p-CS(Me)} (n-CO)(CO)x(Cp),][SO;CF;5] (2)
in order to compare the reactivity of the thio- and amino-
alkylidyne ligands and evidence the possible influence of
the heteroatom (S or N). The reactions of 2 with allenes
(H,C=C=CR'R"’), under analogous conditions to those
described for the aminocarbyne complexes, result in the for-
mation of the neutral complexes 4a—c¢ (Scheme 5), which
have been purified by chromatography on alumina and
characterized by spectroscopy.

Me —I + Me H R
; b
i B Cs
oc, /C'\ co e NG e
Fé—Fe i CHy=Cc=crRR" 9C. /
N Fe Fe
c — N
0 i) E4N S
iii) Me;NO
T =
2 Me Me 4a
CO,Et H 4b
SiMe; Me 4c

Scheme 5.

In addition, the molecular structure of cis-4b has been
determined by X-ray diffraction (Figure2 and Table 2).
This structure is very similar to that previously described
for cis-3a, apart from the different substituents on C(13)
and C(16) (corresponding to C, and Cj;). Also in this case,
the [Fe,(u-CO)(CO)(Cp),] core possesses a cis geometry,
and the coordination of the [p-n'm?3-C,S(Me)Cy(H)-
C,Cs(H)(CO,Et)] can be described by resonance forms
analogous to those depicted in Scheme 4, even though the
different nature of the substituents present on C(13) and
2440
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C(16) makes their relative weights different. In particular,
the C(13)-C(14) [1.369(9) A] and C(14)-C(15) [1.381(9) A]
bond lengths are inverted compared to those in cis-3a
[1.431(2) A and 1.407(2), respectively], which is more in
agreement with the 1-thio-1,3-butadienylidene form (C) and
with an allyl-like coordination (A). More importantly, the
Fe(1)-C(15) interaction [1.906(6) A] is considerably shorter
than those of Fe(1)-C(13) [2.003(7) A] and Fe(1)-C(14)
[2.036(7) A]; this indicates that the corresponding interac-
tions can be more appropriately described as being nearly
of o-character for Fe(1)-C(15), whereas C(13) and C(14)
are n-bonded in an olefinic fashion to Fe(1). Therefore, the
bonding structure of cis-4b can be very well described by
the 1-thio-1,3-butadienylidene form (C). It is very difficult
to say whether the slightly different bonding situations in
cis-3a and cis-4b are due to substitution at C(13) (amino vs.
thio), or to the different groups present on C(16) (electron
donating in cis-3a vs. electron withdrawing in cis-4b), or to
both of them. Nonetheless, it is possible to conclude that
the coordination of these unsaturated C, carbon chains to
the [Fe,(u-CO)(CO)(Cp),] core is very flexible and sensitive
to minor variations in the electronic properties even of
groups not directly coordinated to the metal framework.

Ca8)  c(19)

Figure 2.

ORTEP drawing of
C,Cs(H)(COLE) } (n-CO)(CO)(Cp),] (cis-4b) [all H atoms, except
H(14), have been omitted for clarity]. Only the main images of the
disordered Cp ligand bonded to Fe(2) and the OEt group bonded
to C(17) are drawn. Thermal ellipsoids are shown at the 30% prob-
ability level.

[Fe>{p-n'm’-C,S(Me)Cy(H)-

The similarity between complexes of type 3 and 4 is re-
flected in their spectroscopic properties, which are also sim-
ilar (see Exp. Sect.). In particular, compounds 4a and 4b
can be compared to 3a and 3¢, respectively, in that they are
identical except for having the SMe group in place of the
NMe(Xyl) substituent. Like 3a-d, complexes 4a,b exist in
solution as cis and trans isomers; however, the isomeric
composition is different and the cis isomers prevail in com-
plexes 4. In particular, trans to cis conversion is observed
upon heating at reflux temperature in THF, which is oppo-
site to what is found in the case of type 3 complexes. These
results are consistent with the cis/trans isomeric composi-
tions observed in the complexes obtained by coupling of
olefins with 1 and 2, respectively (Scheme 2).[']

Eur. J. Inorg. Chem. 2008, 2437-2447
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Table 2. Selected bond lengths [A] and angles [°] for [Fe,{p-n'm?3-
CuS(Me)Cy(H)C,Cs5(H)(CO,E) } (n-CO)(CO)(Cp)s,], cis-4b.

Fe(1)-Fe(2) 2.5221(10)  C(11)-O(11) 1.133(9)
Fe(1)-C(12) 1872(7)  C(12)-0(12) 1.174(8)
Fe(2)-C(12) 1.950(7)  C(13)-C(14) 1.369(9)
Fe(2)-C(11) 1.753(8)  C(14)-C(15) 1.381(9)
Fe(1)-C(13) 2.003(7)  C(15)-C(16) 1.360(9)
Fe(2)-C(13) 2.002(7)  C(13)-S(1) 1.771(6)
Fe(1)-C(14) 2.036(7)  S(1)-C(20) 1.788(8)
Fe(1)-C(15) 1.906(6)  C(16)-C(17) 1.409(10)
0(1)-C(17) 12178)  C(17)-0(2) 1.365(10)
Fe(2)-C(13)-Fe(1)  78.02) C(15)-C(16)-C(17)  121.7(7)
C(14)-C(13)-Fe2) 121.5(5)  O(1)-C(17)-0Q2)  121.0(7)
C(15)-C(14)-C(13)  1194(6)  O(1)-C(17)-C(16)  126.4(7)
C(14)-C(15)-Fe(l)  74.6(4) 0(2) C(17)-C(16)  111.9(7)
C(16)-C(15)-C(14) 142.6(7)  C(17-02)-C(18)  109.0(10)
C(16)-C(15)-Fe(1) 142.3(6)  C(13)-S(1)-C20)  105.1(4)

NOE investigations have been performed on complex
4c in order to establish the orientation of the Me and
SiMe; substituents on the Cs carbon of the bridging
chain. Thus, irradiation of the resonance due to CsMe (0
= 2.23 ppm) resulted in significant enhancements of the
signals due to CsSiMe; (0 = —0.12 ppm) and to one Cp
ring (0 = 4.55 ppm). In addition, irradiation of the reso-
nance at 0 = —0.12 ppm (CsSiMes) has revealed NOE ef-
fects with the resonances attributable to CsMe and CgH
(0 = 3.87 ppm). These observations indicate that the CsMe
group is located anti to CgH, and that the more hindered
CsSiMes is pointing far from the bulky Cp ligand, as ex-
pected.

Both 3 and 4 display a bridging C4 carbon chain, which
is linear (not branched) as a consequence of the fact that
C-C bond formation has occurred between the p-alkylidyne
and the primary carbon of the allene. Moreover, the C4
bridging carbon chain displays an extended m-bond as a
consequence of p-alkylidyne—allenyl coupling and of the ex-
tension of the unsaturated character of cumulene to the
bridging carbyne carbon.

Analogous linear C,4 fragments bridging two adjacent
metal centres are known. They include, for example, p-
n%n3-2-butadienyl ligands (Scheme 6, III) in diruthe-
niumt?! and diiron complexes.'® A more appropriate
comparison is with the complex [Fe,{u-n'n3*-C(Ph)C-
(Ph)C=CH,)} (u-CO)(CO)(Cp),]"'"! (Scheme 6, IV), which
exhibits a bridging C,4 ligand very similar to that of 3 and
4, except for the fact that it does not contain heteroatoms.
The bridging C, frame can be described as a bridging al-
lenylcarbene, or as a p-n':n3-butadienylidene complexes.
The representations of 3, 4 and IV, shown in Scheme 6,
emphasize the butadienylidene nature of the bridging li-
gands. It should be noted that the bridging ligand in IV,
although similar to that in 3 and 4, is the result of a dif-
ferent synthetic approach in that it comes from the coup-
ling between two C, units: a bridging ethylidene and a
diphenylacetilene.

A further example of a bridging butadienylidene ligand
is found in the triruthenium complex [Ru;(CO)(us-n*-
CH,=CC(iPr)=CH)(u-PPh,)(u-H)]!'8! (Scheme 6, V).
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The coordination mode of the butadienylidene ligand in
V, which involves three metal atoms, is similar but not iden-
tical to that found in 3 and 4. However, in this case the
analogy concerns the synthetic route. As shown in
Scheme 6, the C,4 ligand in V was obtained upon intramo-
lecular coupling of allenyl and bridging methylidene ligands
accompanied by hydrogen abstraction and coordination as
a bridging hydride.['8]

The unsaturated C, fragment in 3 and 4 bound to mul-
tiple sites is potentially susceptible to electrophilic ad-
ditions, as well as to a number of other transformations. As
an example, we have investigated the reactivity of 3 and 4
with HSO3;CF; and CH;SO;CF;. Compounds [Fe,{u-
n'm*-CuN(R)(Me)Cp(H)C,C5(Me),} (-CO)(CO)(Cp)] (R
= Xyl, 3a; R = Me, 3e) react with HSO;CF; to afford
the vinyliminium complexes [Fe,{p-n'n3-C,(CsHMe,)-
CgHC,N(R)(Me)} (u-CO)CO)(Cp)][SO;CF5] (R = Xyl,
5a; R = Me, 5b) in nearly quantitative yields (Scheme 7).

P e omo b
/N\ // \ N CB\\ /C(H)Mez
Ve C‘{ o Mo/ € /<

AN \ /CO
Fe\ /Fe
HSO3CF3 C
(6}
3a Xyl Sa
3e Me 5b

Scheme 7.

Complexes 5a,b have been characterized by spectroscopy
and elemental analysis. Moreover, the X-ray structure of 5a
has been determined (Figure 3 and Table 3). The cationic
complex 5a can be described as a vinyliminium cation, and
all of its relevant bonding parameters perfectly parallel the
ones described in the literature for analogous complexes
(Scheme 2a).1'% In addition, the molecule displays a cis ge-
ometry for the Cp ligands, and the E conformation for the
iminium group, as normally found for similar complexes
that present a Me and a Xyl group at the iminium moiety
and a hydrogen atom at Cg.
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Figure 3. ORTEP drawing of [Fe,{p-n'm?3-C,(CsHMe,)CgHC,N-
(Me)(XyD)} (u-CO)(CO)(Cp)-l[SO5CF3] (5a) [all H atoms, except
H(14) and H(25), have been omitted for clarity]. Only the main
image of the disordered Cp ligand bonded to Fe(2) is drawn. Ther-
mal ellipsoids are shown at the 30% probability level.

Table 3. Selected bond lengths [A] and angles [°] for [Fe,{p-n":n3-
Cy(CsHMe,) CgHC N(Me)(XyD) } (n-CO)(CO)(Cp)2][SO;CF5], Sa.

Fe(1)-Fe(2) 2.5460(8) C(11)-O(11) 1.145(6)
Fe(1)-C(12) 1.979(4)  C(12)-0(12) 1.167(5)
Fe(2)-C(12) 1.885(4)  C(13)-C(14) 1.415(6)
Fe(2)-C(11) 1.753(5)  C(14)-C(15) 1.427(6)
Fe(1)-C(13) 2.046(4)  C(15)-N(1) 1.299(5)
Fe(2)-C(13) 1.960(4)  N(1)-C(17) 1.454(6)
Fe(1)-C(14) 2.0754)  N(1)-C(16) 1.476(6)
Fe(1)-C(15) 1.838(4)  C(13)-C(25) 1.532(6)
Fe(2)-C(13)-Fe(1) 78.89(15) C(15)-N(1)-C(17)  123.0(4)
C(14)-C(13)-Fe(2) 121.33)  C(15)-N(1)-C(16)  119.8(4)
C(15)-C(14)-C(13) 118.14)  C(17)-N(1)-C(16)  117.1(3)
N(1)-C(15)-C(14)  132.94)  C(14)-C(15)-Fe(l) 77.8(2)
N(1)-C(15)-Fe(1)  147.2(3)

The spectroscopic properties (IR and NMR spectra) of
5a,b closely resemble those reported for analogous vinylim-
inium species.'” The NMR spectrum of 5a reveals the pres-
ence of two isomeric forms (E and Z isomers) that are at-
tributable to the different orientations that the two N sub-
stituents can assume and that are due to the double-bond
character of the C,—N (iminium) interaction. As expected,
the E isomer, in which the Xyl group points far from the
Fe atom, which corresponds to the structure found in the
solid, prevails in solution with an E/Z ratio of 5:1). Con-
versely, the NMR spectrum of 5b, in which the N substitu-
ents are equivalent, shows one single set of resonances.
NOE studies carried out on 5a,b have outlined that the Cp
substituents adopt the cis configuration. Taking into con-
sideration that 3a exists in solution as cis and trans isomers,
and the precursor 3e is present only in the trans form, the
formation of 5a,b must be accompanied by trans-cis isomer-
ization. Further rearrangements involve the CO group: a
terminal bound CO group is found on the Fe-Cy metal
centre instead of the Fe-C, centre. These rearrangements
2442
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of the ancillary ligand are a consequence of the “slippage”
of the bridging hydrocarbyl ligand, which occurs along with
the transformation into bridging vinyliminium. In fact, allyl
coordination of the bridging frame shifts from one metal
centre to the other and the carbon atom bridging the two
metal centres changes from C, to C, in 3a and 5.

These rearrangements evidence the flexibility and the
ease by which the Fe,(CO),Cp, frame accompanies the
transformation of the bridging organic frame.

In order to determine whether or not the protonation
reaction can be reversed upon treatment with a base, we
studied the reactivity of 5a with NaH. The reaction selec-
tively afforded the metallacyclo complex 6, rather than re-
moving a proton (Scheme 8).

H + /Xyl
Xy] j Me\N H
\=C/C[;S Y/C(H)Mez \ca—cﬁ/
o
NN Oc
Me Fe——Fé. NaH \Fe// \\C
N — SN T CHMe
0O I}
0
5a
6
Scheme 8.

The formation of 6 is consistent with the previously re-
ported reactions of analogous vinyliminium complexes
[Fes {u-n'm*-C,(R")CgHC N(Xyl)(Me)} (1-CO)(CO)(Cp),]-
[SO5CF;] (R = Me, CO,Me, CMe,OH) which, upon treat-
ment with NaH, resulted in a similar fragmentation of the
diiron compound and formation of the corresponding 1-
metalla-2-amino-cyclopenta-1,3-dien-5-one complexes.[!*]

Complex 6 has been characterized by IR and NMR spec-
troscopy, as well as by elemental analysis. The NMR spec-
tra evidence the presence of £ and Z isomers in about a 2:1
ratio; these are due to the different orientations that the Me
and Xyl groups can assume with respect to the N-C, bond,
which exhibits some double bond character. These observa-
tions are consistent with those previously reported for the
metallacyclopentadienone complexes mentioned above.!'°]

By contrast with the effectiveness of the protonation re-
action, we found that compounds 3 are inert towards
CH;SO;CFs. In particular, stirring a dichloromethane solu-
tion of 3a with CH3SO;CF; overnight gave only trace
amounts of 5a.

Compared to 3, the thiomethylbutadienylidene com-
plexes 4a,b show a different behaviour with respect to
HSO;CF; and CH;SO;CF;. The reaction with HSO;CF5
does not produce any stable compound. Protonation, which
presumably takes place at the S atom, is reversible, and
slowly leads to the decomposition of 4a,b. On the other
hand, complexes 4a,b undergo methylation at the S atom
upon treatment with CH3;SO;CF; in CH,Cl, solution to
afford the cationic complexes 7a,b, which have been charac-
terized by spectroscopy and elemental analysis (Scheme 9).
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Moreover, the X-ray molecular structure of 7a has been
determined (Figure 4 and Table 4). The structure of the sul-
fonium derivative 7a closely resembles those of the parent
neutral thio-1,3-butadienylidene complex cis-4b and the re-
lated amino compound cis-3a.

Figure4. ORTEP drawing of 13-Co(SMe,)Cy(H)-

[Fes{p-n':
C,Cs(Me),} (u-CO)(CO)(Cp),][SO;CF;] (7a) [all H atoms, except

H(14) have been omitted for clarity]. Thermal ellipsoids are shown
at the 30% probability level.

Table 4. Selected bond lengths [A] and angles [°] for [Fe,{p-n'm?3-
Cu(SMey)Cp(H)C, Cs(Me),} (n-CO)(CO)(Cp),][SO5CF3], 7a.

Fe(1)-Fe(2) 2.5423(8)  C(11)-O(11) 1.141(6)
Fe(1)-C(12) 1.878(5)  C(12)-0(12) 1.171(6)
Fe(2)-C(12) 1.984(5)  C(13)-C(14) 1.417(6)
Fe(2)-C(11) 1.759(5)  C(14)-C(15) 1.398(6)
Fe(1)-C(13) 1.976(4)  C(15)-C(16) 1.323(6)
Fe(2)-C(13) 1.942(4)  C(13)-S(1) 1.773(4)
Fe(1)-C(14) 2.057(4)  S(1)-C(20) 1.791(6)
Fe(1)-C(15) 1.997(4)  S(1)-C(19) 1.798(6)
C(16)-C(17) 1.512(6)  C(16)-C(18) 1.495(7)
Fe(2)-C(13)-Fe(1)  80.91(16) C(15)-C(16)-C(18) 122.6(4)
C(14)-C(13)-Fe(2) 123.73)  C(15)-C(16)-C(17) 120.0(4)
C(15)-C(14)-C(13) 116.2(4)  C(18)-C(16)-C(17) 117.3(4)
C(16)-C(15)-C(14) 143.1(4)  C(13)-S(1)-C(20)  110.1(3)
C(16)-C(15)-Fe(l) 144.6(4)  C(13)-S(1)-C(19)  101.8(3)
C(14)-C(15)-Fe(l) 72.2(2)  C(20)-S(1)-C(19)  98.8(3)

Methylation of the S atom is remarkable in that it pro-
duces only small changes in the coordination mode of the
bridging ligand, in comparison to the effects generated by
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the protonation of 3a and 3e. The overall connectivity is not
altered, but some bonding distances are sensibly affected. In
particular, the Fe(1)-C(15) bond [1.997(4) A] is consider-
ably elongated compared to that of cis-4b [1.906(6) A],
whereas the Fe(1)-C(13) bond [1.976(4) A] is shortened
[2.003(7) A in cis-4b], which suggests that 7a,b are better
described as  bridging  sulfonium-allenylalkylidene
(Scheme 10, VII), rather than sulfonium-butadienylidene
complexes (Scheme 10, VI).
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In agreement with this, the C(14)-C(15) bond
[1.398(6) A] displays more pronounced nt-character than the
C(13)-C(14) bond [1.417(6) A].

The spectroscopic properties of 7a,b are consistent with
the structural data. IR spectra (in CH,Cl, solution) display
the usual v(CO) band pattern consisting of two absorptions
(1988 and 1809 cm™! for 7a) that are shifted to higher fre-
quencies by about 30 cm™' compared to the parent com-
plexes, as a consequence of the positive charge. The NMR
spectra show single sets of resonances. NOE studies carried
out on both 7a and 7b evidence that the Cp ligands also
adopt the cis configuration in solution. The S-methyl
groups give rise to a single resonance in both the 'H and
13C NMR spectra (6 = 3.75 and 39.6 ppm, respectively, for
7b), which indicates their equivalence. Major features of the
13C NMR spectra are given by resonances attributable to
Cq Cp, C, and C;, which fall, in the case of 7a, at 159.4,
59.6, 181.0 and 114.5, respectively.

Methylation at the S atom in bridging thioalkylidene
complexes of the type [Fe,{pu-C(SMe)(X)}(n-CO)(CO),-
(Cp)s] (X = H, CN) is well documented.”® The formation
of the corresponding bridging sulfonium-alkylidene com-
plexes  [Fe, {p-C(SMe)(X)} (1-CO)(CO)»(Cp),]J[SO;CF;]
has been exploited to obtain a variety of bridging alkylid-
ene complexes by SMe, displacement by nucleophiles in-
cluding amines, alcohols, thiols, phosphanes and carbon
nucleophiles.?!! Displacement of the SMe, unit from the
bridging ligand has also been attempted for 7a,b, but with-
out success. Indeed, compounds 7a,b were unreactive with
respect to NaBH,; or NBuyCN in THF at room tempera-
ture, and no replacement of the SMe, group by hydride or
cyanide was observed.

Conclusions

Allene incorporation into bridging amino- and thioalkyl-
idyne complexes follows a general behaviour and is not af-
fected by the nature of the heteroatom (N or S) on the
bridging ligand. The coupling reaction requires proton re-
moval from the allene and the presence of a vacant coordi-
nation site on one iron centre, in order to allow preliminary
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allene coordination. Allenyl-alkylidyne coupling generates
a bridging C, frame, which can be described as a thio- or
amino-n'n3-butadienylidene ligand or, alternatively, as a
bridging thio- or aminoallenylalkylidene ligand. The whole
of these representations accounts for the extended m-bond
in the bridging frame, which supports multisite coordina-
tion and allows for the addition of electrophilic reagents
such as HSO;CF; and CH;SO;CF5. The reactivity of the
butadienylidene ligand is influenced by the nature of the
heteroatom substituents (N or S). Thus, methylation of the
bridging thiobutadienylidene complexes occurs selectively
at the S atom, to generate the corresponding sulfonium de-
rivatives. By contrast, protonation of the aminobutadienyli-
dene complexes takes place at the terminal carbon of the
C,4 chain and transforms the bridging frame into a stable
vinyliminium ligand. Once again, these reactions evidence
the role of the rather flexible dinuclear frame Fe,(CO),Cp,
in supporting transformations of the bridging ligand, in
that they are accompanied and sustained by proper changes
in the coordination mode or in the configuration of the an-
cillary ligands (cis-trans isomerizations).

Experimental Section

General: All reactions were routinely carried out under a nitrogen
atmosphere using standard Schlenk techniques. Solvents were dis-
tilled immediately before use under nitrogen from appropriate dry-
ing agents. Chromatography separations were carried out on col-
umns of deactivated alumina (4% w/w water). Glassware was oven-
dried before use. Infrared spectra were recorded at 298 K with a
Perkin—Elmer Spectrum 2000 FTIR spectrophotometer and ele-
mental analyses were performed on a ThermoQuest Flash 1112
Series EA Instrument. All NMR measurements were performed at
298 K with a Mercury Plus 400 instrument. The chemical shifts for
'H and '3C were referenced to internal TMS. The spectra were fully
assigned with DEPT experiments and "H-'3C correlation through
gs-HSQC and gs-HMBC experiments.”??) NOE measurements were
recorded using the DPFGSE-NOE sequence.?) NMR signals due
to a second (minor) isomeric form (where it has been possible to
detect and/or resolve them) are italicized. All reagents were com-
mercial products (Aldrich) of the highest purity available and used
as received. [Fe,(CO)4(Cp),] was purchased from Strem and used
as received. Compounds 1a, 1bl128], 1¢P24 and 2?3 were prepared
by published methods.

Synthesis of [Fe,{p-n":n3-C,N(R)(Me)Cz(H)C,C5(R")R')}(n-CO)-
(CO)(Cp)2l R = Xyl, R" = R"" = Me, 3a; R = Xyl, R" = Me, R"’
=H, 3b; R = Xyl, R’ = CO,Et, R”" = H, 3¢; R = 4-C4H,OMe, R’
= CO,Et, R = H, 3d; R = R’ =R"" = Me, 3¢; R' = CO,Et, R"’
= H, 3f): A solution of complex 1a (205 mg, 0.330 mmol) in THF
(15mL) was treated with H,C=C=CMe, (0.10 mL, 1.02 mmol),
Et;N (0.90 mL, 6.5 mmol) and Me;NO (50 mg, 0.67 mmol). The
mixture was stirred for 30 min, then it was filtered through alu-
mina, and the solvent was removed under reduced pressure.
Chromatography of the residue on alumina, with diethyl ether as
eluent, gave a green band corresponding to 3a. Yield 132 mg, 78%.
Crystals suitable for X-ray analysis were obtained from a diethyl
ether solution layered with n-pentane at —20 °C. C,;H,9Fe,NO,
(511.22): caled. C 63.44, H 5.72; found C 63.51, H 5.62. IR
(CH,CLy): ¥V = v(CO) 1946 (s), 1921 (vs), 1760 (s) cm™'. 'H NMR
([Dglacetone): 0 = 7.76-7.10 (m, 3 H, Me,C¢Hs3); 5.10, 4.70, 4.40,
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4.39 (s, 10 H, Cp); 3.91, 3.88 (s, 3 H, NMe); 3.08, 3.02 (s, 1 H,
CgH); 2.65, 2.62, 2.44, 2.39 (s, 6 H, Me,CeHs); 2.18, 2.01, 1.70,
1.31 (s, 6 H, CsMe-) ppm. transicis ratio 3:2. '3C{"H} NMR ([Dg]-
acetone): 0 = 265.1, 263.7 (u-CO); 215.6, 214.0 (CO); 204.5, 203.5
(Co): 158.9, 158.4 (C,); 147.8 (ipso-Me,CsH3); 135.1, 134.2, 129.8,
129.6,129.3, 128.6, 126.7, 126.5 (Me,CsHz); 120.2, 118.6 (Cs); 88.1,
86.1, 84.6, 83.3 (Cp); 47.7, 44.4 (NMe); 47.3, 35.2 (Cp); 26.9, 26.0,
21.2, 20.6 (CsMe»); 19.8, 19.4, 19.0, 18.7 (Me>CsH3) ppm. Com-
pounds 3b,c were prepared by the same procedure described for 3a
by reacting 1a (200 mg) with Et;N, MesNO and the appropriate
allene.

3b: Yield 112 mg, 70%; colour: green. C,cH,;Fe,NO, (497.19):
caled. C 62.81, H 5.47; found C 62.88, H 5.42. IR (CH,Cl,): v =
v(CO) 1950 (s), 1920 (vs), 1767 (s) cm '. '"H NMR (CDCly): 6 =
7.44-7.08 (m, 3 H, Me,Cy¢H>); 5.00, 4.78, 4.67, 4.40 (s, 10 H, Cp);
4.16, 4.08 (s, 1 H, CsH); 3.89, 3.80 (s, 3 H, NMe); 3.17 (s, 1 H,
CgH); 2.60, 2.57, 2.38 (s, 6 H, Me,CH3); 2.17,2.08 (s, 3 H, CsMe)
ppm. transicis ratio 6:5. 3C{'H} NMR (CDCls): § = 264.3, 262.1
(u-CO); 216.0, 214.0 (CO); 206.5, 202.1 (C,); 157.4, 157.2 (C,);
148.0 (ipso-Me,CsH3); 134.8-126.3 (Me,C4H3); 120.9 (Cs); 87.0,
86.9, 86.2, 8§4.9 (Cp); 47.7, 44.4 (NMe); 47.4 (Cp); 29.2, 27.9
(CsMe); 20.8, 19.6, 18.8, 17.9 (Me,CgH3) ppm.

3c: Yield 136 mg, 76%; colour: green. CogHyoFe;,NO, (555.22):
calcd. C 60.57, H 5.26; found C 60.56, H 5.29. IR (CH,Cl,): v =
V(CO) 1964 (vs), 1922 (s), 1770 (s), 1729 (m), v(C,Cs) 1676 (m)
cm ! ppm. 'H NMR (CDCl,): 6 = 7.33-7.16 (m, 3 H, Me,CsH>);
5.95,5.76 (d, *Juyu = 2 Hz, 1 H, CsH); 5.09, 4.68, 4.48, 4.33 (s, 10
H, Cp); 4.00 (br., 2 H, CO,CH,); 3.85, 3.84 (s, 3 H, NMe); 3.26,
3.16 (d, “Jyn = 2 Hz, 1 H, CgH); 2.58, 2.40 (s, 6 H, Me,CgH3); 1.29
(br., 3 H, CO,CH,CH3) ppm. cis/trans ratio 2:1. 3C{'H} NMR
(CDCl3): 0 = 266.3 (u1-CO); 216.3 (CO); 203.0 (C,); 189.4, 189.2
(C); 1594 (CO,Et); 146.0 (ipso-Me,CgHs); 135.6-126.7
(Me,CoH3); 111.4, 109.4 (Cs); 88.5, 86.0, 85.7, 84.2 (Cp); 59.2
(CO,CH,); 49.7, 48.8 (NMe); 47.7, 37.6 (Cp); 19.8, 19.4, 19.0, 18.5
(Me,CeH3); 14.2, 13.8 (CO,CH,CH3) ppm.

Compound 3d was prepared by the same procedure described for
3a by reacting 1b (273mg) with Et;N, MesNO and
CH,=C=CH(COOE).

3d: Yield 174 mg, 71%; colour: green. C,;H,,Fe,NOs (557.20):
caled. C 58.20, H 4.88; found C 58.25, H 4.76. IR (CH,Cl,): v =
v(CO) 1966 (vs), 1936 (s), 1778 (s), 1729 (m) cm!'. 'H NMR
(CDCl,): 6 = 7.67-6.90 (m, 4 H, CcH,OMe); 5.98, 5.88 (d, *Jyn =
2.2Hz, 1 H, C;H); 4.72, 4.66, 4.64, 4.55 (s, 10 H, Cp); 4.12 (s, 3
H, OMe); 4.01 (s, 3 H, NMe); 4.00 (br., 2 H, CO,CH,); 3.36, 3.30
(d, *Jyn = 2.2 Hz, 1 H, CgH); 1.26 (br., 3 H, CO,CH,CH3;) ppm.
cis/trans ratio 3:2. 3C{'H} NMR (CDCls): § = 265.7, 263.5 (u-
CO); 215.0 (CO); 202.3, 200.7 (C,); 1894, 189.2 (C,); 156.9
(CO,Me); 150.0, 128.6, 127.9, 125.8, 114.9, 114.2 (CsH4Me); 111.8,
110.0 (Cs); 88.7, 86.7, 85.2, 84.5 (Cp); 59.6, 59.5 (CO,CH,); 55.7,
55.6 (OMe); 47.3, 352 (Cp); 43.7, 43.5 (NMe); 14.5, 14.1
(CO,CH,CH3) ppm.

Compound 3e-f were prepared by the same procedure described
for 3a by reacting 1c (230 mg) with Et;N, MesNO and the appro-
priate allene.

trans-3e: Yield 134 mg, 72%; colour: green. C,yH,3Fe;NO,
(421.09): caled. C 57.05, H 5.51; found C 57.12, H 5.46. IR
(CH,Cly): ¥ = v(CO) 1919 (vs), 1764 (s) cm . '"H NMR (CDCl,):
0 = 4.50, 4.23 (s, 10 H, Cp); 3.64 (s, 6 H, NMe,); 3.45 (s, 1 H,
CgH); 2.31, 1.79 (s, 6 H, CsMe,) ppm. PC{'H} NMR (CDClL;): §
= 267.2 (p-CO); 214.1 (CO); 204.1 (C,); 159.4 (C,); 119.0 (Cp);
87.7, 83.5 (Cp); 46.2 (NMe,); 35.4 (Cp); 26.8, 21.5 (CsMe,) ppm.
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trans-3f:  Yield 165mg, 80%; colour: green. C, H,3Fe,NO,
(465.10): caled. C 54.23, H 4.98; found C 54.29, H 4.88. IR
(CH,Cly): ¥ = v(CO) 1931 (vs), 1783 (s), 1730 (w) cm . "TH NMR
(CDCly): 0 = 6.04 (br., 1 H, CsH); 4.52, 4.28 (s, 10 H, Cp); 3.65 (s,
6 H, NMe,); 4.05 (br., 2 H, CO,CH,); 3.44 (br., 1 H, CgH); 1.23
(br., 3 H, CO,CH,CH;) ppm. C{'H} NMR (CDCly): 6 = 265.5
(u-CO); 213.1 (CO); 202.8 (Cy); 195.5 (C,); 163.0 (CO,EL); 109.2
(Cs); 88.5, 84.8 (Cp); 59.3 (CO,CH,); 46.3 (NMe,); 38.0 (Cp); 14.5
(CO,CH,CHj;) ppm.

Synthesis of [Fe,{p-n":n3-C,S(Me)Cp(H)C,C5(R")(R’")}(n-CO)-
(CO)(Cp)al R = R"" = Me, 4a; R" = CO,Et, R" = H, 4b; R’ =
SiMesz, R"" = Me, 4c): A solution of 2 (300 mg, 0.561 mmol) in
THF (20mL) was treated with H,C=C=CMe, (0.10 mL,
1.02 mmol), Et;N (1.2mL, 8.7mmol) and Me;NO (84 mg,
1.12 mmol). The resulting mixture was stirred for 40 min, and then
was filtered through alumina. Removal of the solvent gave a residue
that was chromatographed on alumina using diethyl ether as eluent.
A green band was collected to afford 4a as a green-brown powder
upon solvent removal. Yield 178 mg, 75%. C;9H,oFe,0,S (424.12):
caled. C 53.81, H 4.75; found C 53.89, H 4.66. IR (CH,ClL,): v =
v(CO) 1959 (vs), 1936 (s), 1781 (s) em™'. '"H NMR (CDCl,): § =
4.87,4.54, 4.52, 4.25 (s, 10 H, Cp); 4.16, 4.00 (s, 1 H, CgH); 2.90,
2.87 (s, 3 H, SMe); 2.27, 2.11, 1.80, 1.65 (s, 6 H, CsMe,) ppm.
cis/trans ratio 5:3. 3C{'H} NMR (CDCls): § = 262.6, 261.3 (u-
CO); 212.7, 212.1 (CO); 188.4, 188.1 (C,); 158.0, 155.4 (C,); 122.8,
120.4 (Cy); 88.2, 87.4, 86.3, 84.7 (Cp); 51.3, 50.4 (Cp); 27.1, 26.7,
21.6, 21.1 (CsMe»); 20.6, 20.4 (SMe) ppm. Compounds 4b,c were
prepared by the same procedure described for 4a by reacting 2
(300 mg) with Et;N, MesNO and the appropriate allene
H,C=C=C(R")(R""). Crystals of 4b suitable for X-ray analysis were
obtained from a CDCl; solution layered with n-pentane at —20 °C.

4b: Yield 205 mg, 78%; colour: green. C,oH, Fe,04S (468.13):
caled. C 51.31, H 4.31; found C 51.36, H 4.30. IR (CH,Cl,): v =
v(CO) 1977 (s), 1953 (vs), 1788 (s), 1709 (w) cm'. '"H NMR
(CDCly): 6 = 5.92, 5.81 (d, *Jyyr = 2.20 Hz, 1 H, CsH); 4.95, 4.78,
4.57,4.29 (s, 10 H, Cp); 4.67, 4.56 (d, *Jyn = 2.20 Hz, 1 H, CgH);
4.12, 3.98 (m, 2 H, CO,CH,); 2.88, 2.87 (s, 3 H, SMe); 1.20, 1.14
(m, 3 H, CO,CH,CH;) ppm. trans/cis ratio 3:1. 3C{'H} NMR
(CDCly): 0 = 262.1, 259.9 (u-CO); 210.8, 210.3 (CO); 191.5, 190.1,
189.7, 188.5 (C, and C,); 162.5, 162.4 (CO,Et); 111.4, 110.2 (C;);
89.0, 88.0, 87.4, 85.9 (Cp); 59.6, 59.5 (CO,CH,); 54.3, 52.5 (Cp);
20.9, 20.7 (SMe); 14.4, 14.2 (CO,CH,CH;) ppm.

cis-4c: Yield 198mg, 73%; colour: brownish  green.
C, H,Fe,0,SSi (482.27): caled. C 52.30, H 5.43; found C 52.32,
H 5.39. IR (CH,Cl,): ¥ = v(CO) 1961 (vs), 1778 (s) cm'. '"H NMR
(CDCl,): 6 = 4.86, 4.55 (s, 10 H, Cp); 3.87 (s, 1 H, CgH); 2.83 (s,
3 H, SMe); 2.23 (s, 3 H, CsMe); -0.12 (s, 9 H, SiMe;) ppm. BC{'H}
NMR (CDCls): § = 262.9 (u-CO); 213.2 (CO); 188.3 (C,); 168.4
(C)); 125.0 (Cp); 87.8, 85.1 (Cp); 49.4 (Cp); 20.7 (SMe); 17.9
(CsMe); —1.9 (SiMes) ppm.

Synthesis of [Fe,{p-n':n*-C,(CsHMe,)C;HC N(R)(Me)} (n-CO)-
(CO)(Cp),l[SO;CF;5] (R = Xyl, 5a; R = Me, 5b): Compound 3a
(112 mg, 0.219 mmol) was dissolved in CH,Cl, (10 mL) and treated
with HSO3;CF; (0.025 mL, 0.283 mmol). The solution was stirred
for 15 min, and then the solvent was removed under reduced pres-
sure. Chromatography of the residue on an alumina column with
CH;OH as eluent gave a red band corresponding to 5a. Yield
123 mg, 85%. Crystals suitable for X-ray analysis were obtained
from a CH,Cl, solution layered with diethyl ether at -20 °C.
CosH30F3Fe;NOsS (661.29): caled. C 50.86, H 4.57; found C 51.00,
H 4.62. IR (CH,Cly): ¥ = v(CO) 2002 (vs), 1814 (s), v(CN) 1631
(m) cm™'. '"H NMR (CDCl): § = 7.40-6.93 (m, 3 H, Me,CsHs);
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541, 5.23,5.21, 4.82 (s, 10 H, Cp); 5.08, 4.22 (s, 1 H, CgH); 4.69
(m, 1 H, CHMe,); 4.19, 3.93 (s, 3 H, NMe); 2.24, 1.87, 1.75 (s, 6
H, Me,C¢Hs); 1.51 (dq, 3Juy = 12, #Juyn = 6.6 Hz, 6 H, CHMe,)
ppm. E/Z ratio 5:1. BC{'H} NMR (CDCl;): § = 254.0 (u-CO);
231.5 (C,); 210.1 (CO); 208.0 (C,); 145.0 (ipso-Me,CsH3); 131.4,
131.1, 129.9, 129.7, 129.5 (Me,CeHs); 92.6, 91.8, 91.6, 87.6 (Cp);
58.0 (Cs); 54.9 (Cp); 45.9 (NMe); 31.1 (CHMe,); 18.0, 17.5, 16.7
(Me>C¢H3). Complex 5b was prepared by the same procedure de-
scribed for 5a by reacting 3e (128 mg) with HSO;CF; ppm.

5b: Yield 139 mg, 80%; colour: light green. C,;HyF3Fe;NOsS
(571.17): caled. C 44.16, H 4.24; found C 44.17, H 4.20. IR
(CH,CL): ¥ = v(CO) 1988 (vs), 1806 (s), v(CN) 1682 (w) cm'. 'H
NMR (CDCls): 6 = 5.13, 5.08 (s, 10 H, Cp); 4.98 (br. s, I H, CgH);
4.92 (m, 1 H, CHMe,); 3.85, 3.26 (s, 6 H, NMe); 1.90 (dq, *Jyy =
12, #Jgu = 7.7 Hz, 6 H, CHMe,) ppm. C{'H} NMR (CDCls): §
=255.2 (u-CO); 224.2 (C,); 209.3 (CO); 208.5 (C,); 91.2, 87.7 (Cp);
56.7 (Cp); 52.0 (Cs); 51.7, 45.1 (NMe); 33.3 (CHMe,) ppm.

Synthesis of [Fe(CO)(Cp){C,N(Me)(Xyl)CzHC,(CsHMe,)C(O)}]
(6): A solution of 5a (123 mg, 0.186 mmol) in THF (10 mL) was
treated with NaH (44 mg, 1.91 mmol). The mixture was stirred for
30 min, and then it was filtered through an alumina pad. Removal
of the solvent and chromatography of the residue on an alumina
column with THF as eluent gave a brown band corresponding to
6. Yield 55 mg, 75%. C5,H,sFeNO, (391.28): caled. C 67.53, H
6.44; found C 67.61, H 6.39. IR (CH,Cl,): ¥ = v(CO) 1917 (vs),
1591 (m), v(C,N) 1620 (m) cm™'. "H NMR (CDCl;): § = 7.34-7.13
(m, 3 H, Me,C¢H3); 6.43 (s, 1 H, CgH); 4.61 (s, 5 H, Cp); 3.82 (s,
3 H, NMe); 2.70 (m, 1 H, C;H); 2.20, 2.08 (s, 6 H, Me,CsHs3); 0.84
(dq, 3Juu = 10.6, *Jyy = 6.6 Hz, 6 H, CsMe,) ppm. E/Z ratio 2:1.
BC{!H} NMR (CDCl): 6 = 272.6 (C=0); 264.0 (C,); 222.5 (CO);
173.6 (C,); 148.6 (Cp); 145.3 (ipso-Me,CsH3); 132.6, 132.1, 129.4,
128.9, 128.7 (Me,CsH3); 84.9 (Cp); 48.7 (NMe); 37.1 (Cy); 21.5
(CsMey); 17.3, 17.2 (Me,CgH3) ppm.

Synthesis of [Fe,{p-n':n3-C,(SMe,)Cy(H)C,C5(R)(R'")}(p-CO)-
(CO)(Cp),J[SO;CF;5] (R’ = R = Me, 7a; R" = CO,Et, R"" = H,
7b): CH;SO;CF; (0.03 mL, 0.27 mmol) was added to a solution of
4a (100 mg, 0.236 mmol) in CH,Cl, (12 mL). The mixture was
stirred for 2 h, and then it was chromatographed on an alumina
column. Elution with a 1:1 mixture of THF and methanol gave a
green band corresponding to 7a. Yield 111 mg, 80%. Crystals suit-
able for X-ray analysis were obtained from a dichloromethane solu-
tion layered with diethyl ether at -20°C. C,;H,3F;Fe,OsS,
(588.22): caled. C 42.88, H 3.94; found C 42.96, H 4.04. IR
(CH,Cl,): ¥ = v(CO) 1988 (vs), 1809 (s) cm™ . '"H NMR (CDCls):
0 =4.86,4.70 (s, 10 H, Cp); 4.18 (s, 1 H, CgH); 3.35 (s, 6 H, SMe);
1.95, 1.50 (s, 6 H, CsMe,) ppm. 3C{'H} NMR (CDCl;): 6 = 251.9
(u-CO); 209.6 (CO); 155.8 (Cy); 151.2 (Cs); 127.1 (C,); 86.9, 84.3
(Cp): 55.7 (Cp); 38.7 (SMe); 27.2, 20.7 (CsMe,) ppm.

Complex 7b was prepared by the same procedure described for 7a
by reacting 4b (109 mg) with CH;3SO;CFs.

7b: Yield 107 mg, 73%; colour: green. C,H,3F3Fe,04S, (632.23):
calcd. C 41.79, H 3.67; found C 41.85, H 3.59. IR (CH,Cl,): ¥V =
v(CO) 2002 (vs), 1806 (s), 1701 (m) cm™'. '"H NMR (CDCl5): § =
5.86 (br. s, 1 H, CsH); 5.21, 5.03 (s, 10 H, Cp); 4.88 (br. s, 1 H,
CgH); 3.93 (m, 2 H, CO,CH,); 3.75 (s, 6 H, SMe); 1.06 (m, 3 H,
CO,CH,CHs5) ppm. *C{'H} NMR (CDCly): 6 = 252.9 (un-CO);
207.8 (CO); 181.0 (C,); 159.4 (C,); 161.9 (COLEL); 114.5 (Cs); 88.2,
86.4 (Cp); 60.2 (CO,CH,); 59.6 (Cp): 39.6 (SMe); 14.2
(CO>CH,CHs) ppm.

X-ray Crystallography: Crystal data for cis-3a, cis-4b, 5a[CF;SO;]
CH,Cl, and 7a[CF;S05]-0.5CH,Cl, were collected at room tem-
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Table 5. Crystal data and experimental details for cis-3a, cis-4b, 5a[CF3SO5]-CH,Cl, and 7a]CF3S0O5]-0.5CH,ClL.

Complex cis-3a cis-4b 5a[CF;3S05]-CH,Cl, 7a[CF3S05]-0.5CH,Cl,
Formula C27H29F32N02 C20H20F6204S C29H32C12F3F€2N05$ C21'5H24C1F3F6205SZ
FW 511.21 468.12 746.22 630.68
T [K] 296(2) 195(2) 295(2) 295(2)
JTA] 0.71073 0.71073 0.71073 0.71073
Crystal system monoclinic orthorhombic monoclinic monoclinic
Space group P2/c P2,2,2, P2lc P2,/c
a[A] 9.0799(4) 8.7598(6) 10.3736(6) 9.8512(6)
b[A] 29.2031(12) 12.4318(9) 18.7998(11) 26.8978(16)
¢ [A] 9.6739(4) 18.1162(13) 16.9447(10) 9.8626(3)
° ) 110.3590(10) 90 101.5620(10) 92.9460(10)
Cell volume [A?] 2404.90(18) 1972.9(2) 3237.5(3) 2609.9(3)
V4 4 4 4 4
D, [gem ) 1.412 1.576 1.531 1.605
4 [mm!] 1.230 1.599 1.181 1.426
F(000) 1064 960 1528 1284
Crystal size [mm] 0.21X0.17x0.13 0.24x0.18 X0.14 0.23x0.19x0.13 0.240.20 X 0.15
0 limits [°] 2.35-27.10 1.99-25.99 1.64-27.00 1.51-27.00
Reflections collected 20747 20386 35640 28837
Independent reflections 5317 [Rine = 0.0301] 3880 [Rin = 0.0419] 7061 [R;y = 0.0473] 5701 [Ryye = 0.0340]
Data/restraints/parameters 5317/11/297 3880/117/245 7061/166/393 5701/128/330
Goodness of fit on F? 1.026 1.059 1.039 1.052
R, [I>2a(D)] 0.0288 0.0549 0.0606 0.0579
WR,; (all data) 0.0747 0.1412 0.1903 0.1935
Largest diff. peak and hole 561, ¢ 147 0.933/-0.382 0.862/-0.736 1.352/-0.645

[eA~]

perature with a Bruker AXS SMART 2000 CCD diffractometer
using Mo-K,, radiation. Intensity data were measured over full dif-
fraction spheres using 0.3° wide w scans, with a crystal-to-detector
distance of 5.2 cm. Cell dimensions and orientation matrixes were
initially determined from least-squares refinements on reflections
measured in 3 sets of 20 exposures collected in three different w
regions and eventually refined against all reflections. The SMART
softwarel?®! was used for collecting frames of data, indexing reflec-
tions and determining lattice parameters. The collected frames were
then processed for integration by the SAINT software, and empiri-
cal absorption corrections were applied with SADABS.?”! The
structure was solved by direct methods and refined by full-matrix
least-squares based on all data using F2.[?8] The crystal data are
listed in Table 5. Non-H atoms were refined anisotropically, unless
otherwise stated. H atoms were placed in calculated positions, ex-
cept for H(14) in cis-3a, cis-4b and 7a[CF;SO;]-0.5CH,Cl, and
H(14) and H(25) in 5a[CF3SO3]-CH,Cl,, which were located in the
Fourier map and refined isotropically with a thermal parameter
20% greater than that of the attached carbon. One Cp ligand and
the OEt group in cis-4b, one Cp ligand and the CH,Cl, molecule
in 5a[CF5SO;]*CH,Cl, and the CH,Cl, molecule in 7a[CF;SOs]
*0.5CH,Cl, are disordered. Disordered atomic positions were split
and refined isotropically using similar distances and U restraints
and one occupancy parameter per disordered group, apart from
the CH,Cl, molecule in 7a[CF5;SO;]-0.5CH,Cl, for which the two
disordered images are related by an inversion centre; in this case,
an occupancy factor of 0.5 was assigned to the independent image
of the molecule and then it was refined anisotropically. Similar U
restraints were applied to all C and O atoms in cis-4b, all C atoms
in 5a[CF5;SO;]*CH,Cl, and all C and F atoms in 7a[CF;SOs;]
+0.5CH,Cl,. The cis-4b crystals appeared to be racemically twinned
with a refined Flack parameter of 0.49(4).1>]

CCDC-673762 (for 3a), -673763 (for 4b), -673764 (for 5a[CF;SO3]-
CH,Cl,) and -673765 (for 7a[CF;SO;]:0.5CH,Cl,) contain the
supplementary crystallographic data for this paper. These data can
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be obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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