Available online at www.sciencedirect.com

SCIENCE‘(ﬁDIRECT®

Journal of Organometallic Chemistry 690 (2005) 1456-1466

of O
metallic
Chemistry

ELSEVIER

www.elsevier.com/locate/jorganchem

Reactivity of silyl-substituted heterobimetallic iron—platinum
hydride complexes towards unsaturated molecules: Part II.
Insertion of trifluoropropyne and hexafluorobutyne into
the platinum-hydride bond

Michael Knorr ®*, Isabelle Jourdain #, Fernando Villafafie ®, Carsten Strohmann ©

& Laboratoire de Chimie des Matériaux et Interfaces, Université de Franche-Comté, Faculté des Sciences et des Techniques, 16,
Route de Gray, F-25030 Besang¢on Cédex, France
° Quimica Inorgdnica, Facultad de Ciencias Universidad de Valladolid, 47005 Valladolid, Spain
¢ Institut fiir Anorganische Chemie der Universitit Wiirzburg, Am Hubland, D-97074 Wiirzburg, Germany

Received 10 June 2004; accepted 23 November 2004
Available online 26 January 2005

Abstract

Insertion of hexafluorobutyne into the Pt-H bond of the heterobimetallic complexes [(OC);Fe{Si(OMe)s}-
(uL-Ph,PXPPh,)Pt(H)(PPh3)] (1a X =CH,; 1b X =NH) vyields the o-alkenyl complexes [(OC);Fe{u-Si(OMe),(OMe)}-
(1-Phy,PXPPh,)Pt{C(CF3)=C(H)CF3}] (3a X = CH,; 3b X = NH). This insertion reaction is accompanied by dissociation of the
platinum bound PPhs ligand and saturation of the vacant coordination site by a dative p—n>-Si-O — Pt interaction. Addition
of the Pt—H bond of 1a across the triple bond of 3,3,3-trifluoropropyne affords in a regiospecific manner [(OC);Fe{p-Si(OMe),(O-
Me)} (u-dppm)Pt{C(CF3;)=CH,}] (2) having the trifluoromethyl substituent on the o-carbon. Addition of RN=C to 3 affords the
isocyanide adducts [(OC);Fe{Si(OMe)s}(p-Ph,PXPPh,)Pt(CNR){C(CF;)=C(H)CF}] (4a R = -Bu, X = CH,; 4b R = 2,6-xylyl,
X = CH,; 4¢ R = 2,6-xylyl, X = NH). In dichloromethane solution 3a is gradually transformed into the C4F4-bridged compound
[(OC)sFe(p-dppm)(u-CF3;C=CCF;)Pt(CO)] 5. The Pt-bound carbonyl ligand of 5 is displaced by xylylisocyanide or trim-
ethylphosphite affording the derivatives [(OC);Fe(pu-dppm)(pn-CF3;C=CCF3)Pt(CNxylyl)] 6 and [(OC);Fe(p-dppm)-
(L-CF3C=CCF;)Pt{P(OMe);}] 7. The molecular structures of 4a, 5 and 6 have been determined by X-ray diffraction studies.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Heterobimetallics; Hydride; Alkenyl complexes; Insertion; Alkyne; Iron; Platinum

1. Introduction

Owing to a rich reactivity, the coordination and acti-
vation of alkynes at heterodinuclar complexes still at-
tracts considerable attention [1]. Apart from simple
ligand displacement reactions in the coordination sphere
of the bimetallic system [2], oxidative addition of termi-
nal alkynes may lead to alkynyl compounds [3]. The for-
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mation of metallacyclobutenones or metallacylopen-
tenones via carbon-carbon coupling reactions with
carbonyl ligands is well documented [2,4,5]; further
examples for carbon-carbon bond formation are
coupling reactions with bridging carbyne ligands [6] or
head to head alkyne coupling across a Fe-Rh or
Mo—Co unit [7]. Another reactivity pattern are insertion
reactions in metal-metal [8], metal-phosphorus [9,10],
metal-carbon [11,12] and metal-hydride bonds. Exam-
ples for the latter reaction are the insertion of alkynes
in the Os—H and Rh-H of [(OC)Rh(p-dppm),Os(H)-
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(CO),] and [(OC)Rh(p-dppm),Mo(pu-H)(CO);] generat-
ing o-alkenyl complexes [13]. Note that addition of
alkynes to the hydride compound [(n’-Cp)(OC);Mo—
Pt(H)(dppe)] promotes first hydrogen transfer with con-
comittant cleavage of the metal-metal bond [14]. Only
in case of terminal alkynes, subsequent addition of
[(°-Cp)(OC);Mo(H)] across [(HC=CR)Pt(dppe)] gen-
erates the final alkenyl-bridged system [(1°-Cp)(OC),-
Mo(p-CO)(n-HC=CR)Pt(H)(dppe)].

In the course of our investigations on the activation
of small molecules by heterobimetallics, we recently
examined the insertion of phenylacetylene and p-tolyl-
acetylene into the Pt—H bond of heterodinuclear iron—
platinum hydride complexes [(OC);Fe{Si(OMe);}
(1-Ph,PXPPh,)Pt(H)(PPhs)] (1a X = CH,; 1b X = NH)
[15]. The influence of the second adjacent metal center
close to a square planar platinum(II) moiety on the re-
gio- and site selectivity of this important reaction was
of special interest. We found that insertion of these
aromatic terminal alkynes afforded first the isolable
c-alkenyl complexes [(CO);Fe{p-Si(OMe),(OMe)}(p-
Ph,PXPPh,)Pt{(Ar)C=CH,}], which were transformed
in a subsequent rearrangement reaction in the presence
of PPhj; into the stable p-vinylidene complexes [(OC)s-
Fe{u-C=C(H)Ar}(u-Ph,PXPPh,)Pt(PPh;)] (Scheme 1).

In order to evaluate the influence of a strongly elec-
tron-withdrawing CF3 substituent on the outcome of
the reaction, we have studied the reactivity of 1 towards
the activated alkynes 3,3,3-trifluoropropyne and hexa-

fluorobut-2-yne. We report here on the synthesis of
c-alkenyl complexes, as well on their transformation
to structurally characterized isocyanide adducts and
intermolecular formation of p-F;CC=CCF; Fe-Pt
complexes.

2. Results and discussion
2.1. Reactivity of 1 towards trifluoropropyne

Trifluoropropyne was condensed into a frozen
CH,Cl, solution of la. After reaching ambient tem-
perature, rapid insertion across the triple bond took
place. After work-up, yellowish [(OC);Fe{u-Si(OMe),-
(OMe)} (u-dppm)Pt{C(CF3)=CH,}] (2) was isolated in
88% yield (Scheme 2).

According to the proton NMR spectrum, a coordina-
tion site on the platinum centre is electronically satu-
rated by a dative interaction of a methoxy group of
the trimethoxysilyl ligand forming a four-membered
Fe-Si-O — Pt cycle, since two singlets in a 2:1 ratio at
0 3.78 and 3.69 due to non-equivalent SiOMe groups
are observed. The two geminal alkenyl hydrogens show
no resolved mutual couplings; the broadened singlet at ¢
6.01 displaying a strong *J(Pt-H) coupling of 121 Hz is
assigned to the (E)-proton in trans-position relative to
platinum, due to a weaker *J(Pt—H) coupling of 64 Hz
the second vinylic resonance at 6 4.91 is assigned to

X X
Ph,P” " “PPh, Ph,P~ " PPh,
| | R'@— C=CH | |

(0C);Fe Pt—PPh,

- PPh;

(MeO)5Si H

» (OC)Fe P—C.
[y
(MeO),Si
\Me H

PPh; | - HSi(OMe);
\

X
Ph,P~~ PPh,

(OC)3Fe|:\ /

Pt—— PPh,

Scheme 1.



1458 M. Knorr et al. | Journal of Organometallic Chemistry 690 (2005) 1456—1466

X
phop—"pph, Ph,P” PPhy (R,
F,C—C=CH T
(OC);Fe——Pt—PPh; — >  (OC)F X
f H
- PPh, ,
(McO)3Si H (Me0),Si——Q H
Me
la X =CH, 2
1b X =NH
FiC— C=C—CF;
- PPh;
Ph,P” " PPh, (o, Ph, PPha - cF,
| T R—N=C | | 7:
(OC);F P—G, ——»  (OC)F T
i f ¢ H PPh i
(Me0),Si—— 0 CF, 3 (MeO),Si ﬁ
Me II\I F3C
3aX = CH2 R
3b X =NH 4aR = r-butyl, X =CH,
4b R= Xylyl, X =CH2
4c R = xylyl, X = NH
Scheme 2.

the (Z)-proton. Further support for the regiochemistry
about the alkenyl ligand is provided by the "F{'H}
spectrum, where a singlet occurs at 6 —59.9. Compari-
son of the *J(Pt-F) coupling constant (61 Hz) with that
reported for cis-[(PEt3),(Cl)Pt{C(CF5)=CH,}] (72 Hz)
[16] indicates that the trifluoromethyl group is situated
at the a-carbon of the alkenyl ligand. The '°Pt{'H}
NMR spectrum consists of a doublet of multiplets cen-
tred at 6 —2367.1. A simulation with the g-NMR soft-
ware package confirms the experimental pattern with a
large 'J(Pt—P) coupling of 4898 Hz, a weak **>J(Pt—P)
coupling of 43 and an additional *J(Pt-F) coupling of
61 Hz. In the ?’Si-INEPT NMR spectrum no resolved
long-range “J(Si-F) coupling is detectable, the doublet
of doublets pattern at 6 16.75 stems from a 2J(P-Si)
and *J(P-Si) coupling of 34.5 and 4.4 Hz, respectively.

2.2. Reactivity of 1 towards hexafluorobutyne (HFB)

IR monitoring revealed that upon bubbling of a slow
stream of the C4F4 through a CH,Cl, solution of 1,
quantitative insertion occurred after 6 h leading to com-
plexes [(OC);Fe{p-Si(OMe),(OMe)}(u-Ph,PXPPh,)Pt-
{C(CF3;)=C(H)CF3}] (32 X=CH,; 3b X=NH).
According to microanalysis and the *'P NMR data,
the crystalline sample of 3b isolated in 47% yield forms
an adduct with one molecule of triphenylphosphane
oxide via a N-H- - -O=PPh; hydrogen bond. This oxida-
tion of PPh; occurred probably by intrusion of O, dur-

ing purging with hexafluorobutyne and work-up. As
exemplified for 3a, these yellow stable complexes, which
are soluble in toluene and halogenated solvents, possess
a trans-configuration of the CF; substituents about the
c-alkenyl ligand. This follows from the '"H NMR spec-
trum, where the vinylic proton gives rise to a compli-
cated multiplet centred at 6 6.49 due to coupling with
the two trifluoromethyl substituents. The magnitude of
the *J(Pt-H) coupling of 116 Hz is indicative for a trans
-position relative to platinum, in other words the stereo-
chemistry about the C=C bond is trans. Again, a rigid
four-membered Fe-Si-O — Pt cycle is formed via a da-
tive interaction of a methoxy group of the trimethoxysi-
Iyl ligand; due to the dissymmetric environment around
Pt, three distinct resonances for the methoxy groups are
found at 6 3.72, 3.70 and 3.60, the latter being splitted in
a doublet by a “J(P-H) coupling of 2 Hz.

The finding that insertion of hexafluorobutyne into
the Pt-H bond of 1 occurs exclusively with a trans-ste-
reochemistry about the resulting alkenyl complex needs
some comments. By a labelling experiment using
deuterated phenylacetylene, we have shown that the deu-
teron is located cis to Pt, consistent with a cis-addition
of 1 across the Ph—C=C-D triple bond [15]. In the
case of alkyne insertion in Pt-H bonds, examples
of both cis and trans insertions have been reported.
Puddephatt has demonstrated that treatment of the
dinuclear hydride [PtoH,(u-H)(n-dppm),][PFg] with
dimethylacetylenedicarboxylate (DMAD) or HFB
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in dichloromethane leads to [Pt,CI{CR=C(H)R}-
(L-RC=CR)(u-dppm),] (R = CO,Me, CF;) with a cis-
stereochemistry of R about the alkenyl ligand [17].
cis-insertion of diphenylacetylene in a p-hydride bond
has also been evidenced cristallographically for a Rh—
Pt complex [13c]. Clark has reported that cis-insertion
occurs upon treatment of trans-[(PEt;)PtH(ace-
tone)][PFg] with phenylmethylacetylene in acetone
[18]. The migratory insertion reaction of trans-
[(PEt3)PtH(CI)] with HFB and DMAD in polar sol-
vents such as methanol or acetone gives also alkenyl
groups having cis-geometry, involving a 4-centered
transition state [18]. However, using benzene as sol-
vent, DMAD insertion proceeds with formation of
mixtures of isomers having cis and trans-geometries
about the alkenyl ligand [19]. A free-radical participa-
tion has been ascertained by ESR experiments in the
presence of free-radical initiators. More recently, Stein-
born has evidenced that reaction of MeS—-C=C-Ph
with trans-[(PEt;)PtH(CI1)] both in benzene and metha-
nol leads exclusively to cis-[(PEt;)PtCI{E-(SMe)C=
C(H)Ph}] [20]. Since addition of radical inhibitors
had no influence on the outcome of the reaction
course, oxidative addition of MeS-C=C-Ph leading
to a Pt(IV) alkynyl species, subsequent 1,3 hydride shift
and finally migration of a MeS ligand along a vinyli-
dene intermediate have been proposed. These finding
show that several parameters are decisive for the ste-
reochemistry about the alkenyl ligand. In the case of
alkyne insertion in to Pt-H bond of 1, the nature of
the substituents at the triple bond seems to play a cru-
cial role. Preliminary results indicate that treatment of
1la with DMAD affords indeed a mixture of isomers
with E- and Z-stereochemistry about the alkenyl ligand
[21].

2.3. Reactivity of 3 towards isocyanides

In the presence of stoichiometric amounts of z-butyl-
or 2,6-xylylisocyanide, the dative Pt-OMe bond of 3a,b
was instantaneously broken and the yellow adducts
[(OC)3Fe{Si(OMe);} (1-Ph,PXPPh,)Pt(CNR){C(CF3)=
C(H)CF3}] (4a R =¢-Bu, X =CH,; 4b R =2,6-xylyl,
X =CH,; 4¢ R = 2,6-xylyl, X = NH), were isolated as
air-stable yellow solids (Scheme 2). In addition to the
three v(CO) stretches of the Fe(CO);-unit, the IR spec-
tra of 4a/4b display a strong v(C=N) vibration at
2221/2191 em™ ", consistent with a terminal bonding
mode of the isocyanide, ligated to the platinum centre.
In the "F{'H} spectrum of 4a the resonances of the
two trifluoromethyl substituents occur at 6 —59.07 and
—60.16. Both broadened signals show no resolved fine
structure, however the observation of *J(Pt-F) coupling
constant of 75 Hz for the first signal permits its assign-
ment to the CF; group attached on the a-carbon. The
supposed E-configuration of the CF;-substituents about

the alkenyl ligand (based on the proton-NMR data) was
furthermore confirmed by an X-ray diffraction study
performed on 4a.

2.3.1. Crystal structure of [(OC)3Fe{Si(OMe);}-
(u-dppm) Pt(CN-t-Bu) {C(CF3)=C(H)CF3}] 4a
Suitable crystals of 4a were grown from CH,Cl,/pen-
tane. The molecular structure is depicted in Fig. 1(a), se-
lected bond lengths and angles are given in Table 1.
Since the overall geometry is quite reminiscent to that
of the isocyanide-ligated acyl complex [(OC);Fe{Si(O-
Me)s} (u-dppm)Pt(CN-z-Bu) {C(C=0)Me}] [12], only
the most pertinent structural features will be discussed.
The metal-metal bond of 4a is somewhat shorter than
that of the acyl complex [274.66(11) vs. 279.8(2) pm].
The geometry around Pt is best described as distorted
square planar, the root mean square deviation from
the plane fitted through P(2)-C(7)-Pt-C(12)-Fe being

(a)

Si Cl10

Fig. 1. (a) View of the molecular structure of 4a with the numbering
scheme. (b) View of the core structure of 4a along the Fe-Pt bond.
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Table 1

Selected bond lengths (pm) and bond angles (°) of 4a

Bond lengths

Fe-Pt 274.66(11) Fe-Si 230.3(2)
Pt-P(2) 228.01(19) Fe-C(1) 177.2(8)
Pt-C(7) 196.2(8) Fe-C(2) 177.7(8)
Pt-C(12) 205.4(7) Fe-C(3) 177.5(8)
C(12)-C(14) 133.0(11) C(7)-N 115.909)
Fe-P(1) 222.4(2) C(12)-C(13) 150.1(12)
Bond angles

C(7)-Pt-C(12) 84.2(3) C(3)-Fe-Si 81.3(2)
C(7)-Pt-P(2) 166.9(2) C(1)-Fe-P(1) 90.6(2)
C(12)-Pt-P(2) 92.5(2) C(2)-Fe-P(1) 104.2(2)
C(7)-Pt-Fe 96.0(2) C(3)-Fe-P(1) 89.1(2)
C(12)-Pt-Fe 165.1(2) Si-Fe-P(1) 165.92(8)
P(2)-Pt-Fe 90.42(5) C(1)-Fe-Pt 169.5(2)
C(1)-Fe-C(2) 103.6(4) C(2)-Fe-Pt 66.6(2)
C(1)-Fe-C(3) 110.03) C(3)-Fe-Pt 78.8(2)
C(2)-Fe-C(3) 143.7(3) Si-Fe-Pt 92.93(6)
C(1)-Fe-Si 83.0(2) P(1)-Fe-Pt 95.40(6)
C(2)-Fe-Si 89.5(2) N-C(7)-Pt 169.3(7)
C(7)-N-C(8) 176.6(8) C(14)-C(12)-Pt 126.5(6)

0.232 A. Notably the angles C(7)-Pt-P(2) [166.9(2)°]
and Fe-Pt-C(12) [165.1(2)°] deviate from linearity. As
can be seen in Fig. 1(b), this deformation has probably
its origin in the steric repulsion between the Si(OMe);
group and the #-BuNC ligand, the torsion angle Si-
Fe-Pt-C(7) being 29.72°. The alkenyl group occupies a
position roughly perpendicular to the P(2)-C(7)-Pt-Fe
plane, the C(15) trifluoromethyl substituent being orien-
tated towards the Fe(CO); moiety. The bond distance
between the isocyanide carbon C(7) and Pt is slightly
shortened compared to that found in [(OC);Fe{Si(O-
Me);} (u-dppm)Pt(CN-#-Bu){C(C=0)Me}] [196.2(8) vs.
198.9(8) pm]; despite the different character between a
Pt-acyl and an Pt-alkenyl ligand, the Pt-C(acyl) and

Pt-C(12) bond lengths are almost identical [205.6(8)
vs. 205.4(7) pm]. A considerable shorter Pt-alkenyl bond
length has been reported for the dimeric compound
[(PEt3)Pt{C(CF3)=C(SnCl;3)CF;}(u-Cl)], [198.2(6) pm]
[22]. This divergence may be rationalized by the known
trans-influence exerted by a metal-metal bond, thus
elongating the Pt—C(12) bond in the case of 4a. The
molecular structure of 4b has also been determined by
us. Because of the insufficient data quality, we will how-
ever not discuss the structural features in detail. The
crystallographic data corroborate at least, in line with
the spectroscopic data and elemental analysis, the E-ste-
reochemistry of the CFj3 substituents about the Pt-alke-
nyl ligand and the existence of a hydrogen-interaction
between one molecule of O=PPh; and the N-H function
of the p-dppa back-bone [23].

Surprisingly, no spectroscopic change was noticed
upon exposing a solution of 3a under a CO atmosphere
for 3h, excluding formation of [(OC);Fe{Si(OMe)s}-
(u-dppm)Pt(CO){C(CF;)=C(H)CF3}] (Scheme 3). Note
that the alkenyl derivative [(OC)s;Fe{p-Si(OMe),(O-
Me)} (u-dppm)Pt{C(Ph)=CH,}] afforded under identical
conditions the CO adduct [(OC);Fe{Si(OMe);}(u-
dppm)Pt(CO){C(Ph)=CH,}] [15]. This inertness in the
case of 3a may be explained by a strengthening of the da-
tive Si-O — Pt bond due to the more electron-withdraw-
ing propensity of C(CF3;)=C(H)CF; vs. C(Ph)=CHo,.

2.4. Formation and reactivity of [(OC);Fe(u-dppm)-
(u-CF;C=CCF;)Pt(CO)] 5

Unexpectedly, dichloromethane solutions of 3a trans-
formed (in a reproducible manner) within some days
into the yellow alkyne-bridged compound [(OC);Fe(p-

Phy Ph; TF% Intermolecular Phy Tphz
Rearrange ment
(OC)3Ffi—Pt—C\\ - . OC)3F<i—/Pt—CEO
H
i CH,Cl -
Me0),Si— O 2 C—
(MeO),Si \Me CF, / C\
3a CF; 5 CK
+L
+CO > s CH,CL, o
thp/\ f|>Ph2 CF, PhoP” > 1|>1>h2
(OC)sF p— (OC),F pt—o-L
[ Se I
: C—C
(MeO),Si QR / N
I(I)I } CF, CF;
6 L = xylyl-N=C
7L =P©OMe);

Scheme 3.
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dppm)(n-CF3C=CCF;)Pt(CO)] 5 (Scheme 3). The pres-
ence of a Pt-bound carbonyl ligand is evidenced from
the IR spectrum, which displays in addition to three dis-
tinct terminal Fe—CO vibrations a fourth v(CO) band at
2062 cm ™. This additional carbonyl must stem from an
intermolecular rearrangement reaction. At present, we
have no satisfying hypothesis to account for this c-alke-
nyl-p-alkyne transformation and trapping of a carbonyl
ligand. Slow cleavage of a Fe-Si(OR); or Pt-Si(OR);
bond of bimetallic Fe-Pt complexes in halogenated sol-
vents under exposure to day light or by addition of elec-
trophiles has been encountered in previous work [24,25].

Fig. 2. View of the molecular structure of 5 with the numbering
scheme.

The phosphane-induced o-alkenyl-p-vinylidene rear-
rangement shown in Scheme 1 represents another exam-
ple of a Fe-SiRj; cleavage reaction [15]. The inertness of
3a towards CO (see above) makes an involvement of free
carbon monoxide unlikely, therefore this additional car-
bonyl must stem from an intermolecular transfer
reaction.

After addition of nucleophiles such as xylylisocyanide
or trimethylphosphite, exclusively the Pt-bound carbonyl
ligand of 5 is displaced affording the stable derivatives
[(OC)sFe(pu-dppm)(p-CF3;C=CCF;)Pt(CNxylyl)] 6 and
[(OC)sFe(u-dppm)(u-CF;C=CCF;)Pt{P(OMe);}] 7. Ta-
ble 4 shows that within the series 5-7 the magnitude of
the 2**J(P-P) coupling is considerably increased com-
pared to that of the alkenyl complexes 3 and 4, whereas
the 'J(Pt—P) coupling constant is less than the half. In
the >'P NMR spectra of 5 and 6 a trifluoromethyl group
is coupled with the Pt-bound dppm-phosphorus, hence
the doublet resonance exhibits an additional quartet
splitting owing to a *J(P-F) coupling of 11 Hz.

2.4.1. Crystal structures of [(OC)s;Fe(u-dppm)-
(1u-CF3C=CCF3)Pt(CO)] 5 and [(OC)sFe(u-dppm)-
(u-CF;C=CCF;3;)Pt(CNxylyl)] 6

Bimetallic Pt—Pt complexes spanned by a pn-C4F li-
gand are not uncommon [17,25-29]; to the best of our
knowledge, there is however no precedent of a hetero-
dinuclear Fe-Pt compound bridged by a p-RC,R
alkyne. We therefore carried out crystal structure
determinations on 5 0.5-C¢Hg and 6 0.5 CH,CL.
Views of the structures are shown in Figs. 2 and 3; se-
lected bond lengths and angles are listed in Tables 2
and 3. The most salient feature is the spanning of
the two metal centres by HFB in a p-n':n' mode par-
allel to the metal-metal axis [30]. The conservation of
the Fe-Pt bond in 5 and 6 follows from the metal-

c9

Fig. 3. View of the molecular structure of 6 with the numbering scheme.



1462 M. Knorr et al. | Journal of Organometallic Chemistry 690 (2005) 1456—1466

Table 4
Selected 3'P{1H} and "’Pt{IH} NMR data (J in ppm and J in Hz)

Table 2

Selected bond lengths (pm) and bond angles (°) of §

Bond lengths

Fe-Pt 260.85(12) Fe-P(1) 224.0(2)
Pt-P(2) 229.35(19) Fe-C(1) 176.4(8)
Pt-C(4) 190.3(8) Fe-C(2) 178.4(8)
Pt-C(6) 206.2(8) Fe-C(3) 179.6(9)
C(5)-C(6) 131.9(12) Fe-C(5) 202.6(8)
Bond angles

C(4)-Pt-C(6) 99.3(3) C(3)-Fe-C(5) 82.2(3)
C(4)-Pt-P(2) 95.7(3) C(1)-Fe-P(1) 94.0(3)
C(6)-Pt-P(2) 165.0(2) C(2)-Fe-P(1) 89.3(3)
C(4)-Pt-Fe 171.0(3) C(3)-Fe-P(1) 99.5(2)
C(6)-Pt-Fe 72.1(2) C(5)-Fe-P(1) 167.1(2)
P(2)-Pt-Fe 92.94(5) C(1)-Fe-Pt 169.1(3)
C(1)-Fe-C(2) 101.6(4) C(2)-Fe-Pt 79.3(2)
C(1)-Fe-C(3) 102.6(4) C(3)-Fe-Pt 74.8(3)
C(2)-Fe-C(3) 153.5(4) C(5)-Fe-Pt 71.1(2)
C(1)-Fe-C(5) 98.1(4) P(1)-Fe-Pt 96.85(6)
C(2)-Fe-C(5) 83.9(3) C(6)-C(5)-Fe 110.9(6)
C(5)-C(6)-Pt 105.9(6) P(1)-C(21)-P(2) 110.3(3)
Table 3

Selected bond lengths (pm) and bond angles (°) of 6

Bond lengths

Fe-Pt 260.26(9) Fe-P(1) 224.69(15)
Pt-P(2) 229.70(14) Fe-C(1) 178.6(6)
Pt-C(4) 193.8(6) Fe-C(2) 179.6(6)
Pt-C(6) 206.7(5) Fe-C(3) 178.9(7)
C(5)-C(6) 131.5(8) Fe-C(5) 203.4(5)
C(4)-N 114.7(7)

Bond angles

C(4)-Pt—C(6) 99.3(2) C(3)-Fe-C(5) 82.4(2)
C(4)-Pt-P(2) 96.00(18) C(1)-Fe-P(1) 93.04(19)
C(6)-Pt-P(2) 165.54(16) C(2)-Fe-P(1) 88.29(19)
C(4)-Pt-Fe 169.75(17) C(3)-Fe-P(1) 98.96(19)
C(6)-Pt-Fe 72.20(16) C(5)-Fe-P(1) 168.41(16)
P(2)-Pt-Fe 92.34(4) C(1)-Fe-Pt 168.91(18)
C(1)-Fe-C(2) 104.2(3) C(2)-Fe-Pt 75.61(19)
C(1)-Fe-C(3) 102.9(3) C(3)-Fe-Pt 76.08(19)
C(2)-Fe-C(3) 151.5(3) C(5)-Fe-Pt 71.00(16)
C(1)-Fe-C(5) 97.9(2) P(1)-Fe-Pt 98.04(5)
C(2)-Fe-C(5) 85.3(2) C(6)-C(5)-Fe 110.7(4)
N-C(4)-Pt 177.1(5) C(5)-C(6)-Pt 105.6(4)
C(4)-N-C(9) 172.0(7) P(1)-C(29)-P(2) 111.5(3)

metal separations of 260.85(12) and 260.26(9) pm,
which are significantly shorter than that of 4a
[274.66(11) pm]. The dihedral angle Fe—C(5)-C(6)-Pt
of the resulting 4-membered metallacycle amounts just
to 0.41°. The C=C bond lengths of the bridging alkyne
[131.9(12) and 131.5(8) pm] parallel those reported
for  [(COD)Pt(u-CF3;C=CCF3;),Pt(COD)] [130(2)
pm] and [(Ph,BzP)(OC)Pt(u-CF;C=CCF;),Pt(CO)-
(PBzPh,)] [131.6(5) pm] [25,28]. The geometry around
Pt is approximately square planar, only the angle
P(2)-Pt-C(6) of 165.0(2)° deviates significantly from
linearity. The four ligands around Pt are almost copla-

Complex  (Prs)  0(Ppy) B J(P-P); U(PP);  5(*°Pt)
23 J(Pt-P)

2 57.3d  49d 41; 4898; 43 —2367 dm®*

3a 532d  02d 43; 4801; 31 —2319 dm

3p° 1049d 422d 44; 5124; 26 —2324 dm

4a 59.1d 11.0d 84; 3130; 63.5 —2728 dm*

4b 583d  119d 84; 3104; 64

4c¢ 1102d  60.7d 85; 3378: 68

5 73.0d  20.8dq°  122;2006; 121 —2378 dm

6 773d  207dq"  122;2102; 103 —2457 dm

78 751dd  242dm  113; 2084

2 3J(Pt—F) = 61 Hz, dm = doublet of multiplets.

® 5 (OPPhs) = 28.7.

¢ 3J(Pt-F) = 75 Hz.

4 5 (OPPhs) = 29.5.

¢ 4J(P-F) =11 Hz.

f45P-F)=11 Hz

g 5 (P(OMe)s) = 120.6, t broad, J(P-P) = 19 Hz, J(Pt-P) = 5167 Hz.

nar, the root mean square deviation from the plane fit-
ted through P(2)-C(4)-Pt—C(6)-Fe being only 0.028 A.

3. Conclusion and perspectives

We have demonstrated that the stereochemistry
about the alkenyl ligand in heterodinuclear Fe-Pt com-
plexes, resulting from the hydrometallation of [(OC);.
Fe{Si(OMe);} (u-Ph,PXPPh,)Pt(H)(PPhj3)], depends in
a sensible manner from the electronic propensity of
the alkynes used for this reaction. Whereas terminal aro-
matic alkynes give rise to a cis-insertion product, HFB
insertion affords vinyl complexes with an E-stereochem-
istry about the alkenyl group. Furthermore, the latter
compound rearranges gradually in solution with forma-
tion of [(OC);Fe(pu-dppm)(pn-CF;C=CCF3)Pt(CO)], an
unprecedented example of heterodinuclear Fe-Pt system
bridged by an alkyne in a p-n':n' mode. We are cur-
rently elucidating more in detail the mechanism and
parameters (influence of solvent, temperature, daylight)
of this intermolecular transformation. Moreover, we
have examined the site-selectivity of this dimetallacylob-
utene compound towards nucleophiles such as isocya-
nides and phosphites. The ease of the displacement of
the Pt-bound carbonyl ligand should also allow the
coordination of metallophosphines of the type
[(OC),M(n'-Ph,PXPPh,)] (M = Fe, Cr, Mo, W). Future
studies will show whether this strategy can be exploited
for the assembly of heterometallic cluster compounds
incorporating a p>-n?-C4Fg unit [31].

4. Experimental

All reactions were performed in Schlenk-tube flasks
under purified nitrogen. Solvents were dried and
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distilled under nitrogen before use, toluene and hexane
over sodium, dichloromethane from P4O;,. IR spectra
have been recorded on a Nicolet Nexus 470 spectrome-
ter. Elemental C, H, N analyses were performed on a
Leco Elemental Analyser CHN 900. The 'H and
3'P{'"H} NMR spectra were recorded at 313.13 and
81.01 MHz, respectively, on a Bruker Avance 300
instrument, the 'F NMR spectra at 283.6 MHz on a
Bruker AC 300 spectrometer (referenced to CFCl).
Si-INEPT and '"°Pt{'H} chemical shifts were mea-
sured on a Bruker ACP 200 instrument (39.76 and
4295 MHz) and externally referenced to TMS and
K,PtCl; in water with downfield chemical shifts re-
ported as positive. NMR spectra were recorded in pure
CDCl;, unless otherwise stated. The reactions were gen-
erally monitored by IR spectroscopy in the v(CO) re-
gion. The alkynes and isocyanides were obtained
commercially from Fluka or Aldrich.

4.1. Preparation of [(OC)s3Fe{u-Si(OMe),(OMe) }-
(u-dppm) Pt{C(CF3)=CH>}] (2)

A solution of la (502 mg, 0.5mmol) in CH,Cl,
(30 ml) was frozen in liquid nitrogen and an excess
of trifluoropropyne (2 mmol) was condensed in the
tube. The mixture was then slowly warmed to room
temperature. After 15 h, all volatiles were removed un-
der reduced pressure. The orange-yellow residue was
recrystallised from CH,Cly/hexane. Yield: (411 mg,
88%). Anal. Calc. for C;33H33F3FeOg¢P,PtSi (935.57):
C, 43.65; H, 3.56. Found: C, 43.23; H, 3.22%. IR
(CH,Cl,): »(CO): 1972 s, 1910 vs, 1882 vs v(C=C):
1610 w cm'. '"H NMR: 6=13.69 (s, 3H, SiOCH;),
3.78 (s, 6H, SiOCH3), 3.65-3.80 (m, 2H, PCH,P,
partially obscured by SiOMe), 4.91 (m, 1H, vinyl-H,
3J(Pt-H) =64 Hz), 6.01 (m, 1H, vinyl-H, >J(Pt—
H) = 121 Hz), 6.98-7.89 (m, 20 H, phenyl). *’Si{H}
NMR: & 16.75 (dd, 2J(P-Si)=34.5, 3J(P-Si)=
4.4 Hz).

4.2. Preparation of [(OC);Fe{u-Si(OMe),(OMe) }-
(u-dppm) Pt{C(CF3)=C(H)CF3}] (3a)

A slow stream of C4Fg was bubbled through a solu-
tion of 1a (502 mg, 0.5 mmol) in CH,Cl, (20 ml). After
6 h, all volatiles were removed under reduced pressure.
The orange-yellow residue was recrystallised from tolu-
ene/pentane. Yield: (416 mg, 83%). Anal. Calc. for
Cs5H3FgFeOgP,PtSi (1003.03): C, 41.89; H, 3.21.
Found: C, 42.23; H, 3.23%. IR (CH,Cl,): v(CO): 1982
s, 1922 vs, 1898 vs w(C=C): 1601 w cm~!. 'H NMR:
6=3.60 (d, 3H, SiOCH;, 3J(Pt-H) =21, *J(P-H) =
2 Hz), 3.70 (s, 3H, SiOCH3), 3.72 (s, 3H, SiOCHj3),
3.77 (m, 1H, PCHAP), 3.89 (m, 1H, PCHgP), 6.49 (m,
1H, vinyl-H, *J(Pt-H) = 116 Hz), 6.48-7.84 (m, 20H,

phenyl). ¥Si{H} NMR: ¢ 1526 (dd, 2J(P-Si) = 35,
3J(P-Si) = 5 Hz).

4.3. Preparation of [(OC)sFe{u-SifOMe),(OMe) }-
(u-dppa) Pt{(CF;)=C(H)CF3}] - O=PPh; (3b)

A slow stream of C4F¢ was bubbled through a solu-
tion of 1b (502 mg, 0.5 mmol) in CH,Cl, (20 ml). After
6 h, all volatiles were removed under reduced pressure.
The orange-yellow residue was recrystallised from
CH,Cl,/pentane. Yield: (276 mg, 43%). Anal. Calc. for
C;4H3FgFeNOgP,PtSi - O=PPh;  (1004.56 + 278.29):
C, 48.68; H, 3.61; N, 1.09. Found: C, 47.71; H, 3.33,
N, 1.06%. IR (KBr)»(NH-:--O) 3200 w, br, 26 (NH)
2648 w, br; (CH,Cly): v(CO): 1984 s, 1914 vs, br
W(C=C): 1608w cm ' [32]. '"H NMR: 6 =3.58 (d, 3H,
SiOCHs, *J(Pt-H) = 21, “J(P-H) = 2 Hz), 3.67 (s, 6H,
SiOCHs5), 4.60 (m, 1H, NH, *J(Pt-H) = 119 Hz), 6.6
(m, 1H, vinyl-H, 3J(Pt-H) =107 Hz), 6.94-7.89 (m,
35H, phenyl). *Si{H} NMR: 6 13.84 (dd, 2J(P-Si) =
40, *J(P-Si) = 6 Hz).

4.4. Preparation of [(OC);Fe{Si(OMe);}-
(p-dppm) Pt( CN-t-Bu) {( CF3)=C(H)CF3}] (4a)

t-BuNC (25 pL, 0.22 mmol) was added to a solu-
tion of 3a (201 mg, 0.2 mmol) in CH,CIl, (10 ml).
The yellow solution was stirred for 10 min at ambient
temperature, then all volatiles were removed under
reduced pressure. The orange-yellow residue was
recrystallised from toluene/pentane. Yield: (172 mg,
73%) Anal. Calc. for C40H41F6FCNO6P2PtSi'C7H8
(1086.71 + 92.14): C, 47.88; H, 4.19; N 1.19. Found:
C, 47.73; H, 4.23; N, 1.28%. IR (CH,Cl,): (C=N)
2221 s »(CO): 1969 s, 1903 vs, 1879 vs w(C=C):
1592wem™". '"H NMR: 6 =147 (s, 9H, #-Bu), 3.59
(s, 9H, SiOCH3), 3.85 (m, 1H, PCHAP), 4.03 (m,
1H, PCHgP), 6.39 (m, 1H, vinyl-H, °J(Pt-H)=
120 Hz), 6.94-7.68 (m, 20H, phenyl).

4.5. Preparation of [(OC)sFe{(OMe);)}-
(u-dppm) Pt( CN-xylyl) {( CF3)=C(H)CF3}] (4b)

2,6-xylylisonitrile (13 mg, 0.1 mmol) was added to a
stirred solution of 3a (100 mg, 0.1 mmol) in CH,Cl,
(5 mL). After 15 min, the volume was reduced to 3 ml.
Yellow crystals were obtained by layering with hexane.
Yield: (68 mg, 61%). Anal. Calc. for C43Hy4 FgFe-
NOP,PtSi (1122.77): C, 46.00; H, 3.68; N, 1.25. Found:
C, 45.79; H, 3.31; N, 1.06%. IR (CH,Cl,): v(C=N)
2192s v(CO): 1975s, 1906vs, 1982s, v(C=C): 1616w
em~ . '"H NMR: 6 =2.44 (s, 6H, xylyl-CH3), 3.42 (s,
9H, SiOCH;), 3.79 (m, 1H, PCHAP), 4.13 (m, 1H,
PCHyP), 6.40 (m, 1H, vinyl-H, *J(Pt-H) = 121 Hz),
6.84-7.67 (m, 23H, phenyl).



Table 5
Crystallographic and refinement data for 4a, 5 and 6
4a 5-0.5C¢Hg 6 - 0.5CH,Cl,

Formula CyoH41 FsFeNOgP,PtSi Cs6HysFgFeO4P,Pt Cy41.5H3,CIFgFeNO;P,Pt
FW 1086.71 948.44 1055.01
T (K) 173(2) 173(2) 293(2)
Crystal size (mm) 0.30 % 0.20 % 0.20 0.30 % 0.20 x 0.20 0.30 % 0.20 x 0.20
Crystal system Monoclinic Triclinic Monoclinic
Space group P2i/c P1 P2i/n
Unit cell dimensions

a (A) 14.302(3) 12.254(3) 11.572(2)

b (A) 11.174(2) 12.794(3) 17.298(3)

¢ (A) 26.843(5) 13.408(3) 21.356(4)

o (°) 90 117.52(4) 90

B () 99.72(3) 97.24(3) 104.71(3)

7 (°) 90 99.91(3) 90
V(A% 4228.2(14) 1784.9(7) 4134.8(13)
zZ 4 2 4
Peate (2cm™) 1.707 1.765 1.695
u (mmY) 3.825 4.480 3.938
F(000) 2152 922 2068
0 Range (°) 2.33-25.00 2.47-26.00 1.54-25.00

Index ranges

Collected reflections

Independent reflections
Data/restraints/parameters

Largest differences in peak and hole (e A3)
Final R indices [I > 2c(])]

R indices (all data)

GOF on F?

—17<h<17, -13<k<13, -30<7/<31
29284

7444

7444/0/529

1.490 and —2.966

R, =0.0432, wR, = 0.1153

R; =0.0595, wR, = 0.1220

1.064

—15<h<15, —15<k<15 —-16<I<16
11288

6540

6540/0/444

3.037 and —2.532

R, =0.0494, wR, = 0.1232

R; =10.0595, wR, =0.1293

1.007

—13<h<13,0<k<20,0<7/<25
7289

7289

7289/0/516

0.670 and —0.613

R, =0.0340, wR, = 0.0719

R; =0.0512, wR, = 0.0839

1.086

124!

99K [-9SHT (S00T) 069 Cus1uay) d1piawouns.iQ) fo [puinop | v 12 Lowy “J
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4.6. Preparation of [(OC)s3;Fe{(OMe);)}-
(p-dppa) Pt( CN-xylyl) {( CF;)=C(H)CF3}] - O=PPh;
(4c)

2,6-xylylisonitrile (13 mg, 0.1 mmol) was added to a
stirred solution of 3b - O=PPh; (128 mg, 0.1 mmol) in
CH,Cl, (8 ml). The orange-red solution was stirred for
10 min at ambient temperature, then the volume was re-
duced. Yellow crystals were obtained by layering with
hexane. Yield: (91 mg, 63%). Anal. Calc. for
C¢1HssFgFeN,O,PsPtSi (1442.13): C, 50.80; H, 3.84;
N, 1.94. Found: C, 50.79; H, 4.10; N, 1.97%. IR
(CH,Cly): v(C=N) 2189s v»(CO): 1980s, 1915vs,
br v(C=C): 1592w cm~!. '"H NMR: 6 =2.41 (s, 6H,
xylyl-CH3), 3.44 (s, 9H, SiOCH3), 5.16 (m, 1 H, NH,
3J(Pt-H) = 86 Hz), 6.46 (m, 1H, vinyl-H, *J(Pt-H) =
120 Hz), 6.94-7.82 (m, 38H, phenyl).

4.7. Preparation of [(OC);s;Fe(u-dppm)-
(u-CF;C=CCF3;)Pt(CO)] (5)

A CH,Cl, solution of 3a (501 mg, 0.5 mmol) was kept
during 5 days in a Schlenk tube at ambient temperature,
the progress of the transformation of 3a—5 was monitored
by IR spectroscopy. Then all volatiles were removed un-
der reduced pressure and the product separated from
the residue by extraction with benzene. Pure 5 was ob-
tained by layering with hexane in form of yellow crystals.
Yield: (199 mg, 41%). Anal. Calc. for C33H»,FsFeO3P,P-
t - SCe¢Hg (921.41 + 39.06): C, 47.25; H, 3.06. Found: C,
46.99; H, 2.99%. IR (CH,Cly): v(CO): 2062s, 2023s,
1971vs, 1950vs w(C=C): 1607wcem~'. 'H NMR:
6 =13.81 (tr, 2H, PCH °P, 2J(P-H) = 10.5, *J(Pt-H) =
43 Hz), 7.14-7.69 (m, 20H, phenyl).

4.8. Preparation of [(OC);s;Fe(u-dppm)-
(u-CF3C=CCF;3;)Pt(CNxylyl)] (6)

XylyINC (15 mg, 0.11 mmol) was added to a stirred
solution of 5 (95 mg, 0.1 mmol) in CH,Cl, (8 ml). The yel-
low solution was stirred for 30 min at ambient tempera-
ture, and then the volume was reduced to ca. 3 ml. After
layering with hexane, the air-stable yellow product crys-
tallized. Yield: (79 mg, 75%). Anal. Calc. for C4;H3 F¢Fe-
NO;P,Pt- 0.5 CH,Cl, (1012.58 +42.47): C, 47.25; H,
3.06; N, 1.33. Found: C, 46.99; H, 2.99; N, 1.29%. IR
(CH,Cl,): »(C =N) 2153s v(CO): 2009s, 1953vs, 1930vs
W(C=C): 1599w cm'. '"H NMR: 6 = 2.30 (s, 6H, CHs),
379 (tr, 2H, PCH,P, °J(P-H)=10.5, J(Pt-H) =
42 Hz), 7.03-7.69 (m, 23 H, phenyl).

4.9. Preparation of [(OC);z;Fe( u-dppm)-
(u-CF;C=CCF3)Pt{P(OMe)s}] (7)

P(OMe); (26 uL, 0.22 mmol) was added to a stirred
solution of 5 (190 mg, 0.2 mmol) in CH,Cl, (15 ml).

The yellow solution was stirred for 30 min at ambient
temperature, and then the volume was reduced to ca.
5 ml. After layering with hexane, the air-stable product
crystallized in form of yellow cubes. Yield: (157 mg,
78%). Anal. Calc. for C3sH3;FgFeOgPsPt (1005.48): C,
41.81; H, 3.11. Found: C, 41.40; H, 3.01%. IR (CH,Cl,):
V(CO): 2002s, 1947vs, 1919vs v(C=C): 1591w cm™'. 'H
NMR: 6 =3.19 (d, 9H, OCH,), 3.61 (m, 2H, PCH °P,
not resolved), 7.13-7.65 (m, 35H, phenyl).

4.10. Crystal structure determinations

Data of 6 were collected on a Siemens AED?2 diffrac-
tometer using graphite-monochromated Mo Ka radia-
tion (4 =0.71069 A). The intensities were collected
using /20 scans, and the intensities of three standard
reflections, which were measured after every 90 min, re-
mained stable throughout the data collection. The inten-
sities were corrected for Lorentz and polarization effects.
An empirical absorption correction based on the
¥-scans of three reflections was employed. Data of 4a
and 5 were collected on a Stoe IPDS diffractometer
using graphite-monochromated Mo Ko radiation
(4 =10.71069 A). The intensities were determined and
corrected by the program INTEGRATE in IPDS (Stoe
and Cie, 1999). An empirical absorption correction
was employed using the FACEIT-program in IPDS (Stoe
and Cie, 1999). The structures were generally solved by
direct and Fourier methods using sHELXS-90. For each
structure, the non-hydrogen atoms were refined aniso-
tropically. All of the H-atoms were placed in geometri-
cally calculated positions and each was assigned a
fixed isotropic displacement parameter based on a rid-
ing-model. Refinement of the structures was carried
out by full-matrix least-squares methods based on F2
using SHELXL-97. All calculations were performed using
the wiNGX crystallographic software package, using the
programs SHELXS-90 and sHELXL-97 [33]. The crystallo-
graphic data for each complex are gathered in Table 5.
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pounds 4a, 5, and 6, respectively. Copies of this infor-
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director, CCDC, Union Road, Cambridge, CB2 IEZ,
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