528

Organometallic2006, 25, 528-530

Formation of p?-Ketene Rhenium(VIl) Complex through the
C,C-Coupling Reaction of Phosphonio Methylidyne Complexes with
Carbon Monoxide

Xiaoyan Li,*T Markus Schopf, Jirgen Stephai,Jennifer Kipke! Klaus Harms', and
Jarg Sundermeyér

School of Chemistry and Chemical Engineering, Shandongddsity, Shanda Nanlu 27, 250100 Jinan,
People’s Republic of China, and Department of Chemistry pehsity of Marburg,
Hans-Meerwein-Strasse, 35032 Marburg, Germany

Receied Naember 6, 2005

A novel rhenium phosphonio methylidyne comple®B[(N),Re(C-PPk)(S+Bu)] (3) was obtained via
one-pot transylidation reaction of REBW),Cl; (1) with [PhsP-CHs][S-Bu] (2) and 3 equiv of phosphorus
ylide PrRP=CH,. The 5?-ketene rhenium(VIl) complex [Re(Ru),{#?(C,C)-O=C—C=PPh} (S+Bu)]
(4) was formed through C,C-coupling reaction of comp8with CO. The structure of complek was

confirmed with X-ray analysis.

The synthesis of metal-carbyne complexes is always a hot configuration. Complexes of this type have very reactive metal
topic in the research field of organometallic chemistry since carbon triple bonds, which react with nucleophilic reagents such
the first synthesis of transition metal complexes with a formal as diphenyl ketene. The rhenium phosphonio methylidyne

metal-carbon triple bond reported by E. O. Fischer et al. in

complex gives an allenylidene complex by reacting with

1973 because of the great interest in the unusual properties ofdiphenyl ketene through a Wittig reactiéh.
these compounds and their possible significance in organic The insertion reaction of small molecules such as CO into
synthesis and as intermediates in catalytic reactions. But only multiple metat-carbon bonds often is a decisive mechanism

few complexes with a terminal [#C-PRy] function have been
discovered so fat-> Especially very few examples of phos-
phonio methylidyne complexes witH électron configuration
are known. Schmidbaur reported that the first complexed of d
electronic configuration [XTi(u-C-PRs).TiX;] contain the
ligand [RsP-CE~ in a bridging coordination mode in 1986.
They have interesting applications in-C coupling reactions
as a synthon for [C}-7 On the other side, interest in the catalytic

step in the organometallic catalytic cycle. Therefore such
reactions always arouse research interest. There are many reports
about this kind of research in the literatdfe!®

Kreiss! for the first time reported the synthesisgf and
n?-ketenyl complexes of tungsten (Scheme®LA (methyl-
diphenylphosphoranylidene)ketene complex of tungsten was
obtained with carbon suboxide as ar@ageng® Until now no
report about the formation of a (phosphoranylidene)ketene

metathesis of alkenes and alkynes was also the driving forcecomplex of rhenium(VIl) (8 configuration) has been found.

for the development of high-valentdalkylidene and alkyli-
dyne chemistry.

We now report the synthesis and characterization of a novel
d® rhenium(VIl) phosphonio methylidyne compl&xReaction

Recently we have successfully used phosphorus ylides as aof complex3 with CO gave the €C-coupling product complex

precursor for the formation of phosphonio methylidyne com-

plexes of tungstefrhenium?? and niobium?! with d° electron
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4. Complex4 was structurally analyzed with X-ray diffraction.
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Complex 3 was prepared through one-pot reaction of
Re(NBu)Cl; (1), (PhPCH;)(S4Bu) (2), and PRP=CH; ac-
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Formation ofy2-Ketene Rhenium(VIl) Complex

Figure 1. Molecular structure ofl. Selected bond distances (pm)
and angles (deg): ReN1 175.5(2), RetN2 172.7(3), Re1C31
209.6(3), RetC32 217.1(3), Re1S1 235.74(8), P1C31
171.5(3), O C32 120.2(4), C31C32 132.8(4), N*Rel-N2
116.7(1), NTRel-C31 117.3(1), N2Rel-C31 113.8(1),
N1—-Rel-C32 103.1(1), N2Rel-C32 96.5(1), C31Rel-C32
36.2(1), NERel-S1 110.17(9), N2Rel-S1 112.4(1),
C31-Rel-S1 81.06(9), C32Rel-S1 117.23(8).

cording to eq 1. Comple® was analytically and spectroscopi-
cally characterized!P NMR spectra show one singlet at 10.0
ppm for the [ReeCPPHR] function. This is comparable with that
of [Re(N'Bu),(CPPR)(O'Bu)] (0p = 6.8 ppm§* and [Re(NBu),-
(CPPRh)(SR)] (R= adamantylpp = 10.8 ppm)'2 The presence
of a [Re=CPPAR] unit in complex3 is also supported by the
13C NMR spectrum, which contains a doublet at 256.8 ppm with
a P-C coupling constantJ(PC), of 10.1 Hz.

Treatment of a solution of complekin toluene with carbon
monoxide leads to a rapid change of color from red to yellow.
Complex4 was isolated as a yellow solid and characterized by
elemental analysis and IR NMR, 13C NMR, and3P NMR
spectroscopy.
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By recrystallization from pentane at 4C suitable single
crystals of4 as yellow prisms for X-ray diffraction analysis
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BuS-group, and ong?-ketene ligand. The phosphacumulene
ligand exists iny2-ketene coordination. Bonds ReC31 und
Rel-C32 are 209.6 and 217.1 pm, respectively. The distance
C31-C32 of 132.8 pm is characteristic fgP-coordination of
a carbor-carbon double bon#. This value is comparable with
that in carbonylf®-cyclopentadienyl){?-ketenyl)(trimethyl-
phosphine)tungsté®® and dicarbonyb§-cyclopentadienyl)-
(diphenylketene)mangane&elhe P1-C13 distance (171.5 pm)
is significant shorter than the other three ® bond lengths. It
may be considered that the-E13 bond has some-bond
component according to one of the resonance formé &for
the same reason R€31 (209.6 pm) is shorter than R€32
(217.1 pm). In contrast to the manganese complex, in this case
space hindrance does not play an important role.

In the IR spectrum of comple4 two very strong CO bands
at 1780 and 1815 cnt were recorded. A possible explanation
is that the two isomerda and 4b of complex4, which can
designated as in Scheme 2, in the solid state exist. In all of the
NMR data only one sharp signal set was obtained. The
transformation of these two isomers from one to another in
solution is relatively fast on the NMR time scale. The crystal
structure is identical with one of the conformations of complex
4 (isomer4a). Two doublets at 29.9 ppm withl(PC) = 80.6
Hz and 173.1 ppm witRJ(PC) = 6.8 Hz in thel3C NMR
spectrum correspond to the C31 and C32 atoms, respectively.

Complex4 in the solid state is stable in air for more than
one month without decomposition. In the case of the phosphonio
methylidene complexes reported by Sunderméyéne C,C-
coupling product with carbon monoxide as an intermediate was
proposed but could not be isolated. A further rearrangement
step gave rise to &C,0)-coordinated phosphacumulene com-
plex.

Experimental Section

General Procedures and Materials All procedures were carried
out under an argon atmosphere in freshly distilled anhydrous

were obtained. The molecular geometry is shown in Figure 1 solvents. [Re("Bu).Cls]?* was prepared by published procedures.

with selected bond distances and angles.

NMR spectra were recorded on a Bruker AMX 400 spectrometer

The geometry about the five-coordinate rhenium center is best(*H: 400.1 MHz,*°C: 100.6 MHz,*'P: 162.0 MHz). Elemental
described as a distorted tetrahedron with two imido groups, oneanalyses were recorded on a Heraeus CHN-rapid. Single-crystal
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Preparation of Re(N'Bu),(C-PPhg)(SBu) (3). A solution of respectively. Repeated recrystallization from pentan€@tylelded
[PheP-CH;][S-1Bu] (2) (2.03 g, 5.52 mmol) in 10 mL of THF were  yellow single crystals suitable for X-ray structure analysis. Yield:
dropwise added with stirring to a solution of 2.00 g (4.60 mmol) 375 mg (87%). Mp: 76C (dec).!H NMR (CgD¢, 400.1 MHZ): 6
of Re(NBu),Cl; (1) in 20 mL of THF at—78 °C. The reaction 1.52 (s, 18 H, NC(El3)3), 1.60 (s, 9 H, SC(83)3), 6.99-7.01 and
mixture was stirred fol h atthis temperature and then allowed to  7.75-7.81 (m, 15 H, P(gHs)3). 3C NMR (CsDg, 100.6 MHZz): 6
warm slowly to ambient temperature and stirred for 2 h. During 29.9 (d,%J(PC) = 80.6 Hz, CCP), 31.4 (s, NOCHa)3), 35.5 (s,
this period the reaction solution turned dark red in color. Then a SC(CHz)s), 39.7 (s, £(CHy)3), 69.7 (s, NC(CHs)3), 128.0 (d,1J(PC)
solution of 3.95 g (14.26 mmol) of BR=CH, in 30 mL of THF =90.7 Hz, PhCipsg), 128.7 (d2J(PC)= 12.5 Hz, PhE€mery, 132.2
was added within 20 min to this mixture at78 °C. A white (d, Q(PC) = 2.5 Hz, Ph€yars), 134.1 (d,2)(PC) = 10.7 Hz,
flocculent precipitate was formed. The suspension was slowly Ph-Cyno), 173.1 (d2I(PC)= 6.8 Hz,CCP).31P NMR (GsDe¢, 162.0
heated to room temperature within 20 min and stirred for another MHz): 6 17.3 (s, ReC®). Anal. Calcd for G;H;,,N,OPSRe: C
2 h, then filtered. After removal of the solvent at reduced pressure 53.38, H 5.88, N 3.89, S 4.45. Found: C 53.14, H5.67,N3.71, S
the red residue was extracted with 5 mL of toluene, and the addition 4.49. IR (Nujol): 1815 vs, 1780 vs/CO).
of 30 mL of pentane caused the precipitation of a brown solid, Crystallographic data for 4: CsHs,N,OPSRe,M, =719.93
which was separated by filtering and dried in vacuo. Yield: 2.26 crystal dimensions 0.5@ 0.40 x 0.30 mm, triclinic, space group
g (71%) of3. Mp > 63°C (dec).H NMR (400.1 MHz, GDsg, 293 P1, a = 1005.3(10) pmpb = 1037.90(10) pmgc = 1663.00(10)
K): 6 1.46 (s, 18 H, NC(El3)3), 1.74 (s, 9H, SC(853)3), 6.99- pm, o = 88.524(11), f = 79.948(10y, y = 70.969(6j, V

7.02 and 7.667.66 (m, 15H, P(GHs)s). 3CNMR (CsDg, 100.6 =1580.8(2) &, T = 193(2) K,Z =2, D, = 1.512 g cm?3, u =
MHz): 6 32.3 (S, NCCH3)3), 35.4 (S, SGCH3)3, 41.6 (S, £(CHg)s), 3.986 mmt. A total of 11 743 reflections were collected, 5528
68.0 (S, NO(CHs)3), 128.7 (d2J(PC)= 11.9 Hz, PPHCme), 130.0 unique Rt = 0.0247),0max = 25.00. R = 0.0220 ( > 20(1)), R,

(d, Y(PC) = 88.5 Hz, PPIEiy), 131.6 (d,4)J(PC) = 2.8 Hz, = 0.0591 (all data). The structure was solved by direct methods
PPhCparg, 133.5 (d2J(PC)= 10.0 Hz, PPHEyrig), 256.8 (dXJ(PC) and refined with full-matrix least-squares on Bfl (SHELXL-97)
=10.1 Hz, REP).3P NMR (162.0 MHz, @Dg): 6 10.0 (s, Re®). with non-hydrogen atoms anisotropic.

Anal. Calcd for GiH4:N,PSRe (%): C 53.81, H 6.12, N 4.05, S

4.63. Found: C 53.69, H 5.89, N 3.88, S 4.73. Acknowledgment. We gratefully acknowledge support by
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