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Over the years, the success of homogeneous catalysis can largelyscheme 1

be attributed to the development of a diverse range of ligand 1”2 F3‘Q FaC
frameworks that have been used to tune the behavior of the various [Rh(CO),Cll, Rzin'\ -10°c R
systems. This has led to not only highly active and selective — S oF /'-P_?
catalysts, but also to the discovery of fundamentally new types of 3 RhCI(CO:)a (0C);CIRh R f Fs
transition metal-mediated transformations through a judicious choice 2
of metal and ligand. A particularly good example is the recent Fa Fs
spectacular achievements that have been made using N-heterocyclic ..
carbene (NHC) ligands.It is noteworthy that although NHC- FaC [Rh(lﬁi)Cl]z RzRg RoP—C
transition metal complexes have been known since 48686 that RoR Q D P e— l CFsz + K\/ CF,
their organometallic chemistry was investigated by Lappert in the S crRr—_ crR
1960's? the recent developments in their application as scaffolds 2a CFs 5 & 6
in catalysis have only been made possible because of the availability
of stableN-heterocyclic carbenés. R = /PN Fs

RaN. _ RaNL.. 172 RoR

HZI\(P—'C'—SlMeS R2N/P_'C'_Ar Rhinbd)Cl, 2"\%?((2

! 2 7 crRh—

Despite the chronologically earlier discovery of stable (phos- !
phino)(silyl)carbened,® direct complexation of these species has

not yet been reported? and only a few phosphinocarbene ¢ iRhci(CO)], in toluene at-50 °C immediately and quantita-
complexes are knowh.The reluctance of carbendisto act as el affords the corresponding carbene compefScheme 1).
Ilgands has recently bgen rationalized theoretldéll@.u.r recent The 3P NMR chemical shift o8 (5 +109 ppm) is deshielded by
discovery that (pljosph!no)(aryl)(_:arberﬁes_an alsq be isolatéd 131 ppm as compared to that of the free carbene, and it now appears
prompted us to investigate their behavior as ligands. Notably, i, the region typically associated with methylene phosphonium

because the singletriplet separation is fairly small for phosphi- 51513 Moreover, the3C NMR chemical shift for the carbene center
nocarbene& one would expect that the nature of the metallic (6 114.4 ppmc_p = 112 Hz,Jc_gn = 29 Hz) is shielded as

fragment should play a crucial role in determining whether such compared to that of the free carberie146.1 ppmJe_p = 271
ni-carbene complexes adopt a Fischer- or a Schrock-type coordina—HZ), with two signals being observed for the CO ligand<85.1
tion mode. Furthermore, phosphinocarbenes could potentially aCtppm,lJc—Rh = 75 Hz andd 186.1 ppmiJe_rn = 58 Hz,3Jp_c =

as four-electron donors (side-on complexation). This may be g,y “ajl of these data are similar to those observed for the
important if they were used as ligands during catalysis, as they corresponding N-heterocyclic carbene compfeand suggest a
may very well stabilize the coordinatively and electronically Fischer-type structure. However, compothebuld not be structur-
unsaturated “resting state” of the catal$s€ In other words, the ally characterized because it quickly isomerizes-aD °C. The
structural versatility, which is a great strength of NHC ligands, could migration of both an amino group (from phosphorus to carbon)

be expanded further using the related phosphinocarbenes. and the metallic fragment (from carbon to phosphorus) leads to
Here we report the direct synthesis of transition metal complexes the corresponding’-phosphaalkene complek

from the stable phosphinocarbe2es Both ;- andy?*-coordination Subsequently, the reaction B& with one-half of an equivalent

modes have been observed. A discussion of the nature of theyt iphci(cod)} in toluene at room temperature was investigated
carbene-metal bond is presented on the basis of spectroscopic data(Scheme 1). Because of the enhanced steric hindrance from the

and of a single-crystal X-ray diffraction study. _ cod ligand, the coordination of the carbene moiety is much less
Treatment of the [bis(diisopropylamino)phosphino][2,6-bis(tri-  ¢5,,0red than with [RhCI(CQ)». As a result, an equilibrium is

fluioromethyl)phenyl]carben@a'* with one-half of an equivalent  ,qioblished with three components being detectab@WNMR
spectroscopy in an approximate ratio 2d/5/6: 16/1/2. Then*-

*To whom correspondence should be addressed. E-mail: gbertran@

gnail:ucr.(_agu. ] coordination mode proposed for carbene comg@édg supported
ib’mg{::}ﬁ%ﬁ‘t?ﬂ’sﬁgﬁ“ by the similarity between th&!P NMR chemical shifts 06 (6
§ UCR-CNRS Joint Research Chemistry Laboratory. 109.7 ppm) an@. In contrast, compleg adopts any?>-coordination
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Given the broad range of stable or persistent aryl- or even alkyl-
(phosphino)carbenes now availabté! their direct coordination to
transition metal fragments opens the way for the preparation of a
variety of new carbene complexes. Further examination of the
various coordination modes and of the ensuing carbemetal
interactions is currently in progress to define the potential use of
these carbene complexes in homogeneous catalysis.
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Figure 1. Thermal ellipsoid diagram (50% probability) @f For clarity,
thei-Pr and CE groups have been simplified. Selected bond lengths
and angles (deg): CiRh1 2.096(7), P£C1 1.673(7), C+C2 1.513(9),
Rh1-Cl1 2.397(2), Rh+C22 2.104(7), RhtC23 2.111(8), RhtC24
2.183(7), Rh+C25 2.178(7), P1C1-C2 119.0(5), P+C1-Rh1 121.4-
(4), C2-C1-Rh1 119.5(4), N+P1-C1 128.0(3), N2P1-C1 119.0(3),
N1-P1-N2 111.2(3).

mode as deduced from the shielding of ## NMR signal 6 3P
—28.9 ppm LJp_grh = 138 Hz). Moreover, thé*C NMR chemical
shift for the carbene cented 212.4 ppm c—p = 31 Hz,Jc—rn
= 36 Hz) is significantly deshielded as compared to that of the
free carbene, appearing in the range characteristigZ-ghosphi-
nocarbene complexes acting as four-electron dotfotddowever,

the small quantity of both carbene compleXeand6 present in

the reaction mixture yet again precluded any attempts at crystal-
lization and structural analysis.

Because the equilibrium could not be displaced using a non-
chelating ligand such as cyclooctene (cBehe reaction oRawith
one-half of an equivalent of the somewhat less sterically demanding
[RhCI(nbd)} was carried out (Scheme 1). The carbene complex
was instantaneously and quantitatively obtained. The spectroscopic
data ¢ 3P 100.8 ppm¢ 13C 120.6 ppmNc—p = 2 Hz, WJc—rn =
59 Hz) are very similar to those f& and 5, supporting ary?*-
coordination mode. Pale yellow crystals Bfimp: 156°C dec)
suitable for an X-ray diffraction study were obtained by cooling a
dichloromethane/pentane solution t680 °C. The molecular
structure of7 is shown in Figure 1 along with the pertinent metric
parameters® The carbene center adopts a trigonal planar environ-
ment with the plane defined by PT1—-C2 being twisted by about
47° out of the square coordination plane around the rhodium. As
predicted by Schoeller et dP coordination induces a considerable
contraction of the carbene bond angle (from “Lézhe free carbene
to 119 in 7). The carbenerhodium bond distance [2.096(7) A] is
in the range typical for €Rh single bonds, but is slightly longer
than that observed for related N-heterocyclic carbene rhodium
complexes (2.002.04 A). These data suggest tas best regarded
as a Fischer-type carbene complex. In other words, the carbene
metal interaction results from the donation of the carbene lone pair
into an empty metal-based orbital. Back-donation from the metal
to the carbene center is almost negligible as compared to that from
the phosphorus lone pair. The phosphorus atom adopts a trigonal
planar geometry with a PC bond distance of 1.673(7) A, which is
longer than that in the free carbene, 1.544(3) A, but is still short.
Note that, in this case, the inherent chelation of the nbd ligand
prevents the formation of ag?-complex analogous t6.
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