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Synthesis and Molecular Structure of [Cp*Ta(Ph)(PcPhs)]: A Terminal
Phosphinidene Complex of the (P¢Phs)> Ligand (Cp* = CsMes)
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The terminal phosphanyl phosphinidene complex
[Cp*Ta(Ph)(PsPhs)] (2) has been isolated in 16 % yield from
the reaction of [Cp*TaCl,] with 2 equiv. Na,(P,Ph,) and dis-
plays an n*-bound (P¢Phs)3~ ligand according to X-ray crys-
tallography and 3'P NMR spectroscopy.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Terminal phosphinidene complexes [L,M(PR)] are of
much current interest due to their versatile reactivity and
interesting bonding properties.!-?! In this respect, phos-
phanyl phosphinidene complexes [L,M(PPR,)] are a par-
ticularly attractive subclass, as the phosphanyl group may
or may not be involved in coordination.’] The first repre-
sentatives were described only recently.[*]

During our studies on the coordination chemistry of oli-
gophosphanediide anions (P,R,)* (n = 2-4)*° we could
show that, in spite of its highly reducing nature,™ the
(P4Ph4)*>" dianion remains intact in the transmetalation re-
action of 2 equiv. of [CuCl(PCyps),] (Cyp = cyclo-CsHo)
with Na,(P,Ph,) (1).['% While this was an example of a suc-
cessful transmetalation with a valence-electron-rich late-
transition-metal halide,!''l we wished to extend the scope of
this reaction to early transition-metal halides as well.
Herein, we report the surprising result of the reaction of 1
with [Cp*TaCly] (Cp* = CsMes). This led to the isolation
of [Cp*Ta(Ph)(Ps¢Phs)] (2), which not only contains an un-
precedented oligophosphanide ligand (P¢Phs)*, but is also
a rare example of a terminal phosphanyl phosphinidene
complex of tantalum.

Complex 2 could be isolated in low, though reproducible,
yield (16%) from the 2:1 reaction of 1 with [Cp*TaCly]
(Scheme 1). An X-ray crystal structure analysis!'? of 2 re-
vealed a mononuclear complex in which a trianionic
(P¢Phs)* ligand binds in an n* fashion to the metal center
(Figure 1). The coordination sphere of tantalum is com-
pleted by an m>-coordinated pentamethylcyclopentadienyl
ligand and an n'-bound phenyl ligand. Remarkably, the Ta—
P bond of the “naked” phosphorus atom P1 is significantly
shorter than the remaining Ta—P distances [d(Tal-Pl) =
2.416(2), d(Tal-P2) = 2.528(2), d(Tal-P5) = 2.561(2),
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d(Tal-P6) = 2.659(2) A], and this indicates multiple-bond
character of the Ta—P1 bond. Nevertheless, it is longer than
the Ta—P bonds in the phosphinidene-bridged Ta complexes
[{Cp*TaCl(u-PR)},] [R = Cy, tBu, Ph, Mes, 2,4,6-iPr;C¢H>;
d(Ta—P) = 2.317(6)-2.358(3) A]l">-'4 and the terminal phos-
phinidene complexes [N{CH,CH,N(SiMes)};Ta=PCy]
[d(Ta—P) = 2.145(7) A]?%) and [(rBu;SiO);Ta=PPh] [d(Ta-P)
= 2.317(4) A].2%! The Ta—P distance of the other terminal
phosphorus atom of the chain (P6) is much longer [d(Tal-
P6) = 2.659(2) A]. It is in the upper range of the values
found in other terminal phosphanido complexes of tanta-
lum [d(Ta-P) = 2.390-2.595(3) A].'%!5] The pyramidal co-
ordination of P6 (sum of bond angles around P6: 301.3°)
indicates that it acts as a one-electron donor to the metal
center, which is also in accordance with the 18-electron rule
(vide infra). The remaining Ta—P distances are in the known
range for phosphane complexes of tantalum.['%!71 The Ta—
C distance of the ipso-carbon atom of the n'!-coordinated
phenyl ligand [d(Tal-C1) = 2.230(7) A] is similar to those
found in other cyclopentadienyl-substituted phenyl com-
plexes of tantalum.!'"8! While the P-P bond lengths of P2 to
P6 are in the range of single bonds [d(P2-P3, P3-P4, P4—
PS5, P5-P6) = 2.133(3)-2.213(3) A],I"") the P-P bond involv-
ing the naked phosphorus atom is distinctly shorter [d(P1-
P2) = 2.096(3) A]. Similarly short PP bonds have been ob-
served in other phosphanyl phosphinidene complexes* and
also in diphosphene complexes.”! In fact, the geometry of
the (PPPh) unit in 2 closely resembles that in the recently
described Nb phosphanyl phosphinidene complexes
[Nb{N(R)R'}5(PPR%,)] (R! = 3,5-Me,C¢H3, R = neopen-
tyl, R? = Ph, {Bu).[*l

Formally, compound 2 may be regarded as an 18-elec-
tron complex with a double bond between the metal center
and the unsubstituted phosphorus atom (P1) and single
bonds to the other coordinating P atoms (as depicted in
Scheme 1). However, alternative descriptions of the bond-
ing situation involving a multiply bonded PPPh fragment
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Figure 1. Solid-state molecular structure of 2; H atoms omitted for
clarity, ellipsoid probability: 30%. Selected bond lengths [A] and
angles [°]: Tal-Pl 2.416(2), Tal-P2 2.528(2), Tal-P5 2.561(2),
Tal-P6 2.659(2), Tal-Cl 2.230(7), av Ta-C in Cp* 2.451, P1-P2
2.096(3), P2-P3 2.213(3), P3-P4 2.185(3), P4-P5 2.211(3), P5-P6
2.133(3), Cl-Tal-P1 104.4(2), Cl1-Tal-P2 78.6(2), C1-Tal-P5
130.1(2), Cl1-Tal-P6 89.6(2), P1-Tal-P2 50.12(6), P1-Tal-P5
93.61(7), P1-Tal-P6 134.52(6), P2-Tal-P5 78.55(6), P2-Tal-P6
92.77(6), P5-Tal-P6 48.20(6), P2-P1-Tal 67.71(7), P5-P6-Tal
63.50(7), P3-P2-Tal 126.84(9), P4-P5-Tal 118.84(9), P1-P2-P3
124.4(1), P2-P3-P4 95.7(1), P3-P4-P5 103.1(1), P4-P5-P6
129.4(1).

are equally plausible and may account for the relatively
long Ta—P bond compared to other Ta phosphinidene com-
plexes and the short bond between P1 and P2. Thus, the
bonding situation is probably best described by a superposi-
tion of different mesomeric structures, as already suggested
by Cummins and Pikies.?#211

Ta=
—_— | Px
- NaCl P - N\
“eyclo-P,Ry) PN e\ AN
P—p” A pp
/B D\
Pho 5 Ph

The molecular composition of 2 was fully confirmed by
IR spectroscopy, mass spectrometry, elemental analysis, and
multinuclear NMR spectroscopy. Notably, no P-H stretch
is observed in the IR spectrum. The 'H NMR spectrum
shows multiplets in the region of 6.28 to 8.18 ppm for the
phenyl groups and a singlet at 6 = 1.81 ppm for the methyl
resonances of the Cp* ligand. A characteristic low-field sig-
nal at +182.70 ppm is observed for the ipso-carbon atom
of the Ta-bound phenyl group in the BC{'H*'P} NMR
spectrum.['8221 The 3'P{'H} NMR spectrum displays a
first-order ABCDEX spin system (Figure 2). No additional
couplings are detected in the proton-coupled *'P NMR
spectrum. Only the 'J(P-P) couplings could be assigned
with certainty from the 3'P{'"H} NMR spectrum due to the
line broadening caused by the interaction of four phospho-
rus nuclei (Px, Pa, Pc, and Pg) with the '8! Ta nucleus. Nev-
ertheless, this observation permits the assignment of the in-
dividual resonances (cf. Scheme 1). The striking low-field
shift of the two-coordinate, “naked” P atom Px (0x =
+370.3, 'Jox = 471 Hz) indicates multiple-bond character
of the Ta—Px bond. Its chemical shift is comparable to
those observed in the related Nb complexes [Nb{N(R)-
R!}5(PPR?,)] (R! = 3,5-Me,C¢H3, R = neopentyl; R? = Ph:
6 = +401.3; R?> = 1Bu: § = +405.5).% The “phosphanyl
moiety” (Pg and Pc) displays a similarly large value for its
1J(P-P) coupling constant ('Jcg = 444 Hz), but the reso-
nance of its terminal P atom (Pg) is shifted to the typical
high-field region observed for Ta phosphanides (dg =
~127.7).51 All in all, the 3'P parameters confirm that the
solid-state structure of 2 is retained in solution.

Besides the ABCDEX spin system of 2 a minor amount
of cyelo-(P,Phy)3 (ca. 4%) is observed in the 3'P{'H}

#
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Figure 2. 3'P{"H} NMR spectrum of 2 (C¢D, 161.97 MHz). The singlet of cyclo-(P,Phy)i?3 is designated by #; * indicates signals of a
further diastereomer of 2. For the assignment of the individual multiplets, see Scheme 1.
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NMR spectrum. Furthermore, a number of less intense
multiplets are reproducibly observed, with rather similar
chemical shifts to 2 (Figure 2). For example, a broad low-
field doublet is detected at +364.3 ppm (Jpp = ca.
+387 Hz). The unequivocal assignment of all signals was
impaired by their low intensity (partly owing to the low
solubility of 2 once isolated). Most likely, they can be attrib-
uted to the presence of a second diastereomer of 2 in solu-
tion, which may be formed by inversion of either of the
uncoordinated P atoms (Pg or Pp). It is well-known that
catenated oligophosphanes have significantly reduced inver-
sion barriers, as was observed, for example, in the hetero-
cycles  cyclo-1,4-(BH3),(P,Ph,CH,)P*  and  [M{cyclo-
(P4Cy4As)}] (M = Li, Na).?"

While rearrangement of oligophosphanide ligands dur-
ing transmetalation reactions has been observed in a few
instances,[!:?%] the mechanism of formation of 2 is obvi-
ously rather complex. Presumably, it involves the initial for-
mation of a low-valent Ta intermediate. Subsequently, the
phenyl group may be transferred by oxidative addition of
the P-C bond to the reduced metal center. 3'P NMR spec-
tra of the reaction mixture show the formation of the cyclo-
oligophosphanes cyclo-(P,Ph,,) (n = 4-6)?*27] and the phos-
phinidene-bridged complex [{Cp*TaCl(u-PPh)},]l!3 (iden-
tified by its characteristic low-field singlet at +402.3 ppm)
as major products. In addition, numerous low-intensity
multiplets are observed but could not be assigned. This
seems to indicate the presence of a number of P-P bonded
byproducts in the reaction mixture. No further tantalum-
containing products could be isolated from the reaction.
Attempts to obtain further insights by variation of the stoi-
chiometry, the reaction conditions, and the starting materi-
als have remained futile. Thus, the yield of 2 could not be
increased by warming the reaction mixture to +80 °C.
Furthermore, 2 could not be obtained from the reaction of
2 equiv. K5(P5sPhs) with [Cp*TaCly], from the reaction of
[{Cp*TaCl(u-PPh)},]"3 with cyclo-(PsPhs) (warming to
+100°C for 2h), or from the reaction of 1 with
[{Cp*TaCl,},]?% (2:1). Only the cyclophosphanes cyclo-
(P,Mes,) (n = 3, 4)I were isolated from the reaction of
[Cp*TaCl,] with 2 equiv. [Na,(THF),(PsMes,)].1%1 Clearly,
a more detailed understanding of the reaction mechanism
will only be gained from future studies.

In conclusion, we have shown that the unprecedented
(P¢Phs)* ligand containing six catenated phosphorus atoms
is stabilized in the Ta phosphinidene complex
[Cp*Ta(Ph)(P¢Phs)] (2). This adds to the growing evidence
that, although not always straightforward, 'l the transme-
talation reaction of alkali metal oligophosphanediides with
transition metal halides represents a viable route to phos-
phorus-rich metal complexes with unusual structures and
reactivities.

Experimental Section

All experiments were performed under an inert atmosphere. The
NMR spectra were recorded with a Bruker AVANCE-DRX-400
spectrometer. '"H NMR (400.13 MHz): internal standard solvent,
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external standard TMS. 3'P NMR (161.9 MHz): external standard
85% H;PO,. 3C NMR (100.16 MHz): internal standard solvent,
external standard TMS. For the assignment of the phosphorus sig-
nals, see Scheme 1. The mass spectrum was recorded with a MAS-
PEC II spectrometer (FAB-MS, matrix: 3-nitrobenzyl alcohol). The
IR spectra were recorded with an FTIR spectrometer Perkin—Elmer
System 2000 (KBr) in the range 350-4000 cm™!. All solvents were
purified by distillation, dried, saturated with argon, and stored over
a potassium mirror. [Na,(THF)4(P,Ph,)] (1)B4 and [Cp*TaCl,]i*"
were synthesized according to the literature procedures.

2: A solution of 1 (6.18 g, 8.1 mmol) in toluene (40 mL) was added
dropwise to a suspension of [Cp*TaCl,] (1.85 g, 4.0 mmol) in tolu-
ene (30 mL) at —-80 °C. The mixture turned dark-brown immedi-
ately on addition. The dark suspension was slowly warmed to room
temperature and stirred overnight. The solvent was reduced to ca.
30 mL and the mixture was filtered. The dark-brown residue was
washed three times with 20 mL of toluene. Then the combined fil-
trates were reduced to ca. 20 mL and the clear, dark brown solution
was layered with n-hexane (35 mL). Dark red crystals of 2 formed
on storage at room temperature for several weeks. Yield: 0.61 g
(16% ref. to [Cp*TaCly]); m.p. 180-181 °C (red oil). '"H NMR
(C¢Dg): 0 = 1.81 (s, 15 H, Cp*), 6.28-8.18 (m, 30 H, Ph) ppm.
BC{'H,3'P} NMR (C¢Dg): 6 = 12.10 (s, CsMes), 113.49-147.63 (s,
Ph, CsMes), 182.70 (s, ipso-C of Ta-Ph) ppm. 3'P{'H} NMR
(CsDg): ABCDEX spin system, dx = +370.3 (br. d, 1 P), 4 = +34.0
(br. ddd, 1 P), dg = +24.9 (m, 1 P), 6c = -1.8 (br. m, 1 P), Jp =
—-57.6 (ddd, 1 P), o = —127.7 (br. d, 1 P), 'Jox = £471 Hz, 'Jgp =
1204 Hz, 'Jge = £391 Hz, 'Jap = £355 Hz, 'Jcg = £444 Hz. IR
(KBr, cm ™ 1): ¥ = 3135 (w), 3050 (m), 2986 (m), 2957 (m), 2898 (m),
2723 (w), 1953 (w), 1882 (w), 1807 (w), 1753 (w), 1649 (w), 1579
(m), 1567 (m), 1551 (m), 1476 (m), 1433 (s), 1374 (m), 1333 (w),
1303 (m), 1262 (m), 1237 (w), 1184 (w), 1152 (w), 1082 (m), 1068
(m), 1054 (m), 1023 (s), 998 (m), 909 (m), 842 (m), 803 (m), 733
(s), 689 (s), 617 (vw), 563 (m), 520 (w), 479 (m), 467 (m), 405 (m).
MS (FAB): m/z = 964.94 [M + H]*; C4sHysPsTa (964.59): caled. C
57.27, H 4.70; found C 57.36, H 4.59.

On one occasion, the product still contained some cyclo-(PsPhs)
and a green, insoluble material as byproducts. In this case, the com-
pound was purified by dissolving in toluene, filtration, and layering
the clear filtrate with n-hexane.
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