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In previous studies, w& and other$ have described the
reactions of the £~ Zintl ions (1)* with group 6 M(CO}
precursors to give theyf-E;M(CO)3]3~ ions ) where E= P,

As, Sb and M= Cr, Mo, W. The electronic structures of
compounds2 are characterized by high-lying ligand-based
orbitals that are predominately lone pairs localized on the E(1)
atom2 Thus protonationd? alkylations® and subsequent
metallation& occur at the E(1) site to give generigXE;M-
(CO)3I" ions @) where X=R, H,n=2 and X= MLs, n =

3. The E ligands of compound® and 3 have a pronounced
distortion from an idealized norbornadiene-type geometry;
namely a~0.3 A difference in the E(4)-E(5) and E(6)+E(7)
nonbonded contacts.

The goal of the present study was to determineyfts-
ML] 3~ complexes that are electronically equivalent and iso-
structural to compound® could be prepared with group 10
metals and whether they too would be susceptible to ligand-
based electrophilic attack at the E(1) site. Wher-ESb, a
trinickel nido{Sb;Ni3(CO)]®~ polyhedral cluster is isolated in
good yield that is structurally quite different from compounds
2 and 3. Herein we report the synthesis, structure, and

X =H, R, MLg
@& Cr, Mo, W

2

3 )

characterization of the norbornadiene-liké-P;Ni(CO)J3~ ion

(4), its conjugate acidif*-HP;Ni(CO)]?>~ (5), and the electroni-
cally equivalent Pt(PRh complex p2-P;PtH(PPR)]>~ (6).
Complexes and6 areformally conjugate acids of 18-electron
[PsML] 3" ions, yet the structures and sites of hydrogen
attachment are markedly different in the two cases.
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Figure 1. (a) ORTEP drawing of thejf-P;Ni(CO)]3~ ion (4). Selected
bond distances (A): NiC(1) 1.77(1), Ni-P(6) 2.327(3), Ni-P(7)
2.328(3), Ni-P(4) 2.326(3), Ni-P(5) 2.300(3), P(5)P(7) 2.127(3),
P(4y-P(6) 2.128(4), P(4)-P(5) 2.952(5), P(6)-P(7) 3.005(5), P(%)

P(2,3) 2.144(5) (av), P(®)P(4,5) 2.22(1) (av), P(3)P(6,7) 2.23(2)
(av). (b) ORTEP drawing of theyf-P,PtH(PPR)]%~ ion (6). Selected
bond distances (A) and angles (deg):—P(6) 2.42(1), P+P(7)

2.40(1), P+P(8) 2.23(1); P(APt—P(8) 174.5(4), P(6}Pt—P(8)
98.6(4), P(6)-Pt—P(7) 78.2(4), P(2yP(1)-P(3) 97.3(6).

Ethylenediamine solutions of4R; react with Ni(CO)}PPh)»
to give the j*-P;Ni(CO)]*~ ion (4) according to eq 1. Addition
of 3 equiv of 2,2,2-crypt and excess-C4Hg)4PBr to the en
solution gives crystalline [K(2,2,2-crypt){{CsHg)4P][P7Ni-
(CO)]in 49% yield based on#". Salts of4 are orangered

P,*” + Ni(CO),(PPh), — [n-P,Ni(CO)]*” + CO+ 2PPh
) 4 )

in color and are very air and moisture sensitive in solution and
in the solid state. Comple# has been characterized by IR,
1H, 13C, and®P NMR spectroscopic studies, microanalysis, and
single-crystal X-ray diffractiod. The ORTEP drawing o#
(Figure 1a) shows the virtual,, symmetry of the ion that
comprises a norbornadiene-like*P fragment bound;* to the
Ni(CO) center. Unlike the ion2 and3 described previously,
the B cage of 4 is highly symmetrical with equivalent
P(4)-+P(5) and P(6)-P(7) separations of 2.98(3) A (av). The
Ni—P distances average 2.32(2) A and are longer than typical
Ni—P distances in zero valent nickel phosphine complexes
(2.15-2.29 A)?® The Ni—C contact of 1.77(1) A is typical of
zero valent nickel carbonyl complexes.75 A, av§1° even
though they(CO) IR band at 1785 cri (KBr pellet) is highly

red shifted relative to other zero valent nickel carbonyl
complexes. The remainder of the structure is quite similar to
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those 0f2.2 The symmetrical nature of the Bnit in 4 suggests
that the observed asymmetries in compleXe$ and 3¢ result
from specific orbital interactions between the M(G@®agments
and the B2~ ligands and are not due to inherent electronic
instabilitieg of 24-electron §*-E;ML ;]3~ compounds.

The 3P NMR spectrum of4 shows three second-order
resonances in a 4:2:1 integral rdtthat are consistent with the
solid state structure and are characteristi€Cgf metal-bound
norbornadiene-like Punits with AAA”A"'MM'X spin sys-
tems2 The 13C NMR spectrum shows a single pentet at 198
ppm @p-c = 8.5 Hz) indicating that the Ni(CO)-" dissocia-
tion is not occurring on the NMR time scale.

Slow addition of 1 equiv of MeOH to DMH; solutions of
4 at —50 °C results in the formation of the;f-HP/Ni(CO)]2~
ion (5) according to eq. 2. Adding more than 1 equiv or
warming to room temperature results in rapid decomposition
of the complex to give as yet unidentified compounds. Equation

[7*-P,NI(CO)I*™ + MeOH— [1*-HP,Ni(CO)*” + MeO™
(4) ©) @

2 chemistry appears to be virtually quantitative B NMR
spectroscopy, bui has not been isolated as a crystalline solid
thus far. Compound hasCs point symmetry with a metal-
bound norbornadiene-like;Rinit, as evidenced by the charac-
teristic AABB'MM'X 3P NMR spin patterd! The spectrum

is similar to those ofj*-RPW(CO)]?~ and fp*-HP;M(CO)3]2~
where M= Cr, W56 Proton-coupled’P NMR experiments

Communications to the Editor

ORTEP drawing ob (Figure 1b) reveals the virtually unper-
turbed, nortricyclic B~ fragment that is boung? to the square
planar [PtH(PP¥$)]* center. The hydride ligand was not located
in the X-ray structure but is evident from thd NMR spectrum
(Pt=H, 6 = —10.1 ppm Jpn = 1080 Hz,2Jp_y ~ 14 Hz)12

It clearly occupies the fourth site in the Pt coordination sphere
in the positiontransto P(6). The two PtP bonds to P(6) and
P(7) average 2.41(2) A and are significantly longer than typical
Pt—P bonds to phosphines (2.3 A (av)!® Pt—P(8) =
2.23(1) A). The PtP(4) and P+P(5) separations 0f3.3 A

are nonbonding. The ion h& symmetry in the solid state,
but 3P NMR studies show fluxional behavior in solution that
remains rapid on the NMR time scale-a60 °C in DMF-d; at
202 MHz. The persistence of tRé&;_p coupling to the Pcage

at 25°C (observed in théH NMR spectrum) indicates that an
intramolecular fluxional process is operative, such agyan
nt—n? “walk” of the [PtH(PPR)]* unit around the P~ cage.

As previously mentioned, the source of the ih eq 3 is
currently not known. On the basis of similar reactions
conducted in the same en solvent and the reproducibly high
isolated yields oB, we do not believe that adventitious protio
impurities in the solvent serve as the hydrogen source. The
hydride could originate from a Pt-based hydrogen abstraction
process involving the £, ligand, a solvent molecule, or a
[K(2,2,2-crypt)]" ion to generate a [PtH(PBf™ type species
before coordination to the - cluster. Regardless of the
mechanism of formation, botth and 6 represent formal
protonation products of the electronically equivalent complexes
4 and the putativer[*-P/Pt(PPR)]3~ ion, respectively. Com-
pounds5 and6 are electronically equivalent.¢. Ni(CO) and

clearly show that the proton is attached to the unique phosphoruspt(Pph) are both 12-electron fragments) but have very different

atom P(1). These data indicate that the structurebdé
analogous to that ofjf-HP;Cr(CO)]%~ (see previous drawings).
Ethylenediamine solutions of4R; also react with Pt(PR}p-
(CzH,) in the presence of 3 equiv of 2,2,2-crypt to give the
[172-P;PtH(PPR)]2~ ion (6) as the [K(2,2,2-crypt)] salt in 46%
yield according to eq 3. The reaction is quite reproducible;
however, the source of the proton in eq 3 is currently not known.

P, + Pt(PPh),(C,H,) + “H™ —
@
[17°-P,PtH(PPR)]*” + PPh + C,H, (3)
(6)

Compoundé6 is dark red in color and is moderately air and
moisture sensitive in the solid state and solution.
characterized by IR!H and3!P NMR spectroscopic studies,
microanalysis, and single-crystal X-ray diffractith. The

(11) Selected NMR data fd&: 3P NMR (81.0 MHz, DMFé) 6 (ppm)
= 58 (~tdp, 1P, Mp_y = 167 Hz,P(1)), 39 (m, 2PP(2,3)), —133 (m, 2P,
P(4,5)), —160 (m, 2P P(6,7)).

(12) Crystal data for [K(2,2,2-crypgfP/PtH(PPh)]: orthorhombic,
P2,2:2;, a = 17.088(1) A,b = 19.900(1) A,c = 20.030(2) A,V =
6811(1) B, Z = 4, peaica = 1.468 g cmi® at 298 K. The structure was
successfully refined againgt| using 3144 reflections £> 3o(1)] to R(F)
= 0.082 andRy(F) = 0.099 wherav = (¢%F + 0.04%)~L. Anal. calcd for
CseHoeNsO12K2PsPt: C, 42.94; H, 6.18; N, 5.37; P, 15.82. Found: C, 42.11;
H, 5.90; N, 4.81; P, 16.13. Selected NMR dataor3'P{1H} NMR (81.0
MHz, DMF-d7) 6 (ppm)= 58 (m,Jp_pt= 2720 Hz,2Jp_p &~ 8 Hz, PPhy);
IH NMR (400.1 MHz, DMFéy) 6 = —10.1 (M, 3Jpr—y = 1080 Hz,2Jp—n
~ 14 Hz).

structural motifs: namely the site of attachment of &hd the
mode of B coordination. Clearly the enhanced stability of
Pt(Il) hydrides vs Ni(ll) hydride¥ is influential in the product
differentiation; however the role of the ligands (CO vs pR$

not clear at this time, and further investigations are warranted.
Itis interesting to note that the first stable metal-free protonated
polyphosphide salt was only recently isolatéd.
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