not,” and questions have arisen concerning the necessity
of including such orbitals.®®<7 We feel that the sym-
metry of the state in question often provides a good
criterion for estimating the stereochemical, as opposed
to merely numerical, importance of such basis functions.

If an occupied molecular orbital transforms according
to an irreducible representation of the point group
of the nuclear configuration for which the usual s
and p functions do not provide a basis, it then becomes
crucial to include orbitals of higher azimuthal quantum
number in the description of the molecular bonding.
Alternatively, if the s and p functions do provide
such a basis, the energy lowering provided by the in-
clusion of higher orbitals is due to such factors as
polarization and is therefore not of fundamental im-
portance in the qualitative bonding picture. In the
case of molecules involving second-row atoms, these
higher orbitals will be principally the 3d functions.

As a simple example consider the pyramidal inversion
of phosphine. In the pyramidal (C;) ground-state
configuration, all occupied molecular orbitals have A,-
or E-type symmetry. Bases for these irreducible rep-
resentations are provided by s- and p-type functions.
Therefore, d functions are not qualitatively significant
in the bonding of this state. On the other hand, for
the maximum-potential, planar (D;;) transition state,
occupied molecular orbitals, especially in configuration
interaction calculations, may have A,’, A,”’, E/, or E”
symmetry. Of these, only the E’’ irreducible repre-
sentation does not have a basis in s- and p-type phos-
phorus orbitals. Therefore, for this state, the d func-
tions are important if there is any occupied molecular
orbital of E’/ symmetry. Kari® has, in fact, reached
more or less the same conclusion by means of a CI
calculation on NH;.

The simple question of whether d orbitals are
qualitatively important in sulfur bonding becomes
meaningless with respect to this symmetry criterion.
For a molecule such as H,S (C.,), calculations have
shown that d orbitals, while providing polarization
effects, are unimportant in understanding the actual
bonding scheme.®®* In the octahedral case (O,) of
SF;, however, there are occupied molecular orbitals
of Ty and E, symmetries.® These irreducible rep-
resentations do not have a basis in the s- and p-type
functions, and therefore d-type functions are qualita-
tively necessary for understanding their bonding struc-
ture.

The cases of H,S and SF, are well-known extremes
for the contribution of d orbitals and symmetry con-
siderations. There are also many intermediate cases,?
and these have been treated by a variety of methods. A
survey of some representative calculations is given
by Rauk, Wolfe, and Csizmadia,' and the role of d
orbitals in various compounds is discussed. Recently,
Maclagan!! has discussed the symmetry criterion for

(7) (a) R. Manne, Theor. Chim. Acta, 6, 312 (1966); (b) B. Gadioli,
etal, ibid., 19, 66 (1970); (c) J. R. Sabin, J. Amer. Chem. Soc., in press.

(8) R. Kari, J. Chem. Phys., in press.

9) Cf, e.g., (a) S. Wolfe, A, Rauk, and I. G. Csizmadia, J. Amer.
Chem. Soc., 91, 1567 (1969); (b) S. Wolfe, A. Rauk, L. M. Tel, and
I. G. Csizmadia, Cheni. Commun., 96 (1970); (c) S. Wolfe, Accounts
Chem. Res., in press.

(lg(é(g))) A. Rauk, S. Wolfe, and I. G. Csizmadia, Can. J. Chem., 47, 113

(11) R. G. A, R. Maclagan, J. Chem. Soc. 4, 2992 (1970).

3543

d-orbital participation from a valence-bond point of
view.

We feel that this symmetry criterion, used in con-
junction with the usual overlap considerations,'? should
aid in evaluating the importance of higher orbitals
in the description of molecular orbital bonding.
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Reactivity of Trialkylphosphine
Complexes of Platinum(0)
Sir:

We find the reactivity of trialkylphosphine complexes
of platinum(0) to be surprisingly greater than that of the
established triarylphosphine analogs.! The exemplar
is the facile cleavage of carbon-carbon bonds in aryl
nitriles.

The new trialkylphosphine-platinum complexes were
prepared through displacement of the w-borallyl ligand?
from PtBs;H«(R;P);* by excess phosphine. In this
fashion, we isolated colorless crystals of the tetrakis-
triethylphosphine and -trimethylphosphine complexes.?
The triethylphosphine complex dissolved in hydrocar-
bons with ligand dissociation to give red-orange solu-
tions. On heating Pt[P(C.H;);]: at 50-60° in vacuo,
Pt[P(C:H;);]; was isolated as a red-orange oil. In con-
trast, the tetrakis-trimethylphosphine complex did not
dissociate up to 70-80°.

The *'P nmr spectra of solutions of Pt{P(C,H;)s]; and
Pt[P(C:H;)s]: at — 55° consist of singlets flanked by 3'P-
195Pt satellites. Chemical shifts and 3'P-'%*Pt cou-
pling constant data for these compounds and for Pt-
[P(p-C:Hy)s]s and Pt[P(p-C;H;y);), are set forth in Table 1.
The coupling constants for PtL; complexes are signifi-
cantly larger than those for PtL; complexes. This is
consistent with the presumed greater s character in
Pt-P bonds of tris-phosphine complexes.” Ligand ex-

(1) J. Halpern, Accounts Chem. Res., 3, 386 (1970).

(2) This reaction is strikingly similar to the displacement of the =-
allyl ligand froin {Pt(m-CsHs)[P(CeHs)sl} © by excess triphenylphos-
phine? and is consistent with our formulation of the B;H- ligand as a
m-allyl analog.

(3) H. C. Volger and K. Vrieze, J. Organometal. Chem., 9, 527 (1967).

(4) A.R. Kane and E. L. Muetterties, J. Amer. Chem. Soc., 93, 1041
(19(2)1)‘Satisfactory elemental analyses were obtained for all new com-
pounds. E.g. Anal. Calced for PtP(C:Hs)sls: C, 43.2; H, 9.06; P,
18.5; Pt, 29.2. Found: C, 43.3; H, 9.28; P, 18.5; Pt, 29.2.

(6) Formally sp? and sp? hybridization may be assumed for the tris
and tetrakis complexes, as was done for the analogous AglsTand AgL.™
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TableI. P Nmr Data of ML; and ML, Complexes
Chemical
Complex shift,® ppm Jup_wspt, Hz

Pt[P(C.Hs)sls ~42 4220
Pt[P(p-C;Hx):ls ~51 4340
Pt[P(C.H:)sls +17 3740
Pt[P(p-C:Hz)s)e ~11 3780
Ni[P(C.H:)sl« -3

e Relative to external 859 H;PO..

change is rapid in solutions of PtL, at room tempera-
ture, and no Pt-P coupling is observed.
Tris(triethylphosphine)platinum(0) is an extraor-
dinarily strong nucleophile and undergoes a wide
range of oxidative-addition reactions. For example,
addition of benzonitrile to a refluxing toluene solution
of the tris complex gives within 15 min a high yield of
trans-CeHPt(CN)P(CsH5);):.  Under similar condi-
tions, the carbon-chlorine bond in chlorobenzene is
cleaved with concomitant formation of frans-CsH;Pt-
Cl[P(C:H;);].. In contrast, the tris-triphenylphosphine
complex does not react with benzonitrile or chloroben-
zene under these conditions.® These comparisons
demonstrate the qualitatively different reactivities of
aryl- and alkylphosphine complexes of platinum(0).
Like the arylphosphine complexes, the alkyl analogs
react with alkyl and allyl halides. We found that tris-
(triethylphosphine)platinum(0) reacts vigorously with
allyl chloride at 25° to give {(m-C;H:)Pt{P(C.H;))2}™,
which was isolated as the tetrafluoroborate salt.
Hydrogen adds readily to the alkylphosphine-plati-
num complexes to give five-coordinate hydrides. For
example, the tris(triethylphosphine)platinum complex,
in hydrocarbon solution, absorbed hydrogen at 25° to
give HoPt[P(C.H;););.  This novel hydride is thermally
unstable and decomposes within several days on stand-
ing in hydrocarbon solvent at —40°. In solution this
hydride shows a single platinum-hydrogen infrared
stretching frequency at 1766 cm—!'. The 220-MH:z
proton nmr spectrum of the hydride region at —50°
consists of a quartet at = 23.37 (Jpu = 18 Hz) with
195Pt satellites (Jpig = 635 Hz). The spectrum is
temperature dependent. On warming, the platinum-
hydrogen coupling is lost above ~—30°, and the spec-
trum consists of three broad resonances with chemical
shifts and platinum-hydrogen coupling constants sub-
stantially unchanged from those found at —50°.  With
increasing temperature, the three lines sharpen and re-
main sharp to 80°. The ligand-proton-decoupled *'P
nmr spectrum at —60° consists of a triplet (/pg = 18
Hz) with '95Pt satellites (Jpp = 3060 Hz). These spec-
tral data are consistent with, but do not define, a trig-
onal-bipyramidal structure with the hydrogen nuclei
at axial positions. The temperature dependence of the
hydride spectrum indicates that above —30° ligand dis-
sociation is rapid through a four-coordinate complex,
H:Pt[P(C:H;);)., present at very low concentrations.

species.” In the silver system, the ratio of metal-phosphorus coupling
constants in the tris and tetrakis complexes was about 3:4. This ratio
in the platinum series is substantially larger.

(7) E. L. Muetterties and C. W. Alegranti, J. dmer. Chem. Soc., 92,
4114 (1970).

8) (g)nly very reactive organohalides oxidatively add to Pt[P(Cs-
H:)s)s.

(9) J. P. Birk, J. Halpern, and A L. Pickard, J. Amer. Chem. Soc., 90,
4491 (1968); Inorg. Chem., 7, 2672 (1963".

For this dissociation process, the free energy of ac-
tivation is ~12 kcal/mol.

The marked basicity of Pt[P(C.H;);]s is well delin-
eated by its interaction with ethanol and water. The
tris complex dissolves in both solvents to form the pre-
viously  reported®!' cationic hydride, HPt[P-
(C:H;)5]s™ which was isolated as the hexafluorophosphate
salt by addition of ammonium hexafluorophosphate to
the aqueous reaction mixture. The reaction of the tris
complex with water is reversible; the tris complex was
recovered by simple evaporation of the water.

We find some parallel to the reactivity of Pt[P-
(C:H;);): in the chemistry of Ni[P(C.H;);}..'* This
complex, an off-white crystalline compound, was
formed almost quantitatively by reaction of bis(1,5-
cyclooctadiene)nickel(0) with triethylphosphine. It
dissolved in hydrocarbon solvents with ligand dissocia-
tion to give intensely purple solutions of Ni[P(C:H:)s]s.
This tris complex reacted smoothly with chlorobenzene
and with benzonitrile at room temperaiure to give the
corresponding trans-CsH;NiX[P(C:H;);3). compounds. '3
Work is in progress to examine other aspects of reactive
d complexes of Ni, Pd, and Pt.

(10) M, J. Church and M. J. Mays, J. Cheni. Soc. 4, 3074 (1968).

(11) The proton nmr data are in accord with the previously reported
data.’® The noise-decoupled 31P spectrum of the ethanol solution of the
tris complex was found to consist of a doublet (5§ —18 ppm, Jep = 19
Hz, Jpip = 2476 Hz) and a triplet (§ —14 ppm, Jpsp = 2003 Hz) with
relative intensities of 2:1.

(12) C. S. Cundy, Ph.D. Thesis 1969, University of Bristol.

(13) Similar oxidative additions of chlorobenzenes have been re-
ported for Ni(C:H9[P(CaHs)s]z. 14

(14) D. H. Fahey, J. Amer. Chem. Soc., 92,402 (1970); J. E. Dobson,
R. G. Miller, and J. P. Wiggens, ibid., 93,554 (1971).

(15) Contribution No. 1807.

D. H. Gerlach, A. R. Kane, G. W. Parshall
J. P. Jesson, E. L. Muetterties*
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E. L du Pont de Nemours and Company
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Structure of Bilobalide, a Rare /er¢t-Butyl Containing
Sesquiterpenoid Related to the C,-Ginkgolides

Sir:

Extraction of a sesquiterpene closely related to the
diterpenoid ginkgolides®? from leaves of Ginkgo biloba
(“fossil tree”) was first reported in 19672 and then in
1969 (bilobalide).* Structure 1 deduced for this bilo-
balide shows that it is a unique trilactone sesquiterpene
having a rer-Bu group, which so far has been en-
countered only in the ginkgolides (¢f. 10).

(1) (a) K. Nakanishi, Pure Appl. Chem., 14, 89 (1967); (b) M.
Maruyama, A. Terahara, Y. Itagaki, and K. Nakanishi, Tetrahedron
Lett,, 299 (1967); (c) M. Maruyama, A. Terahara, Y. Itagaki, and
K. Nakanishi, ibid,, 303 (1967); (d) M. Maruyama, A. Terahara,
Y. Nakadaira, M. C. Woods, and K. Nakanishi, ibid., 309 (1967); (e)
M. Maruyama, A, Terahara, Y. Nakadaira, M. C. Woods, Y. Takagi,
and K. Nakanishi, ibid., 315 (1967); (f) M. C. Woods, I. Miura, Y.
Nakadaira, A. Terahara, M. Maruyama, and K. Nakanishi, ibid., 321
(1967); (g) M. Maruyama and A. Terahara, Sci. Rep. Tohoku Univ.,
Ser. 1, 50,92 (1967); (h) Y. Nakadaira, Y. Hirota, and K. Nakanishi,
Chem. Commun., 1467 (1969); (i) ibid., 1469 (1969); (j) see also N.
Sakabe, S. Tadada, and K. Okabe, ibid., 259 (1967).

(2) K. Nakanishi, and K. Habaguchi J. Amer. Chem. Soc., 93, 3546
(1971).

(3) R. T. Major, Science, 157, 1270 (1967).

(4) K. Weinges and W. Bihr, Justus Liebigs Ann. Chem., 124, 214
(1969).

Journal of the American Chemical Society | 93:14 [ July 14, 1971



