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Terminal Phosphide and Dinitrogen Molybdenum Compounds Obtained from Pnictide-Bridged Precursors
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Inspired by recent findings that molybdenum alkylidyne

complexes supported by ancillary alkoxide ligands can be prepared

by alcoholysis of the correspondirdriso-propylanilide alkyli-
dynes! we selected as synthetic targets two new-Nigand
multiply bonded compounds supported by removahléso-

propylanilides. Because the successful syntheses of terminal
phosphide and dinitrogen compounds proved to be both interesting

and challenging, they are communicated in the present report.

Whereas the reaction of white phosphorus with three-coordinate

molybdenum compounds supportedNbyert-butylanilide ligands
has given rise exclusively to the terminal phosphide functionality,

it is seen that employing the less sterically hindered fragment

Mo(N[i-Pr]Ar)s (2, Ar = 3,5-GHsMe,) leads to a phosphide-
bridged produc®,-u-P.2 Facile combination of the desired PMo-
(N[i-Pr]Ansz (2-P) with reactive Mo(H){>-Me,C=NAr)(N[i-
Pr]Ar), (1) accounts for favorable formation of this bridged
phosphidé. It was surmised that i2-P could be accessed in the
absence of, it would be stable and possess synthetic utility. For
this reason, a method was sought for splitting dinucRae-P.
Initially, it was found that nitric oxide was able to effect
guantitative bridge cleavage to give equimolar amountg2-6f
and nitrosyl 2-NO, but the two possessed similar solubility

properties and were therefore difficult to separate. Because

[2-CO] " is isoelectronic witl2-NO, but should be separable from

2-P because of its negative charge, the one-electron reduction

and subsequent carbonylation 2fu-P was investigated. Em-

ploying sodium amalgam in THF under a nitrogen atmosphere

proved to be an effective regimen for high-yield isolation of the
sodium salt of thg2,-u-P]~ anion (Scheme 1).

The red-purple contact ion pgNa(THF)][2 ,-u-P] crystallizes
in space groupP2,/c as large blocks from pentane. To stabilize

the sodium cation in the solid state, one aryl group flips to interact

in az-fashion with the alkali metal (Figure 2)The Mo—P—Mo

bridge is thereby desymmetrized, resulting in modestly different

Mo—P distances (2.183(2) and 2.197(2) A). The Md bond
distances in the neutfand anionic species are simifain both
2,-u-P and[Na(THF)][2 -u-P], the Mo—P distances are shorter
than those observed fon-P)[Mo(N[t-Bu]Ph)], (2.2430(6) A)8
attributable to steric considerations.

Addition of stoichiometric CO to a THF solution ifla(THF)]-
[2,-u-P] at 25°C effected quantitative cleavage of the phosphide
bridge. Because of the ionic nature [@CO]-, it was easily
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separated fror@-P via precipitation and subsequent filtration after
the addition of the crown ether 12-c-4 (2 equiv based on Na) to
producegNa(12-c-4)][2-CQ]. X-ray quality yellow blocks oR-P
were found to crystallize from pentane in the space g2,
(Figure 2). The Me-P distance of 2.116(3) A is in close
agreement with those observed for previously reported PMo(N-
[t-Bu]Ans (2.119(4) A} and PW(NN) (2.162(4) A, NN =
[(RNCH,CH,)3N]).° The 3P NMR resonance at = 1256 ppm

(6) In the solid-state structure &-u-P, the phosphorus atom lies on a
crystallographic inversion center making the M@ distances identical
(2.2164(4) A). A subtle JahnTeller distortion breaks the symmetry of
an otherwise partially occupied doubly degenerate HOMO; one anilide
ligand is tilted much further away from the vertical than are the other
two, a distortion of approximat€,, symmetry if only core atoms are
considered. Further crystallographic information can be found in the
Supporting Information.
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to react with CO to produce equimolfda(THF)][2-CO] and
2-N. In contrast to its phosphorus analogiida(THF)][2,-u-
N] undergoes a reaction with dinitrogen to produce equimolar
[Na(THF),][2-N;] and 2-N. This discovery provides the only
useful protocol to accegiNa(THF),][2-N], unlike previously
described syntheses of the sodium and magnesium saltsHf [(N
Mo(N[t-Bu]Ar)3] 134 When carried out witH°N,, this experi-
ment generated exclusively unlabel2eN and [Na(THF),][2-
5N,] (**N NMR, 6 = 401.3 and 348.8 pprif,these values are
similar to those for other dinitrogen anidf$d. Additionally, 2,-

: e 1-5N is synthesized in 94% yield whehis exposed td>N,*’
Figure 1. Molecular structure offNa(THF)][2-u-P] (35% thermal and can be reduced under an argon atmosphere to gefiaate
ellipsoids). Hydrogen atoms are omitted for clarity. Selected bond (THF)J[22-¢#-"*N]. Low temperature{80 °C) **N NMR spec-
distances (A) and angle8)( Mo(1)—P, 2.183(2); Mo(2}-P, 2.197(2); troscopy was employed to observe the anignittrido resonance
Mo(1)—N(1), 2.051(6); Mo(1}N(2), 2.017(5); Mo(1)}-N(3), 1.970(6); ato = 688.7 ppm. Other-5N complexes have been examined
Mo(2)—N(4), 2.059(6); Mo(2)-N(5), 2.059(6); Mo(2)-N(6), 1.959(6); by 5N NMR, including the trimers (Cp*MeTéN)s, 6 = 528
Mo(1)~P=Mo(2), 173.87(10). and 525 ppni and{ (u-N)Nb(N[i-PrJAr)} 3, & = 592 ppmt3
Addition of N, (natural isotopic abundance) to a THsolution
of [Na(THF),J[2-u-**N] produced equimolgiNa(THF),][2-N]
and 2-N. The latter compound evinced!&N NMR signal at
757.7 ppm, in accord with values observed for othér
hydrocarbylanilide-supported terminal nitrides NMo(N[R]AR
= 'Bu, 6 = 837.9 ppm; R= ?Ad, 6 = 839.8 ppm}° as well as
other terminal 8nitrides?° For synthetic purposes, the separation
of [Na(THF)][2-N ;] from 2-N was accomplished in 48% yield
by crystallization from ether (leaving 52% §¥la(THF)][2-N ;]
and 100% of2-N in the mother liquor). Complete separation of
the anionic N-complex from equimolaR-N was accomplished
by complexation of the cation with the crown ether 12-c-4 (2
equiv per Na) to produce the relatively insolulfida(12-c-4)]-
[2-Ng] in 97% yield.

The contact ion paiiNa(THF) 3][2-N,] was found to crystallize
with molecularC; symmetry (Figure 3). The N(2)N(3) bond
distance was determined to be 1.186(8) A. While a 3:1 THF/Na
ratio was observed for crystals selected freshly from the mother
liquor, drying of the crystals under vacuum produced a 1:1 THF/
Na ratio as reflected byH NMR integration and elemental
analysis.

Figure 2. Molecular structure o2-P (35% thermal ellipsoids). One of
two independent molecules is shown. Hydrogen atoms are omitted for

clarity. Selected bond distances (A) and angts Klo(1)—P(1), 2.116- Addition of a stoichiometric amount of methyl tosylate to an
E%)Mo(l)—N(l), 1.935(9); Mo(1)}-N(2), 1.978(10); Mo(1)yN(3), 1.971- ether solution of[Na(THF)][2-N,] formed 2-N;Me in 58%

isolated yield as red crystals. Similar molybdenum methyldi-
for 2-P is similar to the values od = 1216 and 1346 ppm azenido complexes prepared with bulkier ligands have been
respectively, for the aforementioned compounds PMbB\{- reportedi*?! Ruby red plates of2-N,Me crystallized from
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Figure 3. Molecular structure of[Na(THF)3][2-N;] (35% thermal
ellipsoids). Hydrogen atoms are omitted for clarity. Selected bond Figure 4. Molecular structure o2-N,Me (35% thermal ellipsoids).

distances (A) and angle$){ Mo—N(2), 1.824(6); N(2}-N(3), 1.186- Hydrogen atoms are omitted for clarity. Selected bond distances (A) and
(8); N(3)—Na, 2.196(7); Me-N(1), 2.023(3); N(1}Mo—N(2), 95.89- angles {): Mo—N(1), 1.981(2); Me-N(2), 1.936(2); Me-N(3), 2.013-
(9). (2); Mo—N(5), 1.760(2); N(5)-N(4), 1.244(3); N(4>-C(1), 1.448(4);

) _ N(1)—Mo—N(5), 97.33(9); Me-N(5)—N(4), 172.5(2); N(53-N(4)—C(1),
concentrated ether at25 °C in the space groupl (Figure 4). 119.1(2).
The X-ray crystal structure revealed that in the solid S2alieMe
has oneN-iso-propylanilide ligand flipped by 180relative to the ) ) )
other two ligand$? The N(4)-N(5) bond distance is 1.244(3) and Lucile Packard Foundations. C.C.C. also wishes to thank the

A, slightly elongated relative to that of its anionic precursor, yet National Science Board for awarding him the 1998 Alan T.

remaining indicative of an NN bond order of2The Mo—N(5)— Waterman Award. We also thank Aaron Odom for assistance with
N(4) angle is 172.5(2) and the N(5F-N(4)-C(1) angle is X-ray crystallography and ‘¢tor DuraVila for assistance with
119.1(25. DFT calculations. The cover graphic was generated in part using

In summary, reaction of compleixwith elemental phosphorus  the excellent free programs PLATON (http://www.cryst.chem.uu.nl/
or nitrogen smoothly generates pnictogen-atom bridged com- platon/), POV-Ray (http://www.povray.org/), and the Gimp (http:/
plexes. The latter undergo smooth one-electron reduction followed www.gimp.org/) on a Pentium-Linux machine.
by bridge cleavage upon treatment with theacids CO or
dinitrogen, affording synthetic access to mononuclear derivatives Supporting Information Available: Text giving synthetic, spectro-

with terminal phosphide or dinitrogen functionality. The new scopic, and analytical data for all new compounds and DFT calculations
Mo—ligand multiply bonded species presage new manifolds of g, [Na(THF)][2 --u-P], and tables giving crystal data, atomic coordinates,
chemistry because the relatively unhindeidso-propylanilide structure solution and refinement details, bond lengths and angles, and
ligands are protolytically replaceable. anisotropic thermal parameters ®¥u-P, [Na(THF)][2 »-u-P], 2-P, [Na-
(THF)3][2-N2], and 2-NoMe. This material is available free of charge
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